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Center at (202) 720-2600 (voice and TDD). To file a complaint of discrimination write to
USDA, Director, Office of Civil Rights, 1400 Independence Avenue, S.W., Washington,
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Introduction

The zebrafish, Danio rerio, was first recognized as a vertebrate research model in the 1970’

when it was bred and studied in the laboratory of Dr. George Streisinger at the University of
Oregon. His initial work led to the establishment of the Zebrafish International Resource Center
(ZIRC), (http://zebrafish.org/zirc/home/guide.php) located at the University of Oregon, which is
supported by grant P40 RR012546 from the NIH-National Center for Research Resources.

This bibliography organizes the published literature into fourteen areas of research where the
zebrafish has been used as a model. They include: biochemistry, cancer research, cardiology,
development, ecology, genetics, hematology, husbandry, immunology, neurology, pharmacology,
physiology, research models and toxicology. The databases that were searched are national and
international in scope and include numerous types of literature such as conference proceedings,
abstracts, dissertations, patents, journal articles and others.

A March 2007 article by Angeleen Fleming (NC3Rs #10, March 2007, p. 1-7), Zebrafish as
an alternative model organism for disease modeling and drug discovery: implications for the 3Rs,
(http://www.nc3rs.org.uk/downloaddoc.asp?id=533&page=4218&skin=0) provides additional
information about the usef of zebrafish as an alternative model in biomedical research.

The following are some areas of research where zebrafish are being studied as a model.

Genetics: Bardot-Biedl Syndrome, Barth syndrome, Caveolin Associated Muscle Disease,
Congenital Myopathy, Down Syndrome, Ferroportin mutations, Genomics, Hermansky-
Pudlak syndrome, Martsolf Syndrome, Menke’s Disease, Polycystic Kidney Disease, Pyruvate
dehydrogenase deficiency, Warburg micro syndrome;

Circulation: Aortic Arch Defects, Angiogenesis, Cardia Bifida, Cardiac regeneration, Congenital
Heart Disease, Coronary Heart Disease, Embryonic myelopoiesis, Hematologic disorders,
Hemophilia, Hemostasis, Iron deficiency, Lethal Cardiac Arrhythmias, Thrombosis;

Neurology: Acupuncture, Alzheimer’s Disease, Amyotrophic Lateral Sclerosis, Autism,
Developmental neurotoxicity, Molecular neurobiology, Neurotoxicology, Parkinson’s Disease,
Tauopathy;

Cancer: Apoptosis, Cancer cell migration, Carcinogenesis, Colon cancer, Embryonal
Rhabdomyosarcoma , Germ cell anerploidy, lonizing radiation, Leukemia, Pancreatic cancer;

Vision: Cataracts, Choroideremia, Cyclopia, Eye development, Night blindness, Retinal
degeneration, Visual disorders;
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Immunology: DiGeorge Syndrome, Goodpasture Syndrome, Immune system,
Lymphangiogenesis, Mycobacterium pathogenesis, Septicemia, Vaccines, Viral hemorrhagic
septicemia, Viral typhimurium infection, Virology;

Endocrinology: Diabetes, Hyperglycemia, Hypogonadism, Lipid metabolism;
Toxicology: Bisphenol A, Cannabis, Developmental toxicology, Ethanol;
Aging: Aging physiology, Functional aging, Senescence;

Hearing: Hearing loss, Sensorineural hearing loss;

Liver: Hepatitis, Steatohepatitis;

Musculature: Muscular Dystrophy, Spinal Muscular Atrophy;

Digestion: Inflammatory bowel syndrome

Skeletal: Osteoporosis

Dan Scholfield

USDA, ARS, NAL

Animal Welfare Information Center
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Biochemistry

Abe, T., T. Mikekado, S. Haga, Y. Kisara, K. Watanabe, T. Kurokawa, and T. Suzuki (2007). Identifica-
tion, cDNA cloning, and mRNA localization of a zebrafish ortholog of leukemia inhibitory
factor. Comparative Biochemistry and Physiology. Part B, Biochemistry and Molecular Biology
147(1): 38-44. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Leukemia inhibitory factor (LIF) maintains embryonic stem cells in an undifferenti-
ated state. To establish stable cultures of zebrafish embryonic stem cells, recombinant zebrafish
LIF (zLIF) is needed because the LIF sequence varies greatly between species. In the current
study, we identified the zebrafish (Danio rerio) and pufferfish (Tetraodon nigroviridis) orthologs
of lif from genomic databases, and we isolated a cDNA encoding zLIF. Synteny analysis and com-
parison of sequences identified zebrafish and Tetraodon orthologs of human LIE The cDNA for
zLIF encoded a predicted 215-amino acid protein with a putative 32-amino acid signal peptide,
two disulfide bonds, and two N-linked glycosylation sites. We found that transcription of zlif
starts at the hatching period during embryogenesis and is present in the brain, visceral organs,
bone, and skin.

Descriptors: zebrafish, complementary DNA genetics, leukemia inhibitory factor genetics,
leukemia inhibitory factor metabolism, RNA transport, amino acid sequence homology, metabo-
lism, amino acid , base sequence, chromosomes genetics, molecular molecular cloning, genetic
databases, gene expression profiling , gene expression regulation, genome, leukemia inhibitory
factor chemistry, molecular sequence data, messenger RNA genetics and metabolism, sequence
analysis, synteny genetics, Takifugu genetics.

Agaba, M.K., D.R. Tocher, Zheng XiaoZhong, C.A. Dickson, J.R. Dick, and A.]. Teale (2005). Cloning
and functional characterisation of polyunsaturated fatty acid elongases of marine and fresh-
water teleost fish. Comparative Biochemistry and Physiology B, Biochemistry and Molecular Biology
142(3): 342-352. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Enzymes that lengthen the carbon chain of polyunsaturated fatty acids are key

to the biosynthesis of the highly unsaturated fatty acids, arachidonic, eicosapentaenoic and
docosahexaenoic acids from linoleic and alpha -linolenic acids. A Mortierella alpina cDNA poly-
unsaturated fatty acid elongase sequence identified mammalian, amphibian, zebrafish and insect
expressed sequence tags (ESTs) in GenBank. Consensus primers were designed in conserved
motifs and used to isolate full length cDNA from livers of several fish species by Rapid Ampli-
fication of cDNA Ends (RACE). The amplified cDNAs encoded putative open reading frames
(ORFs) of 288-294 amino acids that were highly conserved among the fish species. Heterologous
expression in yeast, Saccharomyces cerevisiae, demonstrated that all of the ORFs encoded elongases
with the ability to lengthen polyunsaturated fatty acid substrates with chain lengths from C18 to
C22 and also monounsaturated fatty acids, but not saturated fatty acids. There were differences in
the functional competence of the elongases from different fish species. Most of the fish elongases
showed a pattern of activity towards different fatty acid substrates in the rank order C18 > C20 >
C22, although the tilapia and turbot elongases had similar activity towards 18:4n-3 and 20:5n-
3. The fish elongases generally showed greater activity or similar activities with n-3 than with

n-6 homologues, with the exception of the cod enzyme which was more active towards n-6 fatty
acids. Copyright © 2008 CABI

Descriptors: zebrafish, characterization, complementary DNA, DNA cloning, enzyme activ-
ity, enzymes, fatty acids, genes, liver, monoenoic fatty acids, open reading frames, polyenoic
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fatty acids, species differences, clarias gariepinus, cod, fishes, gadus morhua, Oreochromis niloticus,
Pagrus aurata, pleuronectiformes, sea bream, turbot, zebrafish.

Airaksinen, S., T. Jokilehto, C.M. Rabergh, and M. Nikinmaa (2003). Heat- and cold-inducible regula-
tion of HSP70 expression in zebrafish ZF4 cells. Comparative Biochemistry and Physiology. Part
B, Biochemistry and Molecular Biology 136(2): 275-82. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Elevated temperature induces a rapid heat shock transcription factor (HSFs)-mediated
expression of heat shock (hsp) genes. The effect of cold exposure on hsp gene expression has
hardly been investigated, although ectothermic animals experience both cold and heat stress. We
have previously shown in zebrafish that the expression of hsfla and a unique isoform hsf1b vary
in a tissue-specific manner upon heat stress. In the current study, using a zebrafish (Danio rerio)
embryonic cell line (ZF4), we have compared the effects of heat shock (28-->37 degrees C) vs.
cold shock (28-->20 degrees C) on the expression of ahsfla, zhsf1b and hsp70. Concomitantly,
the suitability of the ZF4 cells as a model system was verified. The expression pattern of HSP70
proteins following heat or cold exposure is distinct, and the total HSP70 level is upregulated or
stable, respectively. Moreover, heat exposure specifically increases the ratio of zhsfla/b expres-
sion (10-fold), whereas cold exposure decreases it to one half. These data suggest that the zhsfla/
zhsf1b ratio is regulated in a temperature-dependent manner, and the ratio may be indicative of
the stressor-specific HSP70 expression. Furthermore, the response in ZF4 cells upon heat shock
resembles the response observed in zebrafish liver and thus, supports the use of this cell line in
stress response studies.

Descriptors: zebrafish, cold, gene expression regulation, HSP70 heat shock proteins genetics,
cold shock, heat, heat shock response genetics, cell line, protein isoforms , messenger RNA genet-
ics and metabolism, time factors, transcription factors genetics.

Andersen, L., P. Bjerregaard, and B. Korsgaard ( 2003). Vitellogenin induction and brain aromatase
activity in adult male and female zebrafish exposed to endocrine disrupters. Fish Physiology
and Biochemistry 28(1-4): 319-321. ISSN: 0920-1742.
NAL Call Number: QL639.1F583
Descriptors: zebrafish, bioassay, brain enzymes, chemical pollutants, drugs, endocrinology,
enzymatic activity, females, males, physiology, pollution effects, sex hormones, toxicity, toxicity
testing, toxicity tests, vitellogenesis, water pollution effects, Danio rerio, brain aromatase activity,
endocrine disruptors.

Andersen, L., K. Kinnberg, H. Holbech, B. Korsgaard, and P. Bjerregaard (2004). Evaluation of a 40 day
assay for testing endocrine disrupters: effects of an anti-estrogen and an aromatase inhibitor
on sex ratio and vitellogenin concentrations in juvenile zebrafish (Danio rerio). Fish Physiol-
ogy and Biochemistry 30(3-4): 257-266. ISSN: 0920-1742.

NAL Call Number: QL639.1F583

Descriptors: zebrafish, aromatase, assay, depleted stocks, differentiation, ELISA, endocrinology,

environmental impact, enzyme-linked immunosorbent assay, evaluation, exposure, gonads, inhib-
itors, reproduction, screening, sex ratio, toxicity tests, vitellogenesis, vitellogenin, water pollution

effects , endocrine disruptors, Danio rerio .

Ashworth, R., B. Devogelaere, J. Fabes, R.E. Tunwell, K.R. Koh, H. De Smedt, and S. Patel (2007).
Molecular and functional characterization of inositol trisphosphate receptors during early
zebrafish development. Journal of Biological Chemistry 282(19): 13984-93. ISSN: 0021-9258.
NAL Call Number: 381]824
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Abstract: Fluctuations in cytosolic Ca(2+) are crucial for a variety of cellular processes includ-
ing many aspects of development. Mobilization of intracellular Ca(2+) stores via the production
of inositol trisphosphate (IP(3)) and the consequent activation of IP(3)-sensitive Ca(2+) chan-
nels is a ubiquitous means by which diverse stimuli mediate their cellular effects. Although IP(3)
receptors have been well studied at fertilization, information regarding their possible involvement
during subsequent development is scant. In the present study we examined the role of IP(3)
receptors in early development of the zebrafish. We report the first molecular analysis of zebrafish
IP(3) receptors which indicates that, like mammals, the zebrafish genome contains three distinct
IP(3) receptor genes. mRNA for all isoforms was detectable at differing levels by the 64 cell

stage, and IP(3)-induced Ca(2+) transients could be readily generated (by flash photolysis) in a
controlled fashion throughout the cleavage period in vivo. Furthermore, we show that early blas-
tula formation was disrupted by pharmacological blockade of IP(3) receptors or phospholipase
C, by molecular inhibition of the former by injection of IRBIT (IP(3) receptor-binding protein
released with IP(3)) and by depletion of thapsigargin-sensitive Ca(2+) stores after completion of
the second cell cycle. Inhibition of Ca(2+) entry or ryanodine receptors, however, had little effect.
Our work defines the importance of IP(3) receptors during early development of a genetically and
optically tractable model vertebrate organism.

Descriptors: zebrafish, embryo, metabolism, developmental gene expression regulation, inositol
1,4,5 trisphosphate receptors genetics, calcium metabolism, enzyme inhibitors pharmacology,
inositol 1,4,5 trisphosphate receptors classification, inositol 1,4,5 trisphosphate receptors metabo-
lism, messenger RNA genetics and metabolism, reverse transcriptase PCR, ryanodine receptor
calcium release channel metabolism, thapsigargin pharmacology.

Atilla Gokcumen, G., D.S. Williams, H. Bregman, N. Pagano, and E. Meggers (2006). Organometallic
compounds with biological activity: a very selective and highly potent cellular inhibitor for
glycogen synthase kinase 3. Chembiochem 7(9): 1443-1450. ISSN: 1439 4227.

NAL Call Number: QD415.A1C34

Abstract: A chiral second-generation organoruthenium half-sandwich compound is disclosed
that shows a remarkable selectivity and cellular potency for the inhibition of . The selectivity was
evaluated against a panel of 57 protein kinases, in which no other kinase was inhibited to the
some extent, with a selectivity window of at least tenfold to more than 1000-fold at 100 mu m
ATP Furthermore, a comparison with organic GSK-3 inhibitors demonstrated the superior cellu-
lar activity of this ruthenium compound: wnt signaling was fully induced at concentrations down
to 30 nM. For comparison, the well-established organic GSK-3 inhibitors 6-bromoindirubin-
3’-oxime (BIO) and kenpaullone activate the wnt pathway at concentrations that are higher by
around 30-fold and 100-fold respectively. The treatment of zebrafish embryos with the organome-
tallic inhibitor resulted in a phenotype that is typical for the inhibition of GSK-3. No phenotypic
change was observed with the mirror-imaged ruthenium complex. The latter does not, in fact,
show any of the pharmacological properties for the inhibition of GSK-3, Overall, these results
demonstrate the potential usefulness of organometallic compounds as molecular probes in cul-
tured cells and whole organisms. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, enzymology, zebrafish, biochemistry, molecular biophysics, glycogen syn-

thase kinase 3 (gSK-3).

Azuma, M., R. Toyama, E. Laver, and I.B. Dawid (20006). Perturbation of rRNA synthesis in the bap28
mutation leads to apoptosis mediated by p53 in the zebrafish central nervous system. Journal
of Biological Chemistry 281(19): 13309-16. ISSN: 0021-9258.
NAL Call Number: 381]824

Abstract: Zebrafish is a powerful vertebrate model system for using forward genetics to elucidate
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mechanisms of early development. We have used chemical mutagenesis to screen for mutants
that show defects in the CNS. Here we describe the isolation of the bap28 mutation that leads

to abnormalities in the brain starting at midsomitogenesis stages. Mutant embryos display excess
apoptosis primarily in the central nervous system (CNS) and die by days 6-7 after fertilization.
The mutation was positionally cloned and shown to affect a gene that encodes a large protein
with high similarity to the uncharacterized human protein BAP28 and lower similarity to yeast
Utp10. Utp10 is a component of a nucleolar U3 small nucleolar RNA-containing RNP complex
that is required for transcription of ribosomal DNA and for processing of 18 S rRNA. We show
that zebrafish Bap28 likewise is required for rRNA transcription and processing, with a major
effect on 18 S rRNA maturation. We suggest that bap28 is required for cell survival in the CNS
through its role in rRNA synthesis and processing. Inhibition of p53 protein expression in bap28
mutants led to embryos with morphologically normal appearance, suggesting that p53 is involved
in triggering apoptosis in the bap28 mutant CNS. The bap28 mutation provides a genetic
approach to study the role of ribosome biogenesis in the development of a vertebrate embryo.
Descriptors: zebrafish, apoptosis physiology, central nervous system metabolism, RNA, ribo-
somal biosynthesis, tumor suppressor protein p53 metabolism, brain growth and development,
brain metabolism, developmental gene expression regulation, mutation, ribosomal RNA 18s
metabolism, ribosomes metabolism, zebrafish.

Bessiere, D., C. Lacroix, S. Campagne, V. Ecochard, V. Guillet, L. Mourey, F. Lopez, J. Czaplicki, P.

Demange, A. Milon, J.-P. Girard, and V. Gervais (2008). Structure-function analysis of the
THAP zinc finger of THAP1, a large C2CH DNA-binding module linked to Rb/E2F path-
ways. Journal of Biological Chemistry 283(7): 4352-4363. ISSN: 0021-9258.

NAL Call Number: 381]824

Descriptors: zebrafish, Danio rerio, Drosophila, Nematoda, arginine, cell cycle, cell proliferation,
DNA, DNA-binding protein, insertion, lysine, magnetic resonance spectroscopy, mutagenesis,
N.M.r., nucleotide sequence, retinoblastoma protein, scanning mutagenesis, structure-function
relationships, zinc, zinc finger proteins, double prime E2f protein, double prime p elements,
transposase.

Biga, PR., S.B. Roberts, D.B. Iliev, L.A.R. McCauley, ]J.S. Moon, P. Collodi, and EW. Goetz (2005). The

isolation, characterization, and expression of a novel GDF11 gene and a second myostatin
form in zebrafish, Danio rerio. Comparative Biochemistry and Physiology B, Biochemistry and
Molecular Biology 141(2): 218-230. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: In the current study, the first non-mammalian growth/differentiation factor (GDF)
11-like homolog was cloned from zebrafish. At the nucleotide level, zebrafish GDF11 is most
similar to human GDF11 (79%), while the peptide is most similar to mouse GDF11 (78%).
Phylogenetic analysis showed that the zebrafish GDF11 clusters with mammalian GDF11s. This
study also cloned a second MSTN form in zebrafish most similar to Salmonid MSTN2 forms.
Based on real time PCR, GDF11 is expressed in multiple adult tissues, with levels highest in
whole heads and gonads, and expression is less ubiquitous when compared to MSTN expression.
During embryonic development, real time PCR demonstrated increasing GDF11 mRNA levels
10 h post-fertilization (hpf), while MSTN mRNA levels remain low until 48 hpf. This is the first
report of a transforming growth factor (TGF)- beta superfamily member in a non-mammalian
species that is more closely related to GDF11 than MSTN, and also a second form of MSTN in
zebrafish; suggesting that a more complex TGF- beta superfamily array exists in primitive verte-
brates than previously thought. Copyright © 2008 CABI

Descriptors: zebrafish, amino acid sequences, characterization, complementary DNA, DNA
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cloning, gene expression, genes, isolation, nucleotide sequences, phylogeny, transforming growth
factor, Danio rerio, fishes.

Bink, R.J., H. Habuchi, Z. Lele, E. Dolk, J. Joore, G.J. Rauch, R. Geisler, S.W. Wilson, J. den Hertog, K.
Kimata, and D. Zivkovic (2003). Heparan sulfate 6-o-sulfotransferase is essential for muscle
development in zebrafish. Journal of Biological Chemistry 278(33): 31118-27. ISSN: 0021-9258.
NAL Call Number: 381]824
Abstract: Heparan sulfate proteoglycans function in development and disease. They consist of a
core protein with attached heparan sulfate chains that are altered by a series of carbohydrate-mod-
ifying enzymes and sulfotransferases. Here, we report on the identification and characterization of
a gene encoding zebrafish heparan sulfate 6-O-sulfotransferase (hs6st) that shows high homology
to other heparan sulfate 6-O-sulfotransferases. When expressed as a fusion protein in cultured
cells, the protein shows specific 6-O-sulfotransferase activity and preferentially acts on the idu-
ronosyl N-sulfoglycosamine. In the developing embryo, hs6st is expressed in the brain, the
somites, and the fins; the same structures that were affected upon morpholino-mediated func-
tional knockdown. Morpholino injections significantly inhibited 6-O- but not 2-O-sulfation as
assessed by HPLC. Morphants display disturbed somite specification independent of the somite
oscillator mechanism and have impaired muscle differentiation. In conclusion, our results show
that transfer of sulfate to specific positions on glycosaminoglycans is essential for muscle develop-
ment.

Descriptors: zebrafish, heparan sulfate proteoglycans metabolism, skeletal muscle embryol-
ogy, skeletal muscle enzymology, sulfotransferases genetics, sulfotransferases metabolism, amino
acid sequence, cell differentiation, developmental gene expression regulation, enzymologic gene
expression regulation, molecular sequence data, skeletal muscle cytology, antisense oligonucle-
otides pharmacology, phenotype, somites enzymology.

BiochemistryMiguel-Queralt, S., M. Knowlton, G.V. Avvakumov, R. Al Nouno, G.M. Kelly, and G.L.
Hammond (2004). Molecular and functional characterization of sexhormone binding globu-
lin in zebrafish. Endocrinology 145(11): 5221-5230. ISSN: 0013 7227.

NAL Call Number: 448.8EN2

Abstract: SHBG (sex hormone binding globulin) transports androgens and estrogens in the
blood of vertebrates including fish. Orthologs of SHBG in fish are poorly defined, and we have
now obtained a zebrafish SHBG cDNA and characterized the zebrafish SHBG gene and protein
through molecular biological, biochemical, and informatics approaches. Amino-terminal analysis
of zebrafish SHBG indicated that its deduced precursor sequence includes a 25-residue secre-
tion polypeptide and exhibits 22-27% homology with mammalian SHBG sequences and 41%
with a deduced fugufish SHBG sequence. The 356-residue mature zebrafish SHBG (39,243 Da)
sequence comprises a tandem repeat of laminin G-like domains typical of SHBG sequences;
contains three N-glycosylation sites; and exists as a 105,000+0r-8700 Da homodimer. Zebrafish
SHBG exhibits a high afhinity and specificity for sex steroids. An RT-PCR indicated that SHBG
mRNA first appears in zebrafish larva, and SHBG mRNA was localized within the liver and gut
at this stage of development by whole-mount in situ hybridization. In adult fish, SHBG mRNA
was found in liver, testis, and gut. In the liver, immunoreactive SHBG was present in hepatocytes
and concentrated in intrahepatic bile duct cells, whereas in the testis it was confined to cells sur-
rounding the seminiferous tubule cysts. In the intestine, immunoreactive SHBG was present in
the stroma and epithelial cells of the villous projections and the surrounding muscle. The produc-
tion and presence of SHBG in the gut of developing and adult zebrafish suggests a novel role for
this protein in regulating sex steroid action at this site. Copyright © 2008 CABI
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Descriptors: zebrafish, age differences , androgens, complementary DNA, genes, laminins,
larvae, liver, messenger RNA, estrogens, polypeptides, stomach, testes, Danio rerio, zebrafish.

Boesch, S.T., B. Eller, and B. Pelster (2003). Expression of two isoforms of the vacuolar-type ATPase

subunit B in the zebrafish Danio rerio. Journal of Experimental Biology 206(Pt 11): 1907-15.
ISSN: 0022-0949.

NAL Call Number: 442.8B77

Abstract: In the present study we tested the hypothesis that two isoforms of the regulatory
subunit B of vacuolar-type ATPase (V-ATPase) are expressed in the zebrafish Danio rerio. The
complete coding sequences for both isoforms, vatB1 and vatB2, were cloned and sequenced.
BLASTX analysis revealed the greatest similarity to amino acid sequences of B subunits from

the European eel Anguilla anguilla and rainbow trout Oncorhynchus mykiss. The isoforms were
expressed in a bacterial system and the recombinant proteins verified using isoform-specific anti-
bodies directed against vatB isoforms of the eel. The distribution of both isoforms in zebrafish
tissues was investigated using reverse transcriptase-polymerase chain reaction and western blot
analysis. The results revealed that at the RNA level both isoforms were expressed in all tested
organs, i.e. the gills, swimbladder, heart, kidney, liver, spleen, intestine and skeletal muscle. At the
protein level, however, there were tissue-specific variations in the levels of the two vatB isoforms
expressed. The highest amounts of V-ATPase were detected in total protein preparations from gill,
heart and liver tissue. In liver tissue, however, the western blot analysis indicated that vatB1 was
not as prominent as vatB2, and immunohistochemistry revealed that antibodies directed against
vatB1 yielded a very weak staining in a number of cells, while an antibody directed against vatB1
and vatB2 yielded a strong staining in virtually every cell. Similarly, neurosecretory cells of the
small intestine were stained with an antibody directed against vatB1 and vatB2, but not with an
antibody specific for vatB1. Therefore we conclude that the differential expression of two isoforms
of the V-ATPase subunits, which may serve different functions as in several mammalian species,
may also be a common phenomenon in teleost fish.

Descriptors: zebrafish, gene expression profiling, vacuolar proton translocating ATPases genetics,
vacuolar proton translocating ATPases metabolism, amino acid sequence, Western, DNA primers,
immunohistochemistry, isoenzymes genetics, isoenzymes metabolism, molecular sequence data,
sequence alignment.

Bolanos Garcia, V.M., ]J. Fernandez Recio, J.E. Allende, and T.L. Blundell (2006). Identifying inter-

action motifs in CK2 beta - a ubiquitous kinase regulatory subunit. 7rends in Biochemical
Sciences 31(12): 654-661. ISSN: 0968 0004.

NAL Call Number: QH345.T73

Abstract: Casein kinase 2 (CK2) is probably the most ubiquitous serine/threonine kinase found
in eukaryotes: it phosphorylates >300 cellular proteins, ranging from transcription factors to pro-
teins involved in chromatin structure and cell division. CK2 is a heterotetrameric enzyme that
induces neoplastic growth when overexpressed. The beta subunit of CK2 (CK2 beta ) functions
as the regulator of the catalytic CK2 alpha and CK2 alpha ‘ subunits, enhancing their stability,
activity and specificity. However, CK2 beta also functions as a multisubstrate docking platform
for several other binding partners. Here, we discuss the organization and roles of interaction
motifs of CK2 beta , postulate new protein-interaction sites and map these to the known interac-
tion motifs, and show how the resulting complexity of interactions mediated by CK2 gives rise to
the versatile functions of this pleiotropic protein kinase. Copyright © 2008 CABI

Descriptors: zebrafish, Arabidopsis thaliana, caenorhabditis elegans , Danio rerio, humans, Saccha-
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romyces cerevisiae, Xenopus laeviscasein kinase, enzyme activity, enzymes, phosphorylation, protein
kinase, serine, threonine .

Bosworth, C.A.4., C.W. Chou, R.B. Cole, and B.B. Rees (2005). Protein expression patterns in
zebrafish skeletal muscle: initial characterization and the effects of hypoxic exposure. Pro-
teomics 5(5): 1362-71. ISSN: 1615-9853.

NAL Call Number: QP752.F3PF76

Abstract: Patterns of protein expression were examined in white skeletal muscle from adult
zebrafish ( Danio rerio). High resolution two-dimensional gel electrophoresis resolved between
300 and 400 spots with molecular masses between 20 and 120 kDa and isoelectric points
between about 5 and 8. Forty spots, representing a range of protein size, charge, and abundance
were excised, digested with trypsin, and subjected to matrix-assisted laser-desorption/ionisation-
time of flight mass spectrometry for protein identification. Twenty-nine spots were identified,
including enzymes of energy metabolism, contractile proteins, an iron transport protein, and a
heat shock protein. In addition, several spots matched theoretical proteins predicted from genome
sequencing. These theoretical proteins were tentatively identified by similarity to known proteins.
Patterns of muscle protein expression were then measured after zebrafish were exposed to low
oxygen (16 torr) for 48 h, an exposure previously shown to increase the survival of zebrafish at
more severe reductions in oxygen. Exposure to low oxygen (hypoxia) did not change the general
pattern of protein expression but did affect the amounts of six low abundance proteins. The rela-
tively subtle effects of hypoxia on patterns of muscle protein expression contrasts the widespread
changes previously documented in mRNA levels in this and other species of fish during hypoxic
stress. The difference between protein and mRNA expression illustrates the need to integrate both
measures for a more complete understanding of gene expression in fish during hypoxic exposure.
Descriptors: zebrafish, anoxia, muscle proteins analysis, skeletal muscle chemistry, two dimen-
sional gel electrophoresis, molecular sequence data, molecular weight, skeletal muscle anatomy
and histology, skeletal muscle physiology, oxygen metabolism, random allocation, spectrometry,
mass, matrix assisted laser desorption ionization.

Brennan, C., M. Mangoli, C.E. Dyer, and R. Ashworth (2005). Acetylcholine and calcium signalling
regulates muscle fibre formation in the zebrafish embryo. Journal of Cell Science 118(22):
5181-90. ISSN: 0021 9533.

NAL Call Number: QH301.J6

Abstract: Nerve activity is known to be an important regulator of muscle phenotype in the
adult, but its contribution to muscle development during embryogenesis remains unresolved.

We used the zebrafish embryo and in vivo imaging approaches to address the role of activity-
generated signals, acetylcholine and intracellular calcium, in vertebrate slow muscle development.
We show that acetylcholine drives initial muscle contraction and embryonic movement via release
of intracellular calcium from ryanodine receptors. Inhibition of this activity-dependent pathway
at the level of the acetylcholine receptor or ryanodine receptor did not disrupt slow fibre number,
elongation or migration but affected myofibril organisation. In mutants lacking functional ace-
tylcholine receptors myofibre length increased and sarcomere length decreased significantly. We
propose that calcium is acting via the cytoskeleton to regulate myofibril organisation. Within a
myofibre, sarcomere length and number are the key parameters regulating force generation; hence
our findings imply a critical role for nerve-mediated calcium signals in the formation of physi-
ologically functional muscle units during development.

Descriptors: zebrafish, acetylcholine pharmacology, calcium metabolism, calcium signaling
physiology, muscle fibers metabolism, drug effects, muscles embryology, embryology, acetylcho-
line metabolism, amino acid sequence, bungarotoxins pharmacology, calcium channels, 1 type
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metabolism, cholinergic antagonists pharmacology, cytosol metabolism, molecular sequence data,
muscle fibers cytology, muscle fibers drug effects, muscles metabolism, phylogeny, cholinergic
receptors deficiency, nicotinic receptors, metabolism, ryanodine pharmacology, ryanodine recep-
tor calcium release channel metabolism, sequence alignment, somites drug effects, metabolism.

Buckingham, S.D. and D.W. Ali (2004). Sodium and potassium currents of larval zebrafish muscle

fibres. Journal of Experimental Biology 207(5): 841-852. ISSN: 0022 0949.

NAL Call Number: 442.8B77

Abstract: The steady-state and kinetic properties of Na+ and K+ currents of inner (white) and
outer (red) muscles of zebrafish larvae 4-6 days post-fertilization (d.p.f.) are described. In inner
muscle, the outward currents were half-activated at -1.0 mV and half-inactivated at -30.4 mV,
and completely inactivated within 100 ms of depolarization. The inward currents of inner fibres
were half-activated at -7.3 mV and half-inactivated at -74.5 mV and completely inactivated
within 5 ms of depolarization. Inner muscle fibres were found to support action potentials, while
no action potentials could be evoked in outer muscles. In inner muscle fibres, all tested levels of
depolarizing current above a threshold value evoked only one action potential. However, spiking
at frequencies of up to 200 cycles s-1 was evoked by the injection of depolarizing pulses sepa-
rated by short hyperpolarizing currents. We suggest that the properties of the inward sodium and
outward potassium currents permit high frequency firing in response to a pulsatile depolarizing
input of the kind expected in fast swimming, whilst safeguarding against tetany during a strong
depolarization.

Descriptors: zebrafish, Danio rerio, ion and water relations, sodium and potassium currents,
inorganic substances, steady state and kinetic properties in red and white muscle fibres, functional
implications, larvae, skeletal musculature, red and white muscle fibres.

Capaldi, S., M. Guariento, G. Saccomani, D. Fessas, M. Perduca, and H.L. Monaco (2007). A single

amino acid mutation in zebrafish (Danio rerio) liver bile acid-binding protein can change
the stoichiometry of ligand binding. Journal of Biological Chemistry 282(42): 31008-18. ISSN:
0021-9258.

NAL Call Number: 381]824

Abstract: In all of the liver bile acid-binding proteins (L-BABDPs) studied so far, it has been
found that the stoichiometry of binding is of two cholate molecules per internal binding site. In
this paper, we describe the expression, purification, crystallization, and three-dimensional struc-
ture determination of zebrafish (Danio rerio) L-BABP to 1.5A resolution, which is currently the
highest available for a protein of this family. Since we have found that in zebrafish, the stoichi-
ometry of binding in the protein cavity is of only one cholate molecule per wild type L-BABP,
we examined the role of two crucial amino acids present in the binding site. Using site-directed
mutagenesis, we have prepared, crystallized, and determined the three-dimensional structure of
co-crystals of two mutants. The mutant G55R has the same stoichiometry of binding as the wild
type protein, whereas the C91T mutant changes the stoichiometry of binding from one to two
ligand molecules in the cavity and therefore appears to be more similar to the other members of
the L-BABP family. Based on the presence or absence of a single disulfide bridge, it can be postu-
lated that fish should bind a single cholate molecule, whereas amphibians and higher vertebrates
should bind two. Isothermal titration calorimetry has also revealed the presence in the wild type
protein and the G55R mutant of an additional binding site, different from the first and probably
located on the surface of the molecule.

Descriptors: zebrafish, amino acid substitution, carrier proteins chemistry, cholic acid chem-
istry , membrane glycoproteins chemistry, metabolism, proteins chemistry, amphibia genetics ,
amphibia metabolism, amphibian proteins chemistry, amphibian amphibian proteins metabo-
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lism, binding sites genetics, carrier carrier proteins metabolism, cholic acid metabolism,
crystallography, x ray, disulfides chemistry, ligands, liver chemistry, liver metabolism, membrane
glycomembrane glycoproteins metabolism, site directed mutagenesis missense mutation, protein
binding, tertiary protein structure, structural protein homology.

Castellano, S., A.V. Lobanov, C. Chapple, S.V. Novoselov, M. Albrecht, D. Hua, A. Lescure, T. Lengauer,
A. Krol, V.N. Gladyshev, and R. Guigo (2005). Diversity and functional plasticity of eukary-
otic selenoproteins: Identification and characterization of the SelJ family. Proceedings of the
National Academy of Sciences, USA 102(45): 16188-16193. ISSN: 0027-8424.

NAL Call Number: 500N21P

Descriptors: zebrafish, Danio rerio, echinoidea, heart urchins, sand dollars, sea urchins, develop-
mental stages, evolution, freshwater fish, gene expression, genetic diversity, marine invertebrates,
phylogenetics, plasticity, population genetics, proteins, species diversity.

Chambers, S.P, L.V. Anderson, G.M. Maguire, A. Dodd, and D.R. Love (2003). Sarcoglycans of the
zebrafish: orthology and localization to the sarcolemma and myosepta of muscle. Biochemical
and Biophysical Research Communications 303(2): 488-95. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: The zebrafish is an established model of vertebrate development and is also receiv-

ing increasing attention in terms of human disease modelling. In order to provide experimental
support to realize this modelling potential, we report here the identification of apparent ortho-
logues of many critical members of the dystrophin-associated glycoprotein complex (DGC) that
have been implicated in a diverse range of neuromuscular disorders. In addition, immunohis-
tochemical studies show the localization of the DGC to the sarcolemma of adult zebrafish muscle
and in particular the myosepta. Together, these data suggest that the DGC in adult zebrafish may
play a highly conserved functional role in muscle architecture that, when disrupted, could offer
insight into human neuromuscular disease processes.

Descriptors: zebrafish, cytoskeletal proteins metabolism, membrane glycoproteins metabo-
lism, muscle proteins metabolism, skeletal metabolism, sarcolemma ultrastructure, amino acid
sequence, cytoskeletal proteins analysis, cytoskeletal proteins chemistry, dystroglycans, immuno-
histochemistry, membrane glycoproteins analysis, membrane glycoproteins chemistry, molecular
sequence data, muscle proteins analysis, muscle proteins chemistry, skeletal muscle ultrastructure,
phylogeny, sarcolemma metabolism, sequence alignment, amino acid sequence homology.

Chang, M.H., C.J. Huang, S.P. Hwang, I.C. Lu, C.M. Lin, T.E Kuo, and C.M. Chou (2004). Zebrafish
heparin-binding neurotrophic factor enhances neurite outgrowth during its development.
Biochemical and Biophysical Research Communications 321(2): 502-9. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: Heparin-binding neurotrophic factor (HBNF) is a secreted heparin-binding protein
containing highly basic and cysteine-rich amino acid residues. In this study, we cloned the full-
length HBNF cDNA from zebrafish and determined its genomic structure by bioinformatics
analysis. Zebrafish HBNF gene is composed of five exons and four introns spanning approxi-
mately 82kb. RT-PCR analysis revealed that zebrafish HBNF transcript was highly expressed

in adult brain and intestine tissues while less in other tissues. During embryogenesis, zebrafish
HBNF transcript was observed to be moderately expressed at earlier stages with a gradual decline.
Higher expression level was observed after hatching and maintaining this level into adulthood.
The overall amino acid sequence of zebrafish HBNF shows 60% identity to human HBNE but
with approximately 40% identity to other midkine proteins. Like mammalian homolog, zebrafish
HBNF could induce significant neurite outgrowth in PC12 cells without NGF stimulation. In
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addition, zebrafish HBNF was able to enhance extensive neurite outgrowth in zebrafish embryos
during embryogenesis. In summary, a feasible in vivo assay for neurite outgrowth was established
in zebrafish.

Descriptors: zebrafish, carrier carrier proteins metabolism, cytokines genetics, cytokines metabo-
lism, neurites metabolism, amino acid sequence, carrier proteins chemistry, carrier proteins
pharmacology, cell size drug effects, molecular cloning, cytokines chemistry, cytokines pharmacol-
ogy, complementary DNA genetics, embryo cytology, embryo drug effects, embryo metabolism,
gene expression profiling, developmental gene expression regulation, molecular sequence data,
neurites drug effects, pc12 cells, messenger RNA genetics and metabolism, rats, reverse tran-
scriptase PCR, sequence alignment.

, J. Chen, and J. Wu (2003). Molecular cloning and functional analysis of zebrafish high-den-
sity lipoprotein-binding protein. Comparative Biochemistry and Physiology Part B Biochemistry
and Molecular Biology. 2003 Sept; 136(1): 117 130.: Comparative Biochemistry and Physiology Part
B Biochemistry and Molecular Biology 136(1): 117-130. ISSN: 1096 4959.

NAL Call Number: QP501.C6

Abstract: High-density lipoprotein-binding protein (HBP) plays a pivotal role in the endocrine
regulation of both lipids and cholesterol. This first study of the zebrafish (Danio rerio) HBP

gene in a piscine provides information on the complex molecular events that regulates lipid and
cholesterol functions in fish, and allows a comparison with starvation and hormonal regulation.
One identical zebrafish HBP ¢cDNA clone was obtained from a 24-h-old zebrafish cDNA library.
Zebrafish HBP is composed of 1273 amino acids as residues. The 1273-aa of HBP has 87.8%
and 87.0% similarities to human and chicken HBP, respectively. Real-time reverse transcription
polymerase chain reaction (RT-PCR) analysis showed that HBP is highly expressed in the 36 h
of the developmental stage after fertilization as compared to other stages. As to tissue-specific
expression, the HBP is highly expressed in the fin, liver and ovary. In the starvation experiment,
results show significant differences between the control group and the group after 3-week starva-
tion. After injecting GH, IGF-I, IGF-II or insulin, no significant differences were shown between
the control and the experimental groups. These results suggest that in vivo HBP expression is not
regulated by the insulin family or by growth hormone, but other factors present during the star-
vation may down- or up-regulate the HBP. Although the exact function of the HBP is unknown,
its high expression in the liver and ovary suggests a role for this molecule in the cumulative efh-
ciency of fish intake of food or lipid transfer; these results can possibly be applied to aquaculture
in the near future.

Descriptors: zebrafish, high density lipoprotein, binding proteins, developmental stages, hor-
monal regulation.

Chen, X., G. Polleichtner, I. Kadurin, and S. Grunder (2007). Zebrafish acid-sensing ion channel

(ASIC) 4, characterization of homo- and heteromeric channels, and identification of regions
important for activation by H+. Journal of Biological Chemistry 282(42): 30406-13. ISSN:
0021-9258.

NAL Call Number: 381]824

Abstract: There are four genes for acid-sensing ion channels (ASICs) in the genome of mam-
malian species. Whereas ASIC1 to ASIC3 form functional H+-gated Na+ channels, ASIC4 is
not gated by H+, and its function is unknown. Zebrafish has two ASIC4 paralogs: zZASIC4.1
and zASIC4.2. Whereas zZASIC4.1 is gated by extracellular H+, zZASIC4.2 is not. This differ-
ential response to H+ makes zZASIC4 paralogs a good model to study the properties of this ion
channel. In this study, we found that surface expression of homomeric zASIC4.2 is higher than
that of ZASIC4.1. Surface expression of zZASIC4.1 was much increased by formation of hetero-
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meric channels, suggesting that zZASIC4.1 contributes to heteromeric ASICs in zebrafish neurons.
Robust surface expression of H+-insensitive zZASIC4.2 suggests that zZASIC4.2 functions as a
homomer and is gated by an as yet unknown stimulus, different from H+. Moreover, we identi-
fied a small region just distal to the first transmembrane domain that is crucial for the differential
H+ response of the two paralogs. This post-TM1 domain may have a general role in gating of
members of this gene family.

Descriptors: zebrafish, ion channel gating physiology, membrane proteins metabolism, nerve
tissue proteins metabolism, neurons metabolism, protons, sodium channels metabolism,
dimerization, gene expression, membrane multigene family, nerve tissue proteins genetics, tertiary
protein structure physiology, sodium channels genetics, Xenopus laevis, proteins genetics.

Chen YauHung, Chen WeiLi, Wang YunHsin, Huang MeiYun, and Chern MingKai (2007). Spa-
tiotemporal expression of zebrafish D-amino acid oxidase during early embryogenesis. Fish
Physiology and Biochemistry 33(1): 73-80. ISSN: 0920 1742.

NAL Call Number: QL639.1.F583

Abstract: D-amino acid oxidase (DAO, EC 1.4.3.3) is one of the flavoenzymes in peroxisomes
catalyzing the oxidation of D-amino acids to alpha -imino acids. By reverse transcription-
polymerase chain reaction, DAO ¢cDNA was cloned from the mRNA of zebrafish embryos. The
deduced zebrafish DAO amino acid sequence revealed a 348-amino acid polypeptide containing
two FAD-binding sites (amino acids positions 7G to 12G, and 236V to 247W), and a peroxi-
somal targeting signal sequence (346Ser-347Arg-348Leu) at the C-terminal end. Following
comparison of the sequences, we found that the zebrafish DAO polypeptide shared the sequence
identities of 93%, 79%, 77%, 77%, 46%, 43% and 25% of the reported DAO of carp, human,
mouse, pig, Streptomyces coelicor, Rhodotorula gracilis and Schizosaccharomyces pombe, respec-
tively. Whole-mount in situ hybridization revealed that dao was a maternally inherited gene and
that its expression was first observed in the zygote period, gradually down-regulated from the
cleavage period to the early blastula stages, and had declined to an undetectable level at 6 h post-
fertilization (hpf). At 18-hpf, the zebrafish dao transcripts were detected in a very weak manner,
and their expression was restricted in the future head and brain regions as well as in the yolk syn-
cytial layers of the yolk and yolk extension regions. At later stages, dao expression was detected in
the brain, gut, swimming bladder, pronephric duct, optic tectum, ventrolateral tract and in the
floor plate of the developing spinal cord. The enzymatic activities of DAO were also examined
and showed that the DAO enzyme activities were expressed in a dynamic and stage-dependent
manner: first it was detected at the 1-cell stage at an extremely low level (0.007+0r-0.005 U/
mg), reached the maximum amount at 6 days post-fertilization (dpf) (0.323+0r-0.04 U/mg),
and gradually down-regulated to the basal level (0.019+0r-0.005 U/mg) in a 1-month juvenile.
From these observations, we conclude that zebrafish dao is a maternally inherited gene, and that
its expression was restricted in some neurons, gut, and pronephros and could be used as a good
marker for the study of pronephridial development. Copyright © 2008 CABI

Descriptors: zebrafish, amino acid sequences, binding sites, embryogenesis, embryonic devel-
opment, enzyme activity, enzymes, gene expression, genes, oxidoreductases, peroxisomes, signal
transduction , Danio rerio.

Cheng, S., T. Shakespeare, R. Mui, T.W. White, and G. Valdimarsson (2004). Connexin 48.5 is required
for normal cardiovascular function and lens development in zebrafish embryos. Journal of
Biological Chemistry 279(35): 36993-7003. ISSN: 0021-9258.

NAL Call Number: 381]824
Abstract: Gap junctions are composed of connexin (Cx) proteins and mediate intercellular com-
munication required for many developmental and physiological processes. Here we describe the
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isolation and characterization of Cx48.5, a zebrafish connexin with the highest sequence iden-
tity to mammalian Cx46. Expression analysis showed that Cx48.5 is expressed in the adult and
embryonic lens and heart, adult testis, and transiently in the embryonic otic vesicles. Injection of
Cx48.5 cRNA into Xenopus oocytes elicited intercellular electrical coupling with voltage sensitiv-
ity similar to mammalian Cx46. In single oocytes, Cx48.5 also induced large outward currents on
depolarization, consistent with gap-junctional hemichannels. Disruption of Cx48.5 expression in
embryos with antisense morpholino oligos (morpholinos) revealed that Cx48.5 has an essential
role in the maintenance of lens homeostasis. The morpholino-treated embryos also developed
small lenses and eyes as well as severe cardiovascular abnormalities.

Descriptors: zebrafish, connexins physiology, crystalline lens embryology, amino acid sequence,
cardiovascular system embryology, chickens, connexins metabolism, gene library, immuno-
histochemistry, in situ hybridization, crystalline metabolism, mice, molecular sequence data,
oligonucleotides chemistry, oocytes metabolism, complementary RNA metabolism, rats, reverse
transcriptase PCR, amino acid sequence homology, testis metabolism, time factors, Xenopus, pro-
teins metabolism.

Chinen, A., Y. Matsumoto, and S. Kawamura (2005). Spectral differentiation of blue opsins between

phylogenetically close but ecologically distant goldfish and zebrafish. Journal of Biological
Chemistry 280(10): 9460-9466. ISSN: 0021 9258.

NAL Call Number: 381]824

Abstract: Zebrafish and goldfish are both diurnal freshwater fish species belonging to the same
family, Cyprinidae, but their visual ecological surroundings considerably differ. Zebrafish are
surface swimmers in conditions of broad and shortwave-dominated background spectra and
goldfish are generalized swimmers whose light environment extends to a depth of elevated short
wavelength absorbance with turbidity. The peak absorption spectrum ([lambda]max) of the
zebrafish blue (SWS2) visual pigment is consistently shifted to short wavelength (416 nm) com-
pared with that of the goldfish SWS2 (443 nm). Among the amino acid differences between the
two pigments, only one (alanine in zebrafish and serine in goldfish at residue 94) was previously
known to cause a difference in absorption spectrum (14-nm [lambda]max shift in newt SWS2).
In this study, we reconstructed the ancestral SWS2 pigment of the two species by applying
likelihood-based Bayesian statistics and performing site-directed mutagenesis. The reconstituted
ancestral photopigment had a [lambda]max of 430 nm, indicating that zebrafish and goldfish
achieved short wavelength (-14 nm) and long wavelength (+13 nm) spectral shifts, respectively,
from the ancestor. Unexpectedly, the S94A mutation resulted in only a -3-nm spectral shift when
introduced into the goldfish SWS2 pigment. Nearly half of the long wavelength shift toward the
goldfish pigment was achieved instead by T116L (6 nm). The §295C mutation toward zebrafish
SWS2 contributed to creating a ridge of absorbance around 400 nm and broadening its spectral
sensitivity in the short wavelength direction. These results indicate that the evolutionary engi-
neering approach is very effective in deciphering the process of functional divergence of visual
pigments.

Descriptors: zebrafish, carassius auratus, Danio rerio, visual pigments, blue opsins, variation ,
spectral differentiation.

Chiou, M.J., T.T. Chao, J.L. Wu, C.M. Kuo, and J.Y. Chen (20006). The physiological role of CTGF/

CCN2 in zebrafish notochond development and biological analysis of The proximal pro-
moter region. Biochemical and Biophysical Research Communications 349(2): 750-8. ISSN: 0006
291X.

NAL Call Number: 442.8B5236
Abstract: During mouse embryogenesis, CTGF/CCN?2 is expressed in zones containing hyper-
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trophic chondroctyes and calcifying cartilage such as long bones, ribs, vertebral column, and
phalanges. But in fish, its expression is yet unclear. Development of the vertebrae is morphologi-
cally similar among vertebrates, indicating that the underlying mechanism regulating the process
is highly conserved during evolution. Analysis of 3.2kb of the CTGF/CCN2 proximal promoter
sequence revealed a consensus TATAA box, putative AP1, Brn-2, CdxA, C/EBP alpha, C/EBP
beta, C-Ets-, delta E, HFH-2, and HSF2 binding sites. Transient expression experiments with

a 5’-deletion revealed at least 4 regulatory regions in the zebrafish CTGF/CCN2 gene, 2 with a
stimulatory effect on transcription and 2 with an apparent inhibitory effect after IGF-I treatment
in the ZFL cell line. To study the promoter-specific expression, we constructed a series of CTGF/
CCN2 (3.0, 2.5-, 2.0-, 1.5-, 1.0-, and 0.4-kb) promoter-driven green fluorescent protein (GFP)
fragments encoding the GFP ¢cDNA transgene which was microinjected into zebrafish embryos.
Morphological studies of transgenic zebrafish indicated that the CTGF/CCN2 promoter-driven
GFP transcripts appeared in the notochord. Targeted knockdown of the CTGF/CCN2 gene by
two antisense morpholino oligonucleotides resulted in disruptions to notochord development.
From a comparative point of view, this study of the CTGF/CCN2 gene in zebrafish may correlate
well with those previously published on the mouse. These molecular results suggest that CTGF/
CCN2 plays an important role in notochord development and is required for general embryonic
development.

Descriptors: zebrafish, developmental gene expression regulation, immediate early, intercellular
signaling peptides and, notochord metabolism, promoter regions genetics, complementary DNA
metabolism, exons, green fluorescent proteins metabolism, HelLa cells, immediate early proteins
biosynthesis, intercellular signaling peptides and proteins biosynthesis, mice, transcription factors
metabolism, transgenes.

Ciesielski, E, N. Rochel, A. Mitschler, A. Kouzmenko, and D. Moras (2004). Structural investigation of

Curran,

the ligand binding domain of the zebrafish VDR in complexes with lalpha,25(OH)2D3 and
Gemini: purification, crystallization and preliminary X-ray diffraction analysis. Journal of
Steroid Biochemistry and Molecular Biology 89-90(1-5): 55-59. ISSN: 0960-0760.

NAL Call Number: QD426.A1]J6

Abstract: The nuclear receptor of Vitamin D can be activated by a large number of agonist mol-
ecules with a wide spectrum in their stereochemical framework. Up to now most of our structural
information related to the protein-ligand complex formation is based on an engineered ligand
binding domain (LBD) of the human receptor. We now have extended our database, using a
wild-type LBD from zebrafish that confirms the previously reported results and allows to investi-
gate the binding of ligands that induce significant conformational changes at the protein level.
Descriptors: zebrafish, calcitriol metabolism, receptors, calcitriol chemistry, amino acid
sequence, crystallography, x ray, molecular models and sequence data, protein Conformation,
receptors, calcitriol isolation and purification and metabolism, amino acid sequence homology.

J.E. and R.L. Woodruft (2007). Passage of 17 kDa calmodulin through gap junctions of three
vertebrate species. Tissue & Cell 39(5): 303-309. ISSN: 0040-8166.

NAL Call Number: QH573.T5

Descriptors: zebrafish, Danio rerio, Oryzias latipes, Xenopus laevis, African clawed frog, medaka,
amphibiotic species, animal physiology, biochemistry, freshwater fish, molecular structure.

Dahlman, J.M., K.L. Margot, L. Ding, J. Horwitz, and M. Posner (2005). Zebrafish alpha-crystallins:

protein structure and chaperone-like activity compared to their mammalian orthologs.
Molecular Vision 11: 88-96. ISSN: 1090-0535.
NAL Call Number: QP475 .M65
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Abstract: PURPOSE: The vertebrate small heat shock proteins alphaA- and alphaB-crystallin
contribute to the transparency and refractive power of the lens and may also prevent the aggrega-
tion of non-native proteins that would otherwise lead to cataracts. We previously showed that
zebrafish (Danio rerio) and human alphaB-crystallin have diverged far more in primary structure
and expression pattern than the orthologous alphaA-crystallins. In this current study we further
compare the structure and function of zebrafish and mammalian alpha-crystallins. METHODS:
Near UV CD spectroscopy was used to analyze the tertiary structure and thermal stability of
recombinant zebrafish alpha-crystallins. The chaperone-like activities of zebrafish and human
alpha-crystallins were compared by assaying their ability to prevent the chemically induced
aggregation of several target proteins at temperatures between 25 degrees C and 40 degrees C.
RESULTS: Zebrafish and human alphaA-crystallin showed very similar tertiary structures, while
the alphaB-crystallin orthologs showed differences related to the presence of additional aromatic
amino acids in the zebrafish protein. The denaturation temperatures of zebrafish crystallins were
lower than those of mammals. The chaperone-like activities of the two zebrafish alpha-crystallins
were highly divergent, with alphaA-crystallin showing much greater activity than alphaB-crystal-
lin. CONCLUSIONS: alphaA-crystallin serves a similar physiological function in both zebrafish
and mammals as a lens specific chaperone-like molecule. The reduced chaperone-like function
of zebrafish alphaB-crystallin and its lack of extralenticular expression indicates that it plays a
different physiological role from its mammalian ortholog. Future comparative studies of alpha-
crystallin from closely related vertebrate species can help identify specific structural changes that
lead to alterations in chaperone-like activity.

Descriptors: zebrafish, molecular chaperones metabolism, alpha crystallin A chain chemistry,
alpha crystallin B chain chemistry, Western blotting, cattle, circular dichroism, polyacrylamide gel
electrophoresis, protein denaturation, tertiary protein structure, rabbits, ultraviolet spectropho-
tometry, structure activity relationship, alpha crystallin A and B chain metabolism.

DiMuccio, T., S.T. Mukai, E. Clelland, G. Kohli, M. Cuartero, Wu TingTing, and Peng Chun (2005).

Cloning of a second form of activin- beta A cDNA and regulation of activin- beta A sub-
units and activin type II receptor mRNA expression by gonadotropin in the zebrafish ovary.
General and Comparative Endocrinology 143(3): 287-299. ISSN: 0016 6480.

NAL Call Number: 444.8G28

Abstract: Activins are dimeric proteins consisting of two inhibin beta subunits. Homo- and
hetero-dimerizations of two isoforms of beta subunits, beta A and beta B, produce three forms
of activins, activin-A, -B, and -AB. Recent studies have suggested that activin-A mediates gonad-
otropin-induced oocyte maturation in the zebrafish. To further understand the physiological role
of activin-A in the zebrafish ovary, we have cloned cDNAs for a second isoform of the activin-
beta A subunit and the activin type IIA (ActRIIA) receptor and determined their regulation by
gonadotropin. Two sequences were obtained during the cloning of activin- beta A subunit, both
of which showed high identity to beta A subunits of other species, and were therefore designated
as isoform 1 and 2. Real-time PCR quantification was used to measure mRNA levels of activin-
beta Al and - beta A2, as well as two type II receptors, ActRIIA and ActRIIB, in the zebrafish
ovary. Activin- beta A1 mRNA levels in stages III and IV follicles were similar and higher than
those in stage II while high activin- beta A2 mRNA levels were only found in stage IV follicles.
Highest levels of mRNA expression were detected in small and large stage I1I follicles for ActRIIA
and ActRIIB, respectively. Treatment with human chorionic gonadotropin induced dose- and
time-dependent increases in mRNA levels of activin- beta A1l and - beta A, as well as ActRIIA
and ActRIIB. These findings further support the involvement of the activin signaling cascade in
gonadotropin-regulated gonadal activities. Copyright © 2008 CABI

140

Biochemistry



Du, C,,

Descriptors: zebrafish, Danio rerio, activins, biochemical receptors, complementary DNA, DNA
cloning, gonadotropins, hormonal control, messenger RNA, ovarian follicles, ovaries .

R. Niu, E. Chu, P. Zhang, and X. Lin (2006). Sequence analysis and functional study of thy-
midylate synthase from zebrafish, Danio rerio. Journal of Biochemistry 139(5): 913-20. ISSN:
0021-924X.

NAL Call Number: 385 J822

Abstract: The thymidylate synthase (TS), an important target for many anticancer drugs, has
been cloned from different species. But the cDNA property and function of TS in zebrafish are
not well documented. In order to use zebrafish as an animal model for screening novel anticancer
agents, we isolated TS cDNA from zebrafish and compared its sequence with those from other
species. The open reading frame (ORF) of zebrafish TS cDNA sequence was 954 nucleotides,
encoding a 318-amino acid protein with a calculated molecular mass of 36.15 kDa. The deduced
amino acid sequence of zebrafish TS was similar to those from other organisms, including rat,
mouse and humans. The zebrafish TS protein was expressed in Escherichia coli and purified to
homogeneity. The purified zebrafish TS showed maximal activity at 28 degrees C with similar
K(m) value to human TS. Western immunoblot assay confirmed that TS was expressed in all the
developmental stages of zebrafish with a high level of expression at the 1-4 cell stages. To study
the function of TS in zebrafish embryo development, a short hairpin RNA (shRNA) expres-
sion vector, pSilencer 4.1-CMV/TS, was constructed which targeted the protein-coding region
of zebrafish TS mRNA. Significant change in the development of tail and epiboly was found in
zebrafish embryos microinjected pSilencer4.1-CMV/TS siRNA expression vector.

Descriptors: zebrafish, mice, rats, complementary DNA isolation and purification, thymidy-
late synthase chemistry, thymidylate synthase genetics, amino acid sequence genetics, molecular
cloning, complementary DNA metabolism, Escherichia coli, gene silencing, phylogeny, recombi-
nant proteins isolation and purification, recombinant proteins metabolism, sequence alignment,
sequence analysis, thymidylate synthase metabolism.

Du, S.J.,J. Gao, and V. Anyangwe (2003). Muscle-specific expression of myogenin in zebrafish

embryos is controlled by multiple regulatory elements in the promoter. Comparative Biochem-
istry and Physiology. Part B, Biochemistry and Molecular Biology 134(1): 123-34. ISSN: 0305 0491.
NAL Call Number: QP501.C6

Abstract: Myogenin is a member of the basic Helix-Loop-Helix transcription factor family that
play key roles in myoblast specification and differentiation. Myogenin is specifically expressed in
developing somite and skeletal muscles in zebrafish embryos. To determine the regulation of myo-
genin expression, we reported here the characterization of zebrafish myogenin gene and analysis
of its promoter activity in zebrafish embryos. Our data showed that a 0.8-kb myogenin promoter
was sufficient to direct correct temporal and spatial muscle-specific green fluorescence protein
expression in zebrafish embryos. Sequence analysis identified two putative E box sites in the myo-
genin gene promoter. In addition, a MEF2 recognition site and a MEF3 binding site were also
found in the promoter. Mutation of the E boxes, MEF2 or MEF3 binding site individually had
little effect on the muscle-specificity and activity of the myogenin promoter. However, mutating
these sites in various combinations, e.g. E boxes and MEF2 binding site, or MEF2 and MEF3
sites significantly reduced the activity of the promoter. Moreover, mutating the E boxes, MEF2
and MEF3 sites together almost abolished the activity of the promoter. These data indicate that
muscle-specific expression of myogenin in zebrafish embryos is controlled by multiple regula-
tory elements in the promoter. In addition, because these regulatory elements control myogenin
expression in mouse and human embryos, these data suggest that the regulatory mechanism con-
trolling myogenin expression might be conserved during evolution.

Information Resources on Zebrafish (2010) <15


http:QP501.C6

Descriptors: zebrafish, embryo, skeletal muscle embryology, myogenin biosynthesis, promoter
regions genetics, base sequence, binding sites, DNA binding proteins genetics, proteins metabo-
lism, reporter genes, green fluorescent proteins, in situ hybridization, luminescent proteins
metabolism, genetic models, molecular sequence data, Myod protein genetics, metabolism, myo-
genic regulatory factors, plasmids metabolism, time factors, transcription factors .

Fleming, A., M. Sato, and P. Goldsmith (2005). High-throughput in vivo screening for bone anabolic

compounds with zebrafish. Journal of Biomolecular Screening 10(8): 823-31. ISSN: 1087-0571.
Abstract: Osteoporosis and diseases of bone loss are a major public health problem for the
present and the future since longevity and prevalence of the disease are increasing in all parts of
the world. The bisphosphonates, widely used in the treatment of osteoporosis, act by inhibit-

ing bone resorption. However, there are few agents that promote or increase bone formation

in patients who have suffered substantial bone loss. To facilitate the identification of novel ana-
bolic therapies, the authors have developed a rapid, high-throughput in vivo screen using larval
zebrafish (Danio rerio) in which they are able to identify agents with anabolic effects in the skel-
eton within a 6-day time period. Vitamin D3 analogs and intermittent parathyroid hormone
(PTH) result in dose-dependent increases in the formation of mineralized bone, whereas con-
tinuous exposure to PTH results in net bone loss. Because this model is fast, economical, and
genetically tractable, it provides a powerful adjunct to mammalian models for the identification
of new anabolic bone agents and offers the potential for genetic elucidation of pathways impor-
tant in osteoblastic activity.

Descriptors: zebrafish, bone density conservation agents pharmacology, physiologic calcification
drug effects, preclinical drug evaluation methods, bone density conservation agents therapeutic
use, bone remodeling drug effects, bone remodeling physiology, cholecalciferol analogs and deriv-
atives, cholecalciferol pharmacology, cholecalciferol therapeutic use, etidronic acid pharmacology,
etidronic acid therapeutic use, feasibility studies, hydroxymethylglutaryl co A reductase inhibi-
tors pharmacology, hydroxymethylglutaryl co A reductase inhibitors therapeutic use, fish model,
osteoblasts drug effects, osteoporosis drug therapy, parathyroid hormone pharmacology, parathy-
roid hormone therapeutic use.

Fraenkel, PG., D. Traver, A. Donovan, D. Zahrieh, and L.I. Zon (2005). Ferroportin 1 is required for

normal iron cycling in zebrafish. Journal of Clinical Investigation 115(6): 1532-41. ISSN: 0021-
9738.

NAL Call Number: 448.8 J8295

Abstract: Missense mutations in ferroportinl (fpnl), an intestinal and macrophage iron
exporter, have been identified between transmembrane helices 3 and 4 in the zebrafish anemia
mutant weissherbst (weh(Tp85¢-/-)) and in patients with type 4 hemochromatosis. To explore
the effects of fpnl mutation on blood development and iron homeostasis in the adult zebrafish,
weh(Tp85¢-/-) zebrafish were rescued by injection with iron dextran and studied in comparison
with injected and uninjected WT zebrafish and heterozygotes. Although iron deposition was
observed in all iron-injected fish, only weh(Tp85c-/-) zebrafish exhibited iron accumulation in
the intestinal epithelium compatible with a block in iron export. Iron injections initially reversed
the anemia. However, 8 months after iron injections were discontinued, weh(Tp85¢-/-) zebrafish
developed hypochromic anemia and impaired erythroid maturation despite the persistence of
iron-loaded macrophages and elevated hepatic nonheme iron stores. Quantitative real-time
RT-PCR revealed a significant decrease in mean hepatic transcript levels of the secreted iron-
regulator hepcidin and increased intestinal expression of fpnl in anemic weh(Tp85¢-/-) adults.
Injection of iron dextran into WT or mutant zebrafish embryos, however, resulted in significant
increases in hepcidin expression 18 hours after injection, demonstrating that hepcidin expression
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in zebrafish is iron responsive and independent of fpn1’s function as an iron exporter.
Descriptors: zebrafish, cation transport proteins metabolism, intestines metabolism, iron metab-
olism, proteins metabolism, anemia, hypochromic genetics, anemia, hypochromic metabolism,
hypochromic pathology, antimicrobial cationic peptides biosynthesis, cation transport erythro-
cytes metabolism, erythrocytes pathology, developmental gene expression regulation drug effects,
hemochromatosis genetics and hemochromatosis metabolism, hemochromatosis pathology,
intestinal mucosa metabolism, intestinal mucosa pathology, ion transport genetics, iron admin-
istration and dosage, liver metabolism, liver pathology, macrophages metabolism, macrophages
pathology, missense mutation, proteins genetics.

Ge Wei (2005). Gonadotropins and their paracrine signaling network in the zebrafish ovary. Fish
Physiology and Biochemistry 31(2/3): 209-214. ISSN: 0920 1742.
NAL Call Number: QL639.1.F583
Abstract: Pituitary gonadotropins, follicle-stimulating hormone (FSH) and luteinizing hormone
(LH), play fundamental roles in vertebrate ovarian development and function. However, there
has been an increasing body of evidence that the actions of FSH and LH are mediated or
modulated by a variety of locally produced peptide or protein factors, which form an intimate
regulatory network within and between the ovarian follicles. In the past few years, a variety of
growth factors have been identified and characterized in the zebrafish ovary including activin and
epidermal growth factor (EGF), which are important components of the intraovarian commu-
nication network. To understand how this local network interacts with the gonadotropins from
the pituitary, we have recently cloned and characterized all the subunits of zebrafish FSH and LH
from the pituitary as well as their receptors (FSHR and LHR) from the ovary. Using the Chinese
hamster ovary (CHO) cells as the bioreactor, we have produced recombinant zebrafish FSH
and LH with biological activities. With the recombinant hormones available, the functions of
zebrafish FSH and LH in the ovary and their interactions with the local factors will be an impor-
tant issue to address in the future. This review briefly summarizes some recent work from our
laboratory and others on both gonadotropins and their potential intraovarian signaling factors in
the zebrafish. Copyright © 2008 CABI
Descriptors: zebrafish, activins, epidermal growth factor, fsh, gonadotropins, growth factors,
hormonal control, hormone receptors, hormone secretion, LH, ovarian development, ovarian fol-
licles, ovaries, pituitary, reviews, Danio rerio.

Gensure, R.C., B. Ponugoti, Y. Gunes, M.R. Papasani, B. Lanske, M. Bastepe, D.A. Rubin, and H.
Juppner (2004). Identification and characterization of two parathyroid hormone-like mol-
ecules in zebrafish. Endocrinology 145(4): 1634-9. ISSN: 0013 7227.

NAL Call Number: 448.8EN2

Abstract: Zebrafish (Danio rerio) have receptors homologous to the human PTH (hPTH)/
PTHiP receptor (PTHI1R) and PTH-2 receptor (PTH2R) and an additional receptor (PTH3R)
with high homology to the PTH1R. To find natural ligands for zPTH1R and zPTH3R, we
searched the zebrafish genomic database and discovered two distinct regions that, when translated
(zPTH1 and zPTH2), showed high homology to hPTH. Isolation of cDNAs and determina-
tion of the intron/exon boundaries revealed genomic structures which were similar to known
PTHs. Peptides consisting of the first 34 amino acids after the pre- and prosequences of the
zebrafish PTHs (zPTHs) were synthesized and were shown to be fully active at the hPTHIR.
zPTH2(1-34) was, however, approximately 30-fold less potent at the zPTHI1R than hPTH(1-34),
hPTHrP(1-36), and zPTH1(1-34). When tested with zZPTH3R, zPTH1(1-34) and hPTHrP(1-
36) showed similar potencies, whereas the potency of zZPTH2(1-34) was moderately (3-fold)
reduced. To determine whether other fishes have multiple PTHs, we searched the genomic data-
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base of the Japanese pufferfish (Takifugu rubripes) and identified zZPTH1 and zPTH2 homologs.
Phylogenetic analysis showed that PTHs from zebrafish and pufferfish are more closely related
to each other than to known mammalian PTH homologs or to PTHrP and tuberoinfundibular
peptide of 39 residues. This is consistent with evolution of two teleost PTH-like peptides occur-
ring after the evolutionary divergence between fishes and mammals. Overall, the PTH system
appears more complex in fishes than in mammals, providing evidence of continued evolution in
nontetrapod species. The availability of multiple forms of fish PTH and their receptors provide
additional tools for PTH ligand/receptor structure-function studies.

Descriptors: zebrafish, parathyroid hormone genetics, parathyroid hormone metabolism,
peptide fragments genetics, peptide fragments metabolism, and metabolism, amino acid
sequence, complementary DNA, molecular evolution, genome, molecular sequence data, phylog-
eny, receptor, parathyroid hormone, type 1 metabolism, receptors.

Gonzalez Nunez, V., G. Toth, and R.E. Rodriguez (2007). Endogenous heptapeptide Met-enkephalin-

Gly-Tyr binds differentially to duplicate delta opioid receptors from zebrafish. Peptides
28(12): 2340-7. ISSN: 0196-9781.

NAL Call Number: QP552.P4P45

Abstract: Met-enkephalin-Gly-Tyr (MEGY) is an endogenous peptide that binds to opioid sites
in zebrafish and in rat brain homogenates. The aim of this work is to characterize the binding
profile of this opioid ligand on two duplicate delta receptors from zebrafish, ZFOR1 and
ZFORA4. Our results show that, while ZFOR1 presents one single binding site for [(3)H]-MEGY
(K(D)=4.0+/-0.4nM), the experimental data from ZFOR4 fit better to the two-site binding
model (K(D1)=0.8+/-0.2nM and K(D2)=30.2+/-10.2nM). Two other MEGY synthetic ana-
logues, (D-Ala(2))-MEGY and (D-Ala(2), Val(5))-MEGY were also prepared and tested, together
with the original peptide MEGY and other opioid ligands, in competition binding assays. While
these peptides presented K(i) values on the nanomolar range when using [(3)H]-MEGY as radio-
ligand, these parameters were two orders higher in competition binding assays with the antagonist
[(3)H]-diprenorphine. Functional [(35)S]GTPgamma$ stimulation analysis has revealed that
these two receptors can be activated by several opioid agonists. Our results prove that although
the MEGY peptide acts as an agonist on ZFOR1 and ZFORA4, there are subtle pharmacological
differences between these two delta opioid receptors from zebrafish.

Descriptors: zebrafish, met-enkephalin-gly-tyr, opioid receptors, heptapeptide, ZfOr1, ZfOr4,
zebrafish.

Guerardel, Y., LY. Chang, E. Maes, C.]J. Huang, and K.H. Khoo (2006). Glycomic survey mapping of

zebrafish identifies unique sialylation pattern. Glycobiology 16(3): 244-57. ISSN: 0959-6658.
NAL Call Number: QP552.G59G593

Abstract: Functional genomics and proteomics studies of the developmental glycobiology of
zebrafish are greatly hampered by the current lack of knowledge on its glycosylation profile. To
furnish the requisite structural basis for a more insightful functional delineation and genetic
manipulation, we have initiated a survey mapping of the possible expression of stage-specific gly-
coconjugates in zebrafish. High-sensitivity mass spectrometry (MS) analysis in conjunction with
the usual array of enzymatic and chemical derivatization was employed as the principal method
for rapid differential mapping of the glycolipids and sequentially liberated N- and O-glycans from
the total extracts. We demonstrated that all developmental stages of the zebrafish under investiga-
tion, from fertilized eggs to hatched embryos, synthesize oligomannosyl types of N-glycans, as
well as complex types with additionally beta4-galactosylated, Neu5Ac/Neu5Ge monosialylated
Lewis x termini. A combination of collision-induced dissociation (CID)-MS/MS and nuclear
magnetic resonance (NMR) analyses led to the identification of an abundant and unusual
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mucin-type O-glycosylation, based on a novel sequence Fucalphal-3GalNAcbetal-4(Neu5Ac/
Neu5Gecalpha2-3)Galbetal-3GalNAc. This core structure may be further oligosialylated, but
exclusively in the earlier development stages. Similarly, MS and MS/MS analyses of the extracted
glycolipid fraction revealed the presence of a heterogeneous family of oligosialylated lactosyl-
ceramide compounds. In contrast to the O-glycans, these glycolipids only appear in the later
development stages, suggesting a complex pattern of regulation for sialyltransferase activities
during zebrafish embryogenesis.

Descriptors: zebrafish, n acetylneuraminic acid metabolism, polysaccharides analysis, poly-
saccharides chemistry, metabolism, glycolipids chemistry, magnetic resonance spectroscopy,
spectrometry, mass, matrix assisted laser desorption ionization.

Gutierrez Aguirre, 1., P. Trontelj, P. Macek, J.H. Lakey, and G. Anderluh (2006). Membrane binding
of zebrafish actinoporin-like protein: AF domains, a novel superfamily of cell membrane
binding domains. Biochemical Journal, The 398(3): 381-92. ISSN: 0264 6021.

NAL Call Number: 382B52

Abstract: Actinoporins are potent eukaryotic pore-forming toxins specific for sphingomyelin-
containing membranes. They are structurally similar to members of the fungal fruit-body lectin
family that bind cell-surface exposed Thomsen-Friedenreich antigen. In the present study we
found a number of sequences in public databases with similarity to actinoporins. They origi-
nate from three animal and two plant phyla and can be classified in three families according to
phylogenetic analysis. The sequence similarity is confined to a region from the C-terminal half
of the actinoporin molecule and comprises the membrane binding site with a highly conserved
P-[WYF]-D pattern. A member of this novel actinoporin-like protein family from zebrafish was
cloned and expressed in Escherichia coli. It displays membrane-binding behaviour but does not
have permeabilizing activity or sphingomyelin specificity, two properties typical of actinopo-
rins. We propose that the three families of actinoporin-like proteins and the fungal fruit-body
lectin family comprise a novel superfamily of membrane binding proteins, tentatively called AF
domains (abbreviated from actinoporin-like proteins and fungal fruit-body lectins).
Descriptors: zebrafish, cell membrane metabolism, membrane proteins chemistry, membrane
proteins metabolism, porins metabolism, zebrafish, amino acid sequence, fungi metabolism,
lectins metabolism, models, molecular sequence data, phylogeny, porins chemistry, porins genet-
ics, protein binding, protein Conformation, protein structure, tertiary.

Harfe, B.D., M. T. Mcmanus, J.H. Mansfield, E. Hornstein, and C.]. Tabin (2005). The RNaselIl
enzyme dicer is required for morphogenesis but not patterning of The vertebrate limb. Pro-
ceedings of the National Academy of Sciences of the United States of America 102(31): 10898-903.
ISSN: 0027 8424.

NAL Call Number: 500N21P

Abstract: The RNaselll-containing enzyme Dicer is believed to be required for the processing
of most, if not all, microRNAs (miRNAs) and for processing long dsRNA into small interfering
RNAs. Because the complete loss of Dicer in both zebrafish and mice results in early embryonic
lethality, it has been impossible to determine what role, if any, Dicer has in patterning later tissues
in the developing vertebrate embryo. To bypass the early requirement of Dicer in development,
we have created a conditional allele of this gene in mice. Using transgenes to drive Cre expres-
sion in discrete regions of the limb mesoderm, we find that removal of Dicer results in the loss

of processed miRNAs. Phenotypically, developmental delays, in part due to massive cell death as
well as disregulation of specific gene expression, lead to the formation of a much smaller limb.
Thus, Dicer is required for the formation of normal mouse limbs. Strikingly, however, we did not
detect defects in basic patterning or in tissue-specific differentiation of Dicer-deficient limb buds.
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Copyright©Thomson Reuters 2009
Descriptors: zebrafish, development, molecular genetics, reproductive system, reproduction,

dicer, RNAselll.

Hayashi, Y., Y. Horibata, K. Sakaguchi, N. Okino, and M. Ito (2005). A sensitive and reproducible

assay to measure the activity of glucosylceramide synthase and lactosylceramide synthase
using HPLC and fluorescent substrates. Analytical Biochemistry 345(2): 181-186. ISSN: 0003
2697.

NAL Call Number: 381 Anl3

Abstract: Glucosylceramide synthase (GIcT) and lactosylceramide synthase (GalT) are key
enzymes for the synthesis of major glycosphingolipids of vertebrates. In this article, we report a
new reliable method to determine GlcT and GalT activities using the fluorescent acceptor sub-
strates C6-4-nitrobenzo-2-oxa-1,3-diazole (NBD)-ceramide and C6-NBD-glucosyleeramide,
respectively, and a normal-phase high-performance liquid chromatography (HPLC). The reaction
products, C6-NBD-glucosyleeramide for GIcT and C6-NBD-lactosylceramide for GalT, could
be separated from the corresponding acceptor substrates within 6 min under the conditions used.
Reaction products were able to be detected quantitatively at concentrations ranging from 50 fmol
to 50 pmol, making it possible to determine both activities using the lysate from I X 104 cultured
CHOP cells (Chinese hamster ovary cells expressing polyoma LT antigen) and one zebrafish
embryo. This method was used successfully to evaluate the degree of knockdown of GlcT and
GAT during zebrafish embryogenesis after injection of the morpholino-oligo-based antisense

into one- to four-cell embryos. These results indicate that the fluorescence-based HPLC method
is a highly sensitive, rapid, and reproducible assay for determining GlcT and GalT activities and
is useful for evaluating the activities in gene knockdown experiments. (C) 2005 Elsevier Inc. All
rights reserved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, methods and techniques, normal phase high performance liquid chro-
matography, glucosylceramide and lactosylceramide synthase, glycosphingolipids, hampster,

zebrafish.

Ho, S.Y., K. Lorent, M. Pack, and S.A. Farber (2006). Zebrafish fat-free is required for intestinal lipid

absorption and Golgi apparatus structure. Cell Metabolism 3(4): 289-300. ISSN: 1550 4131.
Abstract: The zebrafish fat-free (ffr) mutation was identified in a physiological screen for genes
that regulate lipid metabolism. ffr mutant larvae are morphologically indistinguishable from
wild-type sibling larvae, but their absorption of fluorescent lipids is severely impaired. Through
positional cloning, we have identified a causative mutation in a highly conserved and ubiqui-
tously expressed gene within the fr locus. The Ffr protein contains a Dor-1 like domain typical
of oligomeric Golgi complex (COG) gene, cog8. Golgi complex ultrastructure is disrupted in the
fIr digestive tract. Consistent with a possible role in COG-mediated Golgi function, wild-type
Ffr-GFP and COG8-mRFP fusion proteins partially colocalize in zebrafish blastomeres. Entero-
cyte retention of an endosomal lipid marker in ffr larvae support the idea that altered vesicle
trafficking contributes to the ffr mutant defect. These data indicate that ffr is required for both
Golgi structure and vesicular trafficking, and ultimately lipid transport.

Descriptors: zebrafish, golgi apparatus ultrastructure and chemistry, intestinal absorption, lipid
metabolism, vesicular transport vesicular transport, amino acid sequence, endosomes physiology,
enterocytes chemistry, enterocytes physiology, fluorescent antibody technique, gene expression
regulation, membrane proteins genetics and physiology, confocal microscopy, molecular sequence
data, mutation, phenotype, tertiary protein structure, protein transport, recombinant fusion pro-
teins metabolism, transport vesicles, vesicular transport proteins chemistry.
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Hong, C.C., Q.P. Peterson, ].Y. Hong, and R.T. Peterson (2006). Artery/vein specification is governed
by opposing phosphatidylinositol-3 kinase and map kinase/erk signaling. Current Biology
16(13): 1366-1372. ISSN: 0960 9822.

NAL Call Number: QH301.C85

Abstract: Angioblasts are multipotent progenitor cells that give rise to arteries or veins [1].
Genetic disruption of the gridlock gene perturbs the artery/vein balance, resulting in generation
of insufficient numbers of arterial cells [2]. However, within angioblasts the precise biochemical
signals that determine the artery/vein cell-fate decision are poorly understood. We have identi-
fied by chemical screening two classes of compounds that compensate for a mutation in the
gridlock gene [3]. Both target the VEGF signaling pathway and reveal two downstream branches
emanating from the VEGF receptor with opposing effects on arterial specification. We show that
activation of ERK (p42/44 MAP kinase) is a specific marker of early arterial progenitors and is
among the earliest known determinants of arterial specification. In embryos, cells fated to con-
tribute to arteries express high levels of activated ERK, whereas cells fated to contribute to veins
do not. Inhibiting the phosphatidylinositol-3 kinase (PI3K) branch with GS4898 or known PI3K
inhibitors, or by expression of a dominant-negative form of AKT promotes arterial specifica-
tion. Conversely, inhibition of the ERK branch blocks arterial specification, and expression of
constitutively active AKT promotes venous specification. In summary, chemical genetic analy-
sis has uncovered unanticipated opposing roles of PI3K and ERK in artery/vein specification.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, development, enzymology, cardiovascular system, signal transduction,
cell fate decision, artery, vein specification.

Hu, M.C., H.Y. Gong, G.H. Lin, S.Y. Hu, M.H. Chen, S.]J. Huang, C.F. Liao, and J.L. Wu (2007).
XBP-1, a key regulator of unfolded protein response, activates transcription of IGF1 and
Akt phosphorylation in zebrafish embryonic cell line. Biochemical and Biophysical Research
Communications 359(3): 778-83. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: The unfolded protein response (UPR) is a conserved and adaptive cellular response to
increase cell survival during ER stress. XBP-1 spliced form (XBP-1S) generated by IRE1 endori-
bonuclease is a key transcriptional regulator in UPR to activate genes involved in protein folding
and degradation to restore ER function. Although Akt activation was suggested to be a pro-sur-
vival pathway activated during ER stress, the signal to trigger Akt is still not clear. In this study,
we report IGF1 transcription and Akt phosphorylation are enhanced in XBP-18 stably overex-
pressed clone of zebrafish embryonic cell line (ZF4). In addition, zebrafish IGF1 intronl with
predicted UPRE (XBP-1S binding sites) and ERSE (ATF6/XBP-18S binding site) linked with
basal promoter could be activated by XBP-1S, not by XBP-1 unspliced form (XBP-1U). Fur-
thermore, we demonstrate that expression of endogenous IGF1 is transiently induced as XBP-1
splicing during ER stress in parallel to ER chaperone GRP78/Hspa5 and ER resided E3 ubiquitin
ligase Synoviolin in ZF4 cells by quantitative PCR. Our results suggest zebrafish XBP-1S not
only activates genes responsible for protein folding, transporting, glycosylation and ER associated
degradation but also activates anti-apoptosis signal via IGF1/Akt pathway in unfolded protein
response to cope with ER stress.

Descriptors: zebrafish embryos, DNA binding proteins genetics, proteins metabolism, insulin
like growth factor I genetics, proto oncogene proteins C akt metabolism, transcription factors
metabolism, transcription, genetics, metabolism, amino acid sequence, cell line, molecular
cloning, DNA binding proteins genetics, proteins chemistry, DNA binding proteins genetics,
endoplasmic reticulum metabolism, molecular sequence data, oligonucleotide array sequence
analysis, phosphorylation, protein folding, messenger RNA genetics, sequence alignment, amino
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acid sequence homology, signal transduction, time factors, transcription factors chemistry, tran-
scription factors genetics, up regulation.

Isken, A., J. Holzschuh, J.M. Lampert, L. Fischer, V. Oberhauser, K. Palczewski, and J. von Lintig (2007).

Sequestration of retinyl esters is essential for retinoid signaling in the zebrafish embryo.
Journal of Biological Chemistry 282(2): 1144-51. ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: For vertebrate development, vitamin A (all-trans retinol) is required in quantitative
different amounts and spatiotemporal distribution for the production of retinoic acid, a nuclear
hormone receptor ligand, and 11-cis retinal, the chromophore of visual pigments. We show
here for zebrafish that embryonic retinoid homeostasis essentially depends on the activity of a
leci-thin:retinol acyltransferase (Lratb). During embryogenesis, Iratb is expressed in mostly non-
overlapping domains opposite to retinal dehydrogenase 2 (raldh2), the key enzyme for retinoic
acid synthesis. Blocking retinyl ester formation by a targeted knock down of Lratb results in
significantly increased retinoic acid levels, which lead to severe embryonic patterning defects.
Thus, we provide evidence that a balanced competition between Lratb and Raldh2 for yolk
vitamin A defines embryonic compartments either for retinyl ester or retinoic acid synthesis. This
homeostatic mechanism dynamically adjusts embryonic retinoic acid levels for gene regulation,
concomitantly sequestering excess yolk vitamin A in the form of retinyl esters for the establish-
ment of larval vision later during development.

Descriptors: zebrafish , Drosophila, eye embryology, eye metabolism, retinoids metabolism,
signal transduction physiology, metabolism, acyltransferases genetics, acyltransferases metabolism,
aldehyde oxidoreductases genetics, aldehyde oxidoreductases metabolism, amino acid sequence,
cell line, egg yolk metabolism, embryos metabolism, esters metabolism, developmental gene
expression regulation, homeostasis physiology, molecular sequence data, retinaldehyde metabo-
lism, tretinoin metabolism, vitamin A metabolism.

Juarez, M.A., E Su, S. Chun, M.]. Kiel, and S.E. Lyons (2005). Distinct roles for SCL in erythroid

specification and maturation in zebrafish. Journal of Biological Chemistry 280(50): 41636-44.
ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: The stem cell leukemia (SCL) transcription factor is essential for vertebrate hematopoi-
esis. Using the powerful zebrafish model for embryonic analysis, we compared the effects of
either reducing or ablating Scl using morpholino-modified antisense RNAs. Ablation of Scl
resulted in the loss of primitive and definitive hematopoiesis, consistent with its essential role in
these processes. Interestingly, in embryos with severely reduced SCL levels, erythroid progenitors
expressing gatal and embryonic globin developed. Erythroid maturation was deficient in these
SCL hypomorphs, supporting that SCL was required both for the erythroid specification and for
the maturation steps, with maturation requiring higher Scl levels than specification. Although all
hematopoietic functions were rescued by wild-type SCL mRNA, an ScI DNA binding mutant
rescued primitive and definitive hematopoiesis but did not rescue primitive erythroid maturation.
Together, we showed that there is a distinct SCL hypomorphic phenotype and demonstrated that
distinct functions are required for the roles of Scl in the specification and differentiation of primi-
tive and definitive hematopoietic lineages. Our results revealed that Scl participates in multiple
processes requiring different levels and functions. Further, we identified an Scl hypomorphic phe-
notype distinct from the null state.

Descriptors: zebrafish model, basic helix loop helix transcription factors physiology, develop-
mental gene expression regulation, proto oncogene, alternative splicing, basic helix loop helix
transcription factors metabolism, cell differentiation, cell lineage, DNA chemistry, DNA binding
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proteins genetics, proteins, electrophoresis, agar gel, erythroid specific DNA binding proteins
genetics, factors metabolism, hematopoiesis, in situ hybridization, genetic models, mutation,
phenotype, tertiary protein structure, proto oncogene proteins metabolism, RNA chemistry,

antisense chemistry, messenger RNA metabolism, small interfering RNA metabolism, reverse
transcriptase PCR, stem cells, transcription factors.

Kawamura, S., K. Takeshita, T. Tsujimura, S. Kasagi, and Y. Matsumoto (2005). Evolutionarily con-
served and divergent regulatory sequences in the fish rod opsin promoter. Comparative
Biochemistry and Physiology, Part B: Biochemistry and Molecular Biology 141(4): 391-399. ISSN:
1096-4959.

NAL Call Number: QP501.C6

Descriptors: zebrafish, Danio rerio, brain, crX protein, conserved sequence, cores, electropho-
retic mobility, evolution, genes, nucleotide sequence, photoreceptors, phylogeny, promoters,
regulatory sequences, opsins .

Kazeto, Y., R. Goto Kazeto, A.R. Place, and J.M. Trant (2003). Aromatase expression in zebrafish
and channel catfish brains: changes in transcript abundance associated with the reproduc-
tive cycle and exposure to endocrine disrupting chemicals. Fish Physiology and Biochemistry
28(1/4): 29-32. ISSN: 0920 1742.
NAL Call Number: QL639.1.F583
Abstract: Cytochrome P450-aromatase (CYP19) is the critical steroidogenic enzyme control-
ling oestrogen biosynthesis. In teleosts, two genes for CYP19 are found with CYP19A1 expressed
mainly in the ovary and CYP19A2 expressed in both brain and pituitary. The promoters for these
two homologous genes are considerably different. Exposure to estrogenic endocrine disrupting
chemicals (EDC) such as ethinylestradiol and nonylphenol resulted in strong up-regulation of the
CYP19A2 gene whereas the expression of CYP19A1 was largely unaffected. Moreover, CYP19A2
transcript abundance was shown to vary during the spawning cycle of both the catfish and the
zebrafish which implies an association of the CYP19A2 gene in brain-pituitary endocrinol-
ogy. Together these findings suggest that EDCs could affect the reproductive physiology of fish
through disrupting the gene expression of CYP19A2 in the brain. Copyright © 2008 CABI
Descriptors: zebrafish, catfish, brain, cytochrome P450, enzymes, gene expression, genes, hor-
monal control, estrogen receptors, reproduction, spawning.

Kazeto, Y., R. Goto Kazeto, and J.M. Trant (2005). Membrane-bound progestin receptors in channel
catfish and zebrafish ovary: changes in gene expression associated with the reproductive
cycles and hormonal reagents. General and Comparative Endocrinology 142(1/2): 204-211.
ISSN: 0016 6480.

NAL Call Number: 444.8G28

Abstract: Membrane-bound progestin receptors (mPRs) are potential intermediaries in meiotic
maturation of fish oocytes and other physiological processes. In this study, gene expression of
the mPRs in the ovary of catfish and zebrafish during the reproductive cycle and the hormonal
regulation of the expression were investigated. The transcript abundance of catfish mPR alpha
gradually increased in conjunction with ovarian growth and then decreased prior to spawning
period whereas the ovarian gene expression of mPR beta varied little throughout the reproductive
cycle. In contrast, mPR gamma gene expression peaked early in the mid-vitellogenic stage. The
transcript abundance of zebrafish mPR alpha and beta was low in ovarian follicles at early stages
of oogenesis and gradually increased after the onset of vitellogenic growth and, thereafter, the
gene expression did not vary. Gonadotropic treatment did not modulate the ovarian expression
of mPR alpha and beta genes in either catfish or zebrafish. On the other hand, exposure to 17,20
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beta -dihydroxy-4-pregenen-3-one (the maturation-inducing steroid in this species) resulted in
the down-regulation of mPR alpha in catfish ovary whereas gene expression was significantly
induced by estradiol-17 beta . Taken together, these findings suggest that gonadotropin-induced
final oocyte maturation may not require an induction of mPR(s) expression or that the gonado-
tropin stimulates mPR protein production at the post-transcriptional level, presuming these
receptors are indispensable for oocyte maturation. Copyright © 2008 CABI

Descriptors: zebrafish, catfish, Danio rerio, Ictalurus punctatus, estradiol, gene expression, genes,
gonadotropins, hormonal control, hormone receptors, estrous cycle, oocyte maturation, oocytes,
oogenesis, ovarian follicles, ovaries, seasonality, spawning season, steroid hormones, vitellogenesis

Kimura, M., M. Taniguchi, Y. Mikami, T. Masuda, T. Yoshida, M. Mishina, and T. Shimizu (2007).

Identification and characterization of zebrafish semaphorin 6D. Biochemical and Biophysical
Research Communications 363(3): 762-8. ISSN: 0006-291X.

NAL Call Number: 442.8B5236

Abstract: The semaphorin gene family contains a large number of secreted and transmembrane
proteins; some function as repulsive and attractive cues of axon guidance during development.
Here, we report cloning and characterization of zebrafish transmembrane semaphorin gene,
semaphorin 6D (sema6D). Sema6D is expressed predominantly in the nervous system during
embryogenesis, as determined by in situ hybridization. We also found that Sema6D binds Plexin-
Al in vitro, but not other Plexins. It induces the repulsion of dorsal root ganglion axons, but not
sympathetic axons. Consequently, Sema6D might use Plexin-Al as a receptor to repel specific
types of axons during development.

Descriptors: zebrafish, semaphorin gene, transmembrane proteins, sema6d, plexin-Al, ganglion
axon.

Kitzmann, M., A. Bonnielu, C. Duret, B. Vernus, M. Barro, C.D. Laoudj, ].M. Verdi, and G. Carnac

(2006). Inhibition of notch signaling induces myotube hypertrophy by recruiting a subpop-
ulation of reserve cells. Journal of Cellular Physiology 208(3): 538-548. ISSN: 0021 9541.

NAL Call Number: 444.8 822

Abstract: During muscle differentiation, a population of quiescent undifferentiated myoblasts
(reserve cells) emerges among mature muscle cells. However, the molecular mechanisms underly-
ing such cell segregation and the characterization of this subpopulation of myoblasts remain to
be determined. Notch is known to control the behavior and fate of murine muscle stem cells. In
this study, we examined the role of Notch in myoblast segregation. We showed that inhibition
of Notch activity by either overexpressing Numb or by using a pharmacological gamma-secretase
inhibitor (DAPT) enhanced differentiation of murine and human myoblasts. This effect was not
restricted to in vitro culture systems since DAPT-treated zebrafish embryos also showed increased
differentiation. Using C2.7 myoblasts as a model, we showed that inhibition of Notch induced
myotube hypertrophy by recruiting reserve cells that do not normally fuse. We further showed
that endogenous Notch-signaling components were differentially expressed and activated in
reserve cells with respect to Notch 1 and CD34 expression. We identified CD34 negative reserve
cells as the subpopulation of myoblasts recruited to fuse into myotubes during differentiation in
response to Notch inhibition. Therefore, we showed here that the activation of Notch 1 is impor-
tant to maintain a subpopulation of CD34 negative reserve cells in an undifferentiated state.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, biochemistry, c2.7 myoblast model, Notch signaling, muscle differentia-
tion, myotube hypertrophy, zebrafish.
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Krawitz, P, C. Haffner, R. Fluhrer, H. Steiner, B. Schmid, and C. Haass (2005). Differential Localiza-
tion and Identification of a Critical Aspartate Suggest Non-redundant Proteolytic functions
of the Presenilin Homologues SPPL2b and SPPL3. Journal of Biological Chemistry 280(47):
39515-39523. ISSN: 0021-9258.
NAL Call Number: 381]824
Descriptors: zebrafish, antisense, cell death, central nervous system, endoplasmic reticulum,
erythrocytes, freshwater fish, Lysosomes, mutation, mutations, peptides, phenotypes, presenilin,
proteolysis, Secretase, signal peptides , aspartic endopeptidase, endosomes, peptidase, Danio rerio,
N3 11008 neurochemistry, Q1 01183 taxonomy and morphology.

Krishnan, K., T. Kathiresan, R. Raman, B. Rajini, V.M. Dhople, R.K. Aggrawal, and Y. Sharma (2007).
Ubiquitous lens alpha -, beta -, and gamma -crystallins accumulate in anuran cornea as
corneal crystallins. Journal of Biological Chemistry 282(26): 18953-18959. ISSN: 0021-9258.
NAL Call Number: 381]824
Descriptors: zebrafish, Bufo melanostictus, Danio rerio, rana tigrina, amphibia, amphibians, alde-
hydes, amphibiotic species, animal physiology, dehydrogenases, eyes, freshwater fish.

Kunwar, PS., D.E. Siekhaus, and R. Lehmann (2006). In vivo migration: a germ cell perspective.
Annual Review of Cell and Developmental Biology 22: 237-265. ISSN: 1081 0706.
NAL Call Number: QH573.A55
Abstract: The basic concepts of the molecular machinery that mediates cell migration have
been gleaned from cell culture systems. However, the three-dimensional environment within an
organism presents migrating cells with a much greater challenge. They must move between and
among other cells while interpreting multiple attractive and repulsive cues to choose their proper
path. They must coordinate their cell adhesion with their surroundings and know when to start
and stop moving. New insights into the control of these remaining mysteries have emerged from
genetic dissection and live imaging of germ cell migration in Drosophila, zebrafish, and mouse
embryos. In this review, we first describe germ cell migration in cellular and mechanistic detail
in these different model systems. We then compare these systems to highlight the emerging prin-
ciples. Finally, we contrast the migration of germ cells with that of immune and cancer cells to
outline the conserved and different mechanisms. Copyright©Thomson Reuters 2009
Descriptors: zebrafish, Drosophila, mouse, biochemistry, immune system, reproductive system,
metastasis , cell migration, perspective , in vivo migration .

Kurokawa, T., S. Uji, and T. Suzuki (2005). Identification of pepsinogen gene in the genome of stom-
achless fish, Takifugu rubripes. Comparative Biochemistry and Physiology B, Biochemistry and
Molecular Biology 140(1): 133-140. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Pepsinogen is a precursor of pepsin, a gastric specific protease belonging to the aspartic
proteinase family. In teleosts, several species, such as zebrafish and puffer, have independently lost
gastric glands. So whether puffer have pepsinogen gene or not is an interesting issue. A search of
GSS database for pufferfish, Takifugu rubripes, revealed five different aspartic proteinase genes

in its genome. One of them (pPep) has typical pepsinogen structure and belongs to the fish pep-
sinogen cluster by phylogenic analysis. The pPep antisense probe hybridized to the gastric glands
of flounder stomach. Therefore, we concluded that pPep is a pufferfish pepsinogen. The puffer-
fish pepsinogen mRNA was not expressed in the digestive organs but specifically in the skin. We
speculated that while Tetraodontiformes evolutionarily lost gastric glands, pufferfish pepsinogen
acquired an alternative function to food digestion. Copyright © 2008 CABI
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Descriptors: zebrafish, amino acid sequences, gene expression, genes, genomes, nucleotide
sequences, pepsinogen, phylogenetics, Tetraodontidae, Tetraodontiformes.

Lee, K., P. Nallathamby, L. Browning, C. Osgood, and X.-H. Xu (2007). In vivo imaging of trans-
port and biocompatibility of single silver nanoparticles in early development of zebrafish
embryos. American Chemical Society Nano 1(2): 133-143. ISSN: 1936-0851.

NAL Call Number: TA418.9.N35
Descriptors: zebrafish, zebrafish embryos, in vivo, imaging, transport, biocompatibility, single
silver nanoparticle.

Lee, L.T., EK.Y. Siu, J.K.V. Tam, L.TY. Lau, A.O.L. Wong, M.C.M. Lin, H. Vaudry, and B.K.C. Chow
(2007). Discovery of growth hormone-releasing hormones and receptors in nonmammalian
vertebrates. Proceedings of the National Academy of Sciences, USA 104(7): 2133-2138. ISSN:
0027-8424.

NAL Call Number: 500N21P

Descriptors: zebrafish, carassius auratus, Danio rerio, Fugu, Oncorbynchus mykiss, Oryzias latipes,
pleuronectiformes, Tetraodon, flatfishes, flounders, frogs, goldfish, medaka, rainbow trout, soles,
swellfishes, toads, amphibiotic species, brain, chromosomes, cyclic AMP, evolution, evolutionary
genetics, genomes, growth hormone, growth hormone-releasing hormone, hormones, marine fish,
phylogeny, pituitary (anterior), pituitary gland, anura.

Lemeer, S., C. Jopling, E. Naji, R. Ruijtenbeek, M. Slijper, A.J. Heck, and J. den Hertog (2007). Protein-
tyrosine kinase activity profiling in knock down zebrafish embryos. Public Library of Science
One 2: E581. ISSN: 1817-101X.

Abstract: BACKGROUND: Protein-tyrosine kinases (PTKs) regulate virtually all biological pro-
cesses. PTKs phosphorylate substrates in a sequence-specific manner and relatively short peptide
sequences determine selectivity. Here, we developed new technology to determine PTK activity
profiles using peptide arrays. The zebrafish is an excellent model system to investigate signaling
in the whole organism, given its wealth of genetic tools, including morpholino-mediated knock
down technology. We used zebrafish embryo lysates to determine PTK activity profiles, thus pro-
viding the unique opportunity to directly compare the effect of protein knock downs on PTK
activity profiles on the one hand and phenotypic changes on the other. METHODOLOGY: We
used multiplex arrays of 144 distinct peptides, spotted on a porous substrate, allowing the sample
to be pumped up and down, optimizing reaction kinetics. Kinase reactions were performed using
complex zebrafish embryo lysates or purified kinases. Peptide phosphorylation was detected by
fluorescent anti-phosphotyrosine antibody binding and the porous chips allowed semi-continuous
recording of the signal. We used morpholinos to knock down protein expression in the zebrafish
embryos and subsequently, we determined the effects on the PTK activity profiles. RESULTS
AND CONCLUSION: Reproducible PTK activity profiles were derived from one-day-old
zebrafiish embryos. Morpholino-mediated knock downs of the Src family kinases, Fyn and Yes,
induced characteristic phenotypes and distinct changes in the PTK activity profiles. Interestingly,
the peptide substrates that were less phosphorylated upon Fyn and Yes knock down were prefer-
ential substrates of purified Fyn and Yes. Previously, we demonstrated that Wnt11 knock down
phenocopied Fyn/Yes knock down. Interestingly, Wnt11 knock down induced similar changes in
the PTK activity profile as Fyn/Yes knock down. The control Nacre/Mitfa knock down did not
affect the PTK activity profile significantly. Our results indicate that the novel peptide chip tech-
nology can be used to unravel kinase signaling pathways in vivo.

Descriptors: zebrafish embryos, protein-tyrosine kinases, pTKs, Nacre, Mitfa, knock down,
activity, peptide chip technology, kinase signaling, in vivo.
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Li, L.i., M. Kobayashi, H. Kaneko, Y. Nakajima-Takagi, Y. Nakayama, and M. Yamamoto (2008).
Molecular evolution of Keapl: TWO Keapl molecules with distinctive intervening region
structures are conserved among fish. Journal of Biological Chemistry 283(6): 3248-3255. ISSN:
0021-9258.

NAL Call Number: 381]824

Descriptors: zebrafish, amino acids, cysteine, genomes, mutation, Nrf2 protein, oxidants, tran-
scription activation, transcription factors, ubiquitin-protein ligase, adaptor proteins, molecular
evolution, Danio rerio.

Lin, Y., X. Zhang, K. Liang, H. Yang, and H. Zhang (2005). Phylogenetic analysis and developmental
expression of brp-like genes in amphioxus and zebrafish. Comparative Biochemistry and Physi-
ology. Part B: Biochemistry and Molecular Biology 141(1): 71-76. ISSN: 0305 0491.
NAL Call Number: QP501.C6
Descriptors: zebrafish, branchiostoma belcheri tsing Tauense, Danio rerio, nucleic acids, brp like
genes, proteins, brp like gene transcript, embryo development, larval development, molecular
genetics, transcript distribution in embryo and larval body, possible function and phylogenetic
significance, phylogeny.

Liu, J.X. and C.A. Lessman (2007). Soluble tubulin complexes, gamma -tubulin, and their changing
distribution in the zebrafish (Danio rerio) ovary, oocyte and embryo. Comparative Biochemis-
try and Physiology. Part B: Biochemistry and Molecular Biology 147(1): 56-73. ISSN: 0305 0491.
NAL Call Number: QP501.C6
Abstract: Tubulin dynamics, i.e., the interchange of polymeric and soluble forms, is important
for microtubule (MTs) cellular functions, and thus plays essential roles in zebrafish oogenesis and
embryogenesis. A novel finding in this study revealed that there were soluble pools of tubulins
in zebrafish oocytes that were sequestered and maintained in a temporary “oligomeric” state,
which retained assembling and disassembling potential (suggested by undetected acetylated
tubulin, marker of stable tubulin), but lacked abilities to assemble into MTs spontaneously in
vivo. Using differential centrifugation, gel chromatography and DM1A-probed western blot,
soluble alpha -tubulin was found to be associated with large molecular weight complexes (MW
range to over 2 MDa) which were reduced in amount by the blastula stage, especially in some
batches of embryos, with a concomitant decrease in soluble tubulin. Complexes (MW range less
than 2 MDa) then increased in the gastrula with an increase in soluble alpha -tubulin. Two dif-
ferent anti- gamma -tubulin monoclonal antibodies, GTU 88 and TU 30, revealed the existence
of soluble gamma -tubulin in both zebrafish oocytes and embryos, which also decreased by the
blastula stage and increased in the gastrula stage. Soluble alpha -tubulin and gamma -tubulin
extracted from zebrafish ovaries, oocytes and embryos co-localized in fractions on three different
columns: S-200 Sephacryl, DEAE and Superose-6b. The soluble tubulin complexes were com-
petent to assemble into MTs in vitro induced by taxol, and gamma -tubulin was co-localized
with assembled MTs. These soluble tubulin complexes were stable during freeze-thaw cycles and
resisted high ionic interaction (up to 1.5 M NaCl). Furthermore, some ovarian soluble alpha
-tubulin could be co-immunoprecipitated with gamma -tubulin, and vice versa. Two antibod-
ies specific for Xenopus gamma -tubulin ring complex proteins (Xgrip 109 and Xgrip 195)
detected single bands from ovarian extracts in western blots, suggesting the existence of Xgrip 109
and Xgrip 195 homologues in zebrafish. These findings, together with recent work on gamma
-tubulin ring complexes in oocytes, eggs and embryos of other species, suggest that soluble
gamma -tubulin-associated protein complexes may be involved in regulating tubulin dynamics
during zebrafish oogenesis and embryogenesis. Copyright © 2008 CABI
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Descriptors: zebrafish, Danio rerio, embryogenesis, embryos, microtubules, oocytes, oogenesis,
ovaries, tissue distribution, tubulin.

Luo, X., H. Inouye, A.A. Gross, M.M. Hidalgo, D. Sharma, D. Lee, R.L. Avila, M. Salmona, and D.A.

Kirschner (2007). Cytoplasmic domain of zebrafish myelin protein zero: adhesive role
depends on beta-conformation. Biophysical Journal 93(10): 3515-28. ISSN: 0006 3495.

NAL Call Number: 442.8B5238

Abstract: Solution spectroscopy studies on the cytoplasmic domain of human myelin protein
zero (P0O) (hPO-cyt) suggest that H-bonding between beta-strands from apposed molecules is
likely responsible for the tight cytoplasmic apposition in compact myelin. As a follow-up to these
findings, in the current study we used circular dichroism and x-ray diffraction to analyze the same
type of model membranes previously used for hP0O-cyt to investigate the molecular mechanism
underlying the zebrafish cytoplasmic apposition. This space is significantly narrower in teleosts
compared with that in higher vertebrates, and can be accounted for in part by the much shorter
cytoplasmic domain in the zebrafish protein (zP0-cyt). Circular dichroism measurements on
zP0-cyt showed similar structural characteristics to those of hP0O-cyt, i.e., the protein underwent a
beta-->alpha structural transition at lipid/protein (L/P) molar ratios >50, and adopted a beta-con-
formation at lower L/P molar ratios. X-ray diffraction was carried out on lipid vesicle solutions
with zP0-cyt before and after dehydration to study the effect of protein on membrane lipid
packing. Solution diffraction revealed the electron-density profile of a single membrane bilayer.
Diffraction patterns of dried samples suggested a multilamellar structure with the beta-folded
PO-cyt located at the intermembrane space. Our findings support the idea that the adhesive role
of PO at the cytoplasmic apposition in compact myelin depends on the cytoplasmic domain of PO
being in the beta-conformation.

Descriptors: zebrafish, myelin p0 protein chemistry, amino acid sequence, cytoplasm metabo-
lism, lipid bilayers chemistry, lipids chemistry, statistical models, molecular sequence data,
peptides chemistry, protein binding, protein Conformation, secondary protein structure, tertiary
protein structure, X- ray diffraction.

Maack, G., H. Segner, and C.R. Tyler (2003). Ontogeny of sexual differentiation in different strains

of zebrafish (Danio rerio). Fish Physiology and Biochemistry 28(1/4): 125-128. ISSN: 0920 1742.
NAL Call Number: QL639.1.F583

Abstract: The zebrafish (ZF) undergoes juvenile hermaphroditism, where in all fish, the gonad
first develops as an ovary-like structure, before the sex is fixed and the gonad then differentiates
into either a testis or an ovary. Sexual differentiation is being adopted as an endpoint for assess-
ing endocrine disrupting chemicals, yet there is only very limited information on the timing and
variability in sexual differentiation process both within and between strains of ZF. In this study,
using gonad histology, the ontogeny of sexual differentiation was studied in two strains of ZF, one
with a high level of heterozygocity (WIK strain) and another that had been in-bred for several
generations. There was a high variability in the timing of sex differentiation between individuals
within a specific strain (with no obvious relationship with body mass), but there were no differ-
ences between the two strains. Transformation of the immature gonad into testes in males started
in week 5 post fertilization (pf) and completion of sexual differentiation for all fish in both study
populations occurred by week 11-12 pf. The size of the fish containing transforming gonads in
the WIK strain and in-bred strain were similar (ranging from 12 to 23 mm, and from 13 to 22
mm total length, respectively). Copyright © 2008 CABI

Descriptors: zebrafish, Danio rerio, biological development, hermaphroditism, ontogeny, sex
differentiation, sexual development, strain differences .
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MacGregor, E. and W.H. Kinsey (2004). Single-cell method for estimation of protein tyrosine kinases
in the zebrafish egg. Methods in Molecular Biology 253: 285-91. ISSN: 1064-3745.
Descriptors: zebrafish eggs, biological assay methods, ovum enzymology, protein tyrosine kinases
analysis, polyacrylamide gel electrophoresis, phosphorylation.

Madden, PW., M.]. Babcock, M.E. Vayda, and R.E. Cashon (2004). Structural and kinetic charac-
terization of myoglobins from eurythermal and stenothermal fish species. Comparative
Biochemistry and Physiology, Part B: Biochemistry and Molecular Biology 137(3): 341-350. ISSN:
1096-4959.

NAL Call Number: QP501.C6

Descriptors: zebrafish, Danio rerio, notothenia coriiceps, Scomber, Thunnus albacares, dissociation,
fish physiology, freshwater fish and marine fish, molecular biology, myoglobins, respiration, sero-
logical studies, structural analysis , temperature effects .

Marin, O., V.H. Bustos, L. Cesaro, E Meggio, M.A. Pagano, M. Antonelli, C.C. Allende, L.A. Pinna,
and J.E. Allende (2003). A noncanonical sequence phosphorylated by casein kinase 1 in beta
-catenin may play a role in casein kinase 1 targeting of important signaling proteins. Proceed-
ings of the National Academy of Sciences, USA 100(18): 10193-10200. ISSN: 0027-8424.
NAL Call Number: 500N21P
Descriptors: zebrafish, Danio rerio, rats, cell division, DNA, enzymatic activity, glycogen,
mutations, proteins , recombinants, serine, thyroid, tumors, cK1 protein, beta -catenin, phospho-
rylation.

Masumoto, J., W. Zhou, EF. Chen, E Su, ]J.Y. Kuwada, E. Hidaka, T. Katsuyama, J. Sagara, S. Tanigu-
chi, P Ngo Hazelett, ].H. Postlethwait, G. Nunez, and N. Inohara (2003). Caspy, a zebrafish
caspase, activated by ASC oligomerization is required for pharyngeal arch development.
Journal of Biological Chemistry 278(6): 4268-76. ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: The pyrin domain was identified recently in multiple proteins that are associated

with apoptosis and/or inflammation, but the physiological and molecular function of these pro-
teins remain poorly understood. We have identified Caspy and Caspy2, two zebrafish caspases
containing N-terminal pyrin domains. Expression of Caspy and Caspy2 induced apoptosis in
mammalian cells that were inhibited by general caspase inhibitors. Biochemical analysis revealed
that both Caspy and Caspy?2 are active caspases, but they exhibit different substrate specificity.
Caspy, but not Caspy?2, interacted with the zebrafish orthologue of ASC (zAsc), a pyrin- and
caspase recruitment domain-containing protein identified previously in mammals. The pyrin
domains of both Caspy and zAsc were required for their interaction. Furthermore, zAsc and
Caspy co-localized to the “speck” when co-transfected into mammalian cells. Enforced oligomer-
ization of zAsc, but not simple interaction with zAsc, induced specific proteolytic activation of
Caspy and enhanced Caspy-dependent apoptosis. Injection of zebrafish embryos with a mor-
pholino antisense oligonucleotide corresponding to caspy resulted in an “open mouth” phenotype
associated with defective formation of the cartilaginous pharyngeal skeleton. These studies suggest
that zAsc mediates the activation of Caspy, a caspase that plays an important role in the morpho-
genesis of the jaw and gill-bearing arches.

Descriptors: zebrafish, caspases metabolism, cytoskeletal proteins metabolism, pharynx embry-
ology, amino acid sequence, apoptosis, base sequence, biopolymers, caspases chemistry, caspases
genetics, DNA primers, complementary DNA, enzyme activation, genome, molecular sequence
data, amino acid sequence homology, substrate specificity, proteins chemistry.
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Mathew, L.K., S. Sengupta, A. Kawakami, E. Andreasen, C.V. Loehr, C.A. Loynes, S.A. Renshaw, R.T.

Peterson, and R.L. Tanguay (2007). Unraveling tissue regeneration pathways using chemical
genetics. Journal of Biological Chemistry 282(48): 35202-35210. ISSN: 0021-9258.

NAL Call Number: 381]824

Descriptors: zebrafish, Danio rerio, amputation, antisense, developmental stages, glucocorti-
coid receptors, glucocorticoids, inflammation, molecular modelling, mutation, mutations, pU.1
protein, receptors, regeneration, signal transduction, wound healing.

Miesbauer, M., T. Bamme, C. Riemer, B. Oidtmann, K.E Winklhofer, M. Baier, and ]. Tatzelt (20006).

Prion protein-related proteins from zebrafish are complex glycosylated and contain a glyco-
sylphosphatidylinositol anchor. Biochemical and Biophysical Research Communications 341(1):
218-24. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: A hallmark of prion diseases in mammals is a conformational transition of the cellular
prion protein (PrP(C)) into a pathogenic isoform termed PrP(Sc). PrP(C) is highly conserved in
mammals, moreover, genes of PrP-related proteins have been recently identified in fish. While
there is only little sequence homology to mammalian PrP, PrP-related fish proteins were pre-
dicted to be modified with N-linked glycans and a C-terminal glycosylphosphatidylinositol (GPI)
anchor. We biochemically characterized two PrP-related proteins from zebrafish in cultured cells
and show that both zePrP1 and zeSho2 are imported into the endoplasmic reticulum and are
post-translationally modified with complex glycans and a C-terminal GPI anchor.

Descriptors: zebrafish, mice, endoplasmic reticulum metabolism, glycosylphosphatidylinositols
chemistry, glycosylphosphatidylinositols metabolism, prions chemistry and metabolism, amino
acid sequence, glycosylation, molecular sequence data.

Mindnich, R., D. Deluca, and J. Adamski (2004). Identification and characterization of 17 beta-

hydroxysteroid dehydrogenases in the zebrafish, Danio rerio. Molecular and Cellular
Endocrinology 215(1-2): 19-30. ISSN: 0303-7207.

NAL Call Number: QP187.A1M6

Abstract: The 17 beta-hydroxysteroid dehydrogenases (17 beta-HSDs) are key enzymes in the
final steps of steroid hormone synthesis. 17beta-HSD type 1 (HSD17B1) catalyzes the reduction
of estrone to estradiol, while type 3 (HSD17B3) performs the conversion of androstenedione to
testosterone. Here we present a functional genomics study of putative candidates of these enzymes
in the zebrafish. By an in silico screen of zebrafish EST databases we identified three candidate
homologs for both HSD17B1 and HSD17B3. Phylogenetic analysis, unique expression patterns
(RT-PCR) during embryogenesis and adulthood, as well as activity measurements revealed that
one of the HSD17B1 candidates is the zebrafish homolog, while the other two are paralogous
photoreceptor-associated retinol dehydrogenases. All three HSD17B3 candidate genes showed
nearly identical, ubiquitous expressions in embryogenesis and adult tissues and were identified to
be paralogs of HSD17B12 and a yet uncharacterized putative steroid dehydrogenase. Phyloge-
netic analysis shows that HSD17B3 and HSD17B12 are descendants from a common ancestor.
Descriptors: zebrafish, 17 hydroxysteroid dehydrogenases metabolism, developmental gene
expression regulation, 17 hydroxysteroid dehydrogenases genetics, 17 hydroxysteroid dehydro-
genases isolation and purification, amino acid sequence, databases, factual, exons, gene library,
introns, molecular sequence data, phylogeny, messenger RNA genetics and metabolism, recombi-
nant proteins, reverse transcriptase PCR, per, amino acid sequence homology.
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Mindnich, R., E Haller, E Halbach, G. Moeller, M.H.d. Angelis, and J. Adamski (2005). Androgen
metabolism via 17 beta -hydroxysteroid dehydrogenase type 3 in mammalian and non-mam-
malian vertebrates: comparison of the human and the zebrafish enzyme. Journal of Molecular
Endocrinology 35(2): 305-316. ISSN: 0952 5041.

Online: http://dx.doi.org/10.1677/jme.1.01853

NAL Call Number: QP187.3.M64]68

Abstract: Formation and inactivation of testosterone is performed by various members of the

17 beta -hydroxysteroid dehydrogenase (17 beta -HSD) family. The main player in testosterone
formation is considered to be 17 beta -HSD type 3, which catalyzes the reduction of androstene-
dione to testosterone with high efficiency and is almost exclusively expressed in testis. So far, only
the mammalian homologs have been characterized but nothing is known about the role of 17
beta -HSD type 3 in other vertebrates. In this study, we describe the identification and charac-
terization of the zebrafish homologue. We found zebrafish 17 beta -HSD type 3 to be expressed
in embryogenesis from sphere to 84 h post-fertilization. Expression was also detected in various
tissues of both male and female adults, but displayed sexual dimorphism. Interestingly, expres-
sion was not highest in male testis but in male liver. In female adults, strongest expression was
observed in ovaries. At the subcellular level, both human and zebrafish 17 beta -HSD type 3
localize to the endoplasmic reticulum. The zebrafish enzyme in vitro effectively catalyzed the con-
version of androstenedione to testosterone by use of NADPH as cofactor. Among further tested
androgens epiandrosterone and dehydroepiandrosterone were accepted as substrates and reduced
at C-17 by the human and the zebrafish enzyme. Androsterone and androstanedione though,
were only substrates of human 17 beta -HSD type 3, not the zebrafish enzyme. Furthermore, we
found that both enzymes can reduce 11-ketoandrostenedione as well as 11 beta -hydroxyandros-
tenedione at C-17 to the respective testosterone forms. Our results suggest that 17 beta -HSD
type 3 might play slightly different roles in zebrafish compared with human although testosterone
itself is likely to have similar functions in both organisms. Copyright © 2008 CABI
Descriptors: zebrafish, humans, Danio rerio, androgens , androstenedione, cofactors, embryo-
genesis, endoplasmic reticulum, fertilization, hydroxysteroid dehydrogenase, liver, NAdpH,
ovaries, prasterone, sexual dimorphism, steroidogenesis, testes, testosterone.

Mindnich, R., M. Hrabe de Angelis, and J. Adamski (2007). Functional genome analysis indicates loss
of 17beta-hydroxysteroid dehydrogenase type 2 enzyme in the zebrafish. Journal of Steroid
Biochemistry and Molecular Biology 103(1): 35-43. ISSN: 0960-0760.

NAL Call Number: QD426.A1]J6

Abstract: Among the family of 17beta-hydroxysteroid dehydrogenases, the type 2 (17beta-
HSD 2) is the main enzyme responsible for inactivation of estrogens and androgens, catalyzing
the oxidation of the C17 hydroxyl group. 17beta-HSD 2 has been studied only in mammals,

its occurrence and function in other vertebrates hardly known. We investigated the presence

of homologs in non-mammalian species and found sequences of 17beta-HSD 2 and its closest
homolog 11beta-HSD 2 in zebrafish (Danio rerio), Takifugu rubripes, Tetraodon nigroviridis,
Xenopus tropicalis and chicken databases. Furthermore, we cloned zebrafish 17beta-HSD 2 from
ovarian tissue and found high expression also in the testis of adult fish and throughout embryo-
genesis. The enzyme, though, is inactive likely due to a non-sense N-terminal region including
a dysfunctional cofactor binding motif. Replacement of the affected part by the corresponding
human 17beta-HSD 2 sequence fully restored enzymatic activity. Comparison of all retrieved
17beta-HSD 2 sequences indicates that this functional loss may have occurred only in zebrafish,
where steroid inactivation at position C17 seems to pursue without the protein studied. The
closely related 11beta-HSD 2 is unlikely to substitute for 17beta-HSD 2 since in our hands it did
not catalyze the respective oxidation of testosterone or estradiol.
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Descriptors: zebrafish, 17 hydroxysteroid dehydrogenases genetics, genome, 17 hydroxysteroid
dehydrogenases metabolism, amino acid sequence, databases, protein, isoenzymes classification,
isoenzymes genetics, molecular sequence data, phylogeny, amino acid sequence homology, sub-

strate specificity, tissue distribution, proteins metabolism.

Moise, A.R., A. Isken, M. Dominguez, A.R. de Lera, ]J. von Lintig, and K. Palczewski (2007). Specificity

of zebrafish retinol saturase: formation of all-trans-13,14-dihydroretinol and all-trans-7,8-
dihydroretinol. Biochemistry 46(7): 1811-20. ISSN: 0006 2960.

NAL Call Number: 381 B523

Abstract: Metabolism of vitamin A, all-trans-retinol, leads to the formation of 11-cis-retinal-
dehyde, the visual chromophore, and all-trans-retinoic acid, which is involved in the regulation
of gene expression through the retinoic acid receptor. Enzymes and binding proteins involved

in retinoid metabolism are highly conserved across species. We previously described a novel
mammalian enzyme that saturates the 13-14 double bond of all-trans-retinol to produce all-trans-
13,14-dihydroretinol, which then follows the same metabolic fate as that of all-trans-retinol.
Specifically, all-trans-13,14-dihydroretinol is transiently oxidized to all-trans-13,14-dihydroretin-
oic acid before being oxidized further by Cyp26 enzymes. Here, we report the identification of
two putative RetSat homologues in zebrafish, one of which, zebrafish RetSat A (zRetSat A), also
had retinol saturase activity, whereas zebrafish RetSat B (zRetSat B) was inactive under similar
conditions. Unlike mouse RetSat (mRetSat), zRetSat A had an altered bond specificity saturating
either the 13-14 or 7-8 double bonds of all-trans-retinol to produce either all-trans-13,14-
dihydroretinol or all-trans-7,8-dihydroretinol, respectively. zRetSat A also saturated the 13-14

or 7-8 double bonds of all-trans-3,4-didehydroretinol (vitamin A2), a second endogenous form
of vitamin A in zebrafish. The dual enzymatic activity of zRetSat A displays a newly acquired
specificity for the 13-14 double bond retained in higher vertebrates and also the evolutionarily
preserved activity of bacterial phytoene desaturases and plant carotenoid isomerases. Expression
of zRetSat A was restricted to the liver and intestine of hatchlings and adult zebrafish, whereas
zRetSat B was expressed in the same tissues but at earlier developmental stages. Exogenous all-
trans-retinol, all-trans-13,14-dihydroretinol, or all-trans-7,8-dihydroretinol led to the strong
induction of the expression of the retinoic acid-metabolizing enzyme, Cyp26A1, arguing for an
active signaling function of dihydroretinoid metabolites in zebrafish. These findings point to a
conserved function but altered specificity of RetSat in vertebrates, leading to the generation of
various dihydroretinoid compounds, some of which could have signaling functions.
Descriptors: zebrafish, oxidoreductasesacting on ch ch group donors metabolism, vitamin A
analogs and derivatives, amino acid sequence, catalysis, molecular sequence data, organ specificity,
oxidoreductasesacting on ch ch group donors biosynthesis, oxidoreductasesacting on ch ch group
donors genetics, stereoisomerism, substrate specificity, vitamin A metabolism, proteins biosynthe-
sis.

Molich, A. and N. Heisler (2005). Determination of pH by microfluorometry: intracellular and

interstitial pH regulation in developing early-stage fish embryos (Danio rerio). Journal of
Experimental Biology 208(Pt 21): 4137-49. ISSN: 0022-0949.

NAL Call Number: 442.8B77

Abstract: Microfluorometric techniques were applied in vivo for continuous monitoring of
specific acid-base parameters in zebrafish (Danio rerio) embryos during early stages of ontogeny.
Dextran-coupled pH-sensitive single-excitation/dual-emission dye SNARF-1 was pressure-
injected into individual cells or the interstitial space of 16- to 256-cell embryos, and pH was
continuously recorded during subsequent development for time periods of up to 8 h. A novel
calibration technique was developed, essentially characterized by in vitro inorganic buffer calibra-
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tion of the optical system and mathematical post-processing according to the effects of in vivo dye
modifiers through a correlation established by direct comparison of optical techniques with pH
microelectrodes. This approach results in high accuracy of microfluorometry, comparable with
that of pH electrodes, and a recovery only limited by the physical stability of the utilized optical
system. Intracellular pH (pHi) in Danio rerio embryos between 1k-cells stage and the end of
epiboly was found to be well regulated to a mean value of 7.55+/-0.13 (+/-s.d.), a range distinctly
more alkaline than typical values for adult fish but in accordance with embryonic pHi of a few
non-fish species shortly after fertilization. Also, interstitial pH (pHint) was significantly higher
(8.08+/-0.25) than values for extracellular pH in adult fish. Distributions of HCO3- across mem-
branes and between interstitium and ambient fluid compared with respective potentials strongly
suggest that pH in these early stages of ontogeny is already adjusted by active transfer processes.
Non-respiratory changes in ambient pH between 7.7 and 8.5 did not significantly affect pHi, a
result potentially attributable to low membrane leakage rate or to the potency of active transfer
mechanisms. In order to assess the pH regulatory systems more quantitatively, embryos were
exposed to ambient changes of carbon dioxide partial pressure (PCO2). The direct impact of
PCO2 changes on cell pH was alleviated by cell non-bicarbonate buffering and subsequent rapid,
almost complete, compensation by changes in cell [HCO3-] as an expression of transmembrane
transfer of acid-base relevant ions. On the basis of these results, we conclude that the regulatory
potency of embryonic cells is well developed, is active to resist extensive homoiostatic stress and is
efficient to maintain critical metabolism in adverse conditions, even at early stages of ontogeny.
Descriptors: cytophotometry methods, intracellular fluid chemistry, benzopyrans, carbon
dioxide metabolism, embryos, metabolism, hydrogen ion concentration, naphthols, rhodamines.

Moriguchi, K., T. Takemoto, T. Aoki, S. Nakakita, S. Natsuka, and S. Hase (2007). Free oligosaccharides
with Lewis x structure expressed in the segmentation period of zebrafish embryo. Jjournal of
Biochemistry 142(2): 213-27. ISSN: 0021-924X.

NAL Call Number: 385 J822

Abstract: We previously reported that zebrafishalphal-3fucosyltrasferase 1 (zFT'1) was expressed
in embryos at the segmentation period, and was capable of synthesizing the Lewis x epitope

[Gal betal-4(Fuc alphal-3)GlcNAc] [Kageyama et.al, J. Biochem., 125, 838-845 (1999)]. In
the current study, we attempted to detect the enzyme products of zFT1 in zebrafish embryos.
Oligosaccharides were prepared from the zebrafish embryos at 12, 18 and 48 h after fertilization
and labelled with a fluorophore, 2-aminopyridine, for highly sensitive detections. Pyridylamino
(PA)-oligosaccharides that were alphal-3/4fucosidase sensitive and time-dependently expressed at
18 h after fertilization were identified as candidates for the in vivo products synthesized by zFT1.
Structures of these oligosaccharides were determined by a combination of exoglycosidase diges-
tions and two-dimensional HPLC sugar mapping to be the biantennary complex-type structures
with two Lewis x epitopes: (Gal betal-4)(0,1,2)-{Gal betal-4(Fuc alphal-3)GlcNAc betal-2Man
alphal-6[Gal betal-4(Fuc alphal-3)GlcNAc betal-2Man alphal-3]}Man betal-4GlcNAc, and
(Gal betal-4)(0,1)-{Gal betal-4(Fuc alphal-3)GlcNAc betal-2Man alphal-6[Gal betal-4(Fuc
alphal-3)GlcNAc betal-2Man alphal-3]} Man betal-4GlcNAc betal-4GlcNAc. The presence
of Lewis x structure of these oligosaccharides together with their expression time suggests that
they are products of zFT1. Remarkably, most of these oligosaccharides were free form. Further-
more, we detected an endo-beta-N-acetylglucosaminidase activity in the 18 h embryo. These
results suggest that the oligosaccharides synthesized by zFT1 are present in the embryo at the
segmentation period in free form, owing to the liberation from glycoproteins with endo-beta-N-
acetylglucosaminidase(s) and/or glycoamidase(s).

Descriptors: zebrafish embryos, Lewis X structure, free oligosaccharides, zfT1.

Information Resources on Zebrafish (2010) 33


http:8.08+/-0.25
http:7.55+/-0.13

Nadauld, L.D., D.N. Shelton, S. Chidester, H.J. Yost, and D.A. Jones (2005). The zebrafish retinol
dehydrogenase, rdhll, is essential for intestinal development and is regulated by the tumor
suppressor adenomatous polyposis coli. Journal of Biological Chemistry 280(34): 30490-5.
ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: Retinoic acid (RA) is a potent signaling molecule that plays important roles in multiple
and diverse developmental processes. The contribution of retinoic acid to promoting the develop-
ment and differentiation of the vertebrate intestine and the factors that regulate RA production
in the gut remain poorly defined. Herein, we report that the novel retinol dehydrogenase, rdh1l,
is required for proper gut development and differentiation. rdh1l is expressed ubiquitously during
early development but becomes restricted to the gut by 3 days postfertilization. Knockdown

of rdh1l results in a robust RA-deficient phenotype including lack of intestinal differentiation,
which can be rescued by the addition of exogenous retinoic acid. We report that adenomatous
polyposis coli (APC) mutant zebrafish harbor an RA-deficient phenotype including aberrant
intestinal differentiation and that these mutants can be rescued by treatment with retinoic acid
or injection of rdh1l mRNA. Further, we have found that although APC mutants are deficient

in rdh1l expression, they harbor increased expression of raldh2 suggesting the control of RA pro-
duction by APC is via retinol dehydrogenase activity. These results provide genetic evidence that
retinoic acid is required for vertebrate gut development and that the tumor suppressor APC con-
trols the production of RA in the gut by regulating the expression of the retinol dehydrogenase,
rdhl1l.

Descriptors: zebrafish, adenomatous polyposis coli protein metabolism, alcohol oxidoreductases
biosynthesis, alcohol oxidoreductases physiology, intestines enzymology, tretinoin metabo-

lism, proteins biosynthesis and physiology, alcohol oxidoreductases chemistry and metabolism,
cell differentiation, developmental gene expression regulation, in situ hybridization, intestines
embryology, intestines metabolism, mutation, phenotype, messenger RNA metabolism, reverse
transcriptase PCR, time factors.

Nomura, R., E. Kamei, Y. Hotta, M. Konishi, A. Miyake, and N. Itoh (2006). Fgf16 is essential for
pectoral fin bud formation in zebrafish. Biochemical and Biophysical Research Communications
347(1): 340-6. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: Zebrafish pectoral fin bud formation is an excellent model for studying morphogen-
esis. Fibroblast growth factors (Fgfs) and sonic hedgehog (shh) are essential for pectoral fin bud
formation. We found that Fgf16 was expressed in the apical ectodermal ridge (AER) of fin buds.
A knockdown of Fgf16 function resulted in no fin bud outgrowth. Fgf16 is required for cell pro-
liferation and differentiation in the mesenchyme and the AER of the fin buds, respectively. Fgf16
functions downstream of Fgf10, a mesenchymal factor, signaling to induce the expression of Fgf4
and Fgf8 in the AER. Fgf16 in the AER and shh in the zone of polarizing activity (ZPA) interact
to induce and/or maintain each other’s expression. These findings have revealed that Fgf16, a
newly identified AER factor, plays a crucial role in pectoral fin bud outgrowth by mediating the
interactions of AER-mesenchyme and AER-ZPA.

Descriptors: Fgf chemistry and metabolism, limb bud embryology, limb bud physiology,
organogenesis physiology, Fgf isolation and purification, developmental gene expression regula-
tion physiology, limb bud anatomy and histology, organ specificity, tissue distribution.

Nunomura, W., Y. Takakuwa, G.N. Cherr, and K. Murata (2007). Characterization of protein 4.1R
in erythrocytes of zebrafish (Danio rerio): unique binding properties with transmembrane
proteins and calmodulin. Comparative Biochemistry and Physiology. Part B, Biochemistry and
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Molecular Biology 148(2): 124-38. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Cytoskeletal protein 4.1R is instrumental in regulating erythrocyte plasticity. 4.1R

is comprised of four domains identified after chymotryptic digestion: an N-terminal 30 kDa
domain responsible for interaction with membrane proteins, a unique domain, a spectrin-actin
binding (SAB) domain, and a C-terminal domain (CTD). 4.1R 30 kDa domain interactions with
transmembrane proteins are regulated by the Ca(2+)/calmodulin (CaM) complex. Unlike mature
mammalian erythrocytes, fish erythrocytes remain nucleated. Comparing their cytoskeleton archi-
tecture and functional properties is therefore of great interest. Here we characterized the recently
cloned zebrafish (Danio rerio, ZF) 4.1R and compared its properties with human 4.1R. We
identified three ZF4.1R mRNA transcripts in erythrocytes, all characterized by exclusion of the
central domains. The major transcript, referred to as BL31, included a full length 30 kDa domain
(ZFR30) and parts of the unique region Ua and of CTD. Two minor transcripts, referred to as
BL42 and BL56, expressed parts of ZFR30 and of the unique region Ub and full length SAB

and CTD domains. Antibodies to ZFR30, ZF4.1R CTD and ZF glycophorin C (GPC) labeled
the ZF erythrocyte plasma membrane. ZFR30 bound to CaM in presence or absence of Ca(2+).
Resonant mirror detection binding assays revealed that ZFR30 bound to human Band3 with low
K((D)) (approximately 10nM), and to GPC with higher K((D)) ( approximately 1nM). The
Ca(2+)/CaM complex did not affect ZFR30 binding to Band3 and GPC. Finally, we confirmed
ZFR30 binding to erythrocyte plasma membrane proteins by pulling down ZFR30 with human
erythrocyte inside-out vesicles (IOV). This study defines unique structural and functional proper-
ties for ZF4.1R.

Descriptors: zebrafish, cattle, calmodulin metabolism, cytoskeletal proteins metabolism, eryth-
rocytes metabolism, membrane proteins metabolism, alternative splicing genetics, amino acid
sequence, calcium metabolism, cytoskeletal proteins chemistry and genetics, erythrocytes cytol-
ogy, glycophorin metabolism, immunoblotting, kinetics, membrane proteins chemistry and
genetics, molecular sequence data, molecular weight, protein binding, protein isoforms chemis-
try, genetics and metabolism, messenger RNA genetics and metabolism, proteins chemistry and
genetics.

Ochi, H., S. Hans, and M. Westerfield (2008). Smarcd3 regulates the timing of zebrafish myogenesis
onset. Journal of Biological Chemistry 283(6): 3529-3536. ISSN: 0021-9258.
NAL Call Number: 381]824
Descriptors: zebrafish, Danio rerio, cardiac muscle, chromatin remodeling, cofactors, fibroblast
growth factor, fibroblast growth factor 8, Hedgehog protein, limiting factors, muscles, Myod
protein, signal transduction, T-box gene, tails, transcription factors, blastula, myogenesis.

Ohkimoto, K., T. Sugahara, Y. Sakakibara, M. Suiko, M.Y. Liu, G. Carter, and M.C. Liu (2003). Sul-
fonation of environmental estrogens by zebrafish cytosolic sulfotransferases. Biochemical and
Biophysical Research Communications 309(1): 7-11. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: Environmental estrogen-like chemicals are increasingly recognized as a potential haz-
ardous factor for wildlife as well as humans. We have recently embarked on developing a zebrafish
model for investigating the role of sulfonation in the metabolism and adverse functioning of
environmental estrogens. Here, we report on a systematic investigation of the sulfonation of
representative environmental estrogens (bisphenol A, 4-n-octylphenol, 4-n-nolylphenol, dieth-
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ylstilbestrol, and 17 alpha-ethynylestradiol) by zebrafish cytosolic sulfotransferases (STs). Of the
seven enzymes tested, four zebrafish STs (designated ZF ST #2, ZF ST #3, ZF ST #4, and ZF
DHEA ST) exhibited differential sulfonating activities toward the five environmental estrogens
tested, with ZF ST #3 being more highly active than the other three. It was further demonstrated
that bisphenol A, 4-n-octylphenol, and 4-n-nonylphenol exerted concentration-dependent inhi-
bition of the sulfonation of 17 beta-estradiol, implying a potential role of these environmental
estrogens in interfering with the sulfonation, and possibly homeostasis, of endogenous estro-
gens. Kinetic studies revealed that the mechanism underlying the inhibition by bisphenol A or
4-n-nonylphenol to be of the competitive type.

Descriptors: zebrafish, cytosol enzymology, estrogens metabolism, sulfotransferases chemistry,
cytosol metabolism, complementary DNA metabolism, diethylstilbestrol chemistry, dose response
relationship, polyacrylamide gel electrophoresis, environment, estradiol congeners chemistry,
estrogen-like chemical, non steroidal chemistry, ethinyl estradiol chemistry, kinetics, phenols
chemistry, plasmids metabolism, protein isoforms, recombinant proteins chemistry and metabo-
lism.

Olsson, C., J.D. Holbrook, G. Bompadre, E. Jonsson, C.H. Hoyle, G.J. Sanger, S. Holmgren, and PL.
Andrews (2008). Identification of genes for the ghrelin and motilin receptors and a novel
related gene in fish, and stimulation of intestinal motility in zebrafish (Danio rerio) by
ghrelin and motilin. General and Comparative Endocrinology 155(1): 217-26. ISSN: 0016-6480.
NAL Call Number: 444.8G28
Abstract: In mammals ghrelin has a diverse range of effects including stimulation of gut motil-
ity but although present in teleost fish its effects on motility have not been investigated. The
present study used bioinformatics to search for fish paralogues of the ghrelin receptor and the
closely related motilin receptor, and investigated the effects of ghrelin and motilin on gut motil-
ity in zebrafish, Danio rerio. Fish paralogues of the human ghrelin and motilin receptor genes
were identified, including those from the zebrafish. In addition, a third gene was identified in
three species of pufferfish (the only fish genome completely sequenced), which is distinct from
the ghrelin and motilin receptors but more closely aligned to these receptors relative to other
G-protein coupled receptors. Immunohistochemistry demonstrated strong ghrelin receptor-like
reactivity in the muscle of the zebrafish intestine. In isolated intestinal bulb and mid/distal intes-
tine preparations, ghrelin, motilin, and the motilin receptor agonist erythromycin all evoked
contraction; these responses ranged between 9% and 51% of the contractions evoked by car-
bachol (10(-6)M). There were some variations in the concentrations found to be active in the
different tissues, e.g., whereas motilin and rat ghrelin caused contraction of the intestinal bulb
circular muscle at concentrations as low as 10(-8)M, human ghrelin (10(-8) to 10(-6)M) was
without activity. Neither ghrelin (10(-7)M) nor erythromycin (10(-5)M) affected the contractions
evoked by electrical field stimulation. The results suggest that both ghrelin and motilin can regu-
late intestinal motility in zebrafish and most likely other teleosts, and are discussed in relation to
the evolution of these regulatory peptides.

Descriptors: zebrafish, ghrelin, motilin, receptors, intestinal motility, bioinformatics, immuno-
histochemistry.

Pelster, B. (2004). Nitric oxide and vascular reactivity in developing zebrafish. Comparative Biochemis-
try and Physiology Part B Biochemistry and Molecular Biology 139(1): 141. ISSN: 1096 4959.
NAL Call Number: QP501.C6
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Descriptors: zebrafish, development, cardiovascular system, transport and circulation, marine
ecology, environmental sciences, development, Austrian Science foundation .

Perlin, J.R. and W.S. Talbot (2007). Signals on the move: chemokine receptors and organogenesis in
zebrafish. Science: Signal Transduction Knowledge Environment 2007(400): 45. ISSN: 1525-8882 .
NAL Call Number: QP517.C45
Abstract: The chemokine SDF1 (stromal cell-derived factor 1) directs cell migration in many dif-
ferent contexts, ranging from embryogenesis to inflammation. SDF1a is the guidance cue for the
zebrafish lateral line primordium, a tissue that moves along the flank of the embryo and deposits
cells that form mechanosensory organs. The SDF1a receptor CXCR4b acts in cells at the leading
edge of the primordium to direct its migration. Two new studies show that a second SDF1 recep-
tor, CXCR7, is required only in the trailing cells of the primordium, and they explore how these
two receptors orchestrate migration of the primordium. CXCR4b and CXCR7 are expressed in
complementary domains, possibly through mutual repression in which each receptor inhibits
expression of the other. These studies illustrate how the entire primordium can respond to a single
signal, yet generate cell type-specific responses by using different receptors.

Descriptors: zebrafish, chemokine receptors, organogenesis, stromal cell-derived factor 1,
inflammation, Cxcr4B.

Petit, D., A. Maftah, R. Julien, and ].-M. Petit (2006). En bloc duplications, mutation rates, and
densities of amino acid changes clarify the evolution of vertebrate alpha -1,3/4-fucosyltrans-
ferases. Journal of Molecular Evolution 63(3): 353-364. ISSN: 0022-2844.
NAL Call Number: QH359.]J6
Descriptors: zebrafish, Bos Taurus, gallus gallus, Takifugu rubripes, Xenopus laevis, African clawed
frog, chicken, domesticated cattle , red junglefowl, amino acid sequence, amino acids, amphibi-
otic species, developmental stages, epitopes, evolution, evolutionary genetics, freshwater fish,
genomes, immune system, mutation rates, mutations, nucleotide sequence, phylogeny, molecular
evolution, amniota, chordata .

Pizzo, E., P. Buonanno, A. Di Maro, S. Ponticelli, S. De Falco, N. Quarto, M.V. Cubellis, and G.
D’Alessio (2006). Ribonucleases and angiogenins from fish. journal of Biological Chemistry
281(37): 27454-27460. ISSN: 0021-9258.

NAL Call Number: 381]824
Descriptors: zebrafish, Danio rerio, angiogenesis, digestion, inhibitors, nucleotide sequence, phy-
logenetics, phylogeny, prototypes, recombinants, ribonuclease, structure-function relationships.

Plata, C., C.R. Sussman, A. Sindic, J.O. Liang, D.B. Mount, Z.M. Josephs, M.H. Chang, and M.E
Romero (2007). Zebrafish Slc5al12 encodes an electroneutral sodium monocarboxylate trans-
porter (SMCTn): A comparison with the electrogenic SMCT (SMCTe). Journal of Biological
Chemistry 282(16): 11996-2009. ISSN: 0021 9258.

NAL Call Number: 381]824

Abstract: We have identified and characterized two different sodium-coupled monocarboxylate
cotransporters (SMCT) from zebrafish (Danio rerio), electrogenic (zSMCTe) and electroneutral
(zSMCTn). zSMCTn is the 12th member of the zebrafish Slc5 gene family (zSlc5a12). Both
zSMCT sequences have ~50% homology to human SLC5A8 (hSMCT). Transport function and
kinetics were measured in Xenopus oocytes injected with zZSMCT cRNAs by measurement of
intracellular Na superscript +(B concentration ([Na superscript +(B]i) and membrane potential.
Both zSMCTs oocytes increased [Na superscript +(B]i with addition of monocarboxylates (MC)
such as lactate, pyruvate, nicotinate, and butyrate. By using two electrode voltage clamp experi-
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ments, we measured currents elicited from zZSMCTe after MC addition. MC-elicited currents
from zSMCTe were similar to hNSMCT currents. In contrast, we found no significant MC-elicited
current in either zZSMCTn or control oocytes. Kinetic data show that zSMCTe has a higher
affinity for lactate, nicotinate, and pyruvate (KmL superscript -(Blactate = 0.17 +/- 0.02 mM,
Kmnicotinate = 0.54 +/- 0.12 mM at -150 mV) than zSMCTn (KmL superscript -(Blactate =
1.81 +/- 0.19 mM, Kmnicotinate = 23.68 +/- 4.88 mM). In situ hybridization showed that 1-,
3-, and 5-day-old zebrafish embryos abundantly express both zSMCTs in the brain, eyes, intes-
tine, and kidney. Within the kidney, zZSMCTn mRNA is expressed in pronephric tubules, whereas
zSMCTe mRNA is more distal in pronephric ducts. zZSMCTn is expressed in exocrine pancreas,
but zZSMCTe is not. Roles for Na superscript +(B-coupled monocarboxylate cotransporters have
not been described for the brain or eye. In summary, zZSMCTe is the zebrafish SLC5A8 ortholog,
and zZSMCTn is a novel, electroneutral SMCT (zSlc5a12). Sle5al2 in higher vertebrates is likely
responsible for the electroneutral Na superscript +(B/lactate cotransport reported in mammalian
and amphibian kidneys.

Descriptors: zebrafish, Danio rerio, sodium-coupled monocarboxylate cotransporters, (SMcT)

, electrogenic (zSMcTe), electroneutral (zZSMcTn), zZSMcTn, 12th member, zebrafish Slc5, gene
family (zSlc5al12), homology, human, SLc5A8 (hSMcT).

Posner, M. (2003). A comparative view of alpha crystallins: the contribution of comparative studies

to understanding function. /ntegrative and Comparative Biology 43(4): 481-491. ISSN: 1540-
7063.

NAL Call Number: QL.I67

Descriptors: zebrafish, Danio rerio, biochemistry, comparative studies, cytochemistry, evolution,
freshwater fish, heat shock, human physiology, man-induced effects , molecular biology, transpar-

ency .

Pruefert, K., A. Vogel, and G. Krohne (2004). The lamin CxxM motif promotes nuclear membrane

growth. Journal of Cell Science 117(25): 6105-6116. ISSN: 0021 9533.

NAL Call Number: QH301.J6

Abstract: We analyzed the influence of lamins on nuclear envelope growth in cultured Xenopus
AG cells by the overexpression of human lamin A, Xenopus and zebrafish lamins B2 and Droso-
phila lamins Dm0 and C as GFP fusion proteins. Lamins; containing a CxxM motif in their
primary sequence (lamins A, B2, Dm0) induced the formation of lobulated nuclei with multi-
membrane-layered, highly folded nuclear membranes and intranuclear membrane assemblies,

as observed by electron microscopy. Such morphological alterations were not observed with
Drosophila lamin C, a lamin without this motif or with a lamin B2 mutant (B2-SxxM) where
the cysteine of the CxxM muotif is replaced by a serine. Drosophila lamin C mutants contain-

ing a CxxM motif behaved like B-type lamins thus confirming that this tetrapeptide is directly
involved in the morphological changes we observed. Nuclear membrane proliferation could also
be induced by lamin B2 in COS-7 cells and in zebrafish embryos but not by human lamin A in
COS-7 cells. We speculate that the human lamin A is incompletely processed in Xenopus A6 cells
and therefore behaves in this cell line like a B-type lamin. Our results indicate that the CxxM
motif of B-type lamins has a dual function: it mediates lamin targeting to the inner nuclear mem-
brane thereby promoting nuclear membrane growth. Copyright©Thomson Reuters 2009
Descriptors: zebrafish , biochemistry, membranes, cell biology, electron microscopy, gfp fusion
proteins, lobulated nuclei, nuclear membrane growth, zebrafish.
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Pullela, PK., T. Chiku, M.]. Carvan, and D.S. Sem (2006). Fluorescence-based detection of thiols in
vitro and in vivo using dithiol probes. Analytical Biochemistry 352(2): 265-273. ISSN: 0003
2697.

NAL Call Number: 381 Anl3

Abstract: Thiols play a central role in maintaining biological homeostasis. Their levels can change
dramatically in response to oxidative stress associated with toxic insults, bacterial infection, and
disease. Therefore, a reagent that call monitor thiol levels both in vitro and in vivo would be
useful for assays and as a biomarker. Such a reagent should (i) be selective for thiols, (ii) be able to
penetrate cell walls, and (iii) have a low reduction potential so as not to create oxidative stress in a
cell. We have developed such a fluorescent reagent (DSSA) based on a dithiol linker: (i) the use of
a dithiol linker makes it selective for thiols; (ii) the use of fluorophores that populate neutral states
at physiological pH improves cell wall penetration; and (iii) because of the reagent’s low reduction
potential (-0.60 V), it will not stress cells oxidatively. For example, 5 mu M of reagent is respon-
sive to changes in glutathione levels in the physiologically relevant range of 1 to 10 mM, yet this
would oxidize less than 1% of cellular glutathione. In Escherichia coli, decreased thiol levels were
detected in cells deficient in glutathione synthesis. In zebrafish embryos, the DSSA reagent per-
mitted detection of unusually high thiol levels in the zebrafish chorion. (c) 2006 Elsevier Inc. All
rights reserved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, molecular biophysics, methods and techniques, development, oxidative
stress, DSSA.

Reimers, M.J., M.E. Hahn, and R.L. Tanguay (2004). Two zebrafish alcohol dehydrogenases share
common ancestry with mammalian class I, II, IV, and V alcohol dehydrogenase genes but
have distinct functional characteristics. Journal of Biological Chemistry 279(37): 38303-12.
ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: Ethanol is teratogenic to many vertebrates. We are utilizing zebrafish as a model system
to determine whether there is an association between ethanol metabolism and ethanol-mediated
developmental toxicity. Here we report the isolation and characterization of two cDNAs encod-
ing zebrafish alcohol dehydrogenases (ADHs). Phylogenetic analysis of these zebrafish ADHs
indicates that they share a common ancestor with mammalian class I, II, IV, and V ADHs. The
genes encoding these zebrafish ADHs have been named Adh8a and Adh8b by the nomencla-
ture committee. Both genes were genetically mapped to chromosome 13. The 1450-bp Adh8a

is 82, 73, 72, and 72% similar at the amino acid level to the Baltic cod ADHS (previously
named ADH1), the human ADH1B2, the mouse ADHI, and the rat ADH1, respectively. Also,
the 1484-bp Adh8b is 77, 68, 67, and 66% similar at the amino acid level to the Baltic cod
ADHS, the human ADH1B2, the mouse ADH1, and the rat ADHI, respectively. ADH8A and
ADHSB share 86% amino acid similarity. To characterize the functional properties of ADHSA
and ADHS8B, recombinant proteins were purified from SF-9 insect cells. Kinetic studies demon-
strate that ADH8A metabolizes ethanol, with a V(max) of 13.4 nmol/min/mg protein, whereas
ADHS8B does not metabolize ethanol. The ADH8A K(m) for ethanol as a substrate is 0.7 mm.
4-Methyl pyrazole, a classical competitive inhibitor of class I ADH, failed to inhibit ADH8A.
ADHSB has the capacity to efhciently biotransform longer chain primary alcohols (>/=5 carbons)
and S-hydroxymethlyglutathione, whereas ADH8A does not efficiently metabolize these sub-
strates. Finally, mRNA expression studies indicate that both ADH8A and ADH8B mRNA are
expressed during early development and in the adult brain, fin, gill, heart, kidney, muscle, and
liver. Together these results indicate that class I-like ADH is conserved in zebrafish, albeit with
mixed functional properties.

Descriptors: zebrafish, rats, mice, insects, alcohol dehydrogenase chemistry, alcohol dehydro-
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genase genetics, glutathione analogs and derivatives, amino acid sequence, binding, competitive,
cell line, chromosome mapping, conserved sequence, complementary DNA metabolism, ethanol
pharmacology, glutathione chemistry, kinetics, molecular sequence data, open reading frames,
phylogeny, messenger RNA metabolism, recombinant proteins chemistry, amino acid sequence
homology, species specificity, time factors, tissue distribution.

Rico, E.P, M.R. Senger, M.G. Fauth, R.D. Dias, M.R. Bogo, and C.D. Bonan (2003). ATP and ADP

hydrolysis in brain membranes of zebrafish (Danio rerio). Life Sciences 73(16): 2071-82.
ISSN: 0024-3205.

NAL Call Number: 442.8 162

Abstract: Nucleotides, e.g. ATP and ADD, are important signaling molecules, which elicit several
biological responses. The degradation of nucleotides is catalyzed by a family of enzymes called
NTPDases (nucleoside triphosphate diphosphohydrolases). The present study reports the enzy-
matic properties of a NTPDase (CD39, apyrase, ATP diphosphohydrolase) in brain membranes
of zebrafish (Danio rerio). This enzyme was cation-dependent, with a maximal rate for ATP and
ADP hydrolysis in a pH range of 7.5-8.0 in the presence of Ca(2+) (5 mM). The enzyme dis-
played a maximal activity for ATP and ADP hydrolysis at 37 degrees C. It was able to hydrolyze
purine and pyrimidine nucleosides 5°-di and triphosphates, being insensitive to classical ATPase
inhibitors, such as ouabain (I mM), N-ethylmaleimide (0.1 mM), orthovanadate (0.1 mM) and
sodium azide (0.1 mM). A significant inhibition of ATP and ADP hydrolysis (68% and 34%,
respectively) was observed in the presence of 20 mM sodium azide, used as a possible inhibitor
of ATP diphosphohydrolase. Levamisole (1 mM) and tetramisole (1 mM), specific inhibitors of
alkaline phosphatase and P1, P(5)-di (adenosine 5°-) pentaphosphate, an inhibitor of adenylate
kinase did not alter the enzyme activity. The presence of a NTPDase in brain membranes of
zebrafish may be important for the modulation of nucleotide and nucleoside levels, controlling
their actions on specific purinoceptors in central nervous system of this specie.

Descriptors: zebrafish , acid anhydride hydrolases metabolism, adenosine diphosphate
metabolism, adenosine triphosphate metabolism, brain enzymology, intracellular membranes
enzymology, hydrolysis, nucleoside triphosphatase, substrate specificity.

Robles, V., E. Cabrita, Pd. Paz, S. Cunado, L. Anel, and M.P. Herraez (2004). Effect of a vitrification

protocol on the lactate dehydrogenase and glucose-6-phosphate dehydrogenase activi-

ties and the hatching rates of zebrafish (Danio rerio) and turbot (Scophthalmus maximus)
embryos. 7heriogenology: 1367-79. ISSN: 0093 691X.

NAL Call Number: QP251.A1T5

Abstract: Vitrification, is the most promising option for the cryopreservation of fish embryos
but requires high concentrations of potentially toxic cryoprotectants. In this study, embryos

from Turbot and Zebrafish, each in two developmental stages, were submitted to a four stepwise
cryoprotectant incorporation protocol. After incubation in the vitrificant solution (5 M dimethyl
sulfoxide, 2 M methanol, 1 M ethylen-glycol and 10% sucrose) embryos were loaded in straws
and plunged into liquid nitrogen. The activity of two cytoplasmic enzymes, LDH and G6PDH,
and the hatching rates were analyzed in control embryos, those subjected to the cryoprotectant
solutions and in frozen/thawed embryos. Results showed that the cryoprotectants incorporation
protocol did not have important effects on the analyzed enzymatic activities, which remained at
similar levels to that in control embryos but significantly reduced the hatching rates. Turbot was
less sensitive than Zebrafish to the toxic effect of the cryoprotectants, achieving hatching rates of
74.8% in comparison with fresh control embryos at G stage, whereas in Zebrafish only 17.7% of
hatching was reported with five somites-treated embryos. In Turbot, G stage was more resistant to
the cryoprotectants and thus more convenient for further vitrification studies. After vitrification
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no survival was recorded and enzymatic activities dropped significantly, particularly in Zebrafish,
indicating cell damage and loss of cytoplasmic enzymes. Nevertheless, total cell lysis was not pro-
duced, and once again Turbot was more resistant to the effect of vitrification, particularly at the
later stage. In that stage, Turbot embryos showed around 50% of G6PDH activity after vitrifica-
tion, in comparison with the control, indicating the preservation of some cellular activity after
freezing!thawing, despite the loss of developmental ability.

Descriptors: zebrafish, brachyDanio rerio, laboratory animals, turbot , farmed fish, embryo ,
cryopreservation , cryoprotectants , toxicity, freezing , hatching , enzyme activity, lactate dehydro-
genase, glucose 6 phosphate 1 dehydrogenase.

Runko, A.P. and C.G. Sagerstrom (2004). Isolation of nlz2 and characterization of essential domains
in nlz family proteins. Journal of Biological Chemistry 279(12): 11917-11925. ISSN: 0021 9258.
NAL Call Number: 381]824
Abstract: In this study, we first cloned nlz2, a second zebrafish member of the nlz-related zinc-
finger gene family. nlz2 was expressed together with nlzl in a broad posterior domain during
gastrula stages as well as at the midbrain-hindbrain boundary and in the hindbrain caudal to
rhombomere 4 during segmentation. nlz2 was also expressed in regions distinct from nlz1,
notably in the forebrain, midbrain, and trunk. Misexpression of nlz2 in zebrafish embryos dis-
rupted gene expression in the rostral hindbrain, similar to the effect of misexpressing nlz1. We
next compared the nlzl and nlz2 sequences to identify and characterize domains conserved
within this family. We found a C-terminal domain required for nuclear localization and two con-
served domains (the Sp motif and a putative C2H2 zinc finger) required for nlz1 function. We
also demonstrate that Nlz1 self-associated via its C terminus, interacted with NIz2, and bound to
histone deacetylases. Last, we found two forms of Nlz1 generated from alternative translation ini-
tiation sites in vivo. These forms have distinct activities, apparently depending on the function of
the N-terminal Sp motif. Our data demonstrate that ntz2 functions similarly to nlz1 and define
conserved domains essential for nuclear localization, self-association, and corepressor binding in
this novel family of zinc-finger genes. Copyright©Thomson Reuters 2009
Descriptors: zebrafish, enzymology, molecular genetics, cloning, genetic techniques, histone
deacetylases.

Salem, M., ].B. Yao, C.E. Rexroad, P.B. Kenney, K. Semmens, ]. Killefer, and J. Nath (2005). Charac-
terization of calpastatin gene in fish: its potential role in muscle growth and fillet quality.
Comparative Biochemistry and Physiology B, Biochemistry and Molecular Biology 141(4): 488-497.
ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Calpastatin (CAST), the specific inhibitor of the calpain proteases, plays a role in
muscle growth and meat quality. In rainbow trout (RBT), we identified cDNAs coding for two
CAST isoforms, a long (CAST-L) and a short isoform (CAST-S), apparently derived from two
different genes. Zebrafish and pufferfish CAST cDNA and genomic sequences were retrieved
from GenBank and their exon/intron structures were characterized. Fish CASTs are novel in that
they have fewer repetitive inhibitory domains as compared to their mammalian counterparts (one
or two vs. four). The expressions of CAST mRNAs were measured in three RBT strains with dif-
ferent growth rates and fillet firmness that were fed either high energy or control diets. CAST-L
and S expressions were significantly lower (p<0.01) in the strain that has the slowest growth rate
and yielded the softest fillet. Strain or diet did not affect level of calpain mRNAs. However, the
decrease in the CAST/calpain ratio at the mRNA level did not lead to a corresponding change in
the calpain catalytic activity. Further investigation should reveal a potential use of the CAST gene
as a tool to monitor fish muscle growth and fillet firmness. Copyright © 2008 CABI
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Descriptors: zebrafish, rainbow trout, amino acid sequences, complementary DNA, diets,
energy intake, firmness, fish feeding, gene expression, genes, growth rate, messenger RNA,
muscles, proteinase inhibitors, strains .

Sapede, D., M. Rossel, C. Dambly-Chaudiere, and A. Ghysen (2005). Role of SDF1 chemokine in
the development of lateral line efferent and facial motor neurons. Proceedings of the National
Academy of Sciences, USA 102(5): 1714-1718. ISSN: 0027-8424.
NAL Call Number: 500N21P
Descriptors: zebrafish, Danio rerio, antisense oligonucleotides, axon guidance, brain, cell body,
cell migration, chemokines, embryos, hindbrain, innervation, lateral line, motor neurons, motors,
nerves, nervous system, neurons, nuclei, receptors, sensory systems, target cells, stromal cell-
derived factor 1 alpha.

Schaaf, M.J., D. Champagne, I.v.0o.H. van Laanen, D.C. van Wijk, A.H. Meijer, O.C. Meijer, H.P.
Spaink, and M.K. Richardson (2008). Discovery of a functional glucocorticoid receptor beta
-isoform in zebrafish. Endocrinology 149(4): 1591-1599. ISSN: 0013-7227.

NAL Call Number: 448.8EN2

Descriptors: zebrafish, glucocorticoid, receptor beta-isoform, metabolic compound.

Schilling, S.H., M.B. Datto, and X.F. Wang (2006). A phosphatase controls the fate of receptor-regu-
lated smads. Ce// 125(5): 838-840. ISSN: 0092 8674.
NAL Call Number: QH573.C42

Descriptors: zebrafish, phosphatase, enzymology, molecular biophysics, Smads.

Schlegel, A. and D.Y.R. Stainier (2006). Microsomal triglyceride transfer protein is required for yolk
lipid utilization and absorption of dietary lipids in zebrafish larvae. Biochemistry 45(51):
15179-15187. ISSN: 0006 2960.

Online: http://dx.doi.org/10.1021/bi0619268

NAL Call Number: 381 B523

Abstract: Although the absorption, transport, and catabolism of dietary lipids have been studied
extensively in great detail in mammals and other vertebrates, a tractable genetic system for iden-
tifying novel genes involved in these physiologic processes is not available. To establish such

a model, we monitored neutral lipid by staining fixed zebrafish larvae with oil red o (ORO).

The head structures, heart, vasculature, and swim bladder stained with ORO until the yolk was
consumed 6 days after fertilization (6 dpf). Thereafter, the heart and vasculature no longer had
stainable neutral lipids. Following a high-fat meal, ORO stained the intestine and vasculature of
6 dpf larvae, and whole-larval triacylglycerol (TAG) and apolipoprotein B levels increased. Levels
of microsomal triglyceride transfer protein (Mtp), the protein responsible for packaging TAG
and betalipoproteins into lipoprotein particles, were unchanged by feeding. Since the develop-
ing zebrafish embryo expresses mtp in the yolk cell layer, liver, and intestine, we determined the
effect of targeted knockdown of Mtp expression using an antisense morpholino oligonucleotide
approach (Mtp MO) on the transport of yolk and dietary lipids. Mtp MO injection led to loss
of Mtp expression and of lipid staining in the vasculature, heart, and head structures. Mtp MO-
injected larvae were smaller than age-matched, uninjected larvae, consumed very little yolk, and
did not absorb dietary neutral lipids; however, they absorbed a short chain fatty acid that does not
require Mtp for transport. Importantly, the vasculature appeared unaffected in Mtp MO-injected
larvae. These studies indicate that zebrafish larvae are suitable for genetic studies of lipid transport
and metabolism. Copyright © 2008 CABI

Descriptors: zebrafish, Danio rerio, absorption, animal models, apolipoproteins, catabolism,
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egg yolk, embryos, fish eggs, genes, head, heart, intestines, larvae, lipid metabolism, lipids, liver,
microsomes, proteins, swim bladder, triacylglycerols .

Senger, M.R., E.P. Rico, R.D. Dias, M.R. Bogo, and C.D. Bonan (2004). Ecto-5’-nucleotidase activity
in brain membranes of zebrafish (Danio rerio). Comparative Biochemistry and Physiology. Part
B, Biochemistry and Molecular Biology 139(2): 203-7. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Adenosine, a well-known neuromodulator, may be formed intracellularly in the CNS
from degradation of AMP and then exit via bi-directional nucleoside transporters, or extracel-
lularly by the metabolism of released nucleotides. This study reports the enzymatic properties of
an ecto-5"-nucleotidase activity in brain membranes of zebrafish (Danio rerio). This enzyme was
cation-dependent, with a maximal rate for AMP hydrolysis in a pH range of 7.0-7.5 in the pres-
ence of Mg(2+). The enzyme presented a maximal activity for AMP hydrolysis at 37 degrees C.
The apparent K(m) and V(max) values for Mg(2+)-AMP were 135.3+/-16 microM and 29+/-4.2
nmol Pi.min(-1).mg(-1) protein, respectively. The enzyme was able to hydrolyze both purine and
pyrimidine monophosphate nucleotides, such as UMP, GMP and CMP. Levamisole and tetra-
misole (1 mM), specific inhibitors of alkaline phosphatases, did not alter the enzymatic activity.
However, a significant inhibition of AMP hydrolysis (42%) was observed in the presence of 100
microM alpha,beta-methylene-ADP, a known inhibitor of ecto-5’-nucleotidase. Since 5’-nucle-
otidase represents the major enzyme responsible for the formation of extracellular adenosine,

the enzymatic characterization is important to understand its role in purinergic systems and the
involvement of adenosine in the regulation of neurotransmitter release.

Descriptors: zebrafish, 5’ nucleotidase metabolism, brain enzymology, zebrafish, adenosine
monophosphate metabolism, divalent cations pharmacology, cell membrane enzymology, enzyme
inhibitors pharmacology, hydrogen ion concentration, kinetics, magnesium pharmacology.

Setini, A., F. Pierucci, O. Senatori, and A. Nicotra (2005). Molecular characterization of monoamine
oxidase in zebrafish (Danio rerio). Comparative Biochemistry and Physiology. Part B, Biochemis-
try and Molecular Biology 140(1): 153-61. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: Monoamine oxidase (MAO) is responsible for the degradation of a number of neu-
rotransmitters and other biogenic amines. In terrestrial vertebrates, two forms of the enzyme,
named MAO A and B, were found in which mammals are coded by two similar but distinct
genes. In teleosts, the biochemical data obtained so far indicate that enzyme activity is due to

a single form, whose sequence, obtained for trout, displays 70% identity with mammal MAO

A and B. In this paper, we carried out an investigation of zebrafish MAO (Z-MAO) to shed
further light on the nature of the MAO form present in aquatic vertebrates. Sequencing studies
have revealed an open reading frame 522-amino-acids long with MW 58.7 kDa, displaying
84% identity with trout MAO and about 70% identity with mammal MAO A and MAO B.
Analysis of the sequence and of the predicted secondary structure shows that also in Z-MAO
principal domains characterizing the MAOs are present. The domain linking the FAD is very
well conserved, while the transmembrane domain sequence linking the enzyme to the external
mitochondrial membrane does not appear to be conserved even with respect to trout MAO.
Comparison with the amino acids which, according to the human MAO B and rat MAO A
models, line the substrate-binding site shows that in Z-MAO, several residues (V172, N173,
F200, L327) differ from MAO B but are similar or identical to the corresponding ones present
in rat MAO A, as well as in trout MAO. A three-dimensional model is reported of the substrate-
binding site of Z-MAO obtained by comparative modeling. Our observations support the
hypothesis that the MAO form present in aquatic vertebrates is a MAO A-like form. Experiments
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performed to test the effect of selective MAO A (clorgyline) and MAO B (deprenyl) inhibitors
on the enzyme’s activity in liver and brain confirm the presence of a single form of MAO in
zebrafish.

Descriptors: zebrafish metabolism, liver enzymology, monoamine oxidase metabolism, amino
acid and base sequence, binding sites, molecular cloning, clorgyline pharmacology, complemen-
tary DNA, molecular sequence data, monoamine oxidase genetics, monoamine oxidase inhibitors
pharmacology, open reading frames, protein binding, protein Conformation, selegiline pharma-
cology, amino acid sequence homology, substrate specificity.

Sharma, M.K., E.M. Denovan Wright, A. Degrave, C. Thisse, B. Thisse, and J.M. Wright (2004).

Sequence, linkage mapping and early developmental expression of the intestinal-type fatty
acid-binding protein gene (fabp2) from zebrafish (Danio rerio). Comparative Biochemistry and
Physiology. Part B, Biochemistry and Molecular Biology 138(4): 391-8. ISSN: 0305 0491.

NAL Call Number: QP501.C6

Abstract: The intestinal fatty acid-binding protein (I-FABP) shows binding specificity for
long-chain fatty acids and is proposed to be involved in uptake of dietary fatty acids and their
intracellular transport. We have determined the sequence of the gene encoding I-FABP in
zebrafish. The zebrafish I-FABP gene contains four exons interrupted by three introns. Radiation
hybrid mapping assigned the I-FABP gene to linkage group 1. A 924 bp sequence 5’ upstream of
the initiation codon in the I-FABP gene contained several putative cis-acting regulatory elements.
In adult zebrafish, reverse transcription-polymerase chain reaction (RT-PCR) detected I-FABP
mRNA in intestine, brain, liver, muscle and testis. Quantitative RT-PCR demonstrated that
[-FABP mRNA was most abundant in intestine, followed by brain. -FABP mRNA levels were
very low in muscle, testis, heart, liver, skin and ovary. RT-PCR using total RNA extracted from
zebrafish embryos detected I-lFABP mRNA as early as 12 h post-fertilization. Whole-mount in
situ hybridization to zebrafish embryos detected I-FABP mRNA in the yolk syncytial layer (YSL)
at early somitogenesis. Later during embryonic development the I-FABP mRNA was detected

in the intestinal bulb, liver and pancreas primordium. Expression in YSL, liver or pancreas has
not been previously reported for fish or mammalian I-FABP genes and may be related to specific
physiological differences between fishes and mammals.

Descriptors: zebrafish, carrier proteins biosynthesis, carrier linkage genetics, proteins biosyn-
thesis, amino acid and base sequence, molecular cloning, exons, fatty acid binding proteins,

fatty acids chemistry, introns, molecular sequence data, promoter regions genetics, RNA chem-
istry, messenger RNA metabolism, radiation hybrid mapping, reverse transcriptase PCR, DNA
sequence analysis, amino acid sequence homology, time factors, tissue distribution, transcription.

Sibthorpe, D., R.A.N. Sturlaugsdottir, B.K. Kristjansson, H. Thorarensen, S. Skulason, and I.A.N.A.

Johnston (2006). Characterisation and expression of the paired box protein 7 (Pax7) gene in
polymorphic Arctic charr (Salvelinus alpinus). Comparative Biochemistry and Physiology, Part B:
Biochemistry and Molecular Biology 145(3-4): 371-383. ISSN: 1096-4959.

NAL Call Number: QP501.C6

Descriptors: zebrafish, alternative splicing, body size, casein kinase II, central nervous system,
DNA, ecological distribution, embryos, freshwater fish, gene expression, gene polymorphism,
growth rate, head, insertion, lakes, life history, mandible, morphometry, phosphorylation,
segmentation, serine, skeletal muscle, threonine, Danio rerio, Salvelinus alpinus, Iceland, Thingval-
lavatn L., Arctic char.
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Smart, E.J., R.A. De Rose, and S.A. Farber (2004). Annexin 2-caveolin 1 complex is a target of
ezetimibe and regulates intestinal cholesterol transport. Proceedings of the National Academy of
Sciences, USA 101(10): 3450-3455. ISSN: 0027-8424.

NAL Call Number: 500N21P

Descriptors: zebrafish, Danio rerio, mice, absorption spectroscopy, antisense, caveolin, cho-
lesterol, freshwater fish, hypercholesterolemia, immunoprecipitation, intestine, intestines,
oligonucleotides, annexin 2, sterol.

Song, M., H. Yang, S. Yao, F. Ma, Z. Li, Y. Deng, H. Deng, Q. Zhou, S. Lin, and Y. Wei (2007). A criti-
cal role of vascular endothelial growth factor D in zebrafish embryonic vasculogenesis and
angiogenesis. Biochemical and Biophysical Research Communications 357 (4): 924-30 . ISSN: 0006
291X.

NAL Call Number: 442.8B5236

Abstract: The VEGF family comprises seven members that are designated VEGF-A, VEGE-B,
VEGEF-C, VEGF-D, VEGF-E, placental growth factor (PIGF), and VEGEF-E. Of these factors,
VEGE-D plays important roles for angiogenesis and lymphangiogenesis, and could promote
tumor growth and lymphatic metastasis. In this study, we identified a zebrafish VEGF-D
homolog that encodes a 272 amino acid protein including a PDGF (platelet-derived growth
factor) domain characteristic to VEGF family. Expression profile demonstrated that the VEGF-D
began expressed from 13 somite stage. Microinjecting zZVEGF-D mRNA into zebrafish 1-cell
stage embryos resulted in severe misguidance of intersegmental vessels (ISV) and abnormal con-
nection between dorsal aorta and caudal vein. Microangiography indicated that these abnormal
ISVs were not functional. Our studies therefore identified the first non-mammalian VEGF-D and
established its in vivo role for vascular system development during vertebrate embryogenesis and
provided an alternative animal model to further reveal functions of VEGF-D.

Descriptors: zebrafish embryo, blood vessels growth and development, embryonic develop-
ment physiology, physiologic neovascularization physiology, vascular endothelial growth factor d
metabolism, developmental gene expression regulation physiology.

Souza, A.R., E.O. Kozlowski, V.R. Cerqueira, M. T. Castelo Branco, M.L. Costa, and M.S. Pavao ( 2007).
Chondroitin sulfate and keratan sulfate are the major glycosaminoglycans present in the
adult zebrafish Danio rerio (chordata-Cyprinidae). Glycoconjugate Journal 24(9): 521-30.
ISSN: 0282-0080.

NAL Call Number: QP752.G56

Abstract: The zebrafish Danio rerio (Chordata-Cyprinidae) is a model organism frequently used
to study the functions of proteoglycans and their glycosaminoglycan (GAG) chains. Although
several studies clearly demonstrate the participation of these polymers in different biological
and cellular events that take place during embryonic development, little is known about the
GAGs in adult zebrafish. In the present study, the total GAGs were extracted from the whole
fish by proteolytic digestion, purified by anion-exchange chromatography and characterized

by electrophoresis after degradation with specific enzymes and/or by high-performance liquid
chromatography (HPLC) analysis of the disaccharides. Two GAGs were identified: a low-molec-
ular-weight chondroitin sulfate (CS) and keratan sulfate (KS), corresponding to approximately
80% and 20% of the total GAGs, respectively. In the fish eye, KS represents approximately
80% of total GAGs. Surprisingly, no heparinoid was detected, but may be present in the fish

at concentrations lower than the limit of the method used. HPLC of the disaccharides formed
after chondroitin AC or ABC lyase degradation revealed that the zebrafish CS is composed by
DeltaUA-1-->3-GalNAc(4SO(4)) (59.4%), DeltaUA-1-->3-GalNAc(65SO(4)) (23.1%), and
DeltaUA-1-->3-GalNAc (17.5%) disaccharide units. No disulfated disaccharides were detected.
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Immunolocalization on sections from zebrafish retina using monoclonal antibodies against CS4-
or 6-sulfate showed that in the retina these GAGs are restricted to the outer and inner plexiform
layers. This is the first report showing the presence of KS in zebrafish eye, and the structural
characterization of CS and its localization in the zebrafish retina. Detailed information about the
structure and tissue localization of GAGs is important to understand the functions of these poly-
mers in this model organism.

Descriptors: zebrafish adult, research model, chondroitin sulfate, keratan sulfate, glycosamino-
glycans, adult.

Stanton, S.E., L.]J. McReynolds, T. Evans, and N. Schreiber Agus (2006). Yaf2 inhibits caspase 8-medi-

ated apoptosis and regulates cell survival during zebrafish embryogenesis. Journal of Biological
Chemistry 281(39): 28782-93. ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: Rybp (DEDAF) is a member of the Rybp/Yaf2 protein family and has been shown to
encode pro-apoptotic functions and to be essential for mouse embryogenesis. The related Yaf2
protein has not been studied extensively at the cellular or organismal levels. Here we describe
zebrafish yaf2 (zyaf2) and show that it is widely expressed during early embryogenesis, with
subsequent enrichment of transcripts in the anterior head region. Depletion of zYaf2 during
embryogenesis using specific morpholinos activates a wide-spread program of apoptosis and
causes developmental arrest before the one somite stage. Partial depletion of Yaf2, achieved by
injecting lower dosages of morpholino, circumvents the early arrest but leads to CNS degenera-
tion associated with excessive apoptosis. These phenotypes can be rescued by co-injection of
human YAF2 mRNA with the morpholinos or by treatment with a pan-caspase inhibitor or a
caspase 8-specific inhibitor. Finally, the observed activation of caspase 8 in the morphants is in
accord with the ability of Yaf2 to inhibit caspase 8-mediated apoptosis in cultured cells. Our find-
ings implicate Yaf2 as a survival factor during early zebrafish development and organogenesis.
This may suggest that Yaf2 and Rybp can encode opposing functions in the regulation of apopto-
sis.

Descriptors: zebrafish , apoptosis, apoptosis regulatory, caspase 8 metabolism, DNA binding,
developmental gene expression regulation, amino acid sequence, cell survival, in situ hybridiza-
tion, molecular sequence data, phenotype, phylogeny, amino acid sequence homology, zebrafish.

Strumbo, B., L. Sangiorgio, S. Ronchi, J.E. Gready, and T. Simonic (2006). Cloning and analysis of

transcripts and genes encoding fish-specific proteins related to PrP. Fish Physiology and Bio-
chemistry 32(4): 339-353. ISSN: 0920 1742.

NAL Call Number: QL639.1.F583

Abstract: We report cloning and tissue expression of transcripts of a fourth fish-specific gene
(SPRNB) encoding a prion protein (PrP)-related protein (Shadoo2) from two species, Cyprinus
carpio (carp) and Danio rerio (zebrafish), as well as gene or partial transcript sequences identified
by in silico searches of public databases from Gasterosteus aculeatus (stickleback), Oryzias latipes
(medaka fish) and Salmo salar (salmon). We also present an up-to-date summary of current
knowledge of the other three PrP-related genes and transcripts (PrP-like protein, PrP1 and PrP2)
encoded exclusively in fish genomes, including some additional transcripts we identified by in
silico searches. We compare levels of protein-sequence conservation among the different genes
within given fish species, and among given genes in different fish species, and analyse the gene
structures and contexts (flanking genes) where genomic sequence is available. These analyses
show remarkably high divergences of sequences and expression patterns for proteins in distant

fish, such as Fugu and zebrafish, leaving open the question of how varied their functions may be.
Copyright © 2008 CABI
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Descriptors: zebrafish, DNA cloning, gene expression, genes, genome analysis, genomes, nucle-
otide sequences, prion diseases, prion proteins, proteins, transcription, Atlantic salmon, carp,
Danio rerio, gasterosteus aculeatus, Oryzias latipes, prions, salmon.

Tan, X, J. Rotllant, H. Li, P. De Deyne, and S.]. Du (2006). SmyD1, a histone methyltransferase, is
required for myofibril organization and muscle contraction in zebrafish embryos. Proceedings
of the National Academy of Sciences of the United States of America 103(8): 2713-8. ISSN: 0027-
8424.

NAL Call Number: 500N21P

Abstract: Histone modification has emerged as a fundamental mechanism for control of gene
expression and cell differentiation. Recent studies suggest that SmyD1, a novo SET domain-
containing protein, may play a critical role in cardiac muscle differentiation. However, its role in
skeletal muscle development and its mechanism of actions remains elusive. Here we report that
SmyD1a and SmyD1b, generated by alternative splicing of SmyD1 gene, are histone methyl-
transferases that play a key role in skeletal and cardiac muscle contraction. SmyD1a and SmyD1b
are specifically expressed in skeletal and cardiac muscles of zebrafish embryos. Knockdown of
SmyD1a and SmyD1b expression by morpholino antisense oligos resulted in malfunction of
skeletal and cardiac muscles. The SmyD1 morphant embryos (embryos injected with morpholino
oligos) could not swim and had no heartbeat. Myofibril organization in the morphant embryos
was severely disrupted. The affected myofibers appeared as immature fibers with centrally located
nuclei. Together, these data indicate that SmyD1a and SmyD1b are histone methyltransferases
and play a critical role in myofibril organization during myofiber maturation.

Descriptors: zebrafish embryo, histone lysine n methyltransferase physiology, muscle contraction
genetics, myofibrils ultrastructure, alternative splicing, cell differentiation, chemistry, enzymology,
heart embryology, congenital heart defects embryology, congenital heart defects genetics, histone
lysine n methyltransferase genetics, molecular sequence data, skeletal muscle abnormalities, skel-
etal muscle cytology, myocardium cytology, messenger RNA analysis and metabolism.

Tang, J., G. Hu, J.I. Hanai, G. Yadlapalli, Y. Lin, B. Zhang, J. Galloway, N. Bahary, S. Sinha, B. Thisse,
C. Thisse, J.P. Jin, L. Zon, and V.P. Sukhatme (2006). A critical role for calponin 2 in vascular
development. Journal of Biological Chemistry 281(10): 6664-6672. ISSN: 0021 9258.

NAL Call Number: 381]824

Abstract: Calponin 2 (h2 calponin, CNN2) is an actin-binding protein implicated in cytoskel-
etal organization. We have found that the expression of calponin 2 is relatively restricted to
vasculature from 16 to 30 h post-fertilization during zebrafish ( Danio rerio) development. Forty-
eight hours after injecting antisense morpholino oligos against calponin 2 into embryos at the

1 - 4-cell stage, zebrafish demonstrated various cardiovascular defects, including sluggish axial
and head circulation, absence of circulation in intersegmental vessels and in the dorsal longitu-
dinal anastomotic vessel, enlarged cerebral ventricles, and pericardial edema, in addition to an
excess bending, spiraling tail and twisting of the caudal fin. Knockdown of calponin 2 in the
Tg(flil: EGFP)(y1) zebrafish line (in which a flil promoter drives vascular-specific enhanced
green fluorescent protein expression) indicated that diminished calponin 2 expression blocked the
proper migration of endothelial cells during formation of intersegmental vessels. In vitro studies
showed that basic fibroblast growth factor-induced human umbilical vein endothelial cell migra-
tion was down-regulated by knockdown of calponin 2 expression using an antisense adenovirus,
and overexpression of calponin 2 enhanced migration and hastened wound healing. These events
were correlated with activation of mitogen-activated protein kinase; moreover, inhibition of this
pathway blocked the promigratory effect of calponin 2. Collectively, these data suggest that cal-
ponin 2 plays an important role in the migration of endothelial cells both in vivo and in vitro and
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that its expression is critical for proper vascular development. Copyright©Thomson Reuters 2009
Descriptors: zebrafish, cardiovascular system, transport and circulation, molecular genetics,
marine ecology, environmental sciences, cardiovascular defect, heart disease, vascular disease.

Tarboush, R.A., S.E. MacAvoy, S.A. Macko, and V. Connaughton (2006). Contribution of catabolic

tissue replacement to the turnover of stable isotopes in Danio rerio. Canadian Journal of
Zoology/Revue Canadienne De Zoologie 84(10): 1453-1460. ISSN: 0008-4301.

Descriptors: zebrafish, carbon isotopes, chemical composition, food webs, freshwater fish,
growth rate, Nitrogen isotopes, sulphur isotopes, trophic structure, Danio rerio .

Tay, T.L., Q. Lin, T.K. Seow, K.H. Tan, C.L. Hew, and Z. Gong (2006). Proteomic analysis of protein

profiles during early development of the zebrafish, Danio rerio . Proteomics 6(10): 3176-88.
ISSN: 1615-9853.

NAL Call Number: QP752.F3PF76

Abstract: In the present study, profiles of protein expression were examined during early devel-
opment of zebrafish, an increasingly popular experimental model in vertebrate development and
human diseases. By 2-DE, an initial increase in protein spots from 6 h post-fertilization (hpf)

to 8-10 hpf was observed. There was no dramatic change in protein profiles up to 18 hpf, but
significant changes occurred in subsequent stages. Interestingly, 49% of the proteins detected at

6 hpf remained detectable by 1 week of age. To map the protein expression patterns in 2-D gels,
MALDI-TOF/TOF MS was employed to identify selected protein spots from early embryos. 108
protein spots were found to match known proteins and they were derived from 55 distinct genes.
Interestingly, 11 (20%) of them produced multiple protein isoforms or distinct cleavage products.
Although deyolked embryos were used in the analysis, a large number of vitellogenin derivatives
remained prominently present in the embryos. Other than these, most of the identified proteins
are cytosolic, cytoskeletal and nuclear proteins, which are involved in diversified functions such as
metabolism, cytoskeleton, translation, protein degradation, etc. Some of the proteins with inter-
esting temporal expression profiles during development are further discussed.

Descriptors: zebrafish embryos, metabolism, proteins biosynthesis, two dimensional gel elec-
trophoresis, gastrula metabolism, heat shock proteins biosynthesis, keratins biosynthesis, larva,
protein isoforms biosynthesis, proteomics, spectrometry, mass, matrix assisted laser desorption
ionization, vitellogenins biosynthesis, zebrafish growth and development.

Thomas, P, Y.F. Pang, Y. Zhu, C. Detweiler, and K. Doughty (2004). Multiple rapid progestin actions

and progestin membrane receptor subtypes in fish. Steroids 69(8/9): 567-573. ISSN: 0039
128X.

NAL Call Number: 381 ST4

Abstract: Progestin hormones exert rapid, nongenomic actions on a variety of target tissues in
fish. The induction of oocyte maturation and the progestin membrane receptor (mPR) that medi-
ates this action of progestins have been well characterized in fishes. Progestins also act on Atlantic
croaker spermatozoa via an mPR to rapidly increase sperm motility. Preliminary results indicate
that progestins can also exert rapid actions in the preoptic anterior hypothalamus (POAH) in

this species to down-regulate gonadotropin-releasing hormone (GnRH) secretion. Recently,

we reported the cloning, sequencing and characterization of a novel cDNA in a closely related
species, spotted seatrout, that has the characteristics of the mPR involved in the progestin induc-
tion of oocyte maturation. Three distinct mPR subtypes, named alpha , beta , and gamma , have
been identified in both fishes and mammals. The tissue distribution of the mPR alpha protein in
seatrout suggests the alpha -subtype mediates progestin actions on GnRH secretion, sperm motil-
ity and oocyte maturation. However, mPR beta antisense experiments in zebrafish oocytes suggest
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the beta -subtype also participates in the control of oocyte maturation in zebrafish. Copyright ©
2008 CABI

Descriptors: zebrafish, biochemical receptors, gnrH, hormones, oocyte maturation, oocytes,
spermatozoa, fishes, zebrafish.

Tocher, D.R., M. Agaba, N. Hastings, and A.]. Teale (2003). Biochemical and molecular studies of the
polyunsaturated fatty acid desaturation pathway in fish. 7he big fish bang. Proceedings of the
26th annual larval fish conference, July 22, 2002-July 26, 2002, Os (Norway), Institute of Marine
Research: Bergen Norway, p. 211-227.

Descriptors: zebrafish, animal nutrition, chemical reactions, DNA, diets, enzymes, feed composi-
tion, fish culture, fish oils, fish physiology, linoleic acid, nutritional requirements, polyunsaturated
fatty acids, rearing, essential fatty acids, alpha -linolenic acid.

Tucker, B. and M. Lardelli (2007). A rapid apoptosis assay measuring relative acridine orange fluores-
cence in zebrafish embryos. Zebrafish 4(2): 113-6. ISSN: 1545-8547.
Abstract: The ability to easily analyze apoptosis is important in studies of molecular cell biology
and to evaluate the relative toxicity of different treatments or environments. This is particularly
the case when substances such as morpholino oligonucleotides are injected into embryos, as such
treatments can cause widespread, complex patterns of apoptosis. Zebrafish embryos are well
suited for cell biological and environmental toxicity analyses, but the need remains for a simple
method that can analyze levels of apoptosis in a statistically significant number of embryos. Here
we present a “group fluorescence” method for rapid, large-scale analysis of relative levels of apop-
tosis based on densitometric techniques.
Descriptors: zebrafish, group fluorescence, apoptosis assay, group fluorescence, morpholino oli-
gonucleotides.

Valencia, C.A., C. Bailey, and R. Liu (2007). Novel zebrafish caspase-3 substrates. Biochemical and Bio-
physical Research Communications 361(2): 311-6. ISSN: 0006 291X.
NAL Call Number: 442.8B5236
Abstract: The zebrafish model has been widely used to investigate numerous signaling pathways
in vertebrates, including programmed cell death. Although several zebrafish proteins homologous
to mammalian caspases have been identified, our understanding of these zebrafish caspases is still
limited. Recently, we identified a large number of natural caspase-3 substrates from the human
proteome by using the mRNA-display selection method. Through comparative analysis, we found
that the cleavage sites on some of these novel human caspase-3 substrates are highly conserved
in their zebrafish orthologs. We report here the identification and characterization of 14 natural
zebrafish caspase-3 substrates that have not yet been previously studied. The specific cleavage
of these zebrafish proteins was compared with caspases from different species, and the protein
fragments that contain the putative cleavage sites were mapped. The work described here could
facilitate our understanding of the downstream signaling pathways that are mediated by caspase-3
in zebrafish.
Descriptors: zebrafish, caspase 3 metabolism, binding sites, endopeptidases metabolism, peptide
fragments metabolism, protein processing, post translational, amino acid sequence homology,
species specificity, substrate specificity.

Van Der Ven, K., M. DeWit, D. Keil, L. Moens, K. Van Leemput, B. Naudts, and W. De Coen (2005).
Development and application of a brain-specific cDNA microarray for effect evaluation of
neuro-active pharmaceuticals in zebrafish (Danio rerio). Comparative Biochemistry and Physiol-

ogy B, Biochemistry and Molecular Biology 141(4): 408-417. ISSN: 0305 0491.
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NAL Call Number: QP501.C6

Abstract: The environmental fate and ecotoxicological effect of pharmaceuticals are poorly
understood, and standardized tests to detect and evaluate their potential effects in the envi-
ronment are not available. We developed a zebrafish brain-specific microarray containing 682
neurologically relevant cDNA-fragments. To investigate the applicability of this microarray for
studying neurotoxic modes-of-action and impact assessment of neuro-active pharmaceuticals in
zebrafish, chlorpromazine was used as a model compound. After exposure to chlorpromazine (75
micro g/L) for 2, 4, 14 and 28 days or control treatment RNA was extracted from brains of males
and females. Fluorescently labelled cDNA was prepared and hybridized to the custom microar-
ray. In total, 56 genes were differentially expressed in brains of male and/or female zebrafish, of
which most genes were down-regulated. A clear difference in response to chlorpromazine expo-
sure between males and females was observed with exposure time as well as in functional classes
of affected genes. The presented study is one of the first reports on molecular effects of human
neuro-active pharmaceuticals in aquatic non-target organisms. This new genomic tool successfully
detected gene expression effects of exposure to chlorpromazine in the brain of zebrafish. Reported
gene expression effects are found to be consistent with literature data for other laboratory animals.
Copyright © 2008 CABI

Descriptors: zebrafish, brain, complementary DNA, drugs, gene expression, neurotoxicity, toxi-
cology, Danio rerio.

Wang, L., J. Yao, L. Chen, J. Chen, J. Xue, and W. Jia (2007). Expression and possible functional roles

of cytochromes P450 2J1 (zfCyp 2]J1) in zebrafish. Biochemical and Biophysical Research Com-
munications 352(4): 850-5. ISSN: 0006 291X.

NAL Call Number: 442.8B5236

Abstract: Cytochrome P450 2] (Cyp2]) subfamilies are recognized as catalysts of arachidonic
acid metabolism in extrahepatic tissues of many species. However, to date, no P450 2] have been
identified in zebrafish. We describe here a zfCyp2]1 cDNA which encodes a putative protein of
496 amino acids and shares 51%, 51%, 50%, 51% and 50% identity with mouse Cyp2]6, rabbit
Cyp2]J1, human Cyp2]2, cow Cyp2]2, and rat Cyp2]4, respectively. Despite detectable levels of
expression by RT-PCR, no expression was shown by in situ hybridization using whole-mount
tissues of the embryos. Gene-specific knockdown by antisense morpholino oligonucleotide had
no phenotypic effect on embryonic development. However, over-expression of zfCyp2]1 by
injection of the embryos with the cDNA resulted in substantial dose-dependent morphologi-
cal defects. With adult zebrafish, whole-mount in situ hybridization showed that zfCyp2]J1 was
expressed predominantly in the brain and gonads. A semi-quantitative RT-PCR analysis further
revealed that the zfCyp2]1 transcript was also expressed in the ovary, testis, heart, liver, and
kidney. High levels of zfCyp2]1 mRNA were evident in primary growth stage (stage I) oocytes
and cortical alveolus stage (stage II) oocytes but nearly undetectable in stage III and matured
oocytes. These results suggest that zfCyp2]1 may not be involved in zebrafish embryogenesis but
may rather play an important role in the functioning of brain and gonads of the adults. In addi-
tion, zfCyp2]1 may play a particularly crucial role in early oocyte maturation.

Descriptors: zebrafish embryo, cytochrome P450 enzyme system metabolism, gene expression,
metabolism, aging physiology, amino acid sequence, conserved sequence, cytochrome P450
enzyme system chemistry, cytochrome P450 enzyme system genetics, complementary DNA
genetics, complementary DNA isolation and purification, embryology, enzymology, develop-
mental gene expression regulation, molecular sequence data, phylogeny, proteins chemistry and
genetics.
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Wang, Y.H., Y.H. Chen, ]J.H. Lu, and H.]J. Tsai (2005). A 23-amino acid motif spanning the basic
domain targets zebrafish myogenic regulatory factor myf5 into nucleolus. DNA and Cell
Biology 24(10): 651-60. ISSN: 1044 5498.

NAL Call Number: QH443.D5

Abstract: Myf5 is a nuclear protein and one of the basic helix-loop-helix (l HLH) myogenic
factors that play an important role in muscle specification and differentiation. The motif respon-
sible for the nuclear translocation of Myf5 was unknown. Using on-line monitoring of EGFP
(enhanced green fluorescent protein)-tagged zebrafish Myf5 translocation, we demonstrated that
Myf5-EGFP protein resided in the nucleoplasm and nucleolus of zebrafish fibroblast cell lines
(ZEM2S and ZF4), mammalian nonmuscle cell line (COS1), and muscle cell lines (RD and
C2C12). In contrast, zebrafish MyoD-EGFP was localized in the nucleus but did not condense
in the nucleolus. Using indirect immunofluorescent staining, we determined that zebrafish Myf5
was colocalized with nucleophosmin/B23, a nucleolus protein. Deletion analysis revealed that
amino acid residues 60 to 82 ((0OKRKASTVDRRRAATMRERRRLKKS2) of Myf5 were suf-
ficient and necessary for nucleolus targeting. A GST pulldown assay followed by Western analysis
showed that nucleolin/C23 could be pulled down specifically by GST-Myf5, but not by GST-
MyoD. Based on these findings, we propose that the distinct functions of Myf5 and MyoD may
result from their differential binding afhinity to nucleolin/C23.

Descriptors: zebrafish, cell nucleolus metabolism, muscle proteins metabolism, nuclear
localization signals metabolism, peptide fragments metabolism, trans activators metabolism,
Western blotting , COS cells, cercopithecus aethiops, DNA binding proteins genetics, pro-
teins metabolism andgenetics, fibroblasts cytology, fibroblasts metabolism, fluorescent antibody
technique, indirect, glutathione transferase metabolism, green fluorescent green fluorescent
proteins metabolism, muscle muscles cytology, muscles metabolism, Myod protein metabolism,
myogenic regulatory factor 5, nuclear proteins metabolism, organelles metabolism, peptide frag-
ments genetics, phosphoproteins metabolism, plasmids, protein transport, RNA binding proteins
metabolism, trans activators genetics, growth and development.

Wrasidlo, W., A. Mielgo, V.A. Torres, S. Barbero, K. Stoletov, T.L. Suyama, R.L. Klemke, W.H. Gerwick,
D.A. Carson, and D.G. Stupack (2008). The marine lipopeptide somocystinamide A triggers
apoptosis via caspase 8. Proceedings of the National Academy of Sciences, USA 105(7): 2313-2318.
ISSN: 0027-8424.

NAL Call Number: 500N21P
Descriptors: zebrafish, anticancer drug, marine, organisms, lipopeptide somocystinamide A
(ScA), pluripotent inhibitor, antiangiogenic.

Wu, W. and W.H. Kinsey (2004). Detection and measurement of membrane-bound protein tyrosine
kinases in the zebrafish egg. Merhods in Molecular Biology 253: 273-83. ISSN: 1064-3745.
Descriptors: zebrafish, cell membrane enzymology, ovum enzymology, protein tyrosine kinases
analysis, fertilization in vitro methods, peptides physiology, phosphorylation, protein tyrosine
phosphatase analysis, proto oncogene proteins analysis, proto oncogene proteins C fyn.

Xie, Y., Y.Q. Ding, Y. Hong, Z. Feng, S. Navarre , C.X. Xi, X.]. Zhu, C.L. Wang, S.L. Ackerman, D.
Kozlowski, L. Mei, and W.C. Xiong (2005). Phosphatidylinositol transfer protein-alpha in
netrin-1-induced plc signalling and neurite outgrowth. Nature Cell Biology 7(11): 1124-1132.
ISSN: 1465 7392.

NAL Call Number: QH573
Abstract: Neurite extension is essential for wiring the nervous system during development.
Although several factors are known to regulate neurite outgrowth, the underlying mechanisms
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remain unclear. Here, we provide evidence for a role of phosphatidylinositol transfer protein-
alpha ( PITP alpha) in neurite extension in response to netrin-1, an extracellular guidance cue.
PITP alpha interacts with the netrin receptor DCC ( deleted in colorectal cancer) and neogenin.
Netrin-1 stimulates PITP alpha binding to DCC and to phosphatidylinositol ( 5) phosphate [
PI( 5) P], increases its lipid-transfer activity and elevates hydrolysis of phosphatidylinositol bis-
phosphate (PIP2). In addition, the stimulated PIP2 hydrolysis requires PITP alpha. Furthermore,
cortical explants of PITP alpha mutant mice are defective in extending neurites in response to
netrin-1. Commissural neurons from chicken embryos expressing a dominant-negative PITP
alpha mutant show reduced axon outgrowth. Morpholino-mediated knockdown of PITP alpha
expression in zebrafish embryos leads to dose-dependent defects in motor-neuron axons and
reduced numbers of spinal-cord neurons. Taken together, these results identify a crucial role for
PITP alpha in netrin-1-induced neurite outgrowth, revealing a signalling mechanism for DCC/
neogenin and PITP alpha regulation. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, chicks, development, nervous system, neural coordination, development,
neurite outgrowth, axon outgrowth.

Yamashita, M. (2003). Apoptosis in zebrafish development. Comparative Biochemistry and Physiology.
Part B, Biochemistry and Molecular Biology 136(4): 731-42. ISSN: 1096 4959.
NAL Call Number: QP501.C6
Abstract: Apoptosis (programmed cell death) is important in normal biological processes and in
pathogenesis in vertebrates. This review focuses on some of the prominent features of apoptosis
during fish development. Caspases and other apoptosis-regulating genes have been cloned from
zebrafish (Danio rerio) and other fish species. Elucidation of in vivo functions of apoptosis is
focused on development, morphogenesis and sex differentiation. In an attempt to elucidate cause
and effect relationships between caspase and development, transgenic zebrafish overexpressing
procaspase-3 were generated. Stress-induced apoptosis in zebrafish embryos can be monitored by
whole mount TUNEL staining and caspase assay. Thus, zebrafish is a useful experimental model
animal for investigation of apoptosis in vivo.
Descriptors: zebrafish embryos, apoptosis physiology, growth and development, genetically
modified, caspases genetics, caspases metabolism, sex differentiation, stress pathology, stress phys-
iopathology, embryology, genetics.

Yang, X., D. Kovalenko, R.J. Nadeau, L.K. Harkins, J. Mitchell, O. Zubanova, P-Y. Chen, and R. Friesel
(2004). Sef Interacts with TAK1 and Mediates JNK Activation and apoptosis. Journal of Bio-
logical Chemistry 279(37): 38099-38102. ISSN: 0021-9258.
NAL Call Number: 381]824
Descriptors: zebrafish, apoptosis, cell differentiation, extracellular signal-regulated kinase,
fibroblast growth factor, fibroblast growth factor receptors, physiology, freshwater fish, gene
expression, growth, MEK kinase, receptors, TAK1 protein, transcription factors, c-Jun amino-
terminal kinase, Danio rerio, Sef protein.

Yasuda, S., A.P. Kumar, M.Y. Liu, Y. Sakakibara, M. Suiko, L. Chen, and M.C. Liu (2005). Identification
of a novel thyroid hormone-sulfating cytosolic sulfotransferase, SULT1 ST5, from zebrafish.
Federation of European Biochemical Societies Journal 272(15): 3828-37. ISSN: 1742 464X.

NAL Call Number: QP501.E8

Abstract: By employing RT-PCR in conjunction with 3’-RACE, a full-length cDNA encoding
a novel zebrafish cytosolic sulfotransferase (SULT) was cloned and sequenced. Sequence analysis
revealed that this zebrafish SULT (designated SULT'1 ST5) is, at the amino acid sequence level,

close to 50% identical to human and dog SULT1B1 (thyroid hormone SULT). A recombinant
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form of zebrafish SULT1 ST5 was expressed using the pGEX-2TK bacterial expression system
and purified from transformed BL21 (DE3) cells. Purified zebrafish SULT1 ST5 migrated as a
34 kDa protein and displayed substrate specificity for thyroid hormones and their metabolites
among various endogenous compounds tested. The enzyme also exhibited sulfating activities
toward some xenobiotic phenolic compounds. Its pH optima were 6.0 and 9.0 with 3,3,5-tri-
iodo-l-thyronine (I-T3) as substrate and 6.0 with beta-naphthol as substrate. Kinetic constants of
the enzyme with thyroid hormones and their metabolites as substrates were determined. Quanti-
tative evaluation of the regulatory effects of divalent metal cations on the I-T3-sulfating activity of
SULT1 ST5 revealed that Fe2+, Hg2+, Co2+, Zn2+, Cu2+, Cd2+ and Pb2+ exhibited dramatic
inhibitory effects, whereas Mn2+ showed a significant stimulation. Developmental stage-
dependent expression experiments revealed a significant level of expression of this novel zebrafish
thyroid hormone-sulfating SULT at the beginning of the hatching period during embryogenesis,
which gradually increased to a high level of expression throughout the larval stage into maturity.
Descriptors: zebrafish, dogs, arylsulfotransferase metabolism, isoenzymes metabolism, thyroid
hormones metabolism, amino acid sequence, arylsulfotransferase genetics , arylsulfotransferase
isolation and purification, divalent cations metabolism, molecular cloning, hydrogen ion concen-
tration, isoenzymes genetics, isoenzymes isolation and purification, metals metabolism, molecular
sequence data, reverse transcriptase PCR, sequence alignment, substrate specificity, embryology,
proteins isolation and purification.

Yasuda, S., C.C. Liu, S. Takahashi, M. Suiko, L. Chen, R. Snow, and M.C. Liu (2005). Identification
of a novel estrogen-sulfating cytosolic SULT from zebrafish: molecular cloning, expression,
characterization, and ontogeny study. Biochemical and Biophysical Research Communications
330(1): 219-25 . ISSN: 0006 291X.
NAL Call Number: 442.8B5236
Abstract: By searching the expressed sequence tag database, a zebrafish cDNA encoding a
putative cytosolic sulfotransferase (SULT) was identified. Sequence analysis indicated that this
zebrafish SULT belongs to the SULT1 cytosolic SULT gene family. The recombinant form of
this novel zebrafish SULT, expressed using the pGEX-2TK expression system and purified from
transformed BL21 (DE3) Escherichia coli cells, displayed sulfating activities specifically for
estrone and 17beta-estradiol among various endogenous compounds tested as substrates. The
enzyme also exhibited sulfating activities toward some xenobiotic phenolic compounds. This new
zebrafish SULT showed dual pH optima, at 6.5 and 10-10.5, with estrone or n-propyl gallate as
substrate. Kinetic constants of the sulfation of estrone, 17beta-estradiol, and n-propyl gallate were
determined. Developmental stage-dependent expression experiments revealed a significant level of
expression of this novel zebrafish estrogen-sulfating SULT at the beginning of the hatching period
during embryogenesis, which continued throughout the larval stage onto maturity.
Descriptors: zebrafish, estrogens metabolism, sulfates metabolism, sulfotransferases metabolism,
base sequence, molecular cloning, cytosol enzymology, DNA primers, polyacrylamide gel electro-
phoresis, developmental gene expression regulation, hydrogen ion concentration, kinetics, reverse
transcriptase PCR.

Yeh, L.-K., C.-Y. Liu, C.-L. Chien, R. Converse, W.W.-Y. Kao, M.-S. Chen, E-R. Hu, E-J. Hsieh, and
I.-]. Wang (2008). Molecular analysis and characterization of zebrafish keratocan (zKera)
Gene. Journal of Biological Chemistry 283(1): 506-517. ISSN: 0021-9258.
NAL Call Number: 381]824
Descriptors: zebrafish, apoptosis, brain, caspase-3, caspase-8, cornea, development, eggs,
embryogenesis, epithelium, exons, eye, fluorescence, forebrain, introns, PCR, promoters, proteo-
glycans, pseudogenes, reporter gene, stroma, genomics, Danio rerio.
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Zanotti, G., L. Cendron, I. Ramazzina, C. Folli, R. Percudani, and R. Berni (2006). Structure of zebra
fish HIUase: insights into evolution of an enzyme to a hormone transporter. Journal of Molec-
ular Biology 363(1): 1-9. ISSN: 0022-28306.

NAL Call Number: 442.8 ]8224

Abstract: During early vertebrate evolution, a duplication event in the gene encoding 5-hydroxy-
isourate hydrolase (HIUase), a widely distributed enzyme of purine metabolism, gave rise to
transthyretin (TTR), a thyroid hormone transporter. We report here on the crystal structure of
zebra fish HIUase in two different crystal forms. Despite the phylogenetic distance, this struc-
ture compares well with those of newly characterized bacterial HIUases, especially with regard to
catalytic regions, which are highly preserved. Comparison with TTR structure reveals a highly
conserved scaffold, harbouring distinct functional sites located in the same regions of the two
vertebrate proteins. Residues that are differentially conserved in HIUases compared to TTR

map in putative catalytic regions occupying significant portions of the two halves of a central
channel that transverses the whole TTR protein. The evolution of TTR has been accompanied by
remarkable changes of the HIUase active sites that gave rise to a channel open at both ends, thus
allowing free access to hormone molecules.

Descriptors: zebrafish, amidohydrolases chemistry, molecular evolution, prealbumin metabo-
lism, thyroid hormones metabolism, amidohydrolases metabolism, amino acid sequence,
biological transport, active, crystallography, x ray, molecular sequence data, phylogeny, protein
binding, receptors, albumin chemistry, receptors, albumin metabolism, proteins chemistry and
metabolism.

Zetterberg, H., W.A. Campbell, H.W. Yang, and W. Xia (2006). The cytosolic loop of the gamma-
secretase component presenilin enhancer 2 protects zebrafish embryos from apoptosis.
Journal of Biological Chemistry 281(17): 11933-9. ISSN: 0021-9258.

NAL Call Number: 381]824

Abstract: The gamma-secretase complex, composed of presenilin, presenilin enhancer 2 (Pen-

2), nicastrin, and Aph-1, catalyzes the final cleavage of amyloid precursor protein to generate the
toxic amyloid beta protein, the major component of plaques in the brains of Alzheimer disease
patients. To understand the in vivo function of Pen-2, we used morphant technology available

in zebrafish and transiently knocked down the expression of endogenous Pen-2 by injecting the
morpholino (MO) against Pen-2. Two truncated Pen-2 proteins lacking either the cytosolic or the
C-terminal domain were expressed in MO-injected embryos. This deletion analysis demonstrated
that the Pen-2 cytosolic loop is essential for protecting developing embryos from caspase-depen-
dent apoptosis caused by the reduction of Pen-2. Twelve amino acids in the C terminus of Pen-2
were dispensable and could not rescue the Pen-2 knockdown-induced apoptotic phenotype. Sur-
prisingly, double knockdown of Pen-2 and nuclear factor kappaB component p65 abrogated the
single Pen-2 MO-induced caspase activation, indicating that a previously reported pro-apoptotic
role of NF-kappaB in some cell types could be manifested in a whole animal and that knockdown
of Pen-2 may trigger pro-apoptotic activation of NF-kappaB.

Descriptors: zebrafish embryo, apoptosis genetics, cytosol enzymology, endopeptidases metabo-
lism, membrane, metabolism, amyloid precursor protein secretases, aspartic endopeptidases
metabolism, caspases metabolism, cytology, enzyme activation, membrane metabolism, antisense
oligonucleotides pharmacology, presenilin 2, transcription factor rela genetics, transcription factor
rela physiology, proteins genetics.

Zhang, C., Q. Li, and Y.J. Jiang (2007). Zebrafish Mib and Mib2 are mutual E3 ubiquitin ligases with
common and specific delta substrates. Journal of Molecular Biology 366(4): 1115-28. ISSN:
0022-2836.
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Abstract: It was already known that both mind bomb (mib) and mind bomb-2 (mib2) encode
E3 ubiquitin ligases that target Delta in Notch activation. Here we further demonstrated that
zebrafish Mib and Mib2, similar to their mouse orthologs, have a C-terminal-most RING finger-
dependent E3 ubiquitin ligase activity. Mib and Mib2 are reciprocal E3 ubiquitin ligases and
substrates. They function similarly in Notch signaling by using DeltaC as a common substrate.
However, Mib2 behaves differently from Mib in DeltaD internalization. In addition, Mib and
Mib2 bind differently to extracellular and intracellular parts of DeltaA and DeltaC. Finally,
mutant Mibs, Mib(ta52b) with a missense mutation in the C-terminal-most RING finger
(M1013R) and Mib(m132) with a premature stop codon that leads to a deletion of three RING
fingers (C785stop), act dominant-negatively and compete with Mib2 in DeltaC ubiquitylation
and internalization, suggesting a molecular basis for the antimorphic phenotypes (stronger than
the null phenotypes) observed in zebrafish mib(ta52b) and mib(m132) alleles.

Descriptors: zebrafish, membrane proteins metabolism, ubiquitin metabolism, ubiquitin protein
ligases metabolism, amino acid sequence, COS cells, cercopithecus aethiops, molecular sequence
data, protein binding, amino acid sequence homology, signal transduction , substrate specificity,
transfection, ubiquitin protein ligases genetics, proteins genetics.

Zhou Li and D.M. Irwin (2004). Fish proglucagon genes have differing coding potential. Comparative
Biochemistry and Physiology. Part B: Biochemistry and Molecular Biology 137(2): 255-264. ISSN:
1096 4959.

NAL Call Number: QP501.C6

Abstract: Regulation of tissue-specific hormone production involves transcription, post-
translational and physiological regulation. The proglucagon gene has been an ideal molecule for
understanding many aspects of regulation of hormone production. Gene duplications often allow
the evolution of new gene function, and the proglucagon gene has been duplicated on the lineage
leading to teleost fish, while most other vertebrates have only a single proglucagon gene. The
recent characterization of near complete pufferfish and zebrafish genomes allowed us to determine
the structure of the duplicated genes. We searched the pufferfish and zebrafish genomes for prog-
lucagon-like sequences. Our searches identified two proglucagon-like genes in both the pufferfish
and zebrafish genomes. In pufferfish the proglucagon-like genes are surrounded by genes that are
similar to genes that flank the proglucagon gene in mammalian genomes, indicating that gene
order near the proglucagon gene has been maintained since the fish-mammal divergence approxi-
mately 450 million years ago. Characterization of the duplicated fish proglucagon genes indicates
that one of the two genes is predicted to encode glucagon, GLP-1 and GLP-2. In contrast, the
second proglucagon gene is predicted to encode only glucagon and GLP-1, but not GLP-2. Thus
the two fish proglucagon genes have different coding potential, and, therefore likely differ in
function. Regulation of gene expression potentially has a role in the regulation of production of
proglucagon derived peptides in fish. Copyright © 2008 CABI

Descriptors: zebrafish, genes, genomes, hormonal control, nucleotide sequences, regulatory
genes, Danio rerio.
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Anonymous (2007). Development of the model of cell cycle synchronization in early embryos of
Danio rerio (Teleostei). Ontogene 38(5): 372-9. ISSN: 0950-9232.
Abstract: An attempt was undertaken to develop a model system based on artificial cell cycle
synchronization by means of reversible mitosis blocking in zebrafish embryos for studying the role
of cell cycle synchrony in embryogenesis. Dechorionized and intact embryos at the stages of 512-
cell blastula and 75% epiboly were treated with nocodazole and then washed within several times
of exposure. When working on dechorionized embryos, we succeeded to obtain complete block
mitosis in the presence of low nocodazole concentrations: 0.5-1.0 microg/ml. Block of mitosis
was relieved in all experimental series within a certain time after the beginning of washing. This
inertia depended on both nocodazole concentration and duration of treatment. The nocodazole
elimination was significantly accelerated only after five (or more) changes of washing medium
containing DMSO. As a result, the conditions were established for obtaining a parasynchronous
cell population in the zebrafish gastrulas with a peak of mitosis up to 17.2%.
Descriptors: zebrafish, cell cycle synchronization, embryogenesis, nocodazole, blastula.

Language of Text: Russian.

Azuma, M., L.J. Embree, H. Sabaawy, and D.D. Hickstein (2007). Ewing sarcoma protein EWSR1
maintains mitotic integrity and proneural cell survival in the zebrafish embryo. Public
Library of Science One 2(10): E979. ISSN: 1817-101X.

Abstract: BACKGROUND: The Ewing sarcoma breakpoint region 1 gene (EWSR1), also
known as EWS, is fused to a number of different partner genes as a result of chromosomal trans-
location in diverse sarcomas. Despite the involvement of EWSR1 in these diverse sarcomas, the in
vivo function of wild type EWSR1 remains unclear. PRINCIPAL FINDINGS: We identified two
zebrafish EWSRI1 orthologues, ewsrla and ewsr1b, and demonstrate that both genes are expressed
maternally, and are expressed ubiquitously throughout zebrafish embryonic development. Mor-
pholino induced knockdown of both zebrafish ewsr1 genes led to mitotic defects with multipolar
or otherwise abnormal mitotic spindles starting from the bud stage (10 hour post-fertilization
(hpf)). The abnormalities in mitotic spindles were followed by p53-mediated apoptosis in the
developing central nervous system (CNS) leading to a reduction in the number of proneural

cells, disorganization of neuronal networks, and embryonic lethality by 5 days post-fertilization.
siRNA silencing of EWSR1 in Hela cells resulted in mitotic defects accompanied by apoptotic
cell death, indicating that the role of EWSRI is conserved between zebrafish and human. CON-
CLUSIONS: Ewsrl maintains mitotic integrity and proneural cell survival in early zebrafish
development.

Descriptors: zebrafish, Ewing sarcoma, protein, EWSR1, mitosis, proneural, cell survival,
embryo.

Beckman, M. (2007). Zebrafish take the stage in cancer research. Journal of the National Cancer Institute
99(7): 500-501. ISSN: 0027-8874.
Descriptors: zebrafish, disease models, animal, genes, p53, mice, neoplasms, reproduction,
research methods.

Belleri, M., D. Ribatti, t. Nicoli, F. Cotelli, L. Forti, V. Vannini, L.A. Stivala, and M. Presta (2005). Anti-
angiogenic and vascular-targeting activity of the microtubule-destabilizing trans-resveratrol
derivative 3,5,4 ‘-trimethoxystilbene. Molecular Pharmacology 67(5): 1451-1459. ISSN: 0026
895X.

NAL Call Number: QP901.M6
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Abstract: Neovascularization plays an important role in neoplasia and angioproliferative diseases.
Two major modalities have been developed so far to affect neovascularization: its prevention by
antiangiogenic compounds, and immature vessel disruption by vascular-targeting agents. trans-
Resveratrol, found in grapes and wine, exerts antioxidant, antineoplastic, and antiangiogenic
activities. Here, among various synthetic trans-resveratrol derivatives tested, 3,5,4’-trimethox-
ystilbene was an antiangiogenic agent 30 to 100 times more potent than parent compound in
inhibiting endothelial cell proliferation, sprouting, collagen gel invasion, and morphogenesis
(ID50 = 0.3-3.0 mu M). In addition, 3,5,4’-trimethoxystilbene acts as a vascular-targeting

agent by causing microtubule disassembling and tubulin depolymerization and by impairing the
repositioning of the microtubule organization center and the formation of membrane ruffles in
migrating endothelial cells. In keeping with a vascular-targeting ability, 3,5,4’-trimethoxystilbene
induced apoptosis only in subconfluent endothelial cells and apoptotic regression of immature
vessels in the ex vivo rat aorta ring assay. In vivo, 3,5,4’-trimethoxystilbene caused the rapid stasis
of blood flow and regression of intersegmental vessels in the trunk of zebrafish embryos. In addi-
tion, it inhibited blood vessel growth and caused the disappearance of pre-existing blood vessels
in the area vasculosa of the chick embryo. In conclusion, 3,5,4’-trimethoxystilbene associates an
antiangiogenic profile to a significant vascular-targeting activity. Copyright©Thomson Reuters
2009

Descriptors: zebrafish, pharmacology, cardiovascular system, tumor biology, neoplasia, neo-
plastic disease, drug therapy, rat aorta ring assay, apoptosis, blood flow, neovascularization,
morphogenesis, vascular targeting, microtubule destabilization.

Berghmans, S., C. Jette, D. Langenau, K. Hsu, R. Stewart, T. Look, and ]J.P. Kanki (2005). Making waves

in cancer research: new models in the zebrafish. Bio Technigues 39(2): 227-37. ISSN: 0736
6205.

NAL Call Number: RB37.1B56

Abstract: The zebrafish (Danio rerio) has proven to be a powerful vertebrate model system for the
genetic analysis of developmental pathways and is only beginning to be exploited as a model for
human disease and clinical research. The attributes that have led to the emergence of the zebrafish
as a preeminent embryological model, including its capacity for forward and reverse genetic
analyses, provides a unique opportunity to uncover novel insights into the molecular genetics

of cancer. Some of the advantages of the zebrafish animal model system include fecundity, with
each female capable of laying 200-300 eggs per week, external fertilization that permits manipu-
lation of embryos ex utero, and rapid development of optically clear embryos, which allows the
direct observation of developing internal organs and tissues in vivo. The zebrafish is amenable to
transgenic and both forward and reverse genetic strategies that can be used to identify or generate
zebrafish models of different types of cancer and may also present significant advantages for the
discovery of tumor suppressor genes that promote tumorigenesis when mutationally inactivated.
Importantly, the transparency and accessibility of the zebrafish embryo allows the unprecedented
direct analysis of pathologic processes in vivo, including neoplastic cell transformation and tum-
origenic progression. Ultimately, high-throughput modifier screens based on zebrafish cancer
models can lead to the identification of chemicals or genes involved in the suppression or preven-
tion of the malignant phenotype. The identification of small molecules or gene products through
such screens will serve as ideal entry points for novel drug development for the treatment of
cancer. This review focuses on the current technology that takes advantage of the zebrafish model
system to further our understanding of the genetic basis of cancer and its treatment.
Descriptors: zebrafish, disease models, neoplasm metabolism, neoplasms genetics, neoplasms
metabolism, gene expression regulation genetic predisposition to disease embryology, genetic pre-
disposition to disease genetics, neoplasms embryology, tumor markers.
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Capurro, M.L., W. Shi, S. Sandal, and J. Filmus (2005). Processing by convertases is not required for
glypican-3-induced stimulation of hepatocellular carcinoma growth. Journal of Biological
Chemistry 280(50): 41201-41206. ISSN: 0021 9258.

NAL Call Number: 381]824

Abstract: Glypicans are a family of heparan sulfate proteoglycans that are bound to the cell
surface by a lipid anchor. Six members of this family have been identified in mammals (GPC1-
GPC06). Glypicans act as regulators of the activity of various cytokines, including Wnts,
Hedgehogs, and bone morphogenetic proteins. It has been reported that processing by a con-
vertase is required for GPC3 activity during convergent extension in zebrafish embryos, for
GPC3-induced regulation of Wnt signaling, and for the binding of GPC3 to Wnt5a. In our
laboratory, we have recently demonstrated that GPC3 promotes the growth of hepatocellular
carcinomas (HCCs) by stimulating canonical Wnt signaling. Because there is increasing evidence
indicating that the structural requirements for GPC3 activity are cell type specific, we decided
to investigate whether GPC3 needs to be processed by convertases to stimulate cell proliferation
and Wnt signaling in HCC cells. We report here that a mutant GPC3 that cannot be pro-
cessed by convertases is still able to play its stimulatory role in Wnt activity and HCC growth.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, tumor biology, biochemistry, hepatocellular carcinoma, neoplastic
disease.

Cinar, B., PK. Fang, M. Lutchman, N. Pavlova, P.C. Yelick, and M.R. Freeman (2006). The STE 20-like
kinase MST1 is an inhibitor of AKT 1/protein kinase B alpha. Proceedings of the American
Association for Cancer Research Annual Meeting 47: 542. ISSN: 0197 016X.

NAL Call Number: RC261.A4

Descriptors: zebrafish, RNA interference, genetic techniques, maldi tof mass spectrometry,
matrix assisted laser desorption ionization, time of flight mass spectrometry, spectrum analysis
techniques.

Cucina, A., PM. Biava, E D’Anselmi, P. Coluccia, E Conti, R. di Clemente, A. Miccheli, L. Frati, A.
Gulino, and M. Bizzarri (2006). Zebrafish embryo proteins induce apoptosis in human colon
cancer cells (Caco2). Apoprosis 11(9): 1617-28. ISSN: 1360 8185.

NAL Call Number: QH671

Abstract: Previous studies have shown that proteins extracted from Zebrafish embryo share some
cytostatic characteristics in cancer cells. Our study was conducted to ascertain the biological
properties of this protein network. Cancer cell growth and apoptosis were studied in Caco2 cells
treated with embryonic extracts. Cell proliferation was significantly inhibited in a dose-dependent
manner. Cell-cycle analysis in treated cells revealed a marked accumulation in the G(2)/M phase
preceding induction of apoptosis. Embryo proteins induced a significant reduction in FLIP
levels, and increased caspase-3 and caspase-8 activity as well as the apoptotic rate. Increased
phosphorylated pRb values were obtained in treated Caco2 cells: the modified balance in pRb
phosphorylation was associated with an increase in E2F1 values and c-Myc over-expression. Our
data support previous reports of an apoptotic enhancing effect displayed by embryo extracts,
mainly through the pRb/E2F1 apoptotic pathway, which thus suggests that Zebrafish embryo
proteins have complex anti-cancer properties.

Descriptors: zebrafish, antineoplastic agents pharmacology, apoptosis drug effects, caco 2 cells
drug effects, proteins pharmacology, apoptosis regulatory, casp8 and fadd like apoptosis regulat-
inG protein physiology, cell division drug effects, cell proliferation drug effects, e2f1 transcription
factor physiology, g2 phase drug effects, genes, myc physiology, retinoblastoma protein physiol-
ogy, transfection.
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Daroczi, B., G. Kari, M.E McAleer, J.C. Wolf, U. Rodeck, and A.P. Dicker (2006). In vivo radiopro-

tection by the fullerene nanoparticle DF-1 as assessed in a zebrafish model. Clinical Cancer
Research 12(23): 7086-91. ISSN: 1078 0432.

Abstract: PURPOSE: We have previously shown that zebrafish (Danio rerio) embryos can be
used as an in vivo model to validate modifiers of the radiation response. Here, we evaluated

the radioprotective effect of the nanoparticle DF-1, a fullerene with antioxidant properties, in
zebrafish embryos. EXPERIMENTAL DESIGN: Zebrafish embryos were exposed to differ-

ent doses of ionizing radiation ranging from 20 to 80 Gy in the presence and absence of DF-1.
Toxicity and radioprotective effects were assessed by monitoring overall survival and morphol-
ogy as well as organ functions by employing assays to measure kidney excretory function and
development of sensory nerve cells (neuromasts). Antioxidant properties of DF-1 were assessed
in whole fish. RESULTS: DE-1 had no apparent adverse effects on normal zebrafish morphology
or viability throughout the concentration range tested (1-1,000 micromol/L). Ionizing radia-
tion (10-40 Gy) caused time-dependent and dose-dependent perturbations of normal zebrafish
morphology and physiology, notably defective midline development resulting in dorsal curvature
of the body axis (“curly-up”), neurotoxicity, impaired excretory function, and decreased survival
of the exposed embryos. DF-1 (100 micromol/L) markedly attenuated overall and organ-specific
radiation-induced toxicity when given within 3 hours before or up to 15 minutes after radiation
exposure. By contrast, DF-1 afforded no protection when given 30 minutes after ionizing radia-
tion. The degree of radioprotection provided by DF-1 was comparable with that provided by

the Food and Drug Administration-approved radioprotector amifostine (4 mmol/L). Protection
against radiation-associated toxicity using DF-1 in zebrafish embryos was associated with marked
reduction of radiation-induced reactive oxygen species. CONCLUSION: The fullerene DF-1
protects zebrafish embryos against deleterious effects of ionizing radiation due, in part, to its anti-
oxidant properties.

Descriptors: zebrafish, disease models, embryo drug effects, fullerenes pharmacology, nano-
particles chemistry, radiation protective agents pharmacology, drug dose response relationship,
radiation dose response relationship, preclinical drug evaluation, nonmammalian radiation effects,
fullerenes adverse effects, kidney drug effects, kidney embryology, kidney radiation effects, kidney
function tests, nanoparticles adverse effects, radiation protective agents adverse effects, time
factors.

Daroczi, B., G. Kati, M.F. Mcaleer, U. Rodeck, and A.P. Dicker (2006). The fullerene df-1 demonstrates

general and organ specific radioprotective effects in a zebrafish model. Proceedings of the
American Association for Cancer Research Annual Meeting 47: 1350. ISSN: 0197 016X.

NAL Call Number: RC261.A4

Descriptors: zebrafish, pharmacology, toxicology, radiation biology, microplate reader, labora-
tory equipment, ionizing radiation.

Davidson, A.J. and L.I. Zon (2004). The ‘definitive’ (and ‘primitive’) guide to zebrafish hematopoiesis.

Oncogene 23(43): 7233-46. ISSN: 0950-9232.

Abstract: Progressive advances using zebrafish as a model organism have provided hematologists
with an additional genetic system to study blood cell formation and hematological malignancies.
Despite extensive evolutionary divergence between bony fish (teleosts) and mammals, the molec-
ular pathways governing hematopoiesis have been highly conserved. As a result, most (if not all)
of the critical hematopoietic transcription factor genes identified in mammals have orthologues in
zebrafish. As in other vertebrates, all of the teleost blood lineages are believed to originate from a
pool of pluripotent, self-renewing hematopoietic stem cells. Here, we provide a detailed review of
the timing, anatomical location, and transcriptional regulation of zebrafish ‘primitive’ and ‘defini-
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tive’ hematopoiesis as well as discuss a model of T-cell leukemia and recent advances in blood cell
transplantation. Given that many of the regulatory genes that control embryonic hematopoiesis
have been implicated in oncogenic pathways in adults, an understanding of blood cell ontogeny is
likely to provide insights into the pathophysiology of human leukemias.

Descriptors: zebrafish, hematopoiesis, blood cells cytology, cell lineage, embryo, physiology,
forecasting, gastrula cytology, developmental gene expression regulation, genetic complementa-
tion test, growth substances physiology, hematopoietic stem cell transplantation, hematopoietic
stem cells cytology, leukemia genetics, leukemia pathology, mesoderm cytology, mutagenesis,
pluripotent stem cells cytology, radiation chimera, transcription factors physiology, genetic tran-
scription, proteins genetics.

Davidson, W.R., G. Kari, M.E Mcaleer, C. Kari, A.P. Dicker, and U. Rodeck (2006). Off-target effects of
the p53 inhibitor pifithrin-a related to inhibition of p73 in zebrafish embryos. Proceedings of
the American Association for Cancer Research Annual Meeting 47: 1215. ISSN: 0197 016X.

NAL Call Number: RC261.A4
Descriptors: zebrafish, biochemistry, molecular biophysics, radiation biology, ionizing radiation,
pharmacological inhibition, off target effect.

Geiger, G.A., A.P. Beothy, and G.D. Kao (2006). Rapid bioluminescent detection of caspase activation
induced after radiation and radioprotection in zebrafish embryos. Proceedings of the American
Association for Cancer Research Annual Meeting 47 : 1245. ISSN: 0197 016X.

NAL Call Number: RC261.A4

Descriptors: zebrafish, pharmaceuticals, pharmacology, enzymology, radiation biology, high
throughput screening assay, genetic techniques, bioluminescence imaging, imaging, radioprotec-
tion , microplate based assay, ionizing radiation, gamma radiation.

Goessling, W., T.E. North, and L.I. Zon (2007). New waves of discovery: modeling cancer in zebrafish.
Journal of Clinical Oncology 25(17): 2473-79. ISSN: 0732-183X.

Descriptors: zebrafish, disease models, neoplasms, cancer model.

Goessling, W., T.E. North, and L.I. Zon (2007). Ultrasound biomicroscopy permits in vivo character-
ization of zebrafish liver tumors. Nature Methods 4(7): 551-3. ISSN: 1548-7091.
NAL Call Number: QH315
Abstract: Zebrafish are a valuable vertebrate model to study carcinogenesis, but noninvasive
imaging is challenging because adult fish are not transparent. Here we show that tumors could be
readily detected in vivo using high-resolution microscopic ultrasound in zebrafish. We success-
fully obtained tissue perfusion calculations and cellular aspirates, and analyzed tumor progression
and response to treatment. Ultrasound biomicroscopy allows longitudinal studies of tumor devel-
opment and real-time assessment of therapeutic effects in zebrafish.
Descriptors: zebrafish, disease models, liver neoplasms, experimental ultrasonography, acoustic
microscopy methods, liver neoplasms, experimental pathology.

Gordon, S., G. Akopyan, H. Garban, and B. Bonavida (20006). Transcription factor YY1: structure,
function, and therapeutic implications in cancer biology. Oncogene 25(8): 1125-1142. ISSN:
0950 9232.
Abstract: The ubiquitous transcription factor Yin Yang 1 (YY1) is known to have a fundamental
role in normal biologic processes such as embryogenesis, differentiation, replication, and cellular
proliferation. YY1 exerts its effects on genes involved in these processes via its ability to initiate,
activate, or repress transcription depending upon the context in which it binds. Mechanisms
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of action include direct activation or repression, indirect activation or repression via cofactor
recruitment, or activation or repression by disruption of binding sites or conformational DNA
changes. YY1 activity is regulated by transcription factors and cytoplasmic proteins that have
been shown to abrogate or completely inhibit YY1-mediated activation or repression; however,
these mechanisms have not yet been fully elucidated. Since expression and function of YY1 are
known to be intimately associated with progression through phases of the cell cycle, the physi-
ologic significance of YY1 activity has recently been applied to models of tumor biology. The
majority of the data are consistent with the hypothesis that YY1 overexpression and/or activation
is associated with unchecked cellular proliferation, resistance to apoptotic stimuli, tumorigenesis
and metastatic potential. Studies involving hemato-poetic tumors, epithelial-based tumors, endo-
crine organ malignancies, hepatocellular carcinoma, and retinoblastoma support this hypothesis.
Molecular mechanisms that have been investigated include YY1-mediated downregulation of p53
activity, interference with poly-ADP-ribose polymerase, alteration in c-myc and nuclear factor-
kappa B (NF-kappa B) expression, regulation of death genes and gene products, and differential
YY1 binding in the presence of inflammatory mediators. Further, recent findings implicate YY1
in the regulation of tumor cell resistance to chemotherapeutics and immune-mediated apoptotic
stimuli. Taken together, these findings provide strong support of the hypothesis that YY1, in
addition to its regulatory roles in normal biologic processes, may possess the potential to act as an
initiator of tumorigenesis and may thus serve as both a diagnostic and prognostic tumor marker;
furthermore, it may provide an effective target for antitumor chemotherapy and/or immunother-
apy. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, tumor biology, molecular genetics, epithelial tumor, neoplastic disease,
pathology, hepatocellular carcinoma, neoplastic disease, pathology, genetics, basal cell carcinoma,
genetics, retinoblastoma, genetics, endocrine organ malignancy, pathology, apoptosis, epigenetic
regulation.

Haldi, M., C. Ton, W.L. Seng, and P. McGrath (2006). Human melanoma cells transplanted into

zebrafish proliferate, migrate, produce melanin, form masses and stimulate angiogenesis in
zebrafish. Angiogenesis 9(3): 139-51. ISSN: 0969 6970.

NAL Call Number: QP106.6.A54

Abstract: In this research, we optimized parameters for xenotransplanting WM-266-4, a meta-
static melanoma cell line, including zebrafish site and stage for transplantation, number of cells,
injection method, and zebrafish incubation temperature. Melanoma cells proliferated, migrated
and formed masses in vivo. We transplanted two additional cancer cell lines, SW620, a colorec-
tal cancer cell line, and FG CAS/Crk, a pancreatic cancer cell line and these human cancers also
formed masses in zebrafish. We also transplanted CCD-10928k, a human fibroblast cell line
established from normal foreskin and this cell line migrated, but did not proliferate or form
masses. We quantified the number of proliferating melanoma and normal skin fibroblasts by dis-
sociating xenotransplant zebrafish, dispensing an aliquot of CM-Dil labeled human cells from
each zebrafish onto a hemocytometer slide and then visually counting the number of fluorescently
labeled cancer cells. Since zebrafish are transparent until approximately 30 dpf, the interaction
of labeled melanoma cells and zebrafish endothelial cells (EC) can be visualized by whole-mount
immunochemical staining. After staining with Phy-V, a mouse anti-zebrafish monoclonal anti-
body (mAb) that specifically labels activated EC and angioblasts, using immunohistology and
2-photon microscopy, we observed activated zebrafish EC embedded in human melanoma cell
masses. The zebrafish model offers a rapid efficient approach for assessing human cancer cells at
various stages of tumorigenesis.

Descriptors: zebrafish, melanoma pathology, pathologic neovascularization pathology, cell
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movement, cell proliferation, melanins metabolism, melanoma blood supply, neoplasm transplan-
tation, skin neoplasms blood supply, cultured tumor cells .

Haramis, A.P, A. Hurlstone, Y. van der Velden, H. Begthel, M. van den Born, G.J. Offerhaus, and H.C.
Clevers (2006). Adenomatous polyposis coli-deficient zebrafish are susceptible to digestive
tract neoplasia. European Molecular Biology Organization Journal Reports 7(4): 444-9. ISSN:
1469 221X.

NAL Call Number: QH506 .E463

Abstract: Truncation of the tumour suppressor adenomatous polyposis coli (APC) constitutively
activates the Wnt/beta-catenin signalling pathway. This event constitutes the primary transform-
ing event in sporadic colorectal cancer in humans. Moreover, humans or mice carrying germline
truncating mutations in APC develop large numbers of intestinal adenomas. Here, we report that
zebrafish that are heterozygous for a truncating APC mutation spontaneously develop intesti-
nal, hepatic and pancreatic neoplasias that are highly proliferative, accumulate beta-catenin and
express Wnt target genes. Treatment with the chemical carcinogen 7,12-dimethylbenz[a]anthra-
cene accelerates the induction of these lesions. These observations establish apc-mutant zebrafish
as a bona fide model for the study of digestive tract cancer.

Descriptors: zebrafish, adenoma metabolism, adenoma pathology, adenomatous polyposis coli
protein deficiency, adenomatous polyposis coli protein metabolism, digestive system neoplasms
metabolism, digestive system neoplasms pathology, metabolism, adenoma genetics, adenomatous
polyposis coli protein genetics, digestive system neoplasms genetics, gene expression regulation.

Karinos, T., K. Vougas, A. Vlahou, M. Fountoulakis, G. Koumoundouros, and C.N. Flytzanis (2005).
Towards the characterization of the zebrafish proteome. Cancer Genomics and Proteomics 2(3):
187. ISSN: 1109 6535.
Descriptors: zebrafish , nervous system, muscular system, development , reproduction, matrix
assisted laser desorption, ionization time of flight mass spectrometry, maldi tof mass spectrometry,
spectrum analysis techniques, 2 d electrophoresis, 2 d gel electrophoresis, electrophoretic tech-
niques, reproductive potential, cost effective breeding, temperature sex determination.

Kiser, K. (2005). Fishing for a cure. Does the tiny zebrafish hold a key to stopping tumor growth?
Minnesota Medicine 88(4): 8-9. ISSN: 0026-556X.
Descriptors: zebrafish, genetic research, neoplasms blood supply, pathologic neovascularization
genetics, angiogenesis inhibitors therapeutic use, monoclonal antibodies therapeutic use, gene
expression regulation drug effects, gene therapy, membrane glycomice , minnesota, neoplasms
therapy, pathologic neovascularization therapy, proteoglycans genetics, syndecan 2, vascular
endothelialgrowth factor A antagonists and inhibitors, proteins.

Lam, S.H. and Z. Gong (2006). Modeling liver cancer using zebrafish: a comparative oncogenomics
approach. Cell Cycle 5(6): 573-7. ISSN: 1538 4101.
Abstract: Although the zebrafish has many attributes of a promising cancer model, one out-
standing question is how similar zebrafish and human tumors are at the molecular level. To date,
supporting data from histology and ‘gene-to-gene’ comparisons with human data offer limited
insights. Using comparative microarray analyses, we found striking molecular similarities between
zebrafish and human liver neoplasia. Our data indicate that zebrafish liver tumors possess the
general molecular hallmarks of human liver cancer and some of the molecular similarities extend
to the progression of liver tumors. The molecular conservation between fish and human liver
tumors underscored the strong association and fundamental importance of these genes in liver
neoplasia as well as their clinical potentials as diagnostic markers and/or therapeutic targets. In
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addition, our comparative oncogenomic work provides a general framework for comparing and
validating microarray data of zebrafish model with human cancer, thus adding confidence of
using the zebrafish to model human cancers.

Descriptors: zebrafish, gene expression regulation, neoplastic genetics, genomics methods, liver
neoplasms, oncocell transformation, neoplastic genetics, neoplastic metabolism, disease models,
gene expression profiling methods and trends, experimental metabolism, oncogene proteins anal-
ysis, oncogene oncogene proteins metabolism, tumor markers, tumor markers, metabolism.

Langenau, D.M., H. Feng, S. Berghmans, J.P. Kanki, J.L. Kutok, and A.T. Look (2005). Cre/lox-regu-

lated transgenic zebrafish model with conditional myc-induced T cell acute lymphoblastic
leukemia. Proceedings of the National Academy of Sciences of the United States of America 102(17):
6068-73. ISSN: 0027-8424.

NAL Call Number: 500N21P

Abstract: We have created a stable transgenic rag2-EGFP-mMyc zebrafish line that develops
GFP-labeled T cell acute lymphoblastic leukemia (T-ALL), allowing visualization of the onset
and spread of this disease. Here, we show that leukemias from this transgenic line are highly pen-
etrant and render animals moribund by 80.7 +/- 17.6 days of life (+/-1 SD, range = 50-158 days).
These T cell leukemias are clonally aneuploid, can be transplanted into irradiated recipient fish,
and express the zebrafish orthologues of the human T-ALL oncogenes tall/scl and Imo2, thus
providing an animal model for the most prevalent molecular subgroup of human T-ALL. Because
T-ALL develops very rapidly in rag2-EGFP-mMyc transgenic fish (in which “mMyc” represents
mouse c-Myc), this line can only be maintained by in vitro fertilization. Thus, we have created a
conditional transgene in which the EGFP-mMyc oncogene is preceded by a loxed dsRED2 gene
and have generated stable rag2-loxP-dsRED2-loxP-EGFP-mMyc transgenic zebrafish lines, which
have red fluorescent thymocytes and do not develop leukemia. Transgenic progeny from one of
these lines can be induced to develop T-ALL by injecting Cre RNA into one-cell-stage embryos,
demonstrating the utility of the Cre/lox system in the zebrafish and providing an essential step

in preparing this model for chemical and genetic screens designed to identify modifiers of Myc-
induced T-ALL.

Descriptors: genes, myc, green fluorescent integrases metabolism, leukemia, T cell, acute
genetics, genetically modified, DNA binding proteins genetics, extracellular matrix proteins
metabolism, genetic markers, mice, molecular sequence data, nuclear proteins, protein lysine 6
oxidase metabolism.

Langenau, D.M., D. Traver, A.A. Ferrando, J.L. Kutok, J.C. Aster, ].P. Kanki, S. Lin, E. Prochownik, N.S.

Trede, L.I. Zon, and A.T. Look (2003). Myc-induced T cell leukemia in transgenic zebrafish.
Science 299(5608): 887-90. ISSN: 0036-8075.

NAL Call Number: 470Sci2

Abstract: The zebrafish is an attractive model organism for studying cancer development because
of its genetic accessibility. Here we describe the induction of clonally derived T cell acute lym-
phoblastic leukemia in transgenic zebrafish expressing mouse c-myc under control of the zebrafish
Rag2 promoter. Visualization of leukemic cells expressing a chimeric transgene encoding Myc
fused to green fluorescent protein (GFP) revealed that leukemias arose in the thymus, spread
locally into gill arches and retro-orbital soft tissue, and then disseminated into skeletal muscle and
abdominal organs. Leukemic cells homed back to the thymus in irradiated fish transplanted with
GFP-labeled leukemic lymphoblasts. This transgenic model provides a platform for drug screens
and for genetic screens aimed at identifying mutations that suppress or enhance c-myc- induced
carcinogenesis.

Descriptors: zebrafish, cell transformation, neoplastic, disease models, genes, myc, leukemia,T
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cell, acute genetics, leukemia, T cell, acute pathology, T lymphocytes pathology, genetically modi-
fied, cell lineage, clone cells, DNA binding proteins genetics, fertilization in vitro, gene expression
profiling, green fluorescent proteins, kidney pathology , leukemic infiltration, luminescent pro-
teins metabolism, mice, mutation, neoplasm transplantation, olfactory bulb pathology, promoter
regions genetics, recombinant fusion proteins metabolism, spleen pathology, T lymphocytes
immunology, T lymphocytes physiology, thymus gland pathology, transgenes.

Le, X., D.M. Langenau, M.D. Keefe, J.L. Kutok, D.S. Neuberg, and L.I. Zon (2007). Heat shock-induc-
ible Cre/Lox approaches to induce diverse types of tumors and hyperplasia in transgenic
zebrafish. Proceedings of the National Academy of Sciences of the United States of America 104(22):
9410-5. ISSN: 0027-8424.

NAL Call Number: 500N21P

Abstract: RAS family members are among the most frequently mutated oncogenes in human
cancers. Given the utility of zebrafish in both chemical and genetic screens, developing RAS-
induced cancer models will make large-scale screens possible to understand further the molecular
mechanisms underlying malignancy. We developed a heat shock-inducible Cre/Lox-mediated
transgenic approach in which activated human kRASG12D can be conditionally induced within
transgenic animals by heat shock treatment. Specifically, double transgenic fish Tg(B-actin-LoxP-
EGFP-LoxP-kRASG12D; hsp70-Cre) developed four types of tumors and hyperplasia after heat
shock of whole zebrafish embryos, including rhabdomyosarcoma, myeloproliferative disorder,
intestinal hyperplasia, and malignant peripheral nerve sheath tumor. Using ex vivo heat shock and
transplantation of whole kidney marrow cells from double transgenic animals, we were able to
generate specifically kRASG12D-induced myeloproliferative disorder in recipient fish. This heat
shock-inducible recombination approach allowed for the generation of multiple types of RAS-
induced tumors and hyperplasia without characterizing tissue-specific promoters. Moreover, these
tumors and hyperplasia closely resemble human diseases at both the morphologic and molecular
levels.

Descriptors: transgenic zebrafish, gene expression regulation, heat shock response physiology,
hyperplasia genetics, hyperplasia pathology, neoplasms genetics, neoplasms pathology, aging
physiology, attachment sites, microbiological genetics, integrases genetics, integrases metabolism,
kidney metabolism, survival rate, time factors, RAS ras proteins metabolism.

Lee, ].W., D.S. Na, ]J.Y. Kang, S.H. Lee, and B.K. Ju (20006). Differentiation of mouse p19 embryonic
carcinoma stem cells injected into an empty zebrafish egg chorion in a microfluidic device.
Bioscience, Biotechnology, and Biochemistry 70(6): 1325-30. ISSN: 0916 8451.

NAL Call Number: QH301.B564

Abstract: Mouse P19 embryonic carcinoma (EC) stem cells were xenotransplanted into the
emptied chorion, the transparent envelope of a fertilized zebrafish egg (rather than mouse native
zona pellucida) combined with a microfluidic device to study P19 EC cell differentiation in

the chorion biomaterial. A distilled-water jet was used to remove the innate yolk and perivitell-
ine inner mass from the chorion. P19 EC cells were injected into the emptied chorion using a
micropipette, and they were subsequently cultured until the inner space of the chorion became
completely occupied by cells. A simple microfluidic device was used for handling convenience
and effective experiment. At d15, we found neural cells in the outer layer of the cell mass and
beating cardiomyocytes in the inner layer of the large embryoid body. We propose that even
though the species are different, the external innate membranes developed for embryo protection
represent a useful type of ECM.

Descriptors: zebrafish, carcinoma, embryonal pathology, cell differentiation, chorion cytol-
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ogy, microfluidic analytical techniques instrumentation, oocytes cytology, stem cells pathology,
zebrafish, cell lineage, cultured cells, immunohistochemistry, mice, stem cell transplantation.

Lee, L.M., E.A. Seftor, G. Bonde, R.A. Cornell, and M.]. Hendrix (2005). The fate of human malignant
melanoma cells transplanted into zebrafish embryos: assessment of migration and cell divi-
sion in the absence of tumor formation. Developmental Dynamics 233(4): 1560-70. ISSN: 1058
8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, cell division physiology, cell movement physiology, mela-
noma pathology, tumor cell line, fibroblasts physiology, fibroblasts transplantation, melanocytes
physiology, melanocytes transplantation, confocal microscopy, neoplasm metastasis, neoplasm
transplantation, heterologous transplantation.

Maiorana, A., X. Tu, G. Cheng, and R. Baserga (2004). Role of pescadillo in the transformation and
immortalization of mammalian cells. Oncogene 23(42): 7116-7124. ISSN: 0950 9232.
Abstract: The murine and human homologs of the zebrafish pescadillo protein (Pesl and PESI,
respectively) play important roles in ribosome biogenesis and DNA replication. We investi-
gated the effect of Pes1 on the growth of mouse embryo (3T3-like) fibroblasts and conditionally
immortalized human fibroblasts expressing the SV40 T antigen (AR5 cells). Increased expression
of Pes1 causes transformation of mouse and human fibroblasts in culture ( colony formation in
soft agar). Although Pesl can replace the SV40 T antigen in inducing colony formation in soft
agar, it cannot substitute the T antigen in the immortalization of human fibroblasts, indicating
that it distinguishes between the two functions. As the biological effects of Pes1 are similar to
those of the insulin receptor substrate- 1 (IRS-1), we investigated the interactions of Pes1 with
IRS-1 itself and with the SV40 T antigen. The Pesl protein ( which localizes to the nuclei and
nucleoli of cells) interacts with both IRS-1 and the SV40 T antigen, and markedly decreases the
interaction of T antigen with p53. Taken together, these results suggest mechanisms for the ability
of Pesl1 to transform cells, and its failure to immortalize them. Copyright©Thomson Reuters
2009
Descriptors: zebrafish, cell biology, infection, tumor biology, northern blot, confocal micros-
copy, imaging and microscopy techniques, laboratory techniques; immunoprecipitation,
immunologic techniques.

McAleer, M.E, C. Davidson, W.R. Davidson, B. Yentzer, S.A. Farber, U. Rodeck, and A.P. Dicker (2005).
Novel use of zebrafish as a vertebrate model to screen radiation protectors and sensitizers.
International Journal of Radiation Oncology, Biology, Physics 61(1): 10-13. ISSN: 0306-3016.
NAL Call Number: RC271.R3
Abstract: PURPOSE: Zebrafish (Danio rerio) embryos provide a unique vertebrate model to
screen therapeutic agents easily and rapidly because of their relatively close genetic relationship
to humans, ready abundance and accessibility, short embryonal development, and optical clarity.
To validate zebrafish embryos as a screen for radiation modifiers, we evaluated the effects of ion-
izing radiation in combination with a known radioprotector (free radical scavenger Amifostine)
or radiosensitizing agent (tyrosine kinase inhibitor AG1478). METHODS AND MATERI-
ALS: Viable zebrafish embryos were exposed to 0-10 Gy single-fraction 250 kVp X-rays with or
without either Amifostine (0-4 mM) or AG1478 (0-10 microM) at defined developmental stages
from 1-24 h postfertilization (hpf). Embryos were examined for morphologic abnormalities and
viability until 144 hpf. RESULTS: Radiation alone produced a time- and dose-dependent pertur-
bation of normal embryonic development and survival with maximal sensitivity at doses > or =4

Gy delivered before 4 hpf. Amifostine markedly attenuated this effect, whereas AG1478 enhanced
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teratogenicity and lethality, particularly at therapeutically relevant (2-6 Gy) radiation doses.
CONCLUSIONS: Collectively, these data validate the use of zebrafish as a vertebrate model to
assess the effect of radiation alone or with radiation response modulators. Zebrafish embryos may
thus provide a rapid, facile system to screen novel agents ultimately intended for human use in
the context of therapeutic or accidental radiation exposure.

Descriptors: zebrafish embryolgy, amifostine therapeutic use, models, radiation protective agents
therapeutic use, radiation sensitizing agents toxicity, tyrphostins toxicity, radiation dose response
relationship, preclinical drug evaluation, radiation effects, radiation injuries, experimental pre-
vention and control, survival analysis.

McAleer, M.E, K.T. Dufty, W.R. Davidson, G. Kari, A.P. Dicker, U. Rodeck, and E. Wickstrom (20006).
Antisense inhibition of cyclin D1 expression is equivalent to flavopiridol for radiosensitiza-
tion of zebrafish embryos. /nternational Journal of Radiation Oncology, Biology, Physics 66(2):
546-51. ISSN: 0306 3016.

NAL Call Number: RC271.R3

Abstract: PURPOSE: Flavopiridol, a small molecule pan-cyclin inhibitor, has been shown to
enhance the radiation response of tumor cells both in vitro and in vivo. The clinical utility of fla-
vopiridol, however, is limited by toxicity, previously attributed to pleiotropic inhibitory effects on
several targets affecting multiple signal transduction pathways. Here we used zebrafish embryos to
investigate radiosensitizing effects of flavopiridol in normal tissues. METHODS AND MATE-
RIALS: Zebrafish embryos at the 1- to 4-cell stage were treated with 500 nM flavopiridol or
injected with 0.5 pmol antisense hydroxylprolyl-phosphono nucleic acid oligomers to reduce
cyclin D1 expression, then subjected to ionizing radiation (IR) or no radiation. RESULTS:
Flavopiridol-treated embryos demonstrated a twofold increase in mortality after exposure to 40
Gy by 96 hpf and developed distinct radiation-induced defects in midline development (desig-
nated as the “curly up” phenotype) at higher rates when compared with embryos receiving IR
only. Cyclin D1-deficient embryos had virtually identical IR sensitivity profiles when compared
with embryos treated with flavopiridol. This was particularly evident for the IR-induced curly up
phenotype, which was greatly exacerbated by both flavopriridol and cyclin D1 downregulation.
CONCLUSIONS: Treatment of zebrafish embryos with flavopiridol enhanced radiation sensitiv-
ity of zebrafish embryos to a degree that was very similar to that associated with downregulation
of cyclin D1 expression. These results are consistent with the hypothesis that inhibition of cyclin
D1 is suflicient to account for the radiosensitizing action of flavopiridol in the zebrafish embryo
vertebrate model.

Descriptors: zebrafish embryos, cyclin D1 antagonists and inhibitors, radiation effects, fla-
vonoids pharmacology, oligodeoxyribonucleotides pharmacology, piperidines pharmacology,
radiation sensitizing agents pharmacology, cyclin D1 genetics, dose response relationship, drug
effects, models, phenotype, survival analysis.

McAleer, M.E, S.A. Farber, U. Rodeck, and A.P. Dicker (2004). Differential sensitivity of zebrafish
embryos to distinct classes of DNA-damaging agents associated with differential expression
of DNA repair enzymes. [nternational Journal of Radiation Oncology Biology Physics 60(1, Suppl.
S): S349. ISSN: 0360 3016.

NAL Call Number: RC271.R3

Descriptors: zebrafish, development, enzymology, radiation biology, microarray analysis, genetic
techniques, gene expression, ionizing radiation, differential sensitivity, DNA damage repair, mid-
blastula transition, UV radiation, DNA intrastrand damaging agent.
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McAleer, M.E, C. Kati, A.P. Dicker, and U. Rodeck (2006). Differential response to ultraviolet versus

ionizing radiation in zebrafish embryos pretreated with caffeine. Proceedings of the American
Association for Cancer Research Annual Meeting 47: 1215. ISSN: 0197 016X.

NAL Call Number: RC261.A4

Descriptors: zebrafish, radiation biology, molecular mechanism, ionizing radiation, ultraviolet
irradiation, differential response.

Mizgireuv, I.V., I.G. Majorova, V.M. Gorodinskaya, V.V. Khudoley, and S.Y. Revskoy (2004). Carci-

nogenic effect of N-nitrosodimethylamine on diploid and triploid zebrafish (Danio rerio).
Toxicologic Pathology 32(5): 514-8. ISSN: 0192-6233.

Abstract: Viability of polyploid organisms in lower vertebrates including fish provides an addi-
tional tool to investigate genetic mechanisms of neoplastic transformation caused by carcinogens.
Here we present data on differential sensitivity of diploid and triploid zebrafish (Danio rerio) to
N-nitrosodimethylamine (NDMA) induced hepatocarcinogenesis. The effect of the carcinogen
was studied in 100 diploid and 120 triploid zebrafish. Zebrafish, age 5-6 weeks, were exposed

to 50 ppm NDMA for 8 weeks and then were transferred into fresh carcinogen-free water until
necropsy. At the necropsy performed 24 weeks after beginning the treatment, cholangiolar
tumors (cholangiocarcinomas and cholangiomas) were essentially observed in diploid zebrafish
only, while the incidence of hepatocellular tumors (hepatocellular carcinomas and adenomas)
was similar in diploid and triploid zebrafish, 7.7% and 9.5%, respectively. By contrast, 36 weeks
after beginning the treatment, the incidence of hepatocellular tumors was significantly lower in
diploid animals as compared to triploid ones, 10.3% and 33.8%, respectively. The incidence of
cholangiolar tumors in diploid and triploid zebrafish was not significantly different, 10.3% and
14.9%, respectively. Therefore, the increase of ploidy appeared to have a differential effect on the
induction of these 2 types of liver tumors in zebrafish. This finding suggests a difference in genetic
mechanisms of the tumor development revealed by utilization of triploid animals in this study.
However, triploid zebrafish demonstrated an overall increase in latency period in the development
of both types of hepatic tumors, a finding that can be interpreted as an increased resistance of
triploid animals to the carcinogenic effect of NDMA.

Descriptors: zebrafish, carcinogens toxicity, diploidy, liver drug effects, experimental chemically
induced liver neoplasms, , nitrosamines toxicity, polyploidy, adenoma, genetics, adenoma, liver
cell pathology, carcinoma, hepatocellular chemically induced, carcinoma, hepatocellular genetics,
carcinoma, hepatocellular pathology, genetic predisposition to disease, experimental genetics and

pathology.

Nicoli, S. and M. Presta (2007). The zebrafish/tumor xenograft angiogenesis assay. Nature Protocals

2(11): 2918-23. ISSN: 1754-2189.

Abstract: Here we describe a method to study tumor angiogenesis in zebrafish (Danio rerio)
based on the injection of proangiogenic mammalian tumor cells into the perivitelline space

of zebrafish embryos at 48 h post-fertilization. Within 24-48 h, proangiogenic tumor grafts
induce a neovascular response originating from the developing subintestinal vessels. This can be
observed at macroscopic and microscopic levels after whole-mount alkaline phosphatase staining
of wild-type zebrafish embryos, or by fluorescence microscopy in transgenic VEGFR2:G-RCFP
embryos in which endothelial cells express the green fluorescent protein under the control of the
VEGFR2/KDR promoter. Angiogenesis inhibitors added to the injected cell suspension or to the
fish water prevent tumor-induced neovascularization. The assay is rapid and inexpensive, repre-
senting a novel tool for investigating tumor angiogenesis and for antiangiogenic drug discovery.
Also, gene inactivation by antisense morpholino oligonucleotides injection in zebrafish embryos
may allow the identification of genes involved in tumor angiogenesis.
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Descriptors: zebrafish embryo model, xenograft, angiogenesis, tumor, neovascularization, drug
discovery .

Sapede, D. (2003). Migrations cellulaires: etudier le poisson-zebre pour comprendre les metastases?
[Zebrafish, a model for migration of cancer cells?]. Medecine Sciences 19(8-9): 780-82. ISSN:
0767-0974.

Descriptors: zebrafish, cell movement, models, neoplasm metastasis, chemokines physiology.

Language of Text: French.

Scata, K.A. and W.S. El Deiry (2004). Zebrafish: swimming towards a role for fanconi genes in DNA
repair. Cancer Biology and Therapy 3(6): 501-2. ISSN: 1538-4047.
Abstract: The zebrafish, Danio rerio, has become a favorite model organism for geneticists and
developmental biologists. Recently cancer biologists have turned to this tiny fish to help them
unravel the mysteries of conserved pathways such as the Fanconi Anemia (FA) pathway. Although
a relatively rare disease, the genes involved in FA are part of a large network of DNA damage
response/repair genes. Liu and colleagues have recapitulated some of the clinical manifestations of
human FA by knocking down the zebrafish FANC-D2 gene thereby providing a new model for
probing the underlying causes of these phenotypes.
Descriptors: zebrafish, cell cycle proteins metabolism, DNA repair and binding proteins metab-
olism, Fanconi anemia genetics, nuclear proteins metabolism, DNA damage, Fanconi anemia
metabolism, Fanconi anemia pathology, Fanconi anemia complementation group proteins.

Stern, H.M. and L.I. Zon (2003). Cancer genetics and drug discovery in the zebrafish. Nature Reviews.
Cancer 3(7): 533-9. ISSN: 1474-175X.
NAL Call Number: RC267
Abstract: Fish have a long history of use in cancer toxicology studies, because they develop
neoplasms that are histologically similar to human cancers. Because of considerable progress in
zebrafish genetics and genomics over the past few years, the zebrafish system has provided many
useful tools for studying basic biological processes. These tools include forward genetic screens,
transgenic models, specific gene disruptions and small-molecule screens. By combining carcino-
genesis assays, genetic analyses and small-molecule screening techniques, the zebrafish is emerging
as a powerful system for identifying novel cancer genes and for cancer drug discovery.
Descriptors: zebrafish, antineoplastic agents therapeutic use, neoplasms drug therapy, neo-
plasms genetics, drug evaluation methods.

Stoletov, K., V. Montel, R.D. Lester, S.L. Gonias, and R. Klemke (2007). High-resolution imaging of
the dynamic tumor cell vascular interface in transparent zebrafish. Proceedings of the National
Academy of Sciences of the United States of America 104(44): 17406-11. ISSN: 0027-8424.

NAL Call Number: 500N21P

Abstract: Cell metastasis is a highly dynamic process that occurs in multiple steps. Understand-
ing this process has been limited by the inability to visualize tumor cell behavior in real time

by using animal models. Here, we employ translucent zebrafish and high-resolution confocal
microscopy to study how human cancer cells invade in tissues, induce angiogenesis, and inter-
act with newly formed vessels. We use this system to study how the human metastatic gene
RhoC promotes the initial steps of metastasis. We find that RhoC expression induces a primitive
amoeboid-like cell invasion characterized by the formation of dynamic membrane protrusions
and blebs. Surprisingly, these structures penetrate the blood vessel wall exclusively at sites of vas-
cular remodeling and not at regions of existing intact vessels. This process requires tumor cells to
secrete VEGE which induces vascular openings, which in turn, serve as portholes allowing access
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of RhoC-expressing cells to the blood system. Our results support a model in which the early
steps in intravasation and metastasis require two independent events: (i) dynamic regulation of
the actin/myosin cytoskeleton within the tumor cell to form protrusive structures and (ii) vascular
permeablization and vessel remodeling. The integration of zebrafish transgenic technology with
human cancer biology may aid in the development of cancer models that target specific organs,
tissues, or cell types within the tumors. Zebrafish could also provide a cost-effective means for
the rapid development of therapeutic agents directed at blocking human cancer progression and
tumor-induced angiogenesis.

Descriptors: zebrafish , three dimensional imaging methods, neoplasms blood supply, neo-
plasms pathology, metabolism, tumor cell line, cell movement, disease progression, neoplasm
invasiveness, neoplasms metabolism, phenotype, vascular endothelialgrowth factor A metabolism,
xenograft model antitumor assays, Rho GTP binding proteins metabolism.

Taylor, K.M., S. Hiscox, and R.I. Nicholson (2004). Zinc transporter liv-1: a link between cellular

development and cancer progression. Trends in Endocrinology and Metabolism 15(10): 461-463.
ISSN: 1043 2760.

NAL Call Number: RC648.A1

Abstract: Genes involved in normal developmental processes often have a role in tumour pro-
gression. Epithelial-mesenchymal transition (EMT) is a general phenomenon that is an essential
event in embryonic development, tissue remodelling and wound repair. Genes that regulate
EMT are attracting significant attention as mediators of tumour progression. Indeed, EMT is
considered an important event during the evolution of malignant tumours and their progression
to metastasis, with several reports of molecules involved in this process facilitating migration and
invasion of epithelial tumour cells. Recent work linking the zinc transporter LIV-1 with the tran-
scription factors STAT3 and Snail in zebrafish embryogenesis, throws new light on this transition
and has important implications for the development of cancer. Copyright©Thomson Reuters
2009

Descriptors: zebrafish, cell biology, development, reproductive system, tumor biology, cell devel-
opment, embryogenesis, epithelial mesenchymal transition, tumor progression.

Topczewska, ].M., L.M. Postovit, N.V. Margaryan, A. Sam, A.R. Hess, W.W. Wheaton, B.J. Nickoloff,

J. Topczewski, and M.].C. Hendrix (2006). Embryonic and tumorigenic pathways converge
via nodal signaling: role in melanoma aggressiveness. Nazure Medicine 12(8): 925-932. ISSN:
1078 8956.

NAL Call Number: RB113

Abstract: Bidirectional cellular communication is integral to both cancer progression and
embryological development. In addition, aggressive tumor cells are phenotypically plastic, sharing
many properties with embryonic cells. Owing to the similarities between these two types of cells,
the developing zebrafish can be used as a biosensor for tumor-derived signals. Using this system,
we show that aggressive melanoma cells secrete Nodal (a potent embryonic morphogen) and
consequently can induce ectopic formation of the embryonic axis. We further show that Nodal is
present in human metastatic tumors, but not in normal skin, and thus may be involved in mela-
noma pathogenesis. Inhibition of Nodal signaling reduces melanoma cell invasiveness, colony
formation and tumorigenicity. Nodal inhibition also promotes the reversion of melanoma cells
toward a melanocytic phenotype. These data suggest that Nodal signaling has a key role in mela-
noma cell plasticity and tumorigenicity, thereby providing a previously unknown molecular target
for regulating tumor progression. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, development, integumentary system, chemical coordination and homeo-
stasis, tumor biology, melanoma, neoplastic skin disease, cell signaling, tumorigenic pathways.
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VanRooijen, E., C. VanRooijen, E.E. Voest, R.H. Giles, and E VanEeden (2006). Proper vascular devel-
opment and heart morphogenesis require tumor suppressor vhl in zebrafish development.
Proceedings of the American Association for Cancer Research Annual Meeting 47: 1202. ISSN: 0197
016X.

NAL Call Number: RC261.A4

Descriptors: zebrafish, blood and lymphatics, transport and circulation, development, cardio-
vascular system, transport and circulation, von Hippel Lindau disease, vascular disease, congenital
disease, polycythemia, blood and lymphatic disease, in situ hybridization, histology and cytology
techniques, genetic techniques, microarray gene expression analysis, transplantation experiment,
heart morphogenesis.

Yee, N.S. and M. Pack (2005). Zebrafish as a model for pancreatic cancer research. Methods in Molecu-
lar Medicine 103: 273-98. ISSN: 1543-1894.
Abstract: Elucidation of basic mechanisms that regulate pancreatic organogenesis may help
define molecular pathways involved in the development of exocrine pancreas cancer. The zebrafish
has emerged as a powerful model for genetic dissection of the mechanisms underlying vertebrate
organogenesis including formation of the pancreas. Unique properties of zebrafish enable genetic
and embryological analyses not feasible using other vertebrate model organisms. The optical
clarity of the zebrafish embryos allows visual detection of markers for pancreatic morphogenesis
and cytodifferentiation by whole mount immunohistochemistry and RNA in situ hybridiza-
tion. This feature, coupled with the accessibility of the externally fertilized zebrafish embryo
and the small size and fecundity of adult zebrafish, facilitates large-scale forward genetic screens
using chemical or insertional mutagenesis techniques. Furthermore, these properties allow high
throughput studies that target functions of known genes via antisense or enforced expression
studies. Together, such studies are predicted to identify novel genes, or known genes essential for
pancreas development. Work in zebrafish is predicted to complement research performed using
other vertebrate model organisms, and may help identify markers that define early stages of pan-
creatic tumorigenesis as well as potential targets for therapy.
Descriptors: zebrafish, pancreatic neoplasms pathology, animal husbandry methods, antibodies,
neoplasm, disease models, genetic markers , immunohistochemistry methods, in situ hybridiza-
tion methods, pancreatic neoplasms genetics, transcription.
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Abbate, E, G.P. Germana, E De Carlos, G. Montalbano, R. Laura, M.B. Levanti, and A. Germana
(2006). The oral cavity of the adult zebrafish (Danio rerio). Anatomia Histologia Embryologia
35(5): 299-304. ISSN: 0340 2096.

NAL Call Number: SF761.Z4

Abstract: The zebrafish is a common model for developmental studies including those regard-
ing tooth, palate and tongue. Nevertheless, little information is available about the morphology
of the oral cavity in this teleost, especially in adult animals. In this study we used light, scanning
and transmission electron microscopy to describe in detail the morphology of the oral cavity of
adult zebrafish. The oral cavity could be divided into three different zones: the outer containing
the lips, the intermediate corresponding to the internal valves and the internal that corresponds to
the tongue. In the upper and lower intermediate zones, there were semilunar shaped valves, more
prominent in the upper part. The internal lower zones correspond to the palate and the tongue,
which is an individualized structure filled with numerous transversal ridges. Both the intermedi-
ate and internal zones were covered by a stratified epithelium containing numerous mucous and
rodlet cells. Present data provide the first description of the morphology and structure of the oral
cavity in the adult zebrafish and might serve as a baseline for developmental studies of the oral
cavity using this teleost as a model

Descriptors: zebrafish, Danio rerio, lips, mouth , oral cavity, morphology, salivary glands, buccal
region, tongue.

Abe, G., H. Ide, and K. Tamura (2007). Function of FGF signaling in the developmental process of
the median fin fold in zebrafish. Developmental Biology 304(1): 355-66. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Abstract: Median fins, unpaired appendages in fish, are fundamental locomotory organs that
are believed to have evolved before paired lateral appendages in vertebrates. However, the early
process of median fin development remains largely unknown. We investigated the early develop-
ment of the median fin fold, a rudiment of median fins, and report here the process in zebrafish
embryos and the function of FGF signaling in the process. Using expressions of three genes,
dIx5a, sp9 and fgf24, as markers of different phases of fold development, our findings suggest
that the early process of median fin fold development can be divided into two steps, specification
of the median fin fold territory and construction of the fold structure. Both loss-of-function and
gain-of-function assays revealed that FGF signaling plays roles in each step, suggesting a common
mechanism for the development of median appendages and paired lateral appendages.
Descriptors: zebrafish, structures embryology, median finfold development, Fgf metabolism,
developmental gene expression regulation, morphogenesis physiology, signal transduction
physiology, homeodomain proteins metabolism, in situ hybridization, microspheres, pyrroles,
transcription factors metabolism, proteins metabolism.

Ablooglu, A.]., J. Kang, R.I. Handin, D. Traver, and S.]. Shattil (2007). The zebrafish vitronectin recep-
tor: characterization of integrin alphaV and beta3 expression patterns in early vertebrate
development. Developmental Dynamics 236(8): 2268-76. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, embryonic development, developmental gene expression regulation, inte-
grin alphav genetics, integrin alphavbeta3 genetics , integrin beta3 genetics, molecular cloning,
complementary DNA genetics, gene expression profiling, integrin alphaV analysis, integrin
alphavbeta3 analysis, integrin beta3 analysis, tissue distribution, vertebrates.
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Adolf, B., P. Chapouton, C.S. Lam, S. Topp, B. Tannhauser, U. Strahle, M. Gotz, and L. Bally Cuif

(2006). Conserved and acquired features of adult neurogenesis in the zebrafish telencepha-
lon. Developmental Biology 295(1): 278-93. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Our understanding of the cellular and molecular mechanisms underlying the adult
neural stem cell state remains fragmentary. To provide new models on this issue, we searched

for stem cells in the adult brain of the zebrafish. Using BrdU tracing and immunodetection of
cell-type-specific markers, we demonstrate that the adult zebrafish telencephalon contains self-
renewing progenitors, which show features of adult mammalian neural stem cells but distribute
along the entire dorso-ventral extent of the telencephalic ventricular zone. These progenitors give
rise to newborn neurons settling close to the ventricular zone within the telencephalon proper.
They have no equivalent in mammals and therefore constitute a new model of adult telencephalic
neural stem cells. In addition, progenitors from the ventral subpallium generate rapidly dividing
progenitors and neuroblasts that reach the olfactory bulb (OB) via a rostral migratory stream and
differentiate into GABAergic and TH-positive neurons. These ventral progenitors are comparable
to the mammalian neural stem cells of the subependymal zone. Interestingly, dorsal and ventral
progenitors in the adult telencephalon express a different combination of transcription factors
than their embryonic counterparts. In the case of neurogeninl, this is due to the usage of differ-
ent enhancer elements. Together, our results highlight the conserved and unique phylogenic and
ontogenic features of adult neurogenesis in the zebrafish telencephalon and open the way to the
identification of adult neural stem cell characters in cross-species comparative studies.
Descriptors: zebrafish, neurons cytology, telencephalon cytology, age factors, cell movement, cell
proliferation, neurons physiology, olfactory bulb cytology, stem cells cytology, stem cells physiol-
ogy, telencephalon metabolism, telencephalon physiology, tyrosine 3 monooxygenase metabolism,
gamma aminobutyric acid metabolism.

Aerne, B. and D. Ishhorowicz (2004). Receptor tyrosine phosphatase psi is required for delta/notch

signalling and cyclic gene expression in the presomitic mesoderm. Development 131(14):
3391-3399. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Segmentation in vertebrate embryos is controlled by a biochemical oscillator (‘segmen-
tation clock’) intrinsic to the cells in the unsegmented presomitic mesoderm, and is manifested

in cyclic transcription of genes involved in establishing somite polarity and boundaries. We show
that the receptor protein tyrosine phosphatase psi (RPTPpsi) gene is essential for normal func-
tioning of the somitogenesis clock in zebrafish. We show that reduction of RPTPpsi activity using
morpholino, antisense oligonucleotides results in severe disruption of the segmental pattern of
the embryo, and loss of cyclic gene expression in the presomitic mesoderm. Analysis of cyclic
genes in RPTPpsi morphant embryos indicates an important requirement for RPTPpsi in the
control of the somitogenesis clock upstream of or in parallel with Delta/Notch signalling. Impair-
ing RPTPpsi activity also interferes with convergent extension during gastrulation. We discuss
this dual requirement for RPTPpsi in terms of potential functions in Notch and Wnt signalling.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, development, enzymology, molecular genetics, molecular biophysics,
convergent extension, segmentation control, somitogenesis clock, RPTPpsi activity.

Ahlgren, S. and T. Schwend (2006). Zebrafish lacking a functional dispatched 1 display variable cran-

iofacial anomalies in part due to defects in neural crest cell morphogenesis. Developmental
Biology 295(1): 332. ISSN: 0012 1606.
NAL Call Number: 442.8D49
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Descriptors: zebrafish, molecular biophysics, development, skeletal system, holoprocencephaly,
congenital disease, bone disease, etiology, morphogenesis, neural crest.

Ahmed, H., S.J. Du, R. Alvarez, and G.R. Vasta (2004). Differential expression of the galectin reper-
toire from zebrafish (Danio rerio) during early embryogenesis: biochemical and molecular
characterization. Glycobiology 14(11): 1104. ISSN: 0959 6658.

NAL Call Number: QP552.G59G593

Descriptors: zebrafish embryo, development, molecular genetics, molecular biophysics.

Aizawa, H., M. Goto, T. Sato, and H. Okamoto (2007). Temporally regulated asymmetric neurogene-
sis causes left-right difference in the zebrafish habenular structures. Developmental Cell 12(1):
87-98. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: The habenular neurons on both sides of the zebrafish diencephalon show an asym-
metric (laterotopic) axonal projection pattern into the interpeduncular nucleus. We previously
revealed that the habenula could be subdivided into medial and lateral subnuclei, and a promi-
nent left-right difference in the size ratio of these subnuclei accounts for the asymmetry in its
neural connectivity. In the present study, birth date analysis showed that neural precursors for the
lateral subnuclei were born at earlier stages than those for the medial subnuclei. More neurons for
the early-born lateral subnuclei were generated on the left side, while more neurons for the late-
born medial subnuclei were generated on the right side. Genetic hyperactivation and repression
of Notch signaling revealed that differential timing determines both specificity and asymmetry in
the neurogenesis of neural precursors for the habenular subnuclei.

Descriptors: zebrafish embryos, body patterning physiology, cell differentiation, habenula cytol-
ogy, habenula embryology, neurons cytology, anatomy and histology, cytology, developmental
gene expression regulation, habenula anatomy and histology, neurological models, nerve tissue
nerve tissue proteins metabolism, messenger RNA genetics and metabolism, receptor protein
tyrosine kinases genetics, receptor protein tyrosine kinases metabolism, Notch receptors metabo-
lism, signal transduction, time factors and metabolism.

Notes: Comments: Comment In:Dev Cell. 2007 Jan;12(1):1-2.

Albert, S., E Muller, N. Fischer, D. Biellmann, C. Neumann, P. Blader, and U. Strahle (2003). Cyclops-
independent floor plate differentiation in zebrafish embryos. Developmental Dynamics 226(1):
59-66. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, transforming growth factor beta genetics and physiology, alleles,
cell differentiation, developmental gene expression regulation, intracellular signaling peptides
and proteins, video microscopy, mutation, neural crest cytology, rhombencephalon embryol-
ogy, signal transduction, spinal cord embryology, time factors, transfection, transforming growth
factor beta biosynthesis, transgenes, proteins.

Albertson, R.C., T.L. Payne Ferreira, ]. Postlethwait, and PC. Yelick (2005). Zebrafish acvr2a and acvr2b
exhibit distinct roles in craniofacial development. Developmental Dynamics 233(4): 1405-18.
ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, Type I activin receptors physiology, facial bones embryology, skull
embryology, embryology, Type I activin receptors genetics, apoptosis physiology, branchial region
abnormalities, branchial region embryology, cartilage abnormalities, chromosome mapping, facial
bones abnormalities, tooth abnormalities, genetics.
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Albertson, R.C. and P.C. Yelick (2007). Fgf8 haploinsufliciency results in distinct craniofacial defects

in adult zebrafish. Developmental Biology 306(2): 505-15. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Significant progress has been made toward understanding the role of fgf8 in direct-
ing early embryonic patterning of the pharyngeal skeleton. Considerably less is known about
the role this growth factor plays in the coordinated development, growth, and remodeling of the
craniofacial skeleton beyond embryonic stages. To better understand the contributions of fgf8

in the formation of adult craniofacial architecture, we analyzed the skeletal anatomy of adult
ace(ti282a)/fgf8 heterozygous zebrafish. Our results revealed distinct skeletal defects including
facial asymmetries, aberrant craniofacial geometry, irregular patterns of cranial suturing, and
ectopic bone formation. These defects are similar in presentation to several human craniofacial
disorders (e.g., craniosynostosis, hemifacial microsomia), and may be related to increased levels of
bone metabolism observed in ace(ti282a)/fgf8 heterozygotes. Moreover, skeletal defects observed
in ace(ti282a)/fgf8 heterozygotes are consistent with expression patterns of fgf8 in the mature
craniofacial skeleton. These data reveal previously unrecognized roles for fgf8 during skeletogen-
esis, and provide a basis for future investigations into the mechanisms that regulate craniofacial
development beyond the embryo.

Descriptors: zebrafish, Fgf physiology, gene expression regulation, body patterning, bone and
bones embryology, craniofacial abnormalities genetics, molecular evolution, heterozygote, in situ
hybridization, messenger RNA metabolism, signal transduction.

Albertson, R.C. and P.C. Yelick (2004). Morphogenesis of the jaw: development beyond the embryo.

The Zebrafish: Cellular and Developmental Biology, 2 edition, Vol. 76, ELSEVIER ACADEMIC
PRESS INC.: SAN DIEGO, CA 92101-4495 USA, p. 437-454. ISBN: 0125641710.

NAL Call Number: 442P92 v76

Descriptors: zebrafish, skeletal system, development, ingestion and assimilation, skeletal defect,
bone disease, morphogenesis .

Albertson, R.C. and P.C. Yelick (2005). Roles for fgf8 signaling in left-right patterning of the visceral

organs and craniofacial skeleton. Developmental Biology 283(2): 310-321. ISSN: 0012 1606.
NAL Call Number: 442.8D49

Abstract: Laterality is fundamental to the vertebrate body plan. Here, we investigate the roles

of fgf8 signaling in LR patterning of the zebrafish embryo. We find that fgf8 is required for
proper asymmetric development of the brain, heart and gut. When fgf8 is absent, nodal signal-
ing is randomized in the lateral plate mesoderm, leading to aberrant LR orientation of the brain
and visceral organs. We also show that fgf8 is necessary for proper symmetric development of

the pharyngeal skeleton. Attenuated fgf8 signaling results in consistently biased LR asymmetric
development of the pharyngeal arches and craniofacial skeleton. Approximately 1/3 of zebrafish
ace/fgf8 mutants are missing Kupffer’s vesicle (KV), a ciliated structure similar to Hensen’s node.
We correlate fgf8 deficient laterality defects in the brain and viscera with the absence of KV, sup-
porting a role for KV in proper LR patterning of these structures. Strikingly, we also correlate
asymmetric craniofacial development in ace/fgf8 mutants with the presence of KV, suggesting
roles for KV in lateralization of the pharyngeal skeleton when fgf8 is absent. These data provide
new insights into vertebrate laterality and offer the zebrafish ace/fgf8 mutant as a novel molecular
tool to investigate tissue-specific molecular laterality mechanisms. () 2005 Elsevier Inc. All rights
reserved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, development, molecular genetics, skeletal system, Nodal signaling, asym-
metric development.
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Alexa, K.M., P. Dilorio, L. Etheridge, and C. Sagerstrom (2005). Endodermal patterning in zebrafish:
pancreas development. Developmental Biology 283(2): 661. ISSN: 0012 1606.
NAL Call Number: 442.8 D49
Descriptors: zebrafish, pancreas development, biochemistry, phenotype, signaling pathway,
endodermal patterning.

Allende, M.L., P. Hernandez, F. Olivari, A. Sarrazin, V. Nunez, P. Sandoval, and Gallardo (2007). Devel-
opment and regeneration in the zebrafish lateral line. Developmental Biology 306(1): 316.
ISSN: 0012-1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, developmental stages, freshwater fish, lateral line, Danio rerio.

Alsop, D., J. Matsumoto, S. Brown, and G. Van Der Kraak (2008). Retinoid requirements in the repro-
duction of zebrafish. General and Comparative Endocrinology 156(1): 51-62. ISSN: 0016-6480.
NAL Call Number: 444.8G28
Descriptors: zebrafish, retinoid, reproduction, zebrafish, RT-PCR, ovaries, testes, enzymes,

retinoic acid (RA), raldh2, cyp26a, receptors, raraa, rarga, rxrba, rxrbb, rxrga, isoforms, tissues,
diethylaminobenzaldehyde (DEAB), inhibitor, diet.

Alg, B., S. Reibe, N.M. Feitosa, O.A. Elsalini, T. Wendl, and K.B. Rohr (2006). Analysis of origin and
growth of the thyroid gland in zebrafish. Developmental Dynamics 235(7): 1872-83. ISSN:
1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, thyroid gland growth and development, growth and develop-
ment, calcitonin metabolism, cell differentiation, cell lineage physiology, endoderm cytology,
endoderm metabolism, larva growth and development, larva metabolism, morphogenesis, thyroid
gland embryology, thyroid gland metabolism, proteins biosynthesis.

Alg, B, O.A. Elsalini, P. Schrumpf, N. Haufs, N.D. Lawson, G.C. Schwabe, S. Mundlos, A. Gruters, H.
Krude, and K.B. Rohr (20006). Arteries define the position of the thyroid gland during its
developmental relocalisation. Development 133(19): 3797-3804. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: During vertebrate development, the thyroid gland undergoes a unique relocalisa-

tion from its site of induction to a distant species-specific position in the cervical mesenchyme.
We have analysed thyroid morphogenesis in wild-type and mutant zebrafish and mice, and find
that localisation of growing thyroid tissue along the anteroposterior axis in zebrafish is linked

to the development of the ventral aorta. In grafting experiments, ectopic vascular cells influence
the localisation of thyroid tissue cell non-autonomously, showing that vessels provide guidance
cues in zebrafish thyroid morphogenesis. In mouse thyroid development, the midline primor-
dium bifurcates and two lobes relocalise cranially along the bilateral pair of carotid arteries. In
hedgehog-deficient mice, thyroid tissue always develops along the ectopically and asymmetrically
positioned carotid arteries, suggesting that, in mice (as in zebrafish), co-developing major arteries
de. ne the position of the thyroid. The similarity between zebrafish and mouse mutant pheno-
types further indicates that thyroid relocalisation involves two morphogenetic phases, and that
variation in the second phase accounts for species-specific. ¢ differences in thyroid morphology.
Moreover, the involvement of vessels in thyroid relocalisation sheds new light on the interpreta-
tion of congenital thyroid defects in humans. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, cardiovascular system, development, endocrine system, developmental
relocalization, Danio rerio.
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Alvarez, Y., M.T. Alonso, V. Vendrell, L.C. Zelarayan, P. Chamero, T. Theil, M.R. Boesl, S. Kato , M.

Maconochie, D. Riethmacher, and T. Schimmang (2003). Requirements for fgf3 and fgf10
during inner ear formation. Development 130(25): 6329-6338. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Descriptors: zebrafish, development, molecular genetics, sense organs, embryogenesis, organo-
genesis .

Amack, ].D., X. Wang, and H.]. Yost (2007). Two T-box genes play independent and cooperative roles

to regulate morphogenesis of ciliated Kupffer’s vesicle in zebrafish. Developmental Biology
310(2): 196-210. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: The brain, heart and gastro-intestinal tract develop distinct left-right (LR) asymme-
tries. Asymmetric cilia-dependent fluid flow in the embryonic node in mouse, Kupffer’s vesicle in
zebrafish, notochordal plate in rabbit and gastrocoel roof plate in frog appears to be a conserved
mechanism that directs LR asymmetric gene expression and establishes the orientation of organ
asymmetry. However, the cellular processes and genetic pathways that control the formation of
these essential ciliated structures are unknown. In zebrafish, migratory dorsal forerunner cells
(DFCs) give rise to Kupfler’s vesicle (KV), a ciliated epithelial sheet that forms a lumen and gen-
erates fluid flow. Using the epithelial marker atypical Protein Kinase C (aPKC) and other markers
to analyze DFCs and KV cells, we describe a multi-step process by which DFCs form a functional
KV. Using mutants and morpholinos, we show that two T-box transcription factors-No tail (Ntl)/
Brachyury and Tbx16/Spadetail-cooperatively regulate an early step of DFC mesenchyme to
epithelial transition (MET) and KV cell specification. Subsequently, each transcription factor
independently controls a distinct step in KV formation: Tbx16 regulates apical clustering of

KV cells and Ntl is necessary for KV lumen formation. By targeting morpholinos to DFCs, we
show that these cell autonomous functions in KV morphogenesis are necessary for LR patterning
throughout the embryo.

Descriptors: zebrafish embryos, mesoderm cytology, T-box domain, body patterning physiol-
ogy, cell differentiation physiology, cilia physiology, physiology, epithelium physiology, mesoderm
physiology, protein kinase C metabolism, T-box domain proteins genetics.

Amali, A.A., CJ. Lin, Y.H. Chen, W.L. Wang, H.Y. Gong, C.Y. Lee, Y.L. Ko, ].K. Lu, G.M. Her, T.T.

Chen, and J.L. Wu (2004). Up-regulation of muscle-specific transcription factors during
embryonic somitogenesis of zebrafish (Danio rerio) by knock-down of myostatin-1. Develop-
mental Dynamics 229(4): 847-56. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, skeletal muscle embryology, myogenic regulatory factors biosynthesis,
somites metabolism, transforming growth factor beta physiology, metabolism, gene expression
regulation, gene silencing, skeletal muscle metabolism, Myod protein genetics, myogenic regula-
tory factors genetics, myogenin genetics, messenger RNA analysis, somites cytology, transforming
growth factor beta genetics, up regulation.

Amoyel, M., Y.C. Cheng, Y.]. Jiang, and D.G. Wilkinson (2005). Wnt1 regulates neurogenesis and

mediates lateral inhibition of boundary cell specification in the zebrafish hindbrain. Develop-
ment 132(4): 775-85. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The formation of localised signalling centres is essential for patterning of a number

of tissues during development. Previous work has revealed that a distinct population of bound-

78

Development


http:QL801.A4

ary cells forms at the interface of segments in the vertebrate hindbrain, but the role of these

cells is not known. We have investigated the function of the Wnt1 signalling molecule that is
expressed by boundary and roof plate cells in the zebrafish hindbrain. Knockdown of wntl or of
tcf3b, a mediator of Wnt signalling, leads to ectopic expression of boundary cell markers, rfng
and foxb1.2, in non-boundary regions of the hindbrain. Ectopic boundary marker expression

also occurs following knockdown of rfng, a modulator of Notch signalling required for wntl
expression at hindbrain boundaries. We show that the boundary and roof plate expression of
wntl each contribute to upregulation of proneural and delta gene expression and neurogenesis in
non-boundary regions, which in turn blocks ectopic boundary marker expression. Boundary cells
therefore play a key role in the regulation of cell differentiation in the zebrafish hindbrain. The
network of genes underlying the regulation of neurogenesis and lateral inhibition of boundary cell
formation by Wntl has a striking similarity to mechanisms at the dorsoventral boundary in the
Drosophila wing imaginal disc.

Descriptors: zebrafish embryo hindbrain, cell differentiation physiology, developmental gene
expression regulation physiology, intercellular signaling peptides and proteins metabolism,
rhombencephalon embryology, developmental gene expression regulation genetics, in situ hybrid-
ization, intercellular signaling peptides and membrane proteins metabolism, morphogenesis
physiology, Notch receptors, rhombencephalon metabolism, Wnt proteins, Wntl protein.

Amsterdam, A. (2003). Insertional mutagenesis in zebrafish. Developmental Dynamics 228(3): 523-534.
ISSN: 1058 8388.
NAL Call Number: QL801.A4
Abstract: Insertional mutagenesis is a method for identifying genes essential for a given biologi-
cal process by using the integration of DNA as the mutagen, thereby facilitating the cloning of
the mutated gene. The use of retrovirus-mediated insertional mutagenesis in zebrafish has led to
the mutation and rapid identification of hundreds of genes required for embryonic development
and cell viability and growth, revealing the diversity of gene products required for the develop-
ment of this vertebrate. Here, I will review the methodology of this approach and the results to
date, as well as other potential ways to use insertional mutagenesis for genetic screens. Copyright
© 2008 CABI
Descriptors: zebrafish, DNA, genes, genetic analysis, insertional mutagenesis, mutagens, muta-
tions, transposable elements, Danio rerio.

Amsterdam, A. and T.S. Becker (2005). Transgenes as screening tools to probe and manipulate the
zebrafish genome. Developmental Dynamics 234(2): 255-268. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Abstract: The zebrafish, originally an object of study as an inexpensive and prolific vertebrate
embryological model with a plethora of genetic tricks, has over the past decade moved to large-
scale chemical mutagenesis and recently came of age as a high throughput transgenic model with
a sequenced genome nearing completion. Insertional mutagenesis, gene trapping and enhancer
detection are all contributing to the increasing speed with which research in this biomedical
model is progressing. We review here some of the recent developments in the emerging field of
zebrafish developmental genomics and transgenesis. Copyright © 2008 CABI
Descriptors: zebrafish, genetic models, genome analysis, genomes, mutagenesis, Danio rerio.

Ando, H., M. Kobayashi, T. Tsubokawa, K. Uyemura, T. Furuta, and H. Okamoto (2005). Lhx2 medi-
ates the activity of Six3 in zebrafish forebrain growth. Developmental Biology 287(2): 456-68 .
ISSN: 0012 1606.
NAL Call Number: 442.8D49

Information Resources on Zebrafish (2010) 79


http:QL801.A4
http:QL801.A4

Abstract: The telencephalon shows the greatest degree of size variation in the vertebrate brain.
Understanding the genetic cascade that regulates telencephalon growth is crucial to our under-
standing of how evolution of the normal human brain has supported such a variation in size.
Here, we present a simple and quick approach to analyze this cascade that combines caged-
mRNA technology and the use of antisense morpholino oligonucleotides in zebrafish embryos.
Lhx2, a LIM-homeodomain protein, and Six3s (Six3b and Six3a), another homeodomain pro-
teins, show very similar expression patterns early in forebrain development, and these are known
to be involved in the growth of this part of the brain. The telencephalon of six3b and six3a
double morphant (six3 morphant) embryos is markedly reduced in size due to impaired cellular
proliferation. Head-specific overexpression of Lhx2 by photoactivation of a caged-lhx2 mRNA
completely rescued this size reduction, whereas similar head-specific activation of Six3b could
not rescue the knockdown effect of lhx2. In the forebrain of medaka embryos, Six3 facilitates cel-
lular proliferation by sequestration of Geminin from Cdtl, a key component in the assembly of
the prereplication complex. Our results suggest that Lhx2 may mediate an alternative or parallel
pathway for control of cellular proliferation in the developing forebrain via Six3.

Descriptors: zebrafish embryo forebrain, eye proteins metabolism, homeodomain proteins
metabolism, nerve tissue proteins metabolism, prosencephalon physiology, cell proliferation,
prosencephalon embryology, signal transduction, telencephalon embryology, telencephalon physi-

ology.

Anzenberger, U., N. Bit Avragim, S. Rohr, E Rudolph, B. Dehmel, T.E. Willnow, and S. Abdelilah Sey-

fried (2006). Elucidation of megalin/LRP2-dependent endocytic transport processes in the
larval zebrafish pronephros. Journal of Cell Science 119(Pt 10): 2127-37. ISSN: 0021-9533.
NAL Call Number: QH301.J6

Abstract: Megalin/LRP2 is an endocytic receptor in the proximal tubules of the mammalian
kidney that plays a central role in the clearance of metabolites from the glomerular filtrate.

To establish a genetic model system for elucidation of molecular components of this retrieval
pathway, we characterized orthologous transport processes in the zebrafish. We show that expres-
sion of megalin/LRP2 and its co-receptor cubilin is conserved in the larval zebrafish pronephros
and demarcates a segment of the pronephric duct that is active in clearance of tracer from the
ultrafiltrate. Knock-down of megalin/LRP2 causes lack of Rab4-positive endosomes in the proxi-
mal pronephric duct epithelium and abrogates apical endocytosis. Similarly, knock-down of the
megalin/LRP2 adaptor Disabled 2 also blocks renal clearance processes. These results demonstrate
the conservation of the megalin/LRP2 retrieval pathway between the larval zebrafish proneph-
ros and the mammalian kidney and set the stage for dissection of the renal endocytic machinery
in a simple model organism. Using this model system, we provide first genetic evidence that
renal tubular endocytosis and formation of endosomes is a ligand-induced process that crucially
depends on megalin/LRP2 activity.

Descriptors: kidney embryology, kidney metabolism, Idl receptor related protein 2 metabolism,
adaptor proteins, vesicular transport metabolism, amino acid sequence, genetically modified,
endocytosis, kidney blood supply, larva, molecular sequence data.

Appel, B., P. Marasco, L.E. McClung, and A.]. Latimer (2003). Lunatic fringe regulates Delta-Notch

induction of hypochord in zebrafish. Developmental Dynamics 228(2): 281-6. ISSN: 1058
8388.

NAL Call Number: QL801.A4

Descriptors: developmental gene expression regulation drug effects, glycosyltransferases metabo-
lism, membrane proteins metabolism, notochord physiology, genetics, body patterning, molecular
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cloning, gastrula, glycosyltransferases genetics, in situ hybridization, ligands , membrane antisense
oligonucleotides pharmacology, Notch receptors, signal transduction.

Arduini, B.L. and P.D. Henion (2004). Melanophore sublineage-specific requirement for zebrafish
touchtone during neural crest development. Mechanisms of Development 121(11): 1353-64.
ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: The specification, differentiation and maintenance of diverse cell types are of central
importance to the development of multicellular organisms. The neural crest of vertebrate animals
gives rise to many derivatives, including pigment cells, peripheral neurons, glia and elements of
the craniofacial skeleton. The development of neural crest-derived pigment cells has been studied
extensively to elucidate mechanisms involved in cell fate specification, differentiation, migration
and survival. This analysis has been advanced considerably by the availability of large numbers of
mouse and, more recently, zebrafish mutants with defects in pigment cell development. We have
identified the zebrafish mutant touchtone (tct), which is characterized by the selective absence

of most neural crest-derived melanophores. We find that although wild-type numbers of mel-
anophore precursors are generated in the first day of development and migrate normally in tct
mutants, most differentiated melanophores subsequently fail to appear. We demonstrate that the
failure in melanophore differentiation in tct mutant embryos is due at least in part to the death of
melanoblasts and that tct function is required cell autonomously by melanoblasts. The tct locus is
located on chromosome 18 in a genomic region apparently devoid of genes known to be involved
in melanophore development. Thus, zebrafish tct may represent a novel as well as selective regula-
tor of melanoblast development within the neural crest lineage. Further, our results suggest that,
like other neural crest-derived sublineages, melanogenic precursors constitute a heterogeneous
population with respect to genetic requirements for development.

Descriptors: zebrafish, melanophores cytology, neural crest growth and development, and,
alleles, apoptosis, caspase 3, caspases analysis , cell differentiation genetics, cell differentiation
physiology, cell lineage genetics, cell lineage physiology, chromosome mapping, embryo, cytology,
physiology, melanophores chemistry, melanophores physiology, mutation genetics, genetics.

Argenton, E, S. Giudici, G. Deflorian, S. Cimbro, E Cotelli, and M. Beltrame (2004). Ectopic expres-
sion and knockdown of a zebrafish sox21 reveal its role as a transcriptional repressor in early
development. Mechanisms of Development 121(2): 131-42. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Sox proteins are DNA-binding proteins belonging to the HMG box superfamily and
they play key roles in animal embryonic development. Zebrafish Sox21a is part of group B Sox
proteins and its chicken and mouse orthologs have been described as transcriptional repressor
and activator, respectively, in two different target gene contexts. Zebrafish sox21a is present as a
maternal transcript in the oocyte and is mainly expressed at the developing midbrain-hindbrain
boundary from the onset of neurulation. In order to understand its role in vivo, we ectopically
expressed sox21a by microinjection. Ectopic expression of full length sox21a leads to dorsaliza-
tion of the embryos. A subset of the dorsalized embryos shows a partial axis splitting, and hence
an ectopic neural tube, as an additional phenotype. At gastrulation, injected embryos show
expansion of the expression domains of organizer-specific genes, such as chordin and goosecoid.
Molecular markers used in somitogenesis highlight that sox21a-injected embryos have short-
ened AP axis, undulating axial structures, enlarged or even radialized paraxial territory. The
developmental abnormalities caused by ectopic expression of sox21a are suggestive of defects

in convergence-extension morphogenetic movements. Antisense morpholino oligonucleotides,
designed to functionally knockdown sox21a, cause ventralization of the embryos. Moreover, gain-
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of-function experiments with chimeric constructs, where Sox21a DNA-binding domain is fused
to a transcriptional activator (VP16) or repressor (EnR) domain, suggests that zebrafish Sox21a
acts as a repressor in dorso-ventral patterning.

Descriptors: zebrafish, DNA binding proteins genetics, high mobility group embryology, genet-
ics, genetically modified, base sequence, body patterning genetics, body patterning physiology,
DNA binding, gastrula, gene expression, gene targeting, high mobility group, oligodeoxyribo-
nucleotides, antisense genetics, oligodeoxyribonucleotides, antisense pharmacology, repressor
repressor.

E, L. Hoffman, D. Guay, and M.A. Akimenko (2006). Characterization of two new zebrafish
members of the Hedgehog family: atypical expression of a zebrafish Indian Hedgehog gene
in skeletal elements of both endochondral and dermal origins. Developmental Dynamics
235(2): 478-89. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, developmental gene expression regulation genetics, musculosk-
eletal system embryology, musculoskeletal system metabolism, trans activators classification, trans
activators metabolism, metabolism, amino acid sequence, collagen type X metabolism, Hedge-
hog proteins, larva genetics, larva metabolism, molecular sequence data, musculoskeletal system
chemistry, phylogeny, sequence alignment, trans activators chemistry, trans activators genetics,
classification and genetics.

E, L. Hoffman, and M.A. Akimenko (2004). Characterization of two new Hedgehog genes in
zebrafish. Developmental Biology 271(2): 608. ISSN: 0012 1606.
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Descriptors: zebrafish, development, molecular genetics, biochemistry, molecular biophysics,

Hedgehog.

Azodi, E. and Q. Liu (2004). Analysis of N-cadherin function in developing zebrafish (Danio rerio)

retinal ganglion cells. Obio Journal of Science 104(1): A13. ISSN: 0030-0950.
Descriptors: zebrafish, adhesion, antibodies, developmental stages, embryonic development,
freshwater fish, ganglia, PCR, retinas, Danio rerio.

Babb Clendenon, S., Y.C. Shen, Q. Liu, K.E. Turner, M.S. Mills, G.W. Cook, C.A. Miller, V.H.2.

Gattone, K.E. Barald, and J.A. Marrs (2006). Cadherin-2 participates in the morphogenesis of
the zebrafish inner ear. Journal of Cell Science 119(Pt 24): 5169-77. ISSN: 0021 9533.

NAL Call Number: QH301.]J6

Abstract: Molecular mechanisms that control inner ear morphogenesis from the placode to

the three-dimensional functional organ are not well understood. We hypothesize that cell-cell
adhesion, mediated by cadherin molecules, contributes significantly to various stages of inner

ear formation. Cadherin-2 (Cdh2) function during otic vesicle morphogenesis was investigated
by examining morpholino antisense oligonucleotide knockdown and glass onion (glo) (Cdh2
mutant) zebrafish embryos. Placode formation, vesicle cavitation and specification occurred
normally, but morphogenesis of the otic vesicle was affected by Cdh2 deficiency: semicircular
canals were reduced or absent. Phalloidin staining of the hair cell stereocillia demonstrated that
cadherin-2 (cdh2) loss-of-function did not affect hair cell number, but acetylated tubulin label-
ing showed that hair cell kinocilia were shorter and irregularly shaped. Statoacoustic ganglion size
was significantly reduced, which suggested that neuron differentiation or maturation was affected.
Furthermore, cdh2 loss-of-function did not cause a general developmental delay, since differentia-
tion of other tissues, including eye, proceeded normally. These findings demonstrate that Cdh2
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selectively affects epithelial morphogenetic cell movements, particularly semicircular canal forma-
tion, during normal ear mophogenesis.

Descriptors: zebrafish embryo, cadherins physiology, inner ear metabolism, morphogenesis
physiology, cadherins genetics, cadherins metabolism, cell adhesion genetics, cell adhesion physi-
ology, inner ear cytology, inner ear growth and development, developmental gene expression
regulation, hair cells cytology, hair cells metabolism, hair cells ultrastructure, in situ hybridization,
electron transmission microscopy, morphogenesis genetics.

Babb, S.G., S.M. Kotradi, B. Shah, C. Chiappini Williamson, L.N. Bell, G. Schmeiser, E. Chen, Q. Liu,
and J.A. Marrs (2005). Zebrafish R-cadherin (Cdh4) controls visual system development and
differentiation. Developmental Dynamics 233(3): 930-45. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: In zebrafish, R-cadherin (cadherin-4 or Cdh4) is expressed in the retina and in retino-
recipient brain regions, suggesting that Cdh4 functions during visual system development. Cdh4
function was examined during retinogenesis and retinal axon outgrowth using antisense mor-
pholino oligonucleotides and mutant Cdh4 construct expression. In knockdowns, Cdh4 was
reduced or absent, eyes were small, and retinae lacked discrete laminae. Increased cell death pro-
duced the small eye phenotype. Zn5-, Pax6-, and zpr-1-positive cells were reduced or absent in
knockdown retinas but, when present, were in the correct laminae. Cdh4 knockdowns had sparse
or absent retinal ganglion cell axons. When present, axons projected contralaterally but lacked
fine branching and failed to reach the tectum or arborize the entire tectum. Mutant Cdh4 con-
struct expression during retinal ganglion cell differentiation reduced or ablated neurite formation.
Cdh4 is necessary for neural retina survival and differentiation, and required for normal retino-
tectal projection formation and tectal arborization.

Descriptors: zebrafish embryo, cadherins metabolism, cell differentiation, retina cytology, retina
embryology, vision physiology, genetically modified fish, apoptosis, cadherins genetics, cytology,
metabolism, developmental gene expression regulation, mutation genetics, neurons cytology,
neurons metabolism, phenotype, retina metabolism.

Babb, S.G. and J.A. Marrs (2004). E-cadherin regulates cell movements and tissue formation in early
zebrafish embryos. Developmental Dynamics 230(2): 263-77. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, cadherins metabolism, cell movement, metabolism, cadherins
genetics, cell division, cell survival, gastrula cytology, gastrula metabolism, developmental gene
expression regulation, antisense oligoribonucleotides genetics, antisense oligoribonucleotides
metabolism, RNA genetics and messenger metabolism, somites cytology, somites metabolism.

Bae, Y.K., T. Shimizu, and M. Hibi (2005). Patterning of proneuronal and inter-proneuronal domains
by hairy- and enhancer of split-related genes in zebrafish neuroectoderm. Development
132(6): 1375-85. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: In teleosts and amphibians, the proneuronal domains, which give rise to primary-
motor, primary-inter and Rohon-Beard (RB) neurons, are established at the beginning of
neurogenesis as three longitudinal stripes along the anteroposterior axis in the dorsal ectoderm.
The proneuronal domains are prefigured by the expression of basic helix-loop-helix (BHLH)
proneural genes, and separated by domains (inter-proneuronal domains) that do not express the
proneural genes. Little is known about how the formation of these domains is spatially regulated.
We have found that the zebrafish hairy- and enhancer of split-related (Her) genes her3 and her9

are expressed in the inter-proneuronal domains, and are required for their formation. her3 and
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her9 expression was not regulated by Notch signaling, but rather controlled by positional cues,
in which Bmp signaling is involved. Inhibition of Her3 or Her9 by antisense morpholino oli-
gonucleotides led to ectopic expression of the proneural genes in part of the inter-proneuronal
domains. Combined inhibition of Her3 and Her9 induced ubiquitous expression of proneural
and neuronal genes in the neural plate, and abolished the formation of the inter-proneuronal
domains. Furthermore, inhibition of Her3/Her9 and Notch signaling led to ubiquitous and
homogeneous expression of proneural and neuronal genes in the neural plate, revealing that
Her3/Her9 and Notch signaling have distinct roles in neurogenesis. These data indicate that her3
and her9 function as prepattern genes that link the positional dorsoventral polarity information
in the posterior neuroectoderm to the spatial regulation of neurogenesis.

Descriptors: zebrafish, ectoderm metabolism, nervous system metabolism, repressor proteins
metabolism , and proteins metabolism, basic helix loop helix transcription factors, body pat-
terning physiology, bone morphogenetic proteins metabolism, membrane proteins metabolism,
neurons metabolism, Notch receptors, repressor proteins genetics.

Bae, Y.K., T. Shimizu, T. Yabe, C.H. Kim, T. Hirata , H. Nojima, O. Muraoka, T. Hirano, and M.

Hibi (2003). A homeobox gene, pnx, is involved in the formation of posterior neurons in
zebrafish. Development 130(9): 1853-65. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: A homeobox gene, pnx, is expressed in prospective posterior neurogenic regions and
later in primary neurons. pnx expression was regulated by a signal from the non-axial mesen-
doderm and by Notch signaling. Pnx contains an Eh1 repressor domain, which interacted with
Groucho and acted as a transcriptional repressor. Misexpression of pnx increased neural precur-
sor cells and postmitotic neurons, which express neurogeninl and elavl3/HuC, respectively.
Expression of an antimorphic Pnx (VP16Pnx) or inhibition of Pnx by antisense morpholino oli-
gonucleotide led to the reduction in the number of a subset of primary neurons. Misexpression of
pnx promoted neurogenesis independent of Notch signaling. Epistatic analyses showed that Pnx
also functions downstream of the Notch signal. These data indicate that pnx is a novel repressor-
type homeobox gene that regulates posterior neurogenesis.

Descriptors: zebrafish embryos, homeobox genes, homeodomain nervous system embryology,
nuclear proteins, transcription factors, amino acid sequence, developmental gene expression
regulation physiology, homeodomain proteins metabolism, membrane proteins metabolism,
molecular sequence data, nerve tissue phylogeny, Notch receptors, signal transduction physiology,
genetic transcription physiology.

Bagatto, B., J. Francl, B. Liu, and Q. Liu (2006). Cadherin2 (N-cadherin) plays an essential role in

zebrafish cardiovascular development. BioMed Central Developmental Biology 6:(1) ISSN: 1471
213X.

NAL Call Number: QH491.B63

Abstract: BACKGROUND: Cadherins are cell surface adhesion molecules that play important
roles in development of vertebrate tissues and organs. We studied cadherin2 expression in devel-
oping zebrafish heart using in situ hybridization and immunocytochemical methods, and we
found that cadherin2 was strongly expressed by the myocardium of the embryonic zebrafish. To
gain insight into cadherin2 role in the formation and function of the heart, we analyzed cardiac
differentiation and performance in a cadherin2 mutant, glass onion (glo). RESULTS: We found
that the cadherin2 mutant had enlarged pericardial cavity, disorganized atrium and ventricle, and
reduced expression of a ventricular specific marker vimhc. Individual myocardiocytes in the glo
mutant embryos became round shaped and loosely aggregated. In vivo measurements of cardiac
performance revealed that the mutant heart had significantly reduced heart rate, stroke volume
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and cardiac output compared to control embryos. Formation of the embryonic vascular system

in the glo mutants was also affected. CONCLUSION: Our results suggest that cadherin2 plays
an essential role in zebrafish cardiovascular development. Although the exact mechanisms remain
unknown as to the formation of the enlarged pericardium and reduced peripheral blood flow, it is
clear that myocardiocyte differentiation and physiological cardiovascular performance is impaired
when cadherin2 function is disrupted.

Descriptors: zebrafish embryos, cadherins physiology, cardiovascular system growth and
development, cadherins genetics, developmental gene expression regulation, heart growth and
development, mutation, myocardium metabolism.

Notes: Artcle Number 23.

Bakkers, J., C. Kramer, J. Pothof, N.E. Quaedvlieg, H.P. Spaink, and M. Hammerschmidt (2004). Has2
is required upstream of Racl to govern dorsal migration of lateral cells during zebrafish gas-
trulation. Development 131(3): 525-37. ISSN: 0950 1991.

NAL Call Number: QL.951.D38

Abstract: The large extracellular polysaccharide Hyaluronan (HA) and its synthesizing enzymes
(Has) have been implicated in regulating the migratory potential of metastatic cancer cells. Here,
we analyze the roles of zebrafish Has2 in normal development. Antisense morpholino oligonucle-
otide (MO)-mediated knockdown of zebrafish Has2 leads to the loss of HA, and severe migratory
defects during gastrulation, somite morphogenesis and primordial germ cell migration. During
gastrulation, ventrolateral cells of has2 morphant embryos fail to develop lamellipodia and to
migrate dorsally, resulting in a blockage of dorsal convergence, whereas extension of the dorsal
axis is normal. The effect is cell autonomous, suggesting that HA acts as an autocrine signal to
stimulate the migration of HA-generating cells. Upon ectopic expression in axial cells, has2 causes
the formation of supernumerary lamellipodia and a blockage of axis extension. Epistasis analyses
with constitutively active and dominant-negative versions of the small GTPase Racl suggest that
HA acts by Racl activation, rather than as an essential structural component of the extracellular
matrix. Together, our data provide evidence that convergence and extension are separate mor-
phogenetic movements of gastrulation. In addition, they suggest that the same HA pathways are
active to auto-stimulate cell migration during tumor invasion and vertebrate embryogenesis.
Descriptors: zebrafish, gastrula metabolism, glucuronosyltransferase metabolism, glycosyltrans-
ferases, membrane proteins, transferases, Xenopus proteins, proteins, Racl GTP binding protein
metabolism, genetics, physiology, cell movement physiology, glucuronosyltransferase genetics,
phylogeny, Racl GTP binding protein genetics.

Bardet, PL., M. Schubert, B. Horard, L.Z. Holland, V. Laudet, N.D. Holland, and J.M. Vanacker (2005).
Expression of estrogen-receptor related receptors in amphioxus and zebrafish: implications
for the evolution of posterior brain segmentation at the invertebrate-to-vertebrate transition.
Evolution and Development 7(3): 223-33. ISSN: 1520 541X.

NAL Call Number: QH359

Abstract: Summary The evolutionary origin of vertebrate hindbrain segmentation is unclear
since the amphioxus, the closest living invertebrate relative to the vertebrates, possesses a hind-
brain homolog that displays no gross morphological segmentation. Three of the estrogen-receptor
related (ERR) receptors are segmentally expressed in the zebrafish hindbrain, suggesting that their
common ancestor was expressed in a similar, reiterated manner. We have also cloned and deter-
mined the developmental expression of the single homolog of the vertebrate ERR genes in the
amphioxus (AmphiERR). This gene is also expressed in a segmented manner in a region consid-
ered homologous to the vertebrate hindbrain. In contrast to the expression of amphioxus islet (a
LIM-homeobox gene that also labels motoneurons), AmphiERR expression persists longer in the

Information Resources on Zebrafish (2010) 85



hindbrain homolog and does not later extend to additional posterior cells. In addition, Amphi-
ERR and one of its vertebrate homologs (ERRalpha) are expressed in the developing somitic
musculature of amphioxus and zebrafish, respectively. Altogether, our results are consistent with
fine structural evidence suggesting that the amphioxus hindbrain is segmented, and indicate that
chordate ERR gene expression is a marker for both hindbrain and muscle segmentation. Fur-
thermore, our data support an evolution model of chordate brain segmentation: originally, the
program for anterior segmentation in the protochordate ancestors of the vertebrates resided in
the developing axial mesoderm which imposed reiterated patterning on the adjacent neural tube;
during early vertebrate evolution, this segmentation program was transferred to and controlled by
the neural tube.

Descriptors: zebrafish embryos, chordata, nonvertebrate genetics, evolution, developmental gene
expression regulation, estrogen receptorschemistry, estrogen receptors genetics, rhombencepha-
lon embryology, amino acid sequence, chordata, nonvertebrate embryology, molecular sequence
data, phylogeny, cytoplasmic and nuclear chemistry and genetics, rhombencephalon metabolism,
sequence alignment, proteins chemistry.

Barembaum, M. and M. Bronner-Fraser (2005). Early steps in neural crest specification. Seminars in

Cell & Developmental Biology 16(6): 642-646. ISSN: 1084-9521.

NAL Call Number: QH573

Descriptors: zebrafish, toads, chickens, mice, frogs, mollusks, aquatic organisms, bone mor-
phogenetic proteins, ectoderm, fibroblast growth factor, freshwater fish, gene families, molecular
modelling, neural crest and plate development, neurophysiology, reviews, signal transduction,
specificity, transcription, transcription factors , Wnt protein, c-Myc protein, anura, Danio rerio,
mollusca, foxD3 protein, snail protein, SoxE protein .

Barrallo Gimeno, A., J. Holzschuh, W. Driever, and E.W. Knapik (2004). Neural crest survival and dif-

ferentiation in zebrafish depends on mont blanc/tfap2a gene function. Development 131(7):
1463-77. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Neural crest progenitor cells are the main contributors to craniofacial cartilage and
connective tissue of the vertebrate head. These progenitor cells also give rise to the pigment, neu-
ronal and glial cell lineages. To study the molecular basis of neural crest differentiation, we have
cloned the gene disrupted in the mont blanc (mob(m610)) mutation, which affects all neural
crest derivatives. Using a positional candidate cloning approach we identified an A to G transition
within the 3’ splice site of the sixth intron of the tfap2a gene that abolishes the last exon encoding
the crucial protein dimerization and DNA-binding domains. Neural crest induction and speci-
fication are not hindered in mob(m610) mutant embryos, as revealed by normal expression of
early neural crest specific genes such as snail2, foxd3 and sox10. In addition, the initial stages of
cranial neural crest migration appear undisturbed, while at a later phase the craniofacial primor-
dia in pharyngeal arches two to seven fail to express their typical set of genes (sox9a, wnt5a, dlx2,
hoxa2/b2). In mob(m610) mutant embryos, the cell number of neuronal and glial derivatives

of neural crest is greatly reduced, suggesting that tfap2a is required for their normal develop-
ment. By tracing the fate of neural crest progenitors in live mont blanc (mob(m610)) embryos,
we found that at 24 hpf neural crest cells migrate normally in the first pharyngeal arch while the
preotic and postotic neural crest cells begin migration but fail to descend to the pharyngeal region
of the head. TUNEL assay and Acridine Orange staining revealed that in the absence of tfap2a

a subset of neural crest cells are unable to undergo terminal differentiation and die by apoptosis.
Furthermore, surviving neural crest cells in tfap2a/mob(m610) mutant embryos proliferate nor-
mally and later differentiate to individual derivatives. Our results indicate that tfap2a is essential
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to turn on the normal developmental program in arches 2-7 and in trunk neural crest. Thus,
tfap2a does not appear to be involved in early specification and cell proliferation of neural crest,
but it is a key regulator of an early differentiation phase and is required for cell survival in neural
crest derived cell lineages.

Descriptors: zebrafish embryos, cell differentiation physiology, cell survival physiology, DNA
binding proteins genetics, proteins metabolism, morphogenesis physiology, neural crest physi-
ology, transcription factors metabolism, genetics, amino acid sequence, apoptosis physiology,
body patterning, brain cytology, brain embryology, brain metabolism, branchial region cytology,
branchial region embryology, cell lineage, DNA binding proteins genetics, developmental gene
expression regulation, in situ hybridization, jaw anatomy and histology, jaw embryology, kidney
embryology, kidney metabolism, molecular sequence data , neural crest cytology, neurons cytol-
ogy, neurons metabolism, neurons physiology, pigmentation physiology, sequence alignment,
transcription factor ap 2, transcription factors genetics, proteins.

Barresi, M.J., L.D. Hutson, C.B. Chien, and R.O. Karlstrom (2005). Hedgehog regulated slit expres-
sion determines commissure and glial cell position in the zebrafish forebrain. Development
132(16): 3643-56. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Three major axon pathways cross the midline of the vertebrate forebrain early in
embryonic development: the postoptic commissure (POC), the anterior commissure (AC) and
the optic nerve. We show that a small population of Gfap+ astroglia spans the midline of the
zebrafish forebrain in the position of, and prior to, commissural and retinal axon crossing. These
glial ;bridges’ form in regions devoid of the guidance molecules slit2 and slit3, although a subset
of these glial cells express slitla. We show that Hh signaling is required for commissure forma-
tion, glial bridge formation, and the restricted expression of the guidance molecules slit1a, slit2,
slit3 and sema3d, but that Hh does not appear to play a direct role in commissural and retinal
axon guidance. Reducing Slit2 and/or Slit3 function expanded the glial bridges and caused
defasciculation of the POC, consistent with a ;channeling’ role for these repellent molecules. By
contrast, reducing Slitla function led to reduced midline axon crossing, suggesting a distinct role
for Slitla in midline axon guidance. Blocking Slit2 and Slit3, but not Slitla, function in the Hh
pathway mutant yot (gli2DR) dramatically rescued POC axon crossing and glial bridge formation
at the midline, indicating that expanded Slit2 and Slit3 repellent function is largely responsible
for the lack of midline crossing in these mutants. This analysis shows that Hh signaling helps to
pattern the expression of Slit guidance molecules that then help to regulate glial cell position and
axon guidance across the midline of the forebrain.

Descriptors: zebrafish embryos, intracellular signaling peptides and proteins metabolism,

nerve tissue proteins metabolism, neuroglia metabolism, prosencephalon embryology, trans
activators metabolism, developmental gene expression regulation, Hedgehog proteins, in situ
hybridization, intercellular signaling peptides and proteins, intracellular signaling peptides and
morphogenesis, nerve growth factors genetics, nerve growth factors metabolism, nerve tissue
neurons cytology , neurons metabolism, antisense oligonucleotides genetics, antisense oligonucle-
otides metabolism, prosencephalon cytology, prosencephalon metabolism, semaphorins genetics,
semaphorins metabolism, signal transduction, trans activators genetics, metabolism, proteins
genetics.

Bart, A.N. and H.A. Kyaw (2003). Survival of zebrafish, Brachydanio rerio (Hamilton-Buchanan),
embryo after immersion in methanol and exposure to ultrasound with implications to cryo-
preservation. Aquaculture Research. 34(8): 609-15. ISSN: 1355 557X.

NAL Call Number: SH1.F8
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Abstract: This study examined the viability of embryos after immersion in highly concentrated
methanol solutions (40-60%) and exposing embryos to ultrasound to enhance efficient transport
of the cryoprotectant. The exposure to ultrasound, methanol concentrations, duration of treat-
ment and the stages of embryonic development was found to have measurable effects on embryo
viability. The effect of ultrasound was more evident at high voltage (>440 V) settings and at

early developmental stages (30 and 60% epiboly stage). Older embryos were more resistant to
cryoprotectant toxicity and ultrasound-induced mortality. The high concentration of methanol
(60%) was more toxic to embryos than the low concentration (40%). When methanol treatment
and ultrasound were applied simultaneously the optimum concentration was found to be 45%
methanol (45% survival; P<0.05) in a 3 min treatment. Although there was no significant dif-
ference between the 2 and 3 min treatments, embryos treated for 4 min had a significantly lower
survival rate (P<0.05). These findings provide initial results to select the developmental stage of
the embryo, the concentration of methanol for the preparation of a vitrification solution and
duration of ultrasound treatment for cryopreservation. Furthermore, it indicates the potential use
of ultrasound to enhance the transport of methanol intracellularly with minimum mortality of
the developing embryos.

Descriptors: zebrafish, Brachydanio rerio, embryo, embryogenesis, cryoprotectants, methanol,
ultrasonic treatment, cryopreservation.

Bassett, D.I., R.J. Bryson Richardson, D.E Daggett, P. Gautier, D.G. Keenan, and PD. Currie (2003).
Dystrophin is required for the formation of stable muscle attachments in the zebrafish
embryo. Development 130(23): 5851-60. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: A class of recessive lethal zebrafish mutations has been identified in which normal
skeletal muscle differentiation is followed by a tissue-specific degeneration that is reminiscent

of the human muscular dystrophies. Here, we show that one of these mutations, sapje, disrupts
the zebrafish orthologue of the X-linked human Duchenne muscular dystrophy (DMD) gene.
Mutations in this locus cause Duchenne or Becker muscular dystrophies in human patients and
are thought to result in a dystrophic pathology through disconnecting the cytoskeleton from

the extracellular matrix in skeletal muscle by reducing the level of dystrophin protein at the sar-
colemma. This is thought to allow tearing of this membrane, which in turn leads to cell death.
Surprisingly, we have found that the progressive muscle degeneration phenotype of sapje mutant
zebrafish embryos is caused by the failure of embryonic muscle end attachments. Although a role
for dystrophin in maintaining vertebrate myotendinous junctions (MT]s) has been postulated
previously and MT] structural abnormalities have been identified in the Dystrophin-deficient
mdx mouse model, in vivo evidence of pathology based on muscle attachment failure has thus
far been lacking. This zebrafish mutation may therefore provide a model for a novel pathological
mechanism of Duchenne muscular dystrophy and other muscle diseases.

Descriptors: zebrafish embryos, membrane proteins metabolism, muscle fibers metabolism,
muscle proteins metabolism, proteins metabolism, amino acid sequence, macromolecular sub-
stances, membrane proteins classification, membrane molecular sequence data, muscle fibers
pathology, muscle fibers ultrastructure, muscle proteins classification, muscle Duchenne muscular
dystrophy genetics, Duchenne muscular dystrophy metabolism, phenotype, phylogeny, recom-
binant fusion proteins metabolism, sarcolemma metabolism, sequence alignment, transgenes,
anatomy and histology, genetics, proteins classification, lethal mutations.

Bates, ].M., E. Mittge, J. Kuhlman, K.N. Baden, S.E. Cheesman, and K. Guillemin (2006). Distinct
signals from the microbiota promote different aspects of zebrafish gut differentiation. Devel-
opmental Biology 297(2): 374-86. ISSN: 0012 1606.
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NAL Call Number: 442.8D49

Abstract: All animals exist in intimate associations with microorganisms that play important
roles in the hosts’ normal development and tissue physiology. In vertebrates, the most popu-
lous and complex community of microbes resides in the digestive tract. Here, we describe
the establishment of the gut microbiota and its role in digestive tract differentiation in the
zebrafish model vertebrate, Danio rerio. We find that in the absence of the microbiota, the
gut epithelium is arrested in aspects of its differentiation, as revealed by the lack of brush
border intestinal alkaline phosphatase activity, the maintenance of immature patterns of
glycan expression and a paucity of goblet and enteroendocrine cells. In addition, germ-free
intestines fail to take up protein macromolecules in the distal intestine and exhibit faster
motility. Reintroduction of a complex microbiota at later stages of development or mono-
association of germ-free larvae with individual constituents of the microbiota reverses all of
these germ-free phenotypes. Exposure of germ-free zebrafish to heat-killed preparations of
the microbiota or bacterial lipopolysaccharide is sufficient to restore alkaline phosphatase
activity but not mature patterns of Gal alphal,3Gal containing glycans, indicating that the
host perceives and responds to its associated microbiota by at least two distinct pathways.
Descriptors: zebrafish embryos, intestines embryology, alkaline phosphatase metabolism,
bacteria metabolism, cell differentiation, cell lineage, digestive system pathology, epithelium
metabolism, homeostasis, intestinal mucosa embryology, intestines metabolism, intestines
microbiology, lipopolysaccharides metabolism.

Baye, L.M. and B.A. Link (2007). The disarrayed mutation results in cell cycle and neurogenesis
defects during retinal development in zebrafish. BioMed Central Developmental Biology 7:
28. ISSN: 1471 213X.

NAL Call Number: QH491.B63

Abstract: BACKGROUND: The vertebrate retina is derived from proliferative neuroepi-
thelial cells of the optic cup. During retinal development, cell proliferation and the processes
of cell cycle exit and neurogenesis are coordinated in neuroepithelial progenitor cells. Previ-
ous studies have demonstrated reciprocal influences between the cell cycle and neurogenesis.
However the specific mechanisms and exact relationships of cell cycle regulation and neuro-
genesis in the vertebrate retina remain largely unknown. RESULTS: We have isolated and
characterized a zebrafish mutant, disarrayed (drya64), which exhibits retinal defects in cell
cycle regulation and neurogenesis. By 42 hours post fertilization, disarrayed mutants show
small eyes and a reduced forebrain. Other aspects of development appear normal. Although
retinogenesis is delayed, mutant retinal cells eventually differentiate to all major cell types.
Examination of the disarrayed mitotic cycle using BrdU and direct imaging techniques
revealed that retinal neuroepithelial cells have an extended cell cycle period and reduced rate
of cell cycle exit and neurogenesis, despite the fact that neurogenesis initiates at the appropri-
ate time of development. Genetic mosaic analyses indicate that the cell cycle phenotype of
disarrayed is cell-non-autonomous. CONCLUSION: The disarrayed mutant shows defects
in both cell cycle regulation and neurogenesis and provides insights into the coordinated
regulation of these processes during retinal development.

Descriptors: zebrafish embryos, mutation, retina embryology, genetics, cell cycle, cell pro-
liferation, lethal, recessive genes, genetic markers, genotype, immunohistochemistry, in situ
hybridization, organogenesis, retina cytology.

Begemann, G., M. Marx, K. Mebus, A. Meyer, and M. Bastmeyer (2004). Beyond the neckless phe-
notype: influence of reduced retinoic acid signaling on motor neuron development in
the zebrafish hindbrain. Developmental Biology 271(1): 119-29. ISSN: 0012 1606.
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NAL Call Number: 442.8D49

Abstract: Retinoic acid (RA) has been identified as a key signal involved in the posterior-
ization of vertebrate neural ectoderm. The main biosynthetic enzyme responsible for RA
signaling in the hindbrain and spinal cord is Raldh2. However, neckless/raldh2-mutant (nls)
zebrafish exhibit only mild degrees of anteriorization in the neural ectoderm, compared to
full vitamin A deficiency in amniotes and the Raldh2-/- mouse. Here we investigated the
role of RA during neuronal development in the zebrafish hindbrain and anterior spinal cord
using DEAB, an inhibitor of retinaldehyde dehydrogenases. We show that the nls hindbrain
and spinal cord are not fully devoid of RA, since blocking Raldh-mediated RA signaling
leads to a more severe hindbrain phenotype than in nls. The anteroposterior distribution of
branchiomotor neurons in the facial and more posterior nuclei depends on full RA signaling
throughout early and late gastrula stages. In contrast, inhibition of RA synthesis after gastru-
lation reduces the number of branchiomotor neurons in the vagal nucleus, but has no effect
on anteroposterior cell fates. In addition, blockage of RA-mediated signaling not only inter-
feres with the differentiation of branchiomotor neurons and their axons in the hindbrain, but
also affects the development of the posterior lateral line nerve.

Descriptors: zebrafish embryos, aldehyde oxidoreductases physiology, motor neurons
physiology, phenotype, thombencephalon embryology, signal transduction physiology,

P aminoazobenzene analogs and derivatives, aldehyde oxidoreductases genetics, immu-
nohistochemistry, in situ hybridization, morphogenesis, retinal dehydrogenase, tretinoin
physiology, retinoic acid.

Beis, D., T. Bartman, S.W. Jin, I.C. Scott, L.A. D’Amico, E.A. Ober, H. Verkade, J. Frantsve, H.A.

Field, A. Wehman, H. Baier, A. Tallafuss, L. Bally Cuif, J.N. Chen, D.Y. Stainier, and B.
Jungblut (2005). Genetic and cellular analyses of zebrafish atrioventricular cushion and
valve development. Development 132(18): 4193-204. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Defects in cardiac valve morphogenesis and septation of the heart chambers con-
stitute some of the most common human congenital abnormalities. Some of these defects
originate from errors in atrioventricular (AV) endocardial cushion development. Although
this process is being extensively studied in mouse and chick, the zebrafish system presents
several advantages over these models, including the ability to carry out forward genetic
screens and study vertebrate gene function at the single cell level. In this paper, we analyze
the cellular and subcellular architecture of the zebrafish heart during stages of AV cushion
and valve development and gain an unprecedented level of resolution into this process. We
find that endocardial cells in the AV canal differentiate morphologically before the onset of
epithelial to mesenchymal transformation, thereby defining a previously unappreciated step
during AV valve formation. We use a combination of novel transgenic lines and fluorescent
immunohistochemistry to analyze further the role of various genetic (Notch and Calcineu-
rin signaling) and epigenetic (heart function) pathways in this process. In addition, from a
large-scale forward genetic screen we identified 55 mutants, defining 48 different genes, that
exhibit defects in discrete stages of AV cushion development. This collection of mutants pro-
vides a unique set of tools to further our understanding of the genetic basis of cell behavior
and differentiation during AV valve development.

Descriptors: zebrafish embryos, cell differentiation physiology, endocardium embryol-
ogy, heart valves embryology, morphogenesis physiology, signal transduction physiology,
genetically modified, calcineurin metabolism, cell differentiation genetics, DNA mutational
analysis, endocardium cytology, fluorescence, immunohistochemistry, confocal microscopy,
Notch receptors metabolism.
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Bellipanni, G., M. Varga, S. Maegawa, Y. Imai, C. Kelly, A.P. Myers, E Chu, W.S. Talbot, and E.S.
Weinberg (2006). Essential and opposing roles of zebrafish beta-catenins in the forma-
tion of dorsal axial structures and neurectoderm. Development 133(7): 1299-309. ISSN:
0950 1991.

NAL Call Number: QL951.D38

Abstract: In Xenopus, Wnt signals and their transcriptional effector beta-catenin are required
for the development of dorsal axial structures. In zebrafish, previous loss-of-function studies
have not identified an essential role for beta-catenin in dorsal axis formation, but the mater-
nal-effect mutation ichabod disrupts beta-catenin accumulation in dorsal nuclei and leads

to a reduction of dorsoanterior derivatives. We have identified and characterized a second
zebrafish beta-catenin gene, beta-catenin-2, located on a different linkage group from the
previously studied beta-catenin-1, but situated close to the ichabod mutation on LG19.
Although the ichabod mutation does not functionally alter the beta-catenin-2 reading frame,
the level of maternal beta-catenin-2, but not beta-catenin-1, transcript is substantially lower
in ichabod, compared with wild-type, embryos. Reduction of beta-catenin-2 function in
wild-type embryos by injection of morpholino antisense oligonucleotides (MOs) specific

for this gene (MO2) results in the same ventralized phenotypes as seen in ichabod embryos,
and administration of MO2 to ichabod embryos increases the extent of ventralization. MOs
directed against beta-catenin-1 (MO1), by contrast, had no ventralizing effect on wild-type
embryos. beta-catenin-2 is thus specifically required for organizer formation and this func-
tion is apparently required maternally, because the ichabod mutation causes a reduction

in maternal transcription of the gene and a reduced level of beta-catenin-2 protein in the
early embryo. A redundant role of beta-catenins in suppressing formation of neurectoderm
is revealed when both beta-catenin genes are inhibited. Using a combination of MO1 and
MO2 in wild-type embryos, or by injecting solely MO1 in ichabod embryos, we obtain
expression of a wide spectrum of neural markers in apparently appropriate anteroposterior
pattern. We propose that the early, dorsal-promoting function of beta-catenin-2 is essential to
counteract a later, dorsal- and neurectoderm-repressing function that is shared by both beta-
catenin genes.

Descriptors: zebrafish embryos, body patterning genetics, nervous system embryology, pro-
teins, beta catenin metabolism, amino acid sequence, chromosome mapping, chromosomes,
computer simulation, developmental gene expression regulation, genetic markers , genome,
microinjections, molecular sequence data, antisense oligonucleotides pharmacology, orga-
nizers, embryonic metabolism, phenotype, phylogeny, messenger RNA metabolism, reverse
transcriptase PCR, amino acid sequence homology, beta catenin chemistry, beta catenin
genetics.

Bennett, ].T., K. Joubin, S. Cheng, P. Aanstad, R. Herwig, M. Clark, H. Lehrach, and A.F. Schier
(2007). Nodal signaling activates differentiation genes during zebrafish gastrulation.
Developmental Biology 304(2): 525-40. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Nodal signals induce mesodermal and endodermal progenitors during vertebrate
development. To determine the role of Nodal signaling at a genomic level, we isolated Nodal-
regulated genes by expression profiling using macroarrays and gene expression databases.
Putative Nodal-regulated genes were validated by in situ hybridization screening in wild type
and Nodal signaling mutants. 46 genes were identified, raising the currently known number
of Nodal-regulated genes to 72. Based on their expression patterns along the dorsoventral
axis, most of these genes can be classified into two groups. One group is expressed in the
dorsal margin, whereas the other group is expressed throughout the margin. In addition to
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transcription factors and signaling components, the screens identified several new functional
classes of Nodal-regulated genes, including cytoskeletal components and molecules involved
in protein secretion or endoplasmic reticulum stress. We found that x-box binding protein-1
(xbp1) is a direct target of Nodal signaling and required for the terminal differentiation of
the hatching gland, a specialized secretory organ whose specification is also dependent on
Nodal signaling. These results indicate that Nodal signaling regulates not only specification
genes but also differentiation genes.

Descriptors: zebrafish embryo, gastrula metabolism, transforming growth factor beta
physiology, cell differentiation, DNA binding proteins genetics, proteins metabolism,
developmental gene expression regulation, oligonucleotide array sequence analysis, signal
transduction, transcription factors metabolism, proteins biosynthesis.

Berdougo, E., H. Coleman, D.H. Lee, D.Y. Stainier, and D. Yelon (2003). Mutation of weak

atrium/atrial myosin heavy chain disrupts atrial function and influences ventricular
morphogenesis in zebrafish. Developmenr 130(24): 6121-9. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The embryonic vertebrate heart is composed of two major chambers, a ventricle
and an atrium, each of which has a characteristic size, shape and functional capacity that
contributes to efficient circulation. Chamber-specific gene expression programs are likely to
regulate key aspects of chamber formation. Here, we demonstrate that epigenetic factors also
have a significant influence on chamber morphogenesis. Specifically, we show that an atrium-
specific contractility defect has a profound impact on ventricular development. We find

that the zebrafish locus weak atrium encodes an atrium-specific myosin heavy chain that is
required for atrial myofibrillar organization and contraction. Despite their atrial defects, weak
atrium mutants can maintain circulation through ventricular contraction. However, the weak
atrium mutant ventricle becomes unusually compact, exhibiting a thickened myocardial wall,
a narrow lumen and changes in myocardial gene expression. As weak atrium/atrial myosin
heavy chain is expressed only in the atrium, the ventricular phenotypes in weak atrium
mutants represent a secondary response to atrial dysfunction. Thus, not only is cardiac form
essential for cardiac function, but there also exists a reciprocal relationship in which function
can influence form. These findings are relevant to our understanding of congenital defects in
cardiac chamber morphogenesis.

Descriptors: zebrafish embryos, atrial function physiology, atrial myosins metabolism, heart
atria embryology, heart ventricles embryology, myocardial contraction physiology, myosin
heavy chains metabolism, atrial myosins genetics, atrial natriuretic factor genetics, atrial
natriuretic factor metabolism, epigenesis, genetic, heart physiology, metabolism, heart atria
ultrastructure, metabolism, ultrastructure, morphogenesis, mutation, myocardium cytology,
myocardium metabolism, myosin heavy chains genetics.

Bernardos, R.L., S.I. Lentz, M.S. Wolfe, and PA. Raymond (2005). Notch-Delta signaling is

required for spatial patterning and Muller glia differentiation in the zebrafish retina.
Developmental Biology 278(2): 381-95. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Notch-Delta signaling has been implicated in several alternative modes of func-
tion in the vertebrate retina. To further investigate these functions, we examined retinas
from zebrafish embryos in which bidirectional Notch-Delta signaling was inactivated either
by the mind bomb (mib) mutation, which disrupts E3 ubiquitin ligase activity, or by treat-
ment with gamma-secretase inhibitors, which prevent intramembrane proteolysis of Notch
and Delta. We found that inactivating Notch-Delta signaling did not prevent differentia-
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tion of retinal neurons, but it did disrupt spatial patterning in both the apical-basal and
planar dimensions of the retinal epithelium. Retinal neurons differentiated, but their laminar
arrangement was disrupted. Photoreceptor differentiation was initiated normally, but its pro-
gression was slowed. Although confined to the apical retinal surface as in normal retinas, the
planar organization of cone photoreceptors was disrupted: cones of the same spectral subtype
were clumped rather than regularly spaced. In contrast to neurons, Muller glia failed to dif-
ferentiate suggesting an instructive role for Notch-Delta signaling in gliogenesis.
Descriptors: zebrafish embryos, body patterning physiology, membrane, neuroglia
physiology, retina embryology, cell death, retina cones embryology, cytology, physiology,
fluorescence microscopy, mutation, Notch receptors, retina cytology, retinal rodsembryology,
signal transduction physiology, ubiquitin protein ligases deficiency, ubiquitin protein ligases
genetics.

Berndt, J.D. and M.C. Halloran (2006). Semaphorin 3d promotes cell proliferation and neural
crest cell development downstream of TCF in the zebrafish hindbrain. Development
133(20): 3983-92. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Neural crest cells (NCCs) are pluripotent migratory cells that are crucial to the
development of the peripheral nervous system, pigment cells and craniofacial cartilage and
bone. NCCs are specified within the dorsal ectoderm and undergo an epithelial to mesen-
chymal transition (EMT) in order to migrate to target destinations where they differentiate.
Here we report a role for a member of the semaphorin family of cell guidance molecules in
NCC development. Morpholino-mediated knockdown of Sema3d inhibits the prolifera-
tion of hindbrain neuroepithelial cells. In addition, Sema3d knockdown reduces markers of
migratory NCCs and disrupts NCC-derived tissues. Similarly, expression of a dominant-
repressor form of TCF (DeltaTCF) reduces hindbrain cell proliferation and leads to a
disruption of migratory NCC markers. Moreover, expression of DeltaCF downregulates
sema3d RNA expression. Finally, Sema3d overexpression rescues reduced proliferation caused
by DeltaTCF expression, suggesting that Sema3d lies downstream of Wnt/TCF signaling in
the molecular pathway thought to control cell cycle in NCC precursors.

Descriptors: zebrafish embryo, nerve growth factors physiology, neural crest growth and
development, pluripotent stem cells physiology, rhombencephalon growth and development,
semaphorins physiology, body patterning, cell movement genetics, cell proliferation, cyclins
genetics, gene expression, mutation, nerve growth factors antagonists and inhibitors, nerve
growth factors genetics, neural crest chemistry, neural crest cytology, pluripotent stem cells
chemistry, pluripotent stem cells cytology, messenger RNA analysis and metabolism, rhomb-
encephalon chemistry, rhombencephalon cytology, semaphorins antagonists and inhibitors,
semaphorins genetics, Wnt proteins metabolism, proteins antagonists and inhibitors, pro-
teins genetics.

Bertrand, J.Y., A.D. Kim, E.P. Violette, D.L. Stachura, J.L. Cisson, and D. Traver (2007). Definitive
hematopoiesis initiates through a committed erythromyeloid progenitor in the zebrafish
embryo. Development 134(23): 4147-56. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Shifting sites of blood cell production during development is common across
widely divergent phyla. In zebrafish, like other vertebrates, hematopoietic development has
been roughly divided into two waves, termed primitive and definitive. Primitive hematopoi-
esis is characterized by the generation of embryonic erythrocytes in the intermediate cell
mass and a distinct population of macrophages that arises from cephalic mesoderm. Based on
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previous gene expression studies, definitive hematopoiesis has been suggested to begin with
the generation of presumptive hematopoietic stem cells (HSCs) along the dorsal aorta that
express c-myb and runx1. Here we show, using a combination of gene expression analyses,
prospective isolation approaches, transplantation, and in vivo lineage-tracing experiments,
that definitive hematopoiesis initiates through committed erythromyeloid progenitors
(EMDPs) in the posterior blood island (PBI) that arise independently of HSCs. EMPs isolated
by coexpression of fluorescent transgenes driven by the Imo2 and gatal promoters exhibit an
immature, blastic morphology and express only erythroid and myeloid genes. Transplanted
EMPs home to the PBI, show limited proliferative potential, and do not seed subsequent
hematopoietic sites such as the thymus or pronephros. In vivo fate-mapping studies similarly
demonstrate that EMPs possess only transient proliferative potential, with differentiated
progeny remaining largely within caudal hematopoietic tissue. Additional fate mapping of
mesodermal derivatives in mid-somitogenesis embryos suggests that EMPs are born directly
in the PBI. These studies provide phenotypic and functional analyses of the first hematopoi-
etic progenitors in the zebrafish embryo and demonstrate that definitive hematopoiesis
proceeds through two distinct waves during embryonic development.

Descriptors: zebrafish embryo, hematopoiesis, erythromyeloid, progenitor.

Bessarab, D.A., S.W. Chong, and V. Korzh (2004). Expression of zebrafish six1 during sensory

organ development and myogenesis. Developmental Dynamics 230(4): 781-6. ISSN: 1058
8388.

NAL Call Number: QL801.A4

Abstract: Drosophila sine oculis homologous genes in vertebrates are homeobox-containing
transcription factors functioning within the Pax-Six-Eya-Dach regulatory network during
development. In this study, we describe the cloning and expression of a zebrafish homolog of
sine oculis, six1. The reverse transcription-polymerase chain reaction demonstrated accumu-
lation of six1 transcripts at mid-gastrula, and in situ hybridization showed their subsequent
expression in the cranial placode and later in the olfactory, otic, and lateral line placodes,
inner ear, and neuromasts. In addition, six1 is expressed in the pituitary, branchial arches,
somites, pectoral fin, ventral abdomen muscle, and the cranial muscles of the eye and lower
jaw. An increase of six1 expression was observed in the lateral line, muscles, and inner ear of
the mind bomb mutant, illustrating a regulatory effect of the Notch pathway on expression
of Six genes.

Descriptors: zebrafish, homeodomain proteins biosynthesis, homeodomain, proteins bio-
synthesis, amino acid sequence, molecular cloning, Drosophila proteins, ear embryology,
expressed sequence tags, gastrula metabolism, in situ hybridization, membrane, molecular
sequence data, muscle development, muscles embryology, mutation, phylogeny, messenger
RNA metabolism, Notch receptors, reverse transcriptase PCR, amino acid sequence homol-
ogy, time factors, tissue distribution.

Bessarab, D., S.W. Chong, M. Richardson, and V. Korzh (2004). Analysis of regulation and func-

tion of six genes in embryonic zebrafish. Developmental Biology 271(2): 619. ISSN: 0012
1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, molecular genetics, development, gene regulation.

Besser, J., J.T. Leito, D.L. van der Meer, and C.P. Bagowski (2007). Tip-1 induces filopodia growth

and is important for gastrulation movements during zebrafish development. Development

Growth and Differentiation 49(3): 205-14. ISSN: 0012 1592.
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NAL Call Number: QL951.E4

Abstract: Wnt signaling is essential during animal development and also plays important
roles in pathological conditions. Two mayor pathways have been described: the beta-catenin-
dependent canonical (or classical) pathway and the beta-catenin-independent non-canonical
Wnt pathway. Recent binding studies suggest links between the small PDZ protein TIP-1
(Tax-1 interacting protein) to components of both Wnt pathways. We have cloned and
characterized the zebrafish tip-1 gene. Whole mount in situ hybridization and semiquan-
titative reverse transcriptase-polymerase chain reaction (RT-PCR) indicated that zebrafish
tip-1 is present as a maternal RNA and is ubiquitously expressed during early development.
After 24 h of development, tip-1 expression was high in the central nervous system (CNS)
whereas only weak expression was detected in the caudal regions of the zebrafish embryo.
Tip-1 knockdown using antisense morpholino oligonucleotides, as well as ectopic tip-1
expression, led to elongation defects in zebrafish embryos and larvae. Both knockdown and
overexpression of tip-1 resulted in a widened goosecoid (gsc) expression domain in shield
stage embryos, led to an abbreviated prechordal plate, and to reduced convergent extension
movements during gastrulation. We constructed a green fluorescence protein (GFP)/TIP-1
fusion protein which, when expressed in cultured fibroblasts (ZF4-cells), induced filopodia
growth. Our observations indicate a role for TIP-1 in gastrulation movements and in filopo-
dia growth induction.

Descriptors: zebrafish, gastrula physiology, homeodomain, pseudopodia physiology, amino
acid sequence, molecular cloning, chemistry , metabolism, green fluorescent proteins analy-
sis, green fluorescent homeodomain proteins antagonists and inhibitors, homeodomain
molecular sequence data, pseudopodia genetics, messenger RNA analysis, messenger RNA
metabolism, recombinant fusion proteins analysis, recombinant fusion proteins antagonists
and inhibitors, proteins genetics.

Bickenbach, J.R. and M. Stern (2004). Developmental environments after the fate of aged epider-

mal stem cells. Journal of Investigative Dermatology 122(3): A77. ISSN: 0022 202X.
Descriptors: zebrafish, development, integumentary system, chemical coordination and
homeostasis, cell division.

Bingham, S., S. Chaudhari, G. Vanderlaan, M. Itoh, A. Chitnis, and A. Chandrasekhar (2003).

Neurogenic phenotype of mind bomb mutants leads to severe patterning defects in the
zebrafish hindbrain. Developmental Dynamics 228(3): 451-63. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, body patterning genetics, rhombencephalon embryology,
ubiquitin protein ligases genetics, genetics, cell differentiation genetics, in situ hybridization,
motor neurons physiology, site directed mutagenesis phenotype.

Bird, N.C. and PM. Mabee (2003). Developmental morphology of the axial skeleton of the

zebrafish, Danio rerio (Ostariophysi: Cyprinidae). Developmental Dynamics 228(3):
337-57. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, bone and bones embryology, morphogenesis physiology,
zebrafish classification, physiology, phylogeny, spine embryology.

Bischof, J. and W. Driever (2004). Regulation of hhex expression in the yolk syncytial layer, the

potential Nieuwkoop center homolog in zebrafish. Developmental Biology 276(2): 552-62.
ISSN: 0012 1600.
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NAL Call Number: 442.8D49

Abstract: The Nieuwkoop center is the earliest signaling center during dorsal-ventral pattern
formation in amphibian embryos and has been implied to function in induction of the Spe-
mann-Mangold organizer. In zebrafish, Nieuwkoop-center-like activity resides in the dorsal
yolk syncytial layer (YSL) at the interface of the vegetal yolk cell and the blastoderm. hex
homologs are expressed in the anterior endomesoderm in frogs (Xhex), the anterior visceral
endoderm in mice, and the dorsal YSL in zebrafish (hhex). Here, we investigate the control
of hhex expression in the YSL. We demonstrate that bozozok (boz) is absolutely required for
early hhex expression, while overexpression of boz causes ectopic hhex expression. Activation
of Wnt/beta-catenin signaling by LiCl induces hhex expression in wild-type YSL but not in
boz mutant embryos, revealing that boz activity is required downstream of Wnt/beta-catenin
signaling for hhex expression. Further, we show that the boz-mediated induction of hhex is
independent of the Boz-mediated repression of bmp2b. Our data reveal that repressive effects
of both Vegal and Vega2 may be responsible for the exclusion of hhex expression from the
ventral and lateral parts of the YSL. In summary, zebrafish hhex appears to be activated by
Wnt/beta-catenin in the dorsal YSL, where Boz acts in a permissive way to limit repression of
hhex by Vegal and Vega2.

Descriptors: zebrafish, body patterning, egg yolk cytology, egg yolk metabolism, devel-
opmental gene expression regulation, homeodomain proteins metabolism, organizers,
embryonic , proteins metabolism, bone morphogenetic bone morphogenetic proteins
metabolism, cytoskeletal proteins metabolism, homeodomain in situ hybridization, repressor
repressor proteins metabolism, signal transduction physiology, trans activators metabolism,
transforming growth factor beta genetics, transforming growth factor beta metabolism, Wnt
proteins, beta catenin.

Bischof, J.M., M. Ekker, and R. Wevrick (2003). A MAGE/NDN-like gene in zebrafish. Develop-

mental Dynamics 228(3): 475-9. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, brain embryology, central nervous system embryology, nerve tissue
nuclear genetics, amino acid sequence, body patterning genetics, conserved sequence, devel-
opmental gene expression regulation genetics , in situ hybridization, mammals, molecular
sequence data, multigene family, RNA genetics, sequence alignment, amino acid sequence
homology.

Bisgrove, B.W., B.S. Snarr, A. Emrazian, and H.]J. Yost (2005). Polaris and Polycystin-2 in dorsal

forerunner cells and Kupffer’s vesicle are required for specification of the zebrafish left-
right axis. Developmental Biology 287(2): 274-88. ISSN: 0012 16006.

NAL Call Number: 442.8D49

Abstract: Recently, it has become clear that motile cilia play a central role in initiating a
left-sided signaling cascade important in establishing the LR axis during mouse and zebrafish
embryogenesis. Two genes proposed to be important in this cilia-mediated signaling cascade
are polaris and polycystin-2 (pkd2). Polaris is involved in ciliary assembly, while Pkd2 is
proposed to function as a Ca(2+)-permeable cation channel. We have cloned zebrafish homo-
logues of polaris and pkd2. Both genes are expressed in dorsal forerunner cells (DFCs) from
gastrulation to early somite stages when these cells form a ciliated Kupffer’s vesicle (KV).
Morpholino-mediated knockdown of Polaris or Pkd2 in zebrafish results in misexpression

of left-side-specific genes, including southpaw, leftyl and lefty2, and randomization of heart
and gut looping. By targeting morpholinos to DFCs/KV, we show that polaris and pkd2 are
required in DFCs/KV for normal LR development. Polaris morphants have defects in KV
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cilia, suggesting that the laterality phenotype is due to problems in cilia function per se. We
further show that expression of polaris and pkd2 is dependent on the T-box transcription
factors no tail and spadetail, respectively, suggesting that these genes have a previously unrec-
ognized role in regulating ciliary structure and function. Our data suggest that the functions
of polaris and pkd2 in LR patterning are conserved between zebrafish and mice and that
Kupfler’s vesicle functions as a ciliated organ of asymmetry.

Descriptors: zebrafish embryos, membrane proteins metabolism, body patterning, cilia
metabolism, developmental gene expression regulation, membrane mice, mutation, trpp
cation channels, transforming growth factor beta metabolism, tumor suppressor genetics.

Bjornson, C.R., K.]J. Griflin, G.H.3. Farr, A. Terashima, C. Himeda, Y. Kikuchi, and D. Kimel-
man (2005). Eomesodermin is a localized maternal determinant required for endoderm
induction in zebrafish. Developmental Cell 9(4): 523-33. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: In zebrafish, endoderm induction occurs in marginal blastomeres and requires
Casanova (Cas), the first endoderm-specific factor expressed in the embryo. Whereas the
transcription factors Gata5 and Bon are necessary and sufficient for cas expression in mar-
ginal blastomeres, Bon and Gata5 are unable to induce cas in animal pole cells, suggesting
that cas expression requires an additional, unidentified factor(s). Here, we show that cas
expression depends upon the T box transcription factor Eomesodermin (Eomes), a maternal
determinant that is localized to marginal blastomeres. Eomes synergizes potently with Bon
and Gata5 to induce cas, even in animal pole blastomeres. We show that Eomes is required
for endogenous endoderm induction, acting via an essential binding site in the cas promoter.
Direct physical interactions between Eomes, Bon, and Gata5 suggest that Eomes promotes
endoderm induction in marginal blastomeres by facilitating the assembly of a transcriptional
activating complex on the cas promoter.

Descriptors: zebrafish embryos, embryonic induction, endoderm physiology, high mobil-
ity group proteins metabolism, T-box domain proteins metabolism, transcription factors
metabolism, proteins metabolism, endoderm cytology, GATA5 transcription factor genet-
ics, GATAS transcription factor metabolism, developmental gene expression regulation,
high mobility group homeodomain proteins metabolism, in situ hybridization, antisense
oligoribonucleotides genetics, antisense oligoribonucleotides metabolism, promoter regions
genetics, protein binding, T-box domain transcription factors genetics, genetic transcrip-
tion, transforming growth factor beta genetics, transforming growth factor beta metabolism,
anatomy and histology.

Blader, P, C. Plessy, and U. Strahle (2003). Multiple regulatory elements with spatially and tem-
porally distinct activities control neurogeninl expression in primary neurons of the
zebrafish embryo. Mechanisms of Development 120(2): 211-8. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: The basic Helix-Loop-Helix gene neurogeninl (ngnl) is expressed in a complex
pattern in the neural plate of zebrafish embryos, demarcating the sites of primary neuro-
genesis. We have dissected the ngn1 locus to identify cis-regulatory regions that control

this expression. We have isolated two upstream elements that drive expression in precursors
of Rohon-Beard sensory neurons and hindbrain interneurons and in clusters of neuronal
precursors in the anterior neural plate, respectively. A third regulatory region mediates later
expression. Thus, regulatory sequences with temporally and spatially distinct activities control
ngnl expression in primary neurons of the zebrafish embryo. These regions are highly similar
to 5" sequences in the mouse and human ngn1 gene, suggesting that amniote embryos,
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despite lacking primary neurons, utilize related mechanism to control ngn1 expression.
Descriptors: zebrafish embryos, nerve tissue neurons physiology, regulatory sequences,
nucleic acid, transcription factors genetics, amino acid sequence, basic helix loop helix tran-
scription factors , bone morphogenetic bone morphogenetic proteins metabolism, conserved
sequence, developmental gene expression regulation, molecular sequence data, nerve tissue
proteins metabolism, nervous system embryology, neurons metabolism, signal transduction,
transcription factors metabolism, transgenes, genetics.

Blader, P, C.S. Lam, S. Rastegar, R. Scardigli, J.C. Nicod, N. Simplicio, C. Plessy, N. Fischer, C.

Schuurmans, E Guillemot, and U. Strachle (2004). Conserved and acquired features of
neurogenin 1 regulation. Development 131(22): 5627-5637. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The telencephalon shows vast morphological variations among different verte-
brate groups. The transcription factor neurogeninl (ngnl) controls neurogenesis in the
mouse pallium and is also expressed in the dorsal telencephalon of the evolutionary distant
zebrafish. The upstream regions of the zebrafish and mammalian ngn1 loci harbour several
stretches of conserved sequences. Here, we show that the upstream region of zebrafish ngn1
is capable of faithfully recapitulating endogenous expression in the zebrafish and mouse
telencephalon. A single conserved regulatory region is essential for dorsal telencephalic
expression in the zebrafish, and for expression in the dorsal pallium of the mouse. However,
a second conserved region that is inactive in the fish telencephalon is necessary for expression
in the lateral pallium of mouse embryos. This regulatory region, which drives expression in
the zebrafish diencephalon and hindbrain, is dependent on Pax6 activity and binds recom-
binant Pax6 in vitro. Thus, the regulatory elements of ngn1 appear to be conserved among
vertebrates, with certain differences being incorporated in the utilisation of these enhancers,
for the acquisition of more advanced features in amniotes. Our data provide evidence for the
co-option of regulatory regions as a mechanism of evolutionary diversification of expression
patterns, and suggest that an alteration in Pax6 expression was crucial in neocortex evolution.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, molecular genetics, nervous system, neural coordination, neurogen-
esis, neurgenin 1, endogenous expression, telencephalon.

Blair, S.S. (2004). Developmental Biology: Notching the hindbrain. Current Biology 14(14): R570-

R572. ISSN: 0960-9822.

NAL Call Number: QH301.C85

Descriptors: zebrafish, biological development, brain, cell lineage, cell migration, cells,
freshwater fish, hindbrain, Notch protein, pattern formation, signal transduction, Danio
rerio.

Blanco, M.J., A. Barrallo Gimeno, H. Acloque, A.E. Reyes, M. Tada, M.L. Allende, R. Mayor, and

M.A. Nieto (2007). Snailla and Snaillb cooperate in the anterior migration of the axial
mesendoderm in the zebrafish embryo. Development 134(22): 4073-81. ISSN: 0950-1991.
NAL Call Number: QL951.D38

Abstract: The Snail genes are implicated in processes that involve cell movement, both
during embryonic development and tumour progression. In teleosts, the vertebrate Snaill
gene is represented by two distinct genes, snailla and snaillb (previously snaill and snail2).
These genes are expressed in complementary mesodermal domains and their combined
expression matches that of their mammalian counterpart. By analysing their loss and gain of
function, we found that the most-anterior axial mesendodermal cells, the precursors of the
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polster, move in a cohesive manner directed by the activity of snailla- and snail1b-expressing
cells surrounding these precursors. The cell-autonomous function of Snaill proteins regu-
lates cell motility and influences the behaviour of Snail-negative neighbouring cells. Snailla
is required by the prechordal plate for it to reach its normal position, whereas Snaillb con-
trols the acquisition of its normal shape. These non-redundant functions of Snailla and
Snaillb in controlling axial mesendoderm migration comply with the duplication-degen-
eration-complementation model, and indicate that Snail genes not only act as inducers of
epithelial-to-mesenchymal transition, but also as more general regulators of cell adhesion and
movement.

Descriptors: zebrafish embryo, Snailla , Snaillb, anterior migration, axial, mesendoderm,
embryo.

Blaser, H., S. Eisenbeiss, M. Neumann, M. Reichman Fried, B. Thisse, C. Thisse, and E. Raz (2005).
Transition from non-motile behaviour to directed migration during early PGC develop-
ment in zebrafish. Journal of Cell Science 118(Pt 17): 4027-38. ISSN: 0021-9533.

NAL Call Number: QH301.J6

Abstract: The migration of zebrafish primordial germ cells (PGCs) is directed by SDF-1a
and serves as a model for long-range chemokine-guided cell migration. Whereas the devel-
opment and migration of zebrafish PGCs have been studied in great detail starting at
mid-gastrulation stages when the cells exhibit guided active migration [7-8 hours post fer-
tilization (hpf)], earlier stages have not yet been examined. Here we show that the PGCs
acquire competence to respond to the chemokine following discrete maturation steps. Using
the promoter of the novel gene askopos and RNA elements of nanosl1 to drive GFP expres-
sion in PGCs, we found that immediately after their specification (about 3 hpf) PGCs
exhibit simple cell shape. This stage is followed by a phase at which the cells assume complex
morphology yet they neither change their position nor do they respond to SDF-1a. During
the third phase, a transition into a ;migratory stage’ occurs as PGCs become responsive to
directional cues provided by somatic cells secreting the chemokine SDF-1a. This transition
depends on zygotic transcription and on the function of the RNA-binding protein Dead
end and is correlated with down regulation of the cell adhesion molecule E-cadherin. These
distinctive morphological and molecular alterations could represent a general occurrence in
similar processes critical for development and disease.

Descriptors: zebrafish, cell movement physiology, Cxc chemokines metabolism, germ cells
cytology, germ cells physiology, Xenopus proteins metabolism, embryology, proteins metabo-
lism, genetically modified, cadherins genetics, cadherins metabolism, caspases metabolism,
cell shape, developmental gene expression regulation, in situ hybridization, site directed
mutagenesis antisense oligonucleotides genetics, antisense oligonucleotides metabolism,
promoter regions genetics, recombinant fusion proteins metabolism, genetic transcription,
anatomy and histology, physiology, proteins genetics.

Blaser, H., M. Reichman Fried, I. Castanon, K. Dumstrei, EL. Marlow, K. Kawakami, L. Solnica
Krezel, C.P. Heisenberg, and E. Raz (2006). Migration of zebrafish primordial germ cells:
a role for myosin contraction and cytoplasmic flow. Developmental Cell 11(5): 613-27.
ISSN: 1534 5807.
NAL Call Number: QH573.C42
Abstract: The molecular and cellular mechanisms governing cell motility and directed
migration in response to the chemokine SDF-1 are largely unknown. Here, we demonstrate
that zebrafish primordial germ cells whose migration is guided by SDF-1 generate bleb-like
protrusions that are powered by cytoplasmic flow. Protrusions are formed at sites of higher
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levels of free calcium where activation of myosin contraction occurs. Separation of the acto-
myosin cortex from the plasma membrane at these sites is followed by a flow of cytoplasm
into the forming bleb. We propose that polarized activation of the receptor CXCR4 leads to
a rise in free calcium that in turn activates myosin contraction in the part of the cell respond-
ing to higher levels of the ligand SDF-1. The biased formation of new protrusions in a
particular region of the cell in response to SDF-1 defines the leading edge and the direction
of cell migration.

Descriptors: zebrafish, chemotaxis, cytoplasm physiology, germ cells physiology, myosins
physiology, physiology, actins physiology, cell membrane physiology, cell polarity, Cxc
chemokines physiology, cytoskeleton physiology, pseudopodia physiology, Cxcr4 receptors
physiology.
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D.M. Fekete, and R. Levenson (20006). Separate Na,K-ATPase genes are required for
otolith formation and semicircular canal development in zebrafish. Developmental Biology
294(1): 148-60. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: We have investigated the role of Na,K-ATPase genes in zebrafish ear development.
Six Na,K-ATPase genes are differentially expressed in the developing zebrafish inner ear.
Antisense morpholino knockdown of Na,K-ATPase alphala.l expression blocked formation
of otoliths. This effect was phenocopied by treatment of embryos with ouabain, an inhibi-
tor of Na,K-ATPase activity. The otolith defect produced by morpholinos was rescued by
microinjection of zebrafish alphala.l or rat alphal mRNA, while the ouabain-induced defect
was rescued by expression of ouabain-resistant zebrafish alphala.l or rat alphal mRNA.
Knockdown of a second zebrafish alpha subunit, alphala.2, disrupted development of the
semicircular canals. Knockdown of Na,K-ATPase beta2b expression also caused an otolith
defect, suggesting that the beta2b subunit partners with the alphala.l subunit to form

a Na,K-ATPase required for otolith formation. These results reveal novel roles for Na,K-
ATPase genes in vestibular system development and indicate that different isoforms play
distinct functional roles in formation of inner ear structures. Our results highlight zebrafish
gene knockdown-mRNA rescue as an approach that can be used to dissect the functional
properties of zebrafish and mammalian Na,K-ATPase genes.

Descriptors: zebrafish, Na+ K+ exchanging ATPase genetics, otolithic membrane
enzymology, semicircular canals enzymology, ear growth and development isoenzymes, mor-

phogenesis , Na+ K+ exchanging ATPase physiology, protein subunits, rats.
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Levenson (2003). Differential expression of Na,K-ATPase alpha and beta subunit genes
in the developing zebrafish inner ear. Developmental Dynamics 228(3): 386-92. ISSN: 1058
8388.
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Descriptors: zebrafish, inner ear embryology, Na+ K+ exchanging ATPase genetics, embry-
ology, body patterning, inner ear enzymology, morphogenesis, protein subunits genetics.

Blitz, I.L., K. Cho, and C. Chang (2003). Twisted gastrulation loss-of-function analyses support

its role as a BMP inhibitor during early Xenopus embryogenesis. Development 130(20):
4975-4988. ISSN: 0950-1991.
NAL Call Number: QL951.D38
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bone morphogenetic proteins, defects, developmental stages, embryogenesis, embryonic
development, gastrulation, inhibitors, pattern formation, amniota, anura, Danio rerio, Droso-
phila, Xenopus laevis, African clawed frog, Spemann’s organizer, twisted gastrulation protein.

Boehmler, W., S. Obrecht Plumio, V. Canfield, C. Thisse, B. Thisse, and R. Levenson (2004). Evolu-
tion and expression of D2 and D3 dopamine receptor genes in zebrafish. Developmental
Dynamices 230(3): 481-93. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, molecular evolution, dopamine receptors D2 genetics,
dopamine receptors D2 metabolism, genetics, amino acid sequence, central nervous system
metabolism, chromosome mapping, conserved sequence, exons, introns, linkage genet-

ics, molecular sequence data, phylogeny, tertiary protein structure, dopamine receptors D2
chemistry, dopamine receptors D3, amino acid sequence homology, somites metabolism,
synteny, tissue distribution.

Bollig, E, R. Mehringer, B. Perner, C. Hartung, M. Schafer, M. Schartl, J.N. Volff, C. Winkler, and
C. Englert (2006). Identification and comparative expression analysis of a second wtl
gene in zebrafish. Developmental Dynamics 235(2): 554-61. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, developmental gene expression regulation genetics, Wtl
proteins genetics, amino acid sequence, chemistry, molecular sequence data, phylogeny,
sequence alignment, amino acid sequence homology, Wtl proteins chemistry, Wtl proteins
metabolism, growth and development.

Bonkowsky, J.L. and C.B. Chien (2005). Molecular cloning and developmental expression of
FOXP2 in zebrafish. Developmental Dynamics 234(3): 740-6. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryos, forkhead transcription factors genetics, developmental gene
expression regulation genetics, amino acid sequence, molecular cloning, forkhead transcrip-
tion factors chemistry and metabolism, molecular sequence data, phylogeny, messenger RNA
genetics, sequence alignment, amino acid sequence homology, telencephalon chemistry and
metabolism, telencephalon embryology.

Borday Birraux, V., C. Van der Heyden, M. Debiais Thibaud, L. Verreijdt, D. Stock, A. Huysseune,
and ].Y. Sire (2006). Expression of DIx genes during the development of the zebrafish
pharyngeal dentition: evolutionary implications. Evolution and Development 8(2): 130-
141. ISSN: 1520 541X.

NAL Call Number: QH359

Abstract: In order to investigate similarities and differences in genetic control of develop-
ment among teeth within and between species, we determined the expression pattern of all
eight DIx genes of the zebrafish during development of the pharyngeal dentition and com-
pared these data with that reported for mouse molar tooth development. We found that (i)
dlxla and dlx6a are not expressed in teeth, in contrast to their murine orthologs, DIx1 and
DIx6; (ii) the expression of the six other zebrafish DIx genes overlaps in time and space, par-
ticularly during early morphogenesis; (iii) teeth in different locations and generations within
the zebrafish dentition differ in the number of genes expressed; (iv) expression similarities
and differences between zebrafish Dlx genes do not clearly follow phylogenetic and linkage
relationships; and (v) similarities and differences exist in the expression of zebrafish and
mouse DIx orthologs. Taken together, these results indicate that the DIx gene family, despite
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having been involved in vertebrate tooth development for over 400 million years, has under-
gone extensive diversification of expression of individual genes both within and between
dentitions. The latter type of difference may reflect the highly specialized dentition of the
mouse relative to that of the zebrafish, and/or genome duplication in the zebrafish lineage
facilitating a redistribution of Dlx gene function during odontogenesis.

Descriptors: zebrafish, Danio rerio, teeth , pharyngeal teeth, gene expression during devel-
opment, evolutionary implications, gill skeleton, pharynx, gene expression, odontogenesis.

Bradfield, J.Y., S.E. Maier, and J.R. West (2004). Teratogenesis in zebrafish induced by alcohol.
Alcoholism Clinical and Experimental Research 28(5, Suppl. S): 166A. ISSN: 0145 6008.
Descriptors: zebrafish, behavior, toxicology, development, gas chromatography, chromato-
graphic techniques, vertebrate development, teratogenesis, behavioral dysfunction, somatic
derangement, developmental retardation, abnormal curvature.

Brown, K.S. and S.L. Amacher (2005). A cell cycle regulatory gene, gadd45 beta is involved in
zebrafish mesoderm patterning. Developmental Biology 283(2): 690. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish, development, molecular genetics, molecular biophysics, cell cycle,
regulatory gene.

Brownlie, A., C. Hersey, A.C. Oates, B.H. Paw, A.M. Falick, H.E. Witkowska, J. Flint, D. Higgs,
J. Jessen, N. Bahary, H. Zhu, S. Lin, and L. Zon (2003). Characterization of embryonic
globin genes of the zebrafish. Developmental Biology 255(1): 48-61. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Abstract: Hemoglobin switching is a complex process by which distinct globin chains are
produced during stages of development. In an effort to characterize the process of hemo-
globin switching in the zebrafish model system, we have isolated and characterized several
embryonic globin genes. The embryonic and adult globin genes are found in clusters in
a head-to-head configuration. One cluster of embryonic and adult genes is localized to
linkage group 3, whereas another embryonic cluster is localized on linkage group 12. Several
embryonic globin genes demonstrate an erythroid-specific pattern of expression early during
embryogenesis and later are downregulated as definitive hematopoiesis occurs. We utilized
electrospray mass spectroscopy to correlate globin genes and protein expression in develop-
ing embryonic red cells. The mutation, zinfandel, has a hypochromic microcytic anemia
as an embryo, but later recovers in adulthood. The zinfandel gene maps to linkage group 3
near the major globin gene locus, strongly suggesting that zinfandel represents an embryonic
globin defect. Our studies are the first to systematically evaluate the embryonic globins in the
zebrafish and will ultimately be useful in evaluating zebrafish mutants with defects in hemo-
globin production and switching.
Descriptors: zebrafish embryo, blood supply, globins genetics, embryology and genet-
ics, amino acid sequence, developmental gene expression regulation, genes switch, globins
metabolism, hematopoiesis genetics, linkage genetics, molecular weight, mutation, pheno-
type, messenger RNA genetics, sequence alignment.

Bruce, A.E., C. Howley, M. Dixon Fox, and R.K. Ho (2005). T-box gene eomesodermin and the
homeobox-containing Mix/Bix gene mtx2 regulate epiboly movements in the zebrafish.
Developmental Dynamics 233(1): 105-14. ISSN: 1058 8388.
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Descriptors: zebrafish embryo, developmental gene expression regulation physiology,
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membrane proteins metabolism, T-box domain proteins metabolism, blastula and gastrula
metabolism, membrane T-box domain genetics, metabolism, proteins genetics.

Bruce, A.E., C. Howley, Y. Zhou, S.L. Vickers, L.M. Silver, M.L. King, and R.K. Ho (2003). The
maternally expressed zebrafish T-box gene eomesodermin regulates organizer formation.
Development 130(22): 5503-17. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Early embryonic development in many organisms relies upon maternal molecules
deposited into the egg prior to fertilization. We have cloned and characterized a maternal
T-box gene in the zebrafish, eomesodermin (eomes). During oogenesis, the eomes transcript
becomes localized to the cortex of the oocyte. After fertilization during early cleavage stages,
eomes is expressed in a vegetal to animal gradient in the embryo, whereas Eomesodermin
protein (Eom) is distributed cytoplasmically throughout the blastoderm. Strikingly, following
midblastula transition, nuclear-localized Eomesodermin is detected on the dorsal side of the
embryo only. Overexpression of eomes results in Nodal-dependent and nieuwkoid/dharma
(nwk/dhm) independent ectopic expression of the organizer markers goosecoid (gsc), chordin
(chd) and floating head (flh) and in the formation of secondary axes. The same phenotypes
are observed when a VP16-activator construct is injected into early embryos, indicating that
eomes acts as a transcriptional activator. In addition, a dominant-negative construct and
antisense morpholino oligonucleotides led to a reduction in gsc and flh expression. Together
these data indicate that eomes plays a role in specifying the organizer.

Descriptors: zebrafish, organizers, embryonic metabolism, T-box domain Xenopus proteins,
proteins, cell nucleus metabolism, messenger RNA metabolism, signal transduction physiol-
ogy, T-box domain proteins deficiency, T-box domain proteins metabolism, transforming
growth factor beta metabolism, Xenopus.

Bryson Richardson, R.J., S. Berger, T.E Schilling, T.E. Hall, N.J. Cole, A.]J. Gibson, J. Sharpe, and
PD. Currie (2007). FishNet: an online database of zebrafish anatomy. BioMed Central
Biology 5: 34. ISSN: 1741 7007.

NAL Call Number: QH1.B565

Abstract: BACKGROUND: Over the last two decades, zebrafish have been established as
a genetically versatile model system for investigating many different aspects of vertebrate
developmental biology. With the credentials of zebrafish as a developmental model now
well recognized, the emerging new opportunity is the wider application of zebrafish biology
to aspects of human disease modelling. This rapidly increasing use of zebrafish as a model
for human disease has necessarily generated interest in the anatomy of later developmental
phases such as the larval, juvenile, and adult stages, during which many of the key aspects of
organ morphogenesis and maturation take place. Anatomical resources and references that
encompass these stages are non-existent in zebrafish and there is therefore an urgent need to
understand how different organ systems and anatomical structures develop throughout the
life of the fish. RESULTS: To overcome this deficit we have utilized the technique of optical
projection tomography to produce three-dimensional (3D) models of larval fish. In order to
view and display these models we have created FishNet http://www.fishnet.org.au, an inter-
active reference of zebrafish anatomy spanning the range of zebrafish development from 24
h until adulthood. CONCLUSION: FishNet contains more than 36,000 images of larval
zebrafish, with more than 1,500 of these being annotated. The 3D models can be manipu-
lated on screen or virtually sectioned. This resource represents the first complete embryo to
adult atlas for any species in 3D.

Descriptors: zebrafish embryo to adult atlas, databases, factual, online systems, anatomy
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and histology, embryo anatomy and histology, three dimensional imaging, larva anatomy and
histology.

Bryson Richardson, R.J., D.E Daggett, E Cortes, C. Neyt, D.G. Keenan, and PD. Currie ( 2005).
Myosin heavy chain expression in zebrafish and slow muscle composition. Developmental
Dynamics 233(3): 1018-22. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: In the zebrafish embryo, two distinct classes of muscle fibers have been described
in the forming myotome that arise from topographically separable precursor populations.
Based entirely on cross-reactivity with antibodies raised against mammalian and chick
myosin heavy chain isoforms slow twitch muscle has been shown to arise exclusively from
“adaxial” myoblasts, which migrate from their origin flanking the notochord to form a
single layer of subcutaneous differentiated muscle cells. The remainder of the myotome
differentiates behind this migration as muscle fibers recognized by anti-fast myosin heavy
chain (MyHC) antibodies. To identify unambiguous molecular markers of cell fate in the
myotome, we have characterized genes encoding zebrafish fast and slow MyHC. Using phy-
logenetic and expression analysis, we demonstrate that these genes are definitive molecular
markers of slow and fast twitch fates. We also demonstrate that zebrafish embryonic slow
twitch muscle co-expresses both slow and fast twitch MyHC isoforms, a property that they
share with primary fibers of the amniote myotome.

Descriptors: zebrafish, developmental gene expression regulation, muscle fibers, slow twitch
metabolism, myosin heavy chains genetics and metabolism, immunohistochemistry, in situ
hybridization, phylogeny, protein isoforms genetics and metabolism, proteins genetics and
metabolism.

Buckles, G.R., C.J. Thorpe, M.C. Ramel, and A.C. Lekven (2004). Combinatorial Wnt control of
zebrafish midbrain-hindbrain boundary formation. Mechanisms of Development 121(5):
437-47. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Wnt signaling is known to be required for the normal development of the ver-
tebrate midbrain and hindbrain, but genetic loss of function analyses in the mouse and
zebrafish yield differing results regarding the relative importance of specific Wnt loci. In the
zebrafish, Wntl and Wnt10b functionally overlap in their control of gene expression in the
ventral midbrain-hindbrain boundary (MHB), but they are not required for the formation of
the MHB constriction. Whether other wnt loci are involved in zebrafish MHB development
is unclear, although the expression of at least two wnts, wnt3a and wnt8b, is maintained in
wntl/wnt10b mutants. In order to address the role of wnt3a in zebrafish, we have isolated a
full length cDNA and examined its expression and function via knockdown by morpholino
antisense oligonucleotide (MO)-mediated knockdown. The expression pattern of wnt3a
appears to be evolutionarily conserved between zebrafish and mouse, and MO knockdown
shows that Wnt3a, while not uniquely required for MHB development, is required in the
absence of Wntl and Wnt10b for the formation of the MHB constriction. In zebrafish
embryos lacking Wnt3a, Wntl and Wnt10b, the expression of engrailed orthologs, pax2a
and fgf8 is not maintained after mid-somitogenesis. In contrast to acerebellar and no isthmus
mutants, in which midbrain and hindbrain cells acquire new fates but cell number is not
significantly affected until late in embryogenesis, zebrafish embryos lacking Wnt3a, Wntl
and Wnt10b undergo extensive apoptosis in the midbrain and cerebellum anlagen beginning
in mid-somitogenesis, which results in the absence of a significant portion of the midbrain
and cerebellum. Thus, the requirement for Wnt signaling in forming the MHB constriction
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is evolutionarily conserved in vertebrates and it is possible in zebrafish to dissect the relative
impact of multiple Wnt loci in midbrain and hindbrain development.

Descriptors: zebrafish embryo, midbrain and hindbrain metabolism, intercellular signaling
peptides and proteins metabolism, metabolism, amino acid sequence, genetically modified,
apoptosis, brain cytology, embryo cytology, nonmammalian metabolism, gene expression
regulation, in situ hybridization, intercellular signaling peptides and proteins chemistry and
genetics, intercellular signaling peptides and proteins isolation and purification, molecular
sequence data, phylogeny, proteins chemistry and proteins metabolism, messenger RNA
genetics and metabolism, sequence alignment, signal transduction, somites metabolism, Wnt
proteins, Wntl protein.

Burgess, S.M., Z. Wang, L. Garrett-Beals, A. Elkahloun, and Y. Chen (2005). Evolutionary filter-
ing for genes in the oct4 (pou5fl) pathway. Developmental Biology 283(2): 641-642. ISSN:
0012 1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish, molecular genetics, microarray analysis, genetic techniques, pheno-
type, transcriptional profile, pluripotency, core regulatory pathway.

Busch Nentwich, E., C. Sollner, H. Roehl, and T. Nicolson (2004). The deafness gene DFNAS is
crucial for ugdh expression and HA production in the developing ear in zebrafish. Devel-
opment 131(4): 943-51. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Over 30 genes responsible for human hereditary hearing loss have been identified
during the last 10 years. The proteins encoded by these genes play roles in a diverse set of
cellular functions ranging from transcriptional regulation to K(+) recycling. In a few cases,
the genes are novel and do not give much insight into the cellular or molecular cause for the
hearing loss. Among these poorly understood deafness genes is DFNA5. How the trunca-
tion of the encoded protein DFNAS leads to an autosomal dominant form of hearing loss

is not clear. In order to understand the biological role of DFNAS5, we took a reversegenetic
approach in zebrafish. Here we show that morpholino antisense nucleotide knock-down of
dfna5 function in zebrafish leads to disorganization of the developing semicircular canals
and reduction of pharyngeal cartilage. This phenotype closely resembles previously isolated
zebrafish craniofacial mutants including the mutant jekyll. jekyll encodes Ugdh [uridine
5’-diphosphate (UDP)-glucose dehydrogenase], an enzyme that is crucial for production of
the extracellular matrix component hyaluronic acid (HA). In DFNA5 morphants, expression
of ugdh is absent in the developing ear and pharyngeal arches, and HA levels are strongly
reduced in the outgrowing protrusions of the developing semicircular canals. Previous studies
suggest that HA is essential for differentiating cartilage and directed outgrowth of the epithe-
lial protrusions in the developing ear. We hypothesize that the reduction of HA production
leads to uncoordinated outgrowth of the canal columns and impaired facial cartilage differen-
tiation.

Descriptors: zebrafish embryos, carrier deafness genetics, ear embryology, hyaluronic acid
metabolism, receptors, estrogen, uridine diphosphate glucose dehydrogenase genetics, pro-
teins, amino acid sequence, carrier proteins metabolism, inner ear embryology, mandible
abnormalities, mandible embryology, molecular sequence data, mutation, RNA splice sites,
sequence alignment, protein sequence analysis, uridine diphosphate glucose dehydrogenase
biosynthesis.
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Cadwallader, A.B. and H.J. Yost (2006). Combinatorial expression patterns of heparan sulfate

sulfotransferases in zebrafish: 1. the 3-O-sulfotransferase family. Developmental Dynamics
235(12): 3423-31. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, mice, sulfotransferases genetics, embryology, genet-

ics, amino acid sequence, catalytic domain genetics, molecular cloning, developmental

gene expression regulation, enzymologic gene expression regulation, in situ hybridization,
molecular sequence data, multigene family, phylogeny, tertiary protein structure, amino acid
sequence homology, species specificity, sulfotransferases chemistry, sulfotransferases metabo-
lism, proteins chemistry and metabolism.

Cadwallader, A.B. and H.J. Yost (2006). Combinatorial expression patterns of heparan sulfate sul-

fotransferases in zebrafish: II. the 6-O-sulfotransferase family. Developmental Dynamics
235(12): 3432-7. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryo, sulfotransferases genetics, embryology, genetics, amino acid
sequence, molecular cloning, developmental gene expression regulation, enzymologic gene
expression regulation, in situ hybridization, molecular sequence data, multigene family,
phylogeny, messenger RNA genetics and metabolism, amino acid sequence homology, sulfo-
transferases metabolism.

Cadwallader, A.B. and H.]. Yost (2007). Combinatorial expression patterns of heparan sulfate sul-

fotransferases in zebrafish: III. 2-O-sulfotransferase and C5-epimerases. Developmental
Dynamics 236(2): 581-6. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: Heparan sulfate (HS) is an unbranched chain of repetitive disaccharides, which
specifically binds ligands when attached to the cell surface or secreted extracellularly. HS
chains contain sulfated domains, termed the HS fine structure, which give HS specific
binding affinities for extracellular ligands. HS 2-O-sulfotransferase (2-OST) catalyzes the
transfer of sulfate groups to the 2-O position of uronic acid residues of HS. We report here
the characterization and developmental expression patterns of 2-OST in several tissues/
organs throughout early zebrafish development, including early cleavage stages, eyes, somites,
brain, internal organ primordial, and pectoral fin. The 2-OST gene has spatially and tem-
porally distinct expression, which is a surprise given the essential role of 2-OST in HS fine
structure formation. Furthermore, although 2-OST and C5-epimerase are predicted to be
interdependent for protein translocation from the endoplasmic reticulum to the Golgi, their
expression is not coordinately regulated during zebrafish development.

Descriptors: zebrafish embryos, developmental gene expression regulation, phylogeny,
racemases and epimerases metabolism, sulfotransferases metabolism, amino acid and base
sequence, cloning, cluster analysis, in situ hybridization, molecular sequence data, DNA
sequence analysis, species specificity, sulfotransferases genetics.

Callander, D.C., R.E. Lamont, S.J. Childs, and S. McFarlane (2007). Expression of multiple class

three semaphorins in the retina and along the path of zebrafish retinal axons. Develop-
mental Dynamics 236(10): 2918-24. ISSN: 1058 8388.
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Descriptors: zebrafish, semaphorins, Sema3s, retina, retinal axons, retinal ganglion cells

(RGQC).
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Camarata, T., J. Topczewski, and H.G. Simon (2006). LMP4 regulates TBX5 during zebrafish

Cao, Y.,

Cao, Y.,

heart development. Developmental Biology 295(1): 460-461. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, cardiovascular system, transport and circulation, molecular genetics,
Holt Oram syndrome, congenital disease, subcellular localization.

J. Zhao, Y. Wang, and A. Meng (2003). Expression of zebrafish Lc3 synthase gene in
embryonic lens requires Hedgehog signaling. Developmental Dynamics 228(3): 308-12.
ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish Embryo, developmental gene expression regulation genetics, crystal-
line lens embryology, N acetylglucosaminyltransferases genetics, genetics, enzymology, in situ
hybridization, crystalline lens enzymology, N acetylglucosaminyltransferases isolation and
purification, organ specificity, proteins isolation and purification.

J. Zhao, Z. Sun, ]. Postlethwait, and A. Meng (2004). Fgf17b, a novel member of Fgf
family, helps patterning zebrafish embryos. Developmental Biology 271(1): 130-143. ISSN:
0012 1606.

NAL Call Number: 442.8D49

Abstract: Fibroblast growth factors (Fgfs) play important roles in the pattern formation of
early vertebrate embryos. We have identified a zebrafish ortholog of human FGF17, named
fgf17b. The first phase of fgf17b expression occurs in the blastodermal margin of late blas-
tulae and in the embryonic shield of early gastrulae. The second phase starts after the onset
of segmentation, mainly in the presomitic mesoderm and newly formed somites. Injection
of fgf17b mRNA into one-cell embryos induces expression of the mesodermal marker no
tail (ntl) and rescues ntl expression suppressed by overexpression of leftyl (Ift1). Overex-
pression of fgf17b dorsalizes zebrafish gastrulae by enhancing expression of chordin (chd),
which is an antagonist of the ventralizing signals BMPs. In addition, overexpression of
fgf17b posteriorizes the neuroectoderm. Simultaneous knockdown of fgf17b and fgf8 with
antisense morpholinos results in reduction of chd and ntl. Knockdown of fgf17b can allevi-
ate inhibitory effect of ectopic expression of fgf3 on otx1. These data together suggest that
Fgf17b plays a role in early embryonic patterning. We also demonstrate that fgf17b and fgf8
have stronger mesoderm inducting activity than fgf3, whereas fgf17b and fgf3 have stron-
ger activity in posteriorizing the neuroectoderm than fgf8. Like fgf8, activation of fgf17b
expression depends on Nodal signaling. Copyright 2004 Elsevier Inc. All rights reserved.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryos, development, molecular genetics, dorsalization, Fgf, meso-
derm, blastula, gastrula.

Carnevali, O., C. Cionna, L. Tosti, E. Lubzens, and F. Maradonna (2006). Role of cathepsins in

ovarian follicle growth and maturation. General and Comparative Endocrinology 146(3):
195-203. ISSN: 0016 6480.

NAL Call Number: 444.8G28

Abstract: Several complex processes are involved in the production of viable eggs. The aim
of this review is to provide an overview on the role played by lysosomal enzymes, especially
cathepsins B, D, and L, during ovarian follicle growth and maturation. Specific attention is
focused on the relationship between the second proteolytic cleavage of yolk proteins (YP)
and the resumption of the meiosis during germinal vesicle break down (GVBD). Maturation
represents the final stage of oocytes development prior to ovulation. Oocytes in this phase
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appear translucent. In many teleosts GVBD is accompanied by water uptake and among
marine teleosts with pelagic eggs, most of the final volume is reached by this process. The last
phase of maturation in benthonic eggs also occurs concomitant to a second proteolytic cleav-
age and is related with a slight hydration process. In vitro maturation by 17 alpha ,20 beta
-dihydroxy-4-pregnen-3one in class III Danio rerio oocytes, induced 80% of GVBD. The
maturation of these oocytes is known to be associated with proteolysis of their major yolk
components. In the present study, we show that inhibition of specific enzymes (cathepsins)
involved in the second YP processing, did not affect the occurrence of GVBD as the oocytes
become translucent and display a slight increase in size. More specifically, in vitro incuba-
tion of the maturing oocytes with a cathepsin B inhibitor suppressed both cathepsin B and

L activities and the proteolysis of YP. On the contrary, the addition of cathepsin L inhibitor,
only affected cathepsin L activity, indicating that cathepsin B is probably involved in Cathep-
sin L activation, and this enzyme is probably responsible for the second YP processing. These
results, together with previous studies, indicate that the GVBD process is independent of the
occurrence of the second proteolytic process. It supports the hypothesis that the maturation
process is under K+ ion flux control, while yolk proteolysis is related to the temporal and spe-
cific activation of cathepsins by acidification of yolk spheres. Copyright © 2008 CABI
Descriptors: zebrafish ovaries, cathepsins, eggs, enzyme activity, enzyme inhibitors, oocyte
maturation, oocytes, ovarian development, ovarian follicles, proteolysis, sexual development,
sexual maturity, Danio rerio.

Notes: Review Article.

Carney, T']., S. von der Hardt, C. Sonntag, A. Amsterdam, J. Topczewski, N. Hopkins, and M. Ham-

merschmidt (2007). Inactivation of serine protease Matriptasela by its inhibitor Hail is
required for epithelial integrity of the zebrafish epidermis. Development 134(19): 3461-
71.ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Epithelial integrity requires the adhesion of cells to each other as well as to an
underlying basement membrane. The modulation of adherence properties is crucial to
morphogenesis and wound healing, and deregulated adhesion has been implicated in skin
diseases and cancer metastasis. Here, we describe zebrafish that are mutant in the serine pro-
tease inhibitor Haila (Spintlla), which display disrupted epidermal integrity. These defects
are further enhanced upon combined loss of haila and its paralog hailb. By applying in
vivo imaging, we demonstrate that Hail-deficient keratinocytes acquire mesenchymal-like
characteristics, lose contact with each other, and become mobile and more susceptible to
apoptosis. In addition, inflammation of the mutant skin is evident, although not causative
of the epidermal defects. Only later, the epidermis exhibits enhanced cell proliferation. The
defects of hail mutants can be phenocopied by overexpression and can be fully rescued by
simultaneous inactivation of the serine protease Matriptasela (St14a), indicating that Hail
promotes epithelial integrity by inhibiting Matriptasela. By contrast, Hepatocyte growth
factor (Hgf), a well-known promoter of epithelial-mesenchymal transitions and a prime
target of Matriptasel activity, plays no major role. Our work provides direct genetic evidence
for antagonistic in vivo roles of Hail and Matriptasela to regulate skin homeostasis and
remodeling.

Descriptors: zebrafish embryos, proteinase inhibitory proteins, secretory metabolism,
serine endopeptidases metabolism, serine proteinase inhibitors metabolism, embryology,
metabolism, proteins antagonists and inhibitors, genetically modified, apoptosis, epider-
mis embryology, epidermis metabolism , keratinocytes cytology, keratinocytes metabolism,
insertional mutagenesis, phenotype, proteinase inhibitory proteins, secretory genetics,
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serine endopeptidases genetics, serine proteinase inhibitors genetics, signal transduction and
metabolism.

Carney, T.J., K. Dutton, E. Greenhill, M. Delfino-Machin, P. Dufourcq, P. Blader, and R.N. Kelsh
(2006). A direct role for sox10 in specification of neural crest-derived sensory neurons.
Development 133(23): 4619-4630. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: sox10 is necessary for development of neural and pigment cell derivatives of the
neural crest ( NC). However, whereas a direct role for Sox10 activity has been established in
pigment and glial lineages, this is more controversial in NC-derived sensory neurons of the
dorsal root ganglia (DRGs). We proposed that sox10 functioned in specification of sensory
neurons, whereas others suggested that sensory neuronal defects were merely secondary to
absence of glia. Here we provide evidence that in zebrafish, early DRG sensory neuron sur-
vival is independent of differentiated glia. Critically, we demonstrate that Sox10 is expressed
transiently in the sensory neuron lineage, and species sensory neuron precursors by regulating
the proneural gene neurogeninl. Consistent with this, we have isolated a novel sox10 mutant
that lacks glia and yet displays a neurogenic DRG phenotype. In conjunction with previous
findings, these data establish the generality of our model of Sox10 function in NC fate speci-
fication. Copyright©Thomson Reuters 2009

Descriptors: zebrafish , development, nervous system, neural coordination, phenotype.

Carreira Barbosa, F., M.L. Concha, M. Takeuchi, N. Ueno, S.W. Wilson, and M. Tada (2003).
Prickle 1 regulates cell movements during gastrulation and neuronal migration in
zebrafish. Development 130(17): 4037-46. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: During vertebrate gastrulation, mesodermal and ectodermal cells undergo con-
vergent extension, a process characterised by prominent cellular rearrangements in which
polarised cells intercalate along the medio-lateral axis leading to elongation of the antero-
posterior axis. Recently, it has become evident that a noncanonical Wnt/Frizzled (Fz)/
Dishevelled (Dsh) signalling pathway, which is related to the planar-cell-polarity (PCP)
pathway in flies, regulates convergent extension during vertebrate gastrulation. Here we
isolate and functionally characterise a zebrafish homologue of Drosophila prickle (pk), a gene
that is implicated in the regulation of PCP. Zebrafish pk1 is expressed maternally and in
moving mesodermal precursors. Abrogation of Pkl function by morpholino oligonucleotides
leads to defective convergent extension movements, enhances the silberblick (slb)/wntl1 and
pipetail (Ppt)/wnt5 phenotypes and suppresses the ability of Wntl1 to rescue the slb pheno-
type. Gain-of-function of Pkl also inhibits convergent extension movements and enhances
the slb phenotype, most likely caused by the ability of Pk1 to block the Fz7-dependent mem-
brane localisation of Dsh by downregulating levels of Dsh protein. Furthermore, we show
that pkl interacts genetically with trilobite (tri)/strabismus to mediate the caudally directed
migration of cranial motor neurons and convergent extension. These results indicate that,
during zebrafish gastrulation Pk1 acts, in part, through interaction with the noncanonical
Wnt11/Wnt5 pathway to regulate convergent extension cell movements, but is unlikely to
simply be a linear component of this pathway. In addition, Pkl interacts with Tri to mediate
posterior migration of branchiomotor neurons, probably independent of the noncanonical
Wnt pathway.

Descriptors: zebrafish embryos, cell movement physiology, gastrula metabolism, neurons
metabolism, embryology, proteins, DNA binding proteins genetics, proteins genetics and
proteins metabolism, Drosophila proteins genetics and metabolism, membrane proteins
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metabolism, mesoderm metabolism, proto oncogene proteins metabolism, signal transduc-
tion physiology, Wnt proteins.

Catalano, A.E., PA. Raymond, D. Goldman, and X. Wei (2007). Zebrafish dou yan mutation

Cau, E.

causes patterning defects and extensive cell death in the retina. Developmental Dynamics
236(5): 1295-306. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, mutation, retina abnormalities and pathology, embryology,
genetics, brain embryology, cell death, cell proliferation, eye abnormalities abnormalities
genetics and pathology, organ size genetics, phenotype.

and S.W. Wilson (2003). Ashla and Neurogeninl function downstream of Floating head
to regulate epiphysial neurogenesis. Development 130(11): 2455-2466. ISSN: 0950-1991.
NAL Call Number: QL951.D38

Descriptors: zebrafish, cell fate, defects, developmental genetics, freshwater fish, helix-
loop-helix proteins, neurogenesis, neurons, pattern formation, phenotypes, photoreceptors,
transcription, transcription factors, Danio rerio, Ashla protein, floating head protein, neuro-
geninl.

Cha, Y.I., S.H. Kim, L. Solnica-Krezel, and R.N. DuBois (2005). Cyclooxygenase-1 signaling is

required for vascular tube formation during development. Developmental Biology 282(1):
274-283. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish embryos, antisense oligonucleotides, arachidonic acid, circulatory
system, cyclooxygenase-1, cyclooxygenase-2, defects, embryogenesis, embryonic develop-
ment, physiology, gastrulation, gene expression, kidneys, mesoderm, oligonucleotides,
prostaglandin E2, prostaglandins, signal transduction, translation, uterus, vascular system,
prostaglandin H2, prostaglandin endoperoxide synthase, somitogenesis, Danio rerio.

Cha, Y.I,, L. Solnica-Krezel, and R.N. Dubois (20006). Fishing for prostanoids: deciphering the

developmental functions of cyclooxygenase-derived prostaglandins. Developmental
Biology 289(2): 263-272. ISSN: 0012 16006.

NAL Call Number: 442.8D49

Abstract: Prostaglandin G/H synthases (PGHS), commonly referred to as cyclooxygenases
(COX-1 and COX-2), catalyze a key step in the synthesis of biologically active prostaglandins
(PGs), the conversion of arachidonic acid (AA) into prostaglandin H-2 (PGH(2)). PGs have
important functions in a variety of physiologic and pathologic settings, including inflamma-
tion, cardiovascular homeostasis, reproduction, and carcinogenesis. However, an evaluation
of prostaglandin function in early development has been difficult due to the maternal con-
tribution of prostaglandins from the uterus. The emergence of zebrafish as a model system
has begun to provide some insights into the roles of this signaling cascade during vertebrate
development. In zebrafish, COX-1 derived prostaglandins are required for two distinct stages
of development, namely during gastrulation and segmentation. During gastrulation, PGE(2)
Signaling promotes cell motility, without altering the cell shape or directional migration

of gastrulating cells. During segmentation, COX-1 signaling is also required for posterior
mesoderm development, including the formation of vascular tube structures, angiogenesis

of intersomitic vessels, and pronephros morphogenesis. We propose that deciphering the

role for prostaglandin signaling in zebrafish development could yield insight and ultimately
address the mechanistic details underlying various disease processes that result from perturba-
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tion of this pathway. (c) 2005 Elsevier Inc. All rights reserved. Copyright©Thomson Reuters
2009

Descriptors: zebrafish, cardiovascular system, circulation, reproductive system.

Chai, C., Y.W. Liu, and W.K. Chan (2003). Ff1b is required for the development of steroidogenic
component of the zebrafish interrenal organ. Developmental Biology 260(1): 226-44.
ISSN: 0012 1600.

NAL Call Number: 442.8D49

Abstract: The zebrafish ftz-f1 gene, ff1b, is activated in two cell clusters lateral to the
midline in the trunk during late embryogenesis. These cell clusters coalesce to form a discrete
organ at around 30 hpf, which then begins to acquire a steroidogenic identity as evidenced
by the expression of the steroidogenic enzyme genes, cypl1la and 3beta-hsd. The migra-

tion of the cell clusters to the midline is impaired in zebrafish midline signaling mutants.
Knockdown of Ff1b activity by antisense ff1b morpholino oligonucleotide (ff1bMO) leads to
phenotypes that are consistent with impaired osmoregulation. Injection of ff1IbMO was also
shown to downregulate the expression of cyp11a and 3beta-hsd. Histological comparison of
wild-type and ff1b morphants at various embryonic and juvenile stages revealed the absence
of interrenal tissue development in ff1b morphants. The morphological defects of ff1b mor-
phants could be mimicked by treatment with aminoglutethimide, an inhibitor of de novo
steroid synthesis. Based on these data, we propose that ff1b is required for the development
of the steroidogenic tissue of the interrenal organ.

Descriptors: zebrafish embryos, interrenal gland growth and development, embryology,
aminoglutethimide pharmacology, body patterning, cell movement, cholesterol side chain
cleavage enzyme genetics and metabolism, enzyme inhibitors pharmacology, gene expres-
sion regulation interrenal gland drug effects, interrenal gland physiology, mutation, antisense
oligonucleotides pharmacology, recombinant fusion proteins metabolism, trans-activation
genetics and metabolism, water electrolyte balance drug effects, proteins drug effects.

Challa, A.K., M.L. McWhorter, C. Wang, M.A. Seeger, and C.E. Beattie (2005). Robo3 isoforms
have distinct roles during zebrafish development. Mechanisms of Development 122(10):
1073-86. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Roundabout (Robo) receptors and their secreted ligand Slits have been shown to
function in a number of developmental events both inside and outside of the nervous system.
We previously cloned zebrafish robo orthologs to gain a better understanding of Robo func-
tion in vertebrates. Further characterization of one of these orthologs, robo3, has unveiled
the presence of two distinct isoforms, robo3 variant 1 (robo3varl) and robo3 variant 2 (robo-
3var2). These two isoforms differ only in their 5’-ends with robo3varl, but not robo3var2,
containing a canonical signal sequence. Despite this difference, both forms accumulate on
the cell surface. Both isoforms are contributed maternally and exhibit unique and dynamic
gene expression patterns during development. Functional analysis of robo3 isoforms using an
antisense gene knockdown strategy suggests that Robo3varl functions in motor axon path-
finding, whereas Robo3var2 appears to function in dorsoventral cell fate specification. This
study reveals a novel function for Robo receptors in specifying ventral cell fates during verte-
brate development.

Descriptors: zebrafish embryos, Drosophila, nervous system embryology, immunologic
receptors physiology, embryology, Drosophila embryonic development genetics, mutation,
nervous system chemistry, protein isoforms genetics, protein isoforms physiology, messenger
RNA analysis and metabolism, immunologic receptors genetics.
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Chan, B., S. Sinha, D. Cho, R. Ramchandran, and V.P. Sukhatme (2005). Critical roles of CD146

in zebrafish vascular development. Developmental Dynamics 232(1): 232-44. ISSN: 1058
8388.

NAL Call Number: QL801.A4

Abstract: In this report, we use zebrafish as a model system to understand the importance of
CD146 in vascular development. Endothelial-specific expression of CD146 was verified by
whole-mount in situ hybridization. Suppression of CD146 protein expression by antisense
morpholino oligonucleotides (MO) resulted in poorly developed intersomitic vessels (ISVs).
In CD146 morphants, we observed a lack of blood flow through the ISV region, despite that
fluorescence microangiography showed that the ISVs were present. This finding suggests that
the lumens of the developing ISVs may be too narrow for proper circulation. Additionally,
remodeling of the caudal vein plexus into functional vascular tubes appeared to be affected.
Suppression of CD146 protein expression resulted in a circulation shunt that caused the
circulation to by-pass part of the caudal artery/vein system. The same vascular defects were
recapitulated by using a second morpholino oligonucleotide. This morphant expressed a
truncated CD146 protein with amino acids V32 to T57 at the N terminus deleted in an
in-frame manner. This region, therefore, is likely to contain elements critical for CD146
function. This study provides the first in vivo functional assessment of CD146 in embryonic
development by showing that knockdown of CD146 protein expression severely hinders vas-
cular development in zebrafish.

Descriptors: zebrafish embryo, antigens, CD physiology, blood vessels embryology, vascular
endothelium embryology, developmental gene expression regulation, neural cell adhesion
molecules physiology, amino acid sequence, angiography, antigens, cd metabolism, antigens,
CD146, base sequence, molecular cloning, complementary DNA metabolism, in situ hybrid-
ization, fluorescence microscopy, molecular sequence data, neural cell adhesion molecules
metabolism, oligonucleotides chemistry, tertiary protein structure, messenger RNA metabo-
lism, reverse transcriptase PCR, amino acid sequence homology, time factors.

Chandrasekhar, A. (2004). Turning heads: development of vertebrate branchiomotor neurons.

Developmental Dynamics 229(1): 143-161. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: The cranial motor neurons innervate muscles that control eye, jaw, and facial
movements of the vertebrate head and parasympathetic neurons that innervate certain
glands and organs. These efferent neurons develop at characteristic locations in the brain-
stem, and their axons exit the neural tube in well-defined trajectories to innervate target
tissues. This review is focused on a subset of cranial motor neurons called the branchiomo-
tor neurons, which innervate muscles derived from the branchial (pharyngeal) arches. First,
the organization of the branchiomotor pathways in zebrafish, chick, and mouse embryos
will be compared, and the underlying axon guidance mechanisms will be addressed. Next,
the molecular mechanisms that generate branchiomotor neurons and specify their iden-
tities will be discussed. Finally, the caudally directed or tangential migration of facial
branchiomotor neurons will be examined. Given the advances in the characterization and
analysis of vertebrate genomes, we can expect rapid progress in elucidating the cellular
and molecular mechanisms underlying the development of these vital neuronal networks.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, development, muscular system, nervous system, facial movement,
genome, neural networks, zebrafish.
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Chang, L.L. and D.S. Kessler (2005). Foxd3 regulation of mesoderm induction in the zebrafish
embryo. Developmental Biology 283(2): 619-620. ISSN: 0012 16006.
NAL Call Number: 442.8D49
Descriptors: zebrafish, development, somitogenesis, gastrulation, mesoderm, zebrafish
embryo .

Chapouton, P, B. Adolf, C. Leucht, B. Tannhauser, S. Ryu, W. Driever, and L. Bally Cuif (2006).
Her5 expression reveals a pool of neural stem cells in the adult zebrafish midbrain.
Development 133(21): 4293-303. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Current models of vertebrate adult neural stem cells are largely restricted to the
rodent forebrain. To extract the general mechanisms of neural stem cell biology, we sought
to identify new adult stem cell populations, in other model systems and/or brain areas. The
teleost zebrafish appears to be an ideal system, as cell proliferation in the adult zebrafish brain
is found in many more niches than in the mammalian brain. As a starting point towards
identifying stem cell populations in this system, we used an embryonic neural stem cell
marker, the E(spl) bHLH transcription factor Her5. We demonstrate that her5 expression is
not restricted to embryonic neural progenitors, but also defines in the adult zebrafish brain

a new proliferation zone at the junction between the mid- and hindbrain. We show that
adult her5-expressing cells proliferate slowly, self-renew and express neural stem cell markers.
Finally, using in vivo lineage tracing in her5:gfp transgenic animals, we demonstrate that the
her5-positive population is multipotent, giving rise in situ to differentiated neurons and glia
that populate the basal midbrain. Our findings conclusively identify a new population of
adult neural stem cells, as well as their fate and their endogenous environment, in the intact
vertebrate brain. This cell population, located outside the forebrain, provides a powerful
model to assess the general mechanisms of vertebrate neural stem cell biology. In addition,
the first transcription factor characteristic of this cell population, Her5, points to the E(Spl)
as a promising family of candidate adult neural stem cell regulators.

Descriptors: zebrafish, basic helix loop helix transcription factors metabolism, mesencepha-
lon cytology, neurons physiology, stem cells physiology, metabolism, genetically modified,
basic helix loop helix transcription factors genetics, biological markers metabolism, cell
proliferation, mesencephalon metabolism, neurons cytology, recombinant fusion proteins
metabolism, stem cells cytology.

Chatterjee, B., A.J. Chin, G. Valdimarsson, C. Finis, ].M. Sonntag, B.Y. Choi, L. Tao, K. Balasu-
bramanian, C. Bell, A. Krufka, D.]. Kozlowski, R.G. Johnson, and C.W. Lo (2005).
Developmental regulation and expression of the zebrafish connexin43 gene. Developmen
tal Dynamics 233(3): 890-906. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: We cloned and sequenced the zebrafish (Danio rerio) connexind3 (Cx43alphal)
gene. The predicted protein sequence shows a high degree of sequence conservation. Tran-
script analyses revealed multiple transcription start sites and a potential alternative transcript
encoding a N-terminally truncated Cx43alphal protein. Maternal Cx43alphal transcripts
were detected, with zygotic expression initiated before gastrulation. In situ hybridization
revealed many Cx43alphal expression domains, including the notochord and brain, heart
and vasculature, many resembling patterns seen in mammalian embryos. Of interest, a
reporter construct under control of the mouse Cx43alphal promoter was observed to drive
green fluorescent protein expression in zebrafish embryos in domains mimicking the native
Cx43alphal expression pattern in fish and mice. Sequence comparison between the mouse
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and zebrafish Cx43alphal promoter sequences showed the conservation of several transcrip-
tion factor motifs, which otherwise shared little overall sequence homology. The conservation
of protein sequence and developmental gene regulation would suggest that Cx43alphal gap
junctions are likely to have conserved roles in vertebrate embryonic development.
Descriptors: zebrafish, mice, connexin 43 genetics, connexin 43 metabolism, developmental
gene expression regulation, amino acid and base sequence, molecular cloning, connexin 43
chemistry, conserved sequence genetics, complementary DNA genetics, gene expression pro-
filing, genomics, in situ hybridization, molecular sequence data, phylogeny, promoter regions
genetics, messenger RNA genetics, messenger RNA metabolism, sequence alignment, tran-
scription initiation site, metabolism.

Cheah, ES., E.W. Jabs, and S.S. Chong (2005). Genomic, cDNA, and embryonic expression analy-
sis of zebrafish transforming growth factor beta 3 (tgfbeta3). Developmental Dynamics
232(4): 1021-30. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, developmental gene expression regulation physiology, transforming
growth factor beta biosynthesis, proteins biosynthesis, base sequence, complementary DNA
genetics, genome, molecular sequence data, transforming growth factor beta genetics, trans-
forming growth factor beta3, proteins genetics.

Cheesman, S.E., M.J. Layden, T. Von Ohlen, C.Q. Doe, and ].S. Eisen (2004). Zebrafish and fly
Nkx6 proteins have similar CNS expression patterns and regulate motoneuron forma-
tion. Development 131(21): 5221-32. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Genes belonging to the Nkx, Gsh and Msx families are expressed in similar dors-
ovental spatial domains of the insect and vertebrate central nervous system (CNS), suggesting
the bilaterian ancestor used this genetic program during CNS development. We have inves-
tigated the significance of these similar expression patterns by testing whether Nkx6 proteins
expressed in ventral CNS of zebrafish and flies have similar functions. In zebrafish, Nkx6.1
is expressed in early-born primary and later-born secondary motoneurons. In the absence of
Nkx6.1, there are fewer secondary motoneurons and supernumerary ventral interneurons,
suggesting Nkx6.1 promotes motoneuron and suppresses interneuron formation. Overex-
pression of fish or fly Nkx6 is sufficient to generate supernumerary motoneurons in both
zebrafish and flies. These results suggest that one ancestral function of Nkx6 proteins was to
promote motoneuron development.

Descriptors: zebrafish, central nervous system metabolism, Drosophila proteins metabo-
lism, Drosophila melanogaster metabolism, developmental gene expression regulation,
motor neurons metabolism, transcription factors metabolism, amino acid sequence, body
patterning, central nervous system cytology, conserved sequence, Drosophila proteins chem-
istry, Drosophila Drosophila melanogaster cytology, Drosophila melanogaster embryology,
Drosophila melanogaster genetics, Hedgehog proteins, interneurons cytology, interneurons
metabolism, molecular sequence data, motor neurons cytology, phylogeny, sequence align-
ment, signal transduction, trans activators metabolism, transcription factors chemistry,
transcription factors genetics, proteins chemistry.

Chen, E., S.E. Stringer, M.A. Rusch, S.B. Selleck, and S.C. Ekker (2005). A unique role for 6-O
sulfation modification in zebrafish vascular development. Developmental Biology 284(2):
364-76. ISSN: 0012 1606.

NAL Call Number: 442.8D49
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Abstract: Heparan sulfate proteoglycans are important modulators of growth factor signal-
ing in a variety of patterning processes. Secreted growth factors that play critical roles in
angiogenesis bind to heparan sulfate, and this association is affected by 6-O-sulfation of the
heparan sulfate chains. Addition of 6-O-sulfate is catalyzed by a family of sulfotransferases
(HS6STs), and genetic manipulation of their function permits an assessment of their contri-
bution to vascular assembly. We report on the biochemical activity and expression patterns
of two zebrafish HS6ST genes. In situ hybridization reveals dynamic and distinct expres-
sion patterns of these two genes during development. Structural analysis of heparan sulfate
from wild-type and morpholino antisense ‘knockdown” embryos suggests that HS6ST-1

and HS6ST-2 have similar biochemical activity. HS6ST-2, but not HS6ST-1, morphants
exhibit abnormalities in the branching morphogenesis of the caudal vein during embry-
onic development of the zebrafish. Our finding that HS6ST-2 is required for the branching
morphogenesis of the caudal vein is the first in vivo evidence for an essential role of a gene
encoding a heparan sulfate modifying enzyme in vertebrate angiogenesis. Our analysis of two
zebrafish HS6ST genes suggests that a wide range of biological processes may be regulated by
an array of sulfation-modifying enzymes in the vertebrate genome.

Descriptors: zebrafish, blood vessels growth and development, developmental gene expres-
sion regulation, sulfotransferases metabolism, amino acid sequence, genetically modified,
blood vessels embryology, molecular cloning embryonic development, expressed sequence
tags, green fluorescent proteins metabolism, heparitin sulfate metabolism, in situ hybridiza-
tion, microinjections, molecular sequence data, antisense oligonucleotides pharmacology,
phylogeny, DNA sequence analysis, amino acid sequence homology, somites metabolism,
sulfotransferases antagonists and inhibitors, sulfotransferases chemistry, sulfotransferases
genetics, sulfotransferases isolation and purification.

Chen, W. and D. Casey Corliss (2004). Three modules of zebrafish Mind bomb work coopera-
tively to promote Delta ubiquitination and endocytosis. Developmental Biology 267(2):
361-73. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Precise regulation of Notch signaling activity is critical for development of many
different tissues. Here, we show that the zebrafish insertional mutation Hi904 attenuates
Notch signaling, and is allelic to mind bomb. We show that Mind bomb protein displays E3
ubiquitin ligase activity in vitro and that it is associated with Delta and enhances its ubiquit-
ination and internalization in transfected cells. Furthermore, by functional analysis of three
conserved regions of Mind bomb, we show that the N-terminal half is required for Delta
association, the ankyrin repeats are important for Delta internalization, and the ring fingers
are required for Delta ubiquitination. Thus, the three functionally distinct modules of Mind
bomb work cooperatively to regulate Notch signaling by associating with, ubiquitinating,
and internalizing Delta.

Descriptors: zebrafish, endocytosis, membrane proteins metabolism, ubiquitin protein
ligases metabolism, ubiquitins metabolism, proteins metabolism, amino acid sequence, DNA
primers , complementary DNA genetics, fluorescent antibody technique, immunoblotting,
immunohistochemistry, in situ hybridization, molecular sequence data, plasmids, precipitin
tests, Notch receptors, sequence alignment, signal transduction physiology, ubiquitin protein
ligases genetics.

Chen, Y.H., H.C. Lee, C.E. Liu, C.Y. Lin, and H.]. Tsai (2003). Novel regulatory sequence -82/-62
functions as a key element to drive the somite-specificity of zebrafish myf-5. Developmen-
tal Dynamics 228(1): 41-50. ISSN: 1058 8388.
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Descriptors: zebrafish embryos, DNA binding proteins genetics, proteins, muscle proteins
metabolism, promoter regions genetics, somites metabolism, trans-activators, transcrip-
tion factors metabolism, embryology, genetically modified, base sequence, cytomegalovirus
genetics, developmental gene expression regulation, regulator genes, reporter genes, green
fluorescent proteins, luminescent proteins metabolism, muscle proteins chemistry, skeletal
muscle growth and development, site directed mutagenesis myogenic regulatory factor 5,
recombinant fusion proteins metabolism, sequence deletion, time factors, transcription
factors chemistry.

Chen Yau, H., H. Wang Yun, Chang MinYen, Y. Lin Cheng, W. Weng Chih, M. Westerfield, and ]J.

Tsai Huai (2007). Multiple upstream modules regulate zebrafish myf5 expression. Bio
Med Central Developmental Biology 7(1) ISSN: 1471 213X.

Online: http://www.biomedcentral.com/content/pdf/1471-213X-7-1.pdf

NAL Call Number: QH491.B63

Abstract: Background: Myf5 is one member of the basic helix-loop-helix family of transcrip-
tion factors, and it functions as a myogenic factor that is important for the specification and
differentiation of muscle cells. The expression of myf5 is somite- and stage-dependent during
embryogenesis through a delicate regulation. However, this complex regulatory mechanism
of myf5 is not clearly understood. Results: We isolated a 156-kb bacterial artificial chro-
mosome clone that includes an upstream 80-kb region and a downstream 70-kb region of
zebrafish myf5 and generated a transgenic line carrying this 156-kb segment fused to a green
fluorescent protein (GFP) reporter gene. We find strong GFP expression in the most rostral
somite and in the presomitic mesoderm during segmentation stages, similar to endogenous
myf5 expression. Later, the GFP signals persist in caudal somites near the tail bud but are
down-regulated in the older, rostral somites. During the pharyngula period, we detect GFP
signals in pectoral fin buds, dorsal rostral myotomes, hypaxial myotomes, and inferior
oblique and superior oblique muscles, a pattern that also corresponds well with endogenous
myf5 transcripts. To characterize the specific upstream cis-elements that regulate this complex
and dynamic expression pattern, we also generated several transgenic lines that harbor various
lengths within the upstream 80-kb segment. We find that (1) the -80 kb/-9977 segment
contains a fin and cranial muscle element and a notochord repressor; (2) the -9977/-6213
segment contains a strong repressive element that does not include the notochord-specific
repressor; (3) the -6212/-2938 segment contains tissue-specific elements for bone and spinal
cord; (4) the -2937/-291 segment contains an eye enhancer, and the -2937/-2457 segment is
required for notochord and myocyte expression; and (5) the -290/-1 segment is responsible
for basal transcription in somites and the presomitic mesoderm. Conclusion: We suggest that
the cell lineage-specific expression of myf5 is delicately orchestrated by multiple modules
within the distal upstream region. This study provides an insight to understand the molecular
control of myf5 and myogenesis in the zebrafish. Copyright © 2008 CABI

Descriptors: zebrafish, bacterial artificial chromosomes, cell lines, embryonic development,
embryos, gene expression, genes, tissue distribution, transcription, transcription factors,
Danio rerio .

Cheng, C.W., C.H. Yan, S.W. Choy, M.N. Hui, C.C. Hui, and S.H. Cheng (2007). Zebrafish

homologue irx1a is required for the differentiation of serotonergic neurons. Developmen-
tal Dynamics 236(9): 2661-7. ISSN: 1058 8388.
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Descriptors: zebrafish, developmental gene expression regulation, homeodomain, transcrip-
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tion factors physiology, acridine orange pharmacology, apoptosis, developmental biology
methods, fluorescent dyes pharmacology, homeodomain proteins metabolism, in situ hybrid-
ization, neurons metabolism, neurotransmitter agents metabolism, serotonin metabolism,
transcription factors metabolism.

Cheng, C.W., C.H. Yan, C.C. Hui, U. Strahle, and S.H. Cheng (2006). The homeobox gene irxla
is required for the propagation of the neurogenic waves in the zebrafish retina. Mecha-
nisms of Development 123(3): 252-63. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Neurogenesis in the compound eyes of Drosophila and the camera eyes of verte-
brates spreads in a wave-like fashion. In both phyla, waves of hedgehog expression are known
to drive the wave of neuronal differentiation. The mechanism controlling the propagation
of hedgehog expression during retinogenesis of the vertebrate eye is poorly understood. The
Iroquois homeobox genes play important roles in Drosophila eye development; they are
required for the up-regulation of hedgehog expression during propagation of the morpho-
genetic furrow. Here, we show that the zebrafish Iroquois homolog irx1a is expressed during
retinogenesis and knockdown of irx1a results in a retinal phenotype strikingly similar to
those of sonic hedgehog (shh) mutants. Analysis of shh-GFP transgene expression in irxla
knockdown retinas revealed that irx1a is required for the propagation of shh expression
through the retina. Transplantation experiments illustrated that the effects of irxla on shh
expression are both cell-autonomous and non-cell-autonomous. Our results reveal a role for
Iroquois genes in controlling hedgehog expression during vertebrate retinogenesis.
Descriptors: zebrafish embryos, homeodomain retina embryology, retinal ganglion cells
metabolism, transcription factors genetics, proteins and genetics, genetically modified,

cell differentiation, eye diseases genetics, metabolism, Fgf metabolism, developmental

gene expression regulation, Hedgehogs genetics and metabolism, homeodomain proteins
metabolism, retina cytology, retina metabolism, signal transduction, transcription factors
metabolism.

Cheng, ].C., A.L. Miller, and S.E. Webb (2004). Organization and function of microfilaments
during late epiboly in zebrafish embryos. Developmental Dynamics 231(2): 313-23. ISSN:
1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish embryo, nonmammalian anatomy and histology, drug effects,
physiology, microfilaments metabolism, morphogenesis, actins metabolism, cytochalasin B
pharmacology, cytoskeleton metabolism, egtazic acid analogs and derivatives, egtazic acid
chemistry and pharmacology.
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meric protein families in zebrafish. Developmental Dynamics 228(3): 555-67. ISSN: 1058
8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, mice, genomics, genetics, heterotrimeric GTP binding transgenic,
genetic models, Na+ K+ exchanging ATPase enzyme genetics, protein subunits genetics,
signal transduction, proteins classification.

Cheng, L., X.E Guo, X.Y. Yang, M. Chong, J. Cheng, G. Li, Y.H. Gui, and D.R. Lu (2006). Delta-
sarcoglycan is necessary for early heart and muscle development in zebrafish. Biochemical
and Biophysical Research Communications 344(4): 1290-1299. ISSN: 0006 291X.
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NAL Call Number: 442.8B5236

Abstract: delta-sarcoglycan, one member of the sarcoglycan complex, is a very conserva-
tive muscle-specific protein exclusively expressed in the skeletal and cardiac muscles of
vertebrates. Mutations in sarcoglycans are known to be involved in limb-girdle muscular
dystrophy (LGMD) and dilated cardiomyopathy (DCM) in humans. To address the role of
delta-sarcoglycan gene in zebrafish development, we have studied expression pattern of delta-
sarcoglyean in zebrafish embryos and examined the role of delta-sarcoglyean in zebrafish
embryonic development by morpholino. Strong expression of delta-sarcoglycan was observed
in various muscles including those of the segment, heart, eye, jaw, pectoral fin, branchial
arches, and swim bladder in zebrafish embryo. delta-sarcoglycan was also expressed in mid-
brain and retina. Knockdown of delta-sarcoglyean resulted in severe abnormality in both the
cardiac and skeletal muscles. Some severe ones displayed serious morphological abnormal-
ity such as hypoplastic head, linear heart, very weak heartbeats, and runtish trunk, all dead
within 5 dpf. Whole-mount in situ hybridization analysis showed that adaxial cells and
muscle pioneers were affected in delta-sarcoglycan knockdown embryos. In addition, absence
of delta-sarcoglycan protein severely delayed the cardiac development and influenced the dif-
ferentiation of cardiac muscle, and the cardiac left-right asymmetry was dramatically changed
in morpholino-treated embryos. These data together suggest that delta-sarcoglycan plays

an important role in early heart and muscle development. (c) 2006 Elsevier Inc. All rights
reserved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryo, freshwater ecology, environmental sciences, molecular
genetics, biochemistry and molecular biophysics, cell development, heart and muscle devel-
opment.

Cheng, S., T. Christie, and G. Valdimarsson (2003). Expression of connexin48.5, connexin44.1,

and connexin43 during zebrafish (Danio rerio) lens development. Developmental Dynam-
ics 228(4): 709-15. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, connexin 43 biosynthesis, connexins biosynthesis, developmental
gene expression regulation, crystalline lens metabolism, proteins biosynthesis, chickens,
DNA primers pharmacology, gap junctions, in situ hybridization, mice, phylogeny, messen-
ger RNA metabolism, reverse transcriptase PCR, time factors, tissue distribution.

Cheng, W., L. Guo, Z. Zhang, H.M. Soo, C. Wen, W. Wu, and ]J. Peng (2006). HNF factors form

a network to regulate liver-enriched genes in zebrafish. Developmental Biology 294(2):
482-96. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Defects in some of liver-enriched genes in mammals will cause liver- and/or
blood-related diseases. However, due to the fact that embryogenesis happens intrauterin-

ally in the mammals, the function of these liver-enriched genes during liver organogenesis is
poorly studied. We report here the identification of 129 genuine liver-enriched genes in adult
zebrafish and show that, through in situ hybridization, 69 of these genes are also enriched in
the embryonic liver. External embryogenesis coupled with the well-established morpholino-
mediated gene knock-down technique in zebrafish offers us a unique opportunity to study

if this group of genes plays any role during liver organogenesis in the future. As an example,
preliminary study using morpholino-mediated gene knock-down method revealed that a
novel liver-enriched gene legl is crucial for the liver expansion growth. We also report the
analysis of promoter regions of 51 liver-enriched genes by searching putative binding sites for
Hnfl, Hnf3, Hnf4 and Hnf6, four key transcription factors enriched in the liver. We found
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that promoter regions of majority of liver-enriched genes contain putative binding sites for
more than one HNF factors, suggesting that most of liver-enriched genes are likely co-regu-
lated by different combination of HNF factors. This observation supports the hypothesis that
these four liver-enriched transcription factors form a network in controlling the expression of
liver-specific or -enriched genes in the liver.

Descriptors: zebrafish embryos, developmental gene expression regulation, hepatocyte
nuclear factors metabolism, liver physiology, embryology, genetics, proteins metabolism,
amino acid sequence, anatomy and histology, physiology, gene expression profiling, hepa-
tocyte nuclear factors genetics, in situ hybridization, liver embryology, molecular sequence
data, oligonucleotide array sequence analysis, antisense oligonucleotides genetics, antisense
oligonucleotides metabolism, promoter regions genetics, sequence alignment.

Cheng, Y.C., M. Amoyel, X. Qiu, Y.J. Jiang, Q. Xu, and D.G. Wilkinson (2004). Notch activa-
tion regulates the segregation and differentiation of rhombomere boundary cells in the
zebrafish hindbrain. Developmental Cell 6(4): 539-50. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: During segmentation of the vertebrate hindbrain, a distinct population of bound-
ary cells forms at the interface between each segment. Little is known regarding mechanisms
that regulate the formation or functions of these cells. We have investigated a potential

role of Notch signaling and find that in the zebrafish hindbrain, radical fringe is expressed

in boundary cells and delta genes are expressed adjacent to boundaries, consistent with a
sustained activation of Notch in boundary cells. Mosaic expression experiments reveal that
activation of the Notch/Su(H) pathway regulates cell affinity properties that segregate cells to
boundaries. In addition, Notch signaling correlates with a delayed neurogenesis at hindbrain
boundaries and is required to inhibit premature neuronal differentiation of boundary cells.
These findings reveal that Notch activation couples the regulation of location and differentia-
tion in hindbrain boundary cells. Such coupling may be important for these cells to act as a
stable signaling center.

Descriptors: zebrafish embryo, cell surface receptors metabolism, rhombencephalon embry-
ology, stem cells metabolism, transcription factors, proteins, body patterning genetics, cell
differentiation genetics, cell movement genetics, cytology, membrane membrane proteins
metabolism, molecular sequence data, neurons cytology, neurons metabolism, Notch1
receptor, cell surface receptors genetics, rhombencephalon cytology, rhombencephalon
metabolism, signal transduction genetics, stem cells cytology.

Cherdantseva, E.M. and V.G. Cherdantsev (2006). Geometry and mechanics of teleost gastrula-
tion and the formation of primary embryonic axes. /nternational Journal of Developmental
Biology 50(2-3): 157-168. ISSN: 0214 6282.

Abstract: Examination of normal shaping dynamics and immediate and long-term responses
to blastoderm cutting in zebrafish and loach embryos prior to the onset of gastrulation and
during the course of epiboly revealed that anteroposterior (AP) and dorsoventral (DV) polar-
ity formation is connected with shaping of the blastoderm circumferential region, which
stretches along and shrinks across its movement axes and originates the non-isotropic fields
of tensile stresses. Based on data from cutting experiments and quantitative morphology,

we reconstructed the movement-shaping patterns of epiboly and embryonic shield forma-
tion. We revealed that AP and DV axes originate as a mass cell movement subject to the
movement-shaping equivalence principle, which means the spatial series of differently shaped
areas corresponding to the time succession of the same area shaping. Maintenance of the
main body axes in orthogonal orientation depends on the mechanical equilibrium principle
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allowing for converting shape asymmetry into that of tensile stresses and vice versa. The
causal relationship between the main movement-shaping axes and that of embryonic polarity
was proved in cutting experiments in which the DV axis direction was subject to rearrange-
ment so as to adjust to the new direction of mass cell movement axes induced by healing the
wound in the blastoderm circumferential region. Copyright©Thomson Reuters 2009
Descriptors: zebrafish embryos, membranes, cell biology, morphogenesis, gastrulation,
tensile stress, embryonic axis formation.

Chittenden, T.W., E. Claes, A. Lanahan, M. Autiero, R.T. Palac, E.V. Tkachenko, A. Elfenbein, C.R.

DeAlmodovar, E. Dedkov, R. Tomanek, W. Li, M. Westmore, ]. Singh, A. Horowitz, M.].
Mulligan-Kehoe, K.L. Moodie, Z.W. Zhuang, P. Carmeliet, and M. Simons (2006). Selec-
tive regulation of arterial branching morphogenesis by synectin. Developmental Cell
10(6): 783-795. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: Branching morphogenesis is a key process in the formation of vascular net-
works. To date, little is known regarding the molecular events regulating this process. We
investigated the involvement of synectin in this process. In zebrafish embryos, synectin
knockdown resulted in a hypoplastic dorsal aorta and hypobranched, stunted, and thin
intersomitic vessels due to impaired migration and proliferation of angioblasts and arterial
endothelial cells while not affecting venous development. Synectin(-/-) mice demonstrated
decreased body and organ size, reduced numbers of arteries, and an altered pattern of arte-
rial branching in multiple vascular beds while the venous system remained normal. Murine
synectin(-/-) primary arterial, but not venous, endothelial cells showed decreased in vitro
tube formation, migration, and proliferation and impaired polarization due to abnormal
localization of activated Racl. We conclude that synectin is involved in selective regulation
of arterial, but not venous, growth and and that Rac1 plays an important role in this process.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryos, cell biology, cell proliferation, branching morphogenesis,
murine synectin, branching morphogenesis, Racl.

Chocron, S., M.C. Verhoeven, F. Rentzsch, M. Hammerschmidt, and J. Bakkers (2007). Zebrafish

Bmp4 regulates left-right asymmetry at two distinct developmental time points. Develop-
mental Biology 305(2): 577-88. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Left-right (LR) asymmetry is regulated by early asymmetric signals within the
embryo. Even though the role of the bone morphogenetic protein (BMP) pathway in this
process has been reported extensively in various model organisms, opposing models for the
mechanism by which BMP signaling operates still prevail. Here we show that in zebrafish
embryos there are two distinct phases during LR patterning in which BMP signaling is
required. Using transgenic lines that ectopically express either noggin3 or bmp2b, we show
a requirement for BMP signaling during early segmentation to repress southpaw expression
in the right lateral plate mesoderm and regulate both visceral and heart laterality. A second
phase was identified during late segmentation, when BMP signaling is required in the left
lateral plate mesoderm to regulate left-sided gene expression and heart laterality. Using mor-
pholino knock down experiments, we identified Bmp4 as the ligand responsible for both
phases of BMP signaling. In addition, we detected bmp4 expression in Kupffer’s vesicle and
show that restricted knock down of bmp4 in this structure results in LR patterning defects.
The identification of these two distinct and opposing activities of BMP signaling provides
new insight into how BMP signaling can regulate LR patterning.
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Descriptors: zebrafish embryos, body patterning physiology, bone morphogenetic, Type I
activin receptors physiology, genetically modified, bone morphogenetic proteins deficiency,
bone morphogenetic functional laterality genetics, heart embryology, signal transduction
genetics, proteins deficiency.

Choi, J., L. Dong, J. Ahn, D. Dao, M. Hammerschmidt, and J.N. Chen (2007). FoxH1 negatively
modulates flk1 gene expression and vascular formation in zebrafish. Developmental
Biology 304(2): 735-44. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Flk1 is the major receptor for VEGF on endothelial cells. During embryogenesis,
flk1 is required for both vasculogenesis and angiogenesis and abnormally elevated flk1 expres-
sion is often associated with pathological conditions in adults. While the biological function
of flk1 has been studied extensively, very little is known about how the flk1 gene is regulated
at the transcriptional level. Our transgenic study led to the identification of a flk1 endothe-
lial enhancer positioned approximately 5 kb upstream of the flk1 translation initiation site.
Binding sites for FoxH1, scl, ets and gata factors are found in the zebrafish flk1 endothelial
enhancer, as well as in upstream sequences of mouse flkl and human kdr genes, suggesting
that the regulatory machinery for flk1/kdr is conserved from fish to mammals. The roles

of scl, ets and gata factors in hemangioblasts have been well defined, but the significance

of FoxH]1 in vessel formation has not been explored previously. Here we show that FoxH1
binds to the flk1 endothelial enhancer in vitro and functions as a repressor for flk1 transcrip-
tion in cultured cells. Consistent with these findings, the expression level of flk1 is elevated
in embryos lacking both maternal and zygotic FoxH1. We further show that overexpression
of FoxH1 has a negative effect on vascular formation that can be counteracted by the down-
regulation of smad2 activity in zebrafish embryos. Taken together, our data provide the first
evidence that flk1 is a direct target of FoxH1 and that FoxH]1 is involved in vessel formation
in zebrafish.

Descriptors: zebrafish embryos, blood vessels embryology, forkhead transcription factors
biosynthesis, developmental gene expression regulation, vascular endothelial growth factor
receptor 2 metabolism, proteins biosynthesis, genetically modified, base sequence, cultured
cells, enhancer elements genetics, molecular sequence data, signal transduction, Smad2
protein metabolism, transforming growth factor beta metabolism, vascular endothelial
growth factor receptor 2 genetics.

Chong, S.W., T.T. Nguyen, L. T. Chu, Y.J. Jiang, and V. Korzh (2005). Zebrafish id2 developmental
expression pattern contains evolutionary conserved and species-specific characteristics.
Developmental Dynamics 234(4): 1055-63. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, brain metabolism, developmental gene expression regula-
tion, inhibitor of differentiation protein 2 metabolism, signal transduction physiology, amino
acid and base sequence, cluster analysis, cryoultramicrotomy, DNA primers, complemen-
tary DNA genetics, inhibitor of differentiation protein 2 genetics, molecular sequence data,
Notch receptors metabolism, reverse transcriptase PCR, DNA sequence analysis, signal trans-
duction genetics, species specificity.

Chong, S.W., L.M. Nguyet, Y.]J. Jiang, and V. Korzh (2007). The chemokine Sdf-1 and its receptor
Cxcr4 are required for formation of muscle in zebrafish. BioMed Central Developmental
Biology 7: 54. ISSN: 1471 213X.
NAL Call Number: QH491.B63
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Abstract: BACKGROUND: During development cell migration takes place prior to dif-
ferentiation of many cell types. The chemokine receptor Cxcr4 and its ligand Sdf1 are
implicated in migration of several cell lineages, including appendicular muscles. RESULTS:
We dissected the role of sdf1-cxcr4 during skeletal myogenesis. We demonstrated that the
receptor cxcr4a is expressed in the medial-anterior part of somites, suggesting that chemokine
signaling plays a role in this region of the somite. Previous reports emphasized co-operation
of Sdf1a and Cxcr4b. We found that during early myogenesis Sdfla co-operates with the
second Cxcr4 of zebrafish - Cxcr4a resulting in the commitment of myoblast to form fast
muscle. Disrupting this chemokine signal caused a reduction in myoD and myf5 expres-
sion and fast fiber formation. In addition, we showed that a dimerization partner of MyoD
and Myf5, E12, positively regulates transcription of cxcr4a and sdfla in contrast to that of
Sonic hedgehog, which inhibited these genes through induction of expression of id2. CON-
CLUSION: We revealed a regulatory feedback mechanism between cxcr4a-sdfla and genes
encoding myogenic regulatory factors, which is involved in differentiation of fast myofibers.
This demonstrated a role of chemokine signaling during development of skeletal muscles.
Descriptors: zebrafish embryos, Cxc chemokines genetics, developmental gene expression
regulation, Cxcr4 receptors genetics, signal transduction, genetics, cell movement, immuno-
histochemistry, in situ hybridization, muscle development genetics, fast twitch muscle fibers
physiology, reverse transcriptase PCR, transcription, growth and development.

Choo, B.G., I. Kondrichin, S. Parinov, A. Emelyanov, W. Go, W.C. Toh, and V. Korzh (2006).

Zebrafish transgenic enhancer TRAP line database (ZETRAP). BioMed Central Develop-
mental Biology 6: 5. ISSN: 1471 213X.

NAL Call Number: QH491.B63

Abstract: BACKGROUND: The zebrafish, Danio rerio, is used as a model organism to
study vertebrate genetics and development. An effective enhancer trap (ET) in zebrafish
using the Tol2 transposon has been demonstrated. This approach could be used to study
embryogenesis of a vertebrate species in real time and with high resolution. DESCRIP-
TION: The information gathered during the course of systematic investigation of many

ET transgenic lines have been collected and compiled in the form of an online database--
the Zebrafish Enhancer TRAP lines database (ZETRAP). CONCLUSION: ZETRAP is a
web-based system that provides data and information to the scientific community about the
developmental, genetic and genomic aspects of transgenic zebrafish lines obtained using Tol2
transposon-mediated transgenesis. The current version (version 1.0) contains description of
27 ET lines that express EGFP in various organs and tissues, for example, heart, brain, noto-
chord, gut, etc. It also includes information on insertion sites of the Tol2 transposon in these
lines.

Descriptors: zebrafish enbryos, genetic databases, genetics, genetically modified embryology,
genetically modified genetics, growth and development, DNA transposable elements, gene
expression, green fluorescent proteins analysis, internet, embryology.

Chopra, S.S., H. Watanabe, T.P. Zhong, and D.M. Roden (2007). Molecular cloning and analysis

of zebrafish voltage-gated sodium channel beta subunit genes: implications for the evo-
lution of electrical signaling in vertebrates. BioMed Central Evolutionary Biology 7: 113.
ISSN: 1471 2148.

NAL Call Number: QH359.B63

Abstract: BACKGROUND: Action potential generation in excitable cells such as myocytes
and neurons critically depends on voltage-gated sodium channels. In mammals, sodium
channels exist as macromolecular complexes that include a pore-forming alpha subunit and
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1 or more modulatory beta subunits. Although alpha subunit genes have been cloned from
diverse metazoans including flies, jellyfish, and humans, beta subunits have not previously
been identified in any non-mammalian species. To gain further insight into the evolution

of electrical signaling in vertebrates, we investigated beta subunit genes in the teleost Danio
rerio (zebrafish). RESULTS: We identified and cloned single zebrafish gene homologs for
betal-beta3 (zbetal-zbeta3) and duplicate genes for beta4 (zbeta4.1, zbeta4.2). Sodium
channel beta subunit loci are similarly organized in fish and mammalian genomes. Unlike
their mammalian counterparts, zbetal and zbeta2 subunit genes display extensive alternative
splicing. Zebrafish beta subunit genes and their splice variants are differentially-expressed

in excitable tissues, indicating tissue-specific regulation of zbetal-4 expression and splicing.
Co-expression of the genes encoding zbetal and the zebrafish sodium channel alpha subunit
Navl.5 in Chinese Hamster Ovary cells increased sodium current and altered channel gating,
demonstrating functional interactions between zebrafish alpha and beta subunits. Analysis of
the synteny and phylogeny of mammalian, teleost, amphibian, and avian beta subunit and
related genes indicated that all extant vertebrate beta subunits are orthologous, that beta2/
beta4 and betal/beta3 share common ancestry, and that beta subunits are closely related to
other proteins sharing the V-type immunoglobulin domain structure. Vertebrate sodium
channel beta subunit genes were not identified in the genomes of invertebrate chordates

and are unrelated to known subunits of the para sodium channel in Drosophila. CONCLU-
SION: The identification of conserved orthologs to all 4 voltage-gated sodium channel beta
subunit genes in zebrafish and the lack of evidence for beta subunit genes in invertebrate
chordates together indicate that this gene family emerged early in vertebrate evolution, prior
to the divergence of teleosts and tetrapods. The evolutionary history of sodium channel beta
subunits suggests that these genes may have played a key role in the diversification and spe-
cialization of electrical signaling in early vertebrates.

Descriptors: zebrafish, molecular evolution , sodium channels genetics, alternative splicing,
molecular cloning, gene expression regulation.

Christie, T.L. and S. Childs (2007). PlexinD1: A dual role in zebrafish angiogenesis and lymp-
hangiogenesis? Developmental Biology 306(1): 292. ISSN: 0012-1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, Danio rerio, PlexinD1, embryo developmnet.

Ciruna, B., A. Jenny, D. Lee, M. Mlodzik, and A.E Schier (20006). Planar cell polarity signalling
couples cell division and morphogenesis during neurulation. Nazure 439(7073): 220-
224. ISSN: 0028-0836.
NAL Call Number: 472 N21
Descriptors: zebrafish, abnormalities, cell division, central nervous system, congenital
defects, convergence, embryonic development, freshwater fish, gene expression, morphogen-
esis, nervous system, neural stem cells, neural tube, polarity, polarization, signal transduction,
Wnt protein, Danio rerio, neurulation, planar cell polarity signalling, Vangl2 protein.

Clelland, E.S., Q. Tan, A. Balofsky, R. Lacivita, and C. Peng (2007). Inhibition of premature
oocyte maturation: a role for bone morphogenetic protein 15 in zebrafish ovarian fol-
licles. Endocrinology 148(11): 5451-8. ISSN: 0013 7227.
NAL Call Number: 448.8EN2
Abstract: Bone morphogenetic protein-15 (BMP-15) is a member of the TGF-beta super-
family known to regulate ovarian functions in mammals. Recently, we cloned zebrafish

BMP-15 (zfBMP-15) cDNA and demonstrated that it may play a role in oocyte maturation.
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In this study, we further investigated the role of BMP-15 in zebrafish follicular development
and oocyte maturation using an antiserum developed for zfBMP-15 and by microinjection of
follicles with antisense zZfBMP-15 N-morpholino oligonucleotides or an expression construct
containing zfBMP-15 cDNA. Injection with antiserum caused a significant decrease in matu-
ration-incompetent [insensitive to maturation-inducing hormone (MIH)] early growth phase
follicles and a concomitant increase in mature follicles in vivo. In vitro maturation assays
showed that incubation with antiserum resulted in a significant increase in oocyte matura-
tion as compared with follicles incubated in preimmune serum or media control. Next, early
growth phase follicles were collected and preincubated with either antiserum, preimmune
serum, or medium control before treatment with MIH or human chorionic gonadotropin
(hCG). Antiserum significantly increased oocyte maturation in response to MIH, but not

to hCG, and enhanced basal maturation rate in longer-term incubations. Knockdown of
BMP-15 in early growth stage follicles with a BMP-15 antisense oligonucleotide resulted

in increased oocyte maturation, whereas microinjection of BMP-15 ¢cDNA into oocytes
significantly reduced MIH- and hCG-induced oocyte maturation in normally competent,
mid-growth-phase follicles. Collectively, these findings suggest that BMP-15 modulates fol-
licular growth and prevents premature oocyte maturation in zebrafish, in part, by suppressing
the sensitivity of follicles to MIH.

Descriptors: zebrafish, intercellular signaling peptides and, oocytes cytology, oogenesis
genetics, ovarian follicle cytology, genetically modified, cell size drug effects, gonadotropins
pharmacology, hydroxyprogesterones pharmacology, immune sera pharmacology, intercellu-
lar signaling peptides and intercellular signaling peptides and proteins immunology, oocytes
drug effects, oogenesis drug effects, ovarian follicle drug effects, growth and development,
transfection , proteins pharmacology.

Clements, W.K. and D. Kimelman (2005). LZIC regulates neuronal survival during zebrafish

development. Developmental Biology 283(2): 322-34. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Development of the brain and central nervous system is a complex process involv-
ing localized gene expression and regulated cell death and proliferation. Here, we describe a
gene involved in neuronal survival, the zebrafish ortholog of the human lzic gene. Zebrafish
Izic is expressed ubiquitously during early development and later becomes enriched in

the developing brain. Using antisense morpholino oligonucleotides, we demonstrate that
zebrafish Izic is required zygotically for the survival of distinct neuronal populations. LZIC is
closely related to ICAT, a physiological inhibitor of the Wnt pathway that interacts physically
and functionally with beta-catenin to prevent the transcription of Wnt target genes. LZIC’s
ICAT-homologous region is highly similar to ICAT with particular conservation of residues
that are used by ICAT for beta-catenin-binding. Surprisingly, despite this high similarity,
LZIC does not interact with beta-catenin in vitro or in vivo. Qur results reveal that LZIC, a
protein conserved in vertebrates, is required for neuronal survival in zebrafish.

Descriptors: zebrafish embryo, brain embryology, DNA binding proteins genetics, proteins
metabolism, neurons physiology, embryology, proteins metabolism, amino acid sequence,
brain cytology, brain metabolism, cell survival, conserved sequence, cytoskeletal proteins
metabolism, DNA binding proteins genetics , intracellular signaling peptides and proteins,
mice, molecular sequence data, antisense oligonucleotides genetics, protein binding, amino
acid sequence homology, trans activators metabolism, Xenopus proteins, Xenopus laevis
embryology, metabolism, beta catenin.
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Codina, M., N. Montserrat, D. Garcia de la Serrana, C. Ralliere, J.C. Gabillard, 1. Navarro , PY.
Rescan, and J. Gutierrez (2006). Role of insulin and IGFs in fish muscle development and
quality. Archiv Fur Tierzucht 49(Special Issue): 33-38. ISSN: 0003 9438.

NAL Call Number: 49 AR23

Abstract: In vivo and in vitro experiments were conducted to identify the possible relation-
ships between insulin, insulin-like growth factors (IGFs) and the various transcription factors
involved in cell proliferation and muscle growth (such as MyoD, myogenin and myostatin).
Changes in the feeding regimen of rainbow trout (Onchorhynchus mykiss) altered the IGF
system at the peptide and receptor level. The expression of myogenin and myostatin was also
altered. IGF expression and muscle growth were partially restored by refeeding. In prelimi-
nary experiments in zebrafish (Danio rerio) muscle, ectopic overexpression of IGF-I increased
MyoD and myogenin expression. By Western Blot, we studied the effects of insulin, IGF-I
and IGF-II on the two main signalling pathways in muscle using primary cultures of rainbow
trout and seabream (Sparus aurata) muscle cells. IGFs activated both pathways and their
efficiency depended on the culture stage, and human and fish peptides had similar effect.
Incubation with specific inhibitors showed that wortmannin decreased Akt phosphorylation
stimulated by hIGF-II, while treatment with PD98059 reduced the activation of MAPK.
The role of insulin and IGFs in metabolic processes was studied in seabream myocytes and
compared with the results in trout. Both IGFs showed a similar effect on glucose uptake
stimulation, which decreased when the cells were incubated with wortmannin, confirming
that the PI3K/Akt pathway is important for this process in muscle. Insulin and IGFs also
stimulated alanine uptake. To find the best markers for fish growth and quality, preliminary
experiments were done using c-met. Its expression was high during the first stages of develop-
ment and decreased as differentiation progressed. Copyright © 2008 CABI

Descriptors: zebrafish, biochemical pathways, biological development, cell culture, in vitro,
insulin, insulin like growth factor, muscles, plane of nutrition, transcription factors, Pagrus
aurata, rainbow trout, sea bream, trout.

Language of Text: German.

Cohen, S.M. and ]. Brennecke (2006). Mixed Messages in early development. Science 312(5770):
65-66. ISSN: 0036-8075.
NAL Call Number: 470Sci2
Descriptors: zebrafish, development, embryonic development, fertilization, zebrafish eggs,
freshwater fish, genomes, oogenesis, RNA, reviews, mRNA turnover, miRNA, Danio rerio.
Notes: A review article.

Connolly, M.H. and B.K. Hall (2008). Embryonic heat shock reveals latent hsp90 translation in
zebrafish (Danio rerio). International Journal of Developmental Biology, The 52(1): 71-9.
ISSN: 0214-6282.

Abstract: There is increasing evidence that more genetic variation is present among
metazoans than is normally expressed in the phenotype, due in part to the canalization

of development. Among teleosts (as in other vertebrates), this genetic variation is often
expressed as phenotypic change in response to environmental cues. Using embryonic
zebrafish (Danio rerio), this ‘hidden’ variation is explored in the context of environmental
stress by investigating the activity of heat shock protein-90 (HSP90), a cytosolic chaperone
that interacts with transcription factors to mediate multiple developmental pathways. Fol-
lowing a 37C heat shock during early somitogenesis (1 hour heat shock, targeting 2-14
somite stages), phenotypic variability was expressed in the lower trunk and tail bud regions,
where somite development was reduced or ceased prematurely. In situ hybridization showed
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that hsp90 was localized to this caudal region 16 hours after heat shock, indicating its poten-
tial to coordinate somitic fate. By following transcription and translation of this chaperone,
we show that 24 hours following heat shock zebrafish embryos express a protein signature
which reflects the RNA message. However, by 48 hours, message and protein are uncoupled;
while endogenous gene expression is downregulated, heat-shocked embryos express a discrete
segmented protein pattern within the trunk, suggesting regulation of transcription and of
translation in response to environmental stress.

Descriptors: zebrafish, HSP90 translation, heat shock , metazoans, transcription, transla-
tion, stress.

Conway, G. (2000). Stat3-dependent pathfinding and control of axonal branching and target
selection. Developmental Biology 296(1): 119-136. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Abstract: Signal transducers and transcription factors are used in common for developmen-
tal cell migration, vasculogenesis, branching morphogenesis, as well as neuronal pathfinding.
STAT?3, a transcription factor, has been shown to function in all of these processes except
neuronal pathfinding. Here, it is shown that STAT?3 also facilitates this process. Elimina-
tion of STAT?3 signaling results in half of zebrafish Cap motoneurons stalling along their
ventral pathfinding trajectory. Conversely, constitutive activation leads to precocious branch-
ing and redefines CaP axons as a responding population to dorsal guidance cues, resulting
in bifurcated axons innervating normal ventral targets as well as additional dorsal muscle
groups. These results are consistent with and highlight a fundamental role for STAT3 as a
factor promoting cellular responses to guidance cues, not only in nonneural cells but also in
pathfinding neurons. (c) 2006 Elsevier Inc. All rights reserved. Copyright©Thomson Reuters
2009
Descriptors: zebrafish, development, molecular genetics, nervous system, immunochemis-
try, immunologic techniques, morphogenesis, vasculogenesis, cell migration, target selection,
axonal branching control, neuronal pathfinding.

Cooper, K.L., J. Armstrong, and C.B. Moens (2005). Zebrafish foggy/spt 5 is required for migra-
tion of facial branchiomotor neurons but not for their survival. Developmental Dynamics
234(3): 651-8. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, cell movement, motor neurons cytology, motor neurons metabolism,
nuclear proteins metabolism, transcription factors metabolism, proteins metabolism, base
sequence, cell survival, face embryology, developmental gene expression regulation, molecular
sequence data, nuclear proteins deficiency, nuclear transcription factors deficiency, transcrip-
tion factors genetics, proteins deficiency, proteins genetics.

Cooper, M.S., D.P. Szeto, G. Sommers Herivel, ]. Topczewski, L. Solnica Krezel, H.C. Kang, I.
Johnson, and D. Kimelman (2005). Visualizing morphogenesis in transgenic zebrafish
embryos using BODIPY TR methyl ester dye as a vital counterstain for GFP. Develop-
mental Dynamics 232(2): 359-68. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, genetically modified, boron compounds pharmacology,
genetic techniques, confocal microscopy methods, coloring agents pharmacology, esters phar-
macology, green fluorescent proteins chemistry, green fluorescent proteins pharmacology,
luminescent proteins chemistry, fluorescence microscopy, software, spectrophotometry, time
factors, transgenes.
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Cooper, M.S. (2006). Imaging and visualization of zebrafish morphogenesis. Federation of Ameri-
can Societies for Experimental Biology Journal 20(4, Part 1): A4. ISSN: 0892 6638.
NAL Call Number: QH301.F3
Abstract: Among vertebrates, the zebrafish embryo represents one of the most ideal experi-
mental systems to visualize the cellular dynamics of early morphogenesis. Owing to their
optical transparency and exceeding rapid rate of development, detailed morphogenetic
behaviors of fluorescently labeled cells can be readily visualized within both wildtype and
mutant zebrafish embryos, as well as in “mosaic embryos” in which wild-type or mutant
cells have been transplanted. For this reason, morphogenetic cell behaviors have become
increasingly used as “bioassays” for examining gene function during zebrafish embryogen-
esis, pathogenesis, and tissue regeneration. In this presentation, we examine how fluorescent
vital stains and targeted GFP expression can be used in tandem to bulk label tissue cells
within living embryos. These fluorescent labeling methods allow the social behavior of hun-
dreds of embryonic cells to be imaged en masse, revealing detailed relationships between
tissue morphogenesis and the cytological activities of the zebrafish’s embryonic cells.
Copyright©Thomson Reuters 2009
Descriptors: zebrafish embryos, development, freshwater ecology, environmental sciences,
imaging techniques, embryogenesis, zebrafish morphogenesis.

Cornell, RA., E. Yemm, G. Bonde, W. Li, C. d’Alencon, L. Wegman, ]. Eisen, and A. Zahs (2004).
Touchtone promotes survival of embryonic melanophores in zebrafish. Mechanisms of
Development 121(11): 1365-76. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: An outstanding problem in the study of vertebrate development is the identi-
fication of the genes that direct neural crest precursor cells to adopt and maintain specific
differentiated cell fates. In an effort to identify such genes, we have carried out a mutagenesis
screen in zebrafish and isolated mutants that lack neural crest-derived melanophores. In this
manuscript we describe the phenotype of one such mutant, touchtone(b722) (tct), and the
map position of the gene it defines. Analysis of expression of dopachrome tautomerase (dct)
and microphthalmia (mitfa) suggests that melanophore precursors are specified normally in
homozygous tct mutants. However, differentiated melanophores are pale, small, and about
half of them have disappeared by 48 h of development, apparently by cell death. We show
that melanophores require Tct function cell autonomously. Signals from the receptor tyrosine
kinase receptor C-kit are essential for survival of melanophores in zebrafish and mammals.
However, differences in the phenotypes of tct and c-kit homozygous mutants, and an absence
of interaction between c-kit and tct heterozygotes, suggest that Tct functions independently
of the C-kit pathway. Other neural crest derivatives, including other pigment cell types,
appear normal in tct mutants. Interestingly, tct mutant embryos undergo a temporary period
of near complete paralyzis during the second day of development, although markers of axons
of motor and sensory neurons look normal in this period. A fraction of tct(b722) mutants
survive to adulthood, but mutant adults are small, indicating a role for Tct in post-larval
growth. The tct gene maps to a small interval near a telomere of chromosome 18. Thus, we
have identified a zebrafish gene that when mutated produces semi-viable offspring and that
may serve as a model of human diseases that have both pigmentation and neurological symp-
toms.

Descriptors: zebrafish embryos, melanophores cytology, embryology, cell death physiology,
cell differentiation physiology, cell survival, chromosome mapping, cytology, physiology,
developmental gene expression regulation, melanophores chemistry, melanophores physi-
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ology, mutation genetics, phenotype, proto oncogene proteins C kit physiology, proteins
analysis and genetics.

Cornell, R,, J. Paulsen, M. Elizondo, B. Arduini, E. Burninght, PD. Henion, D. Parichy, and M.Y.

Hsu (2005). Cation channel TRPM? is necessary for survival of embryonic melano-
phores in zebrafish and is expressed in human melanoma cell lines. Developmental Biology
283(2): 707. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, nervous system, integumentary system, molecular genetics, mutagen-
esis screen, genetic techniques, metastatic melanoma cells.

Corredor Adamez, M., M.C. Welten, H.P. Spaink, J.E. Jeffery, R.T. Schoon, M.A. de Bakker, C.P.

Bagowski, A.H. Meijer, EJ. Verbeek, and M.K. Richardson (2005). Genomic annotation
and transcriptome analysis of the zebrafish (Danio rerio) hox complex with description
of a novel member, hox b 13a. Evolution and Development 7(5): 362-75. ISSN: 1520 541X.
NAL Call Number: QH359

Abstract: The zebrafish (Danio rerio) is an important model in evolutionary developmental
biology, and its study is being revolutionized by the zebrafish genome project. Sequencing

is at an advanced stage, but annotation is largely the result of in silico analyses. We have
performed genomic annotation, comparative genomics, and transcriptional analysis using
microarrays of the hox homeobox-containing transcription factors. These genes have impor-
tant roles in specifying the body plan. Candidate sequences were located in version Z v 4

of the Ensembl genome database by TBLASTN searching with Danio and other vertebrate
published Hox protein sequences. Homologies were confirmed by alignment with refer-
ence sequences, and by the relative position of genes along each cluster. RT-PCR using adult
Tubingen cDNA was used to confirm annotations, to check the genomic sequence and to
confirm expression in vivo. Our RT-PCR and microarray data show that all 49 hox genes are
expressed in adult zebrafish. Significant expression for all known hox genes could be detected
in our microarray analysis. We also find significant expression of hox 8 paralogs and hox b 7
a in the anti-sense direction. A novel gene, D. rerio hox b 13 a, was identified, and a prelimi-
nary characterization by in situ hybridization showed expression at 24 hpf at the tip of the
developing tail. We are currently characterizing this gene at the functional level. We argue
that the oligo design for microarrays can be greatly enhanced by the availability of genomic
sequences.

Descriptors: zebrafish embryos, genome, homeodomain proteins biosynthesis, proteins
biosynthesis, nucleic acid databases, developmental gene expression regulation, homeodo-
main phylogeny , reverse transcriptase PCR, DNA sequence analysis methods, nucleic acid
sequence homology, proteins genetics.

Cortes, E, D. Daggett, R.J. Bryson Richardson, C. Neyt, J. Maule, P. Gautier, G.E. Hollway, D.

Keenan, and PD. Currie (2003). Cadherin-mediated differential cell adhesion controls
slow muscle cell migration in the developing zebrafish myotome. Developmental Cell
5(6): 865-76. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: Slow-twitch muscle fibers of the zebrafish myotome undergo a unique set of mor-
phogenetic cell movements. During embryogenesis, slow-twitch muscle derives from the
adaxial cells, a layer of paraxial mesoderm that differentiates medially within the myotome,
immediately adjacent to the notochord. Subsequently, slow-twitch muscle cells migrate
through the entire myotome, coming to lie at its most lateral surface. Here we examine the
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cellular and molecular basis for slow-twitch muscle cell migration. We show that slow-twitch
muscle cell morphogenesis is marked by behaviors typical of cells influenced by differential
cell adhesion. Dynamic and reciprocal waves of N-cadherin and M-cadherin expression
within the myotome, which correlate precisely with cell migration, generate differential
adhesive environments that drive slow-twitch muscle cell migration through the myotome.
Removing or altering the expression of either protein within the myotome perturbs migra-
tion. These results provide a definitive example of homophilic cell adhesion shaping cellular
behavior during vertebrate development.

Descriptors: zebrafish embryos, cadherins genetics, cell movement physiology, muscle
fibers, slow twitch cytology, muscle fibers, slow twitch physiology, skeletal muscle cytology,
skeletal muscle embryology, cadherins metabolism, cell adhesion physiology, developmental
gene expression regulation, skeletal muscle physiology, mutagenesis, site directed.

Cortez, C.K. and K.B. Artinger (2006). Lineage analysis of rohon-beard sensory neurons and
neural crest cells. Developmental Biology 295(1): 411. ISSN: 0012 1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, nervous system, neural coordination, development.

Coutinho, P, M.]. Parsons, K.A. Thomas, E.M.A. Hirst, L. Saude, I. Campos, PH. Williams, and
D.L. Stemple (2004). Differential requirements for copi transport during vertebrate early
development. Developmental Cell 7(4): 547-558. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: The coatomer vesicular coat complex is essential for normal Golgi and secretory
activities in eukaryotic cells. Through positional cloning of genes controlling zebrafish noto-
chord development, we found that the sneezy, happy, and dopey loci encode the alpha, beta,
and beta’ subunits of the coatomer complex. Export from mutant endoplasmic reticulum

is blocked, Golgi structure is disrupted, and mutant embryos eventually degenerate due to
widespread apoptosis. The early embryonic phenotype, however, demonstrates that despite
its “housekeeping” functions, coatomer activity is specifically and cell autonomously required
for normal chordamesoderm differentiation, perinotochordal basement membrane forma-
tion, and melanophore pigmentation. Hence, differential requirements for coatomer activity
among embryonic tissues lead to tissue-specific developmental defects. Moreover, we note
that the mRNA encoding alpha coatomer is strikingly upregulated in notochord progenitors,
and we present data suggesting that a coatomer transcription is tuned to activity- and cell
type-specific secretory loads. Copyright© Thomson Reuters 2009

Descriptors: zebrafish, notochord development, membranes, cell biology, molecular genet-
ics, cloning, genetic techniques, molecular analysis, differentiation, phenotype , transcription.

Covassin, L., ].D. Amigo, K. Suzuki, V. Teplyuk, J. Straubhaar, and N.D. Lawson (2006). Global
analysis of hematopoietic and vascular endothelial gene expression by tissue specific
microarray profiling in zebrafish. Developmental Biology 299(2): 551-62. ISSN: 0012
1606.

NAL Call Number: 442.8D49

Abstract: In this study, we utilize fluorescent activated cell sorting (FACS) of cells from
transgenic zebrafish coupled with microarray analysis to globally analyze expression of cell
type specific genes. We find that it is possible to isolate cell populations from Tg(fli1:egfp)
(y1) zebrafish embryos that are enriched in vascular, hematopoietic and pharyngeal arch cell
types. Microarray analysis of GFP+ versus GEP- cells isolated from Tg(flil:egfp)(y1) embryos

identifies genes expressed in hematopoietic, vascular and pharyngeal arch tissue, consistent
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with the expression of the flil:egfp transgene in these cell types. Comparison of expression
profiles from GFP+ cells isolated from embryos at two different time points reveals that genes
expressed in different flil+ cell types display distinct temporal expression profiles. We also
demonstrate the utility of this approach for gene discovery by identifying numerous previ-
ously uncharacterized genes that we find are expressed in flil:egfp-positive cells, including
new markers of blood, endothelial and pharyngeal arch cell types. In parallel, we have devel-
oped a database to allow easy access to both our microarray and in situ results. Our results
demonstrate that this is a robust approach for identification of cell type specific genes as well
as for global analysis of cell type specific gene expression in zebrafish embryos.

Descriptors: zebrafish embryos, vascular endothelium metabolism, hematopoietic system
metabolism, genetically modified, branchial region embryology, branchial region metabo-
lism, cell separation, vascular endothelium cytology, vascular endothelium embryology, gene
expression, green fluorescent proteins metabolism, hematopoietic system embryology, oligo-
nucleotide array sequence analysis.

Coverdale, L.E. and C.C. Martin (2004). Fish n’ chips: using DNA microarrays to analyze gene

expression changes in zebrafish embryos deficient in histone deacetylase-1 (hdac-1).
Developmental Biology 271(2): 564. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish embryos, molecular genetics, DNA microarray analysis, genetic tech-
niques, histone deacetylase-1.

Cox, J.A., S. Kucenas, and M.M. Voigt (2005). Molecular characterization and embryonic expres-

sion of the family of N-methyl-D-aspartate receptor subunit genes in the zebrafish.
Developmental Dynamics 234(3): 756-66. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, developmental gene expression regulation, N methyl D
aspartate receptors genetics, alternative splicing genetics, amino acid sequence, chromosomes
genetics, molecular cloning, conserved sequence, complementary DNA genetics, genome
genetics, in situ hybridization, molecular sequence data, nervous system embryology, nervous
system metabolism, phylogeny, protein subunits chemistry, protein subunits genetics, radia-
tion hybrid mapping, N methyl D aspartate receptorschemistry, sequence alignment, amino
acid sequence homology, embryology, metabolism.

Crawford, B.D. and D.B. Pilgrim (2005). Ontogeny and regulation of matrix metalloproteinase

activity in the zebrafish embryo by in vitro and in vivo zymography. Developmental
Biology 286(2): 405-14. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Remodeling of the extracellular matrix (ECM) during development, angiogen-
esis, wound healing, tumor metastasis, and other morphogenetic processes depends on

the exquisitely regulated activities of matrix metalloproteinases (MMDPs). Yet very little is
known about the activity patterns of these proteases in vivo. We have employed fluorescent
MMP-substrates, both in vitro and in vivo, to characterize patterns of MMP activity in the
zebrafish embryo. Qualitatively similar patterns of degradation are detected using native
Type I or Type IV collagen substrates, suggesting that multiple MMPs are being regulated
concomitantly. MMP activity is observed primarily in ECM-rich structures predicted to be
undergoing active remodeling, such as the perichordal sheath and somite boundaries. Pat-
terns of Type I and Type IV collagen hydrolysis are similar, but not identical in embryos of
any given stage. Conventional gelatin zymography shows MMPs present in embryos as early
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as 3-somites (11 h) and our in vivo assays detect Type IV collagen degradation at somite
boundaries as early as 4-somites (11.5 h). However, we are unable to detect significant in
vitro activity using homogenates made from embryos prior to Prim-16 (31 h). Mixed lysate
assays demonstrate that this is the result of endogenous inhibitors present in early embryos,
suggesting a model of matrix remodeling regulated by spatially heterogeneous MMP inhibi-
tion.

Descriptors: zebrafish , enzymology, matrix metalloproteinases metabolism, collagen Type
I metabolism, collagen Type IV metabolism, electrophoresis, agar gel, extracellular matrix
metabolism, matrix metalloproteinases analysis, matrix metalloproteinases antagonists and
inhibitors, morphogenesis, protease inhibitors, somites enzymology, somites metabolism.

Crawford, B.D., M.D. Po, and D.B. Pilgrim (2004). Ontogeny of MMP expression and activity

during zebrafish development. Developmental Biology 271(2): 608. ISSN: 0012 1606.
NAL Call Number: 442.8 D49

Descriptors: zebrafish, enzymology, biochemistry and molecular biophysics, embryo devel-
opment, MMP expression.

Cresko, W.A., Y.1. Yan, D.A. Baltrus, A. Amores, A. Singer, A. Rodriguez Mari, and J.H. Postlethwait

Creton,

(2003). Genome duplication, subfunction partitioning, and lineage divergence: Sox9 in
stickleback and zebrafish. Developmental Dynamics 228(3): 480-489. ISSN: 1058 8388.
NAL Call Number: QL801.A4

Abstract: Teleosts are the most species-rich group of vertebrates, and a genome duplication
(tetraploidization) event in ray-fin fish appears to have preceded this remarkable explosion
of biodiversity. What is the relationship of the ray-fin genome duplication to the teleost
radiation? Genome duplication may have facilitated lineage divergence by partitioning dif-
ferent ancestral gene subfunctions among co-orthologs of tetrapod genes in different teleost
lineages. To test this hypothesis, we investigated gene expression patterns for Sox9 gene
duplicates in stickleback and zebrafish, teleosts whose lineages diverged early in Euteleost
evolution. Most expression domains appear to have been partitioned between Sox9a and
Sox9b before the divergence of stickleback and zebrafish lineages, but some ancestral expres-
sion domains were distributed differentially in each lineage. We conclude that some gene
subfunctions, as represented by lineage-specific expression domains, may have assorted dif-
ferently in separate lineages and that these may have contributed to lineage diversification
during teleost evolution.

Descriptors: zebrafish, stickleback fish, teleostei , molecular genetics, Sox9 genes, muta-
tion, genome duplication, evolution , explosive radiation, role of genome duplication, test of
hypothesis using Sox9 gene comparisons between lineages.

R. (2004). The calcium pump of The endoplasmic reticulum plays a role in midline sig-
naling during early zebrafish development. Brain Research 151(1-2): 33-41. ISSN: 0006
8993.

NAL Call Number: QP376

Abstract: During early vertebrate development, a signaling network is activated along the
midline of the embryo. This signaling network induces the neural tube floor plate and ventral
brain regions. In turn, induction of the ventral brain region is important for bilateral divi-
sion of the forebrain and bilateral separation of the eyes. The present study provides direct
evidence for a role of the endoplasmic reticulum Ca(2+) pump in zebrafish midline signaling.
The endoplasmic reticulum Ca(2+) pump was inhibited in zebrafish embryos using thapsi-
gargin or cyclopiazonic acid. Inhibition of the endoplasmic reticulum Ca(2+) pump during
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early gastrulation induces cyclopia, mimicking defects observed in cyclops, squint, one-eyed
pinhead, and silberblick mutant embryos. In contrast, inhibition of the endoplasmic reticu-
lum Ca(2+) pump during mid-gastrulation does not induce cyclopia, but does induce tail
defects, mimicking defects observed in no-tail mutant embryos. This study is the first to
relate thapsigargin and cyclopiazonic acid with induction of cyclopia. In addition, obtained
results provide new information on the roles of Ca(2+) in embryonic development and may
lead to new insights on the mechanisms underlying holoprosencephaly, a relatively common
brain defect in human development.

Descriptors: zebrafish embryos, body patterning physiology, calcium transporting AT Pases
physiology, endoplasmic reticulum physiology, body patterning drug effects, calcium metab-
olism, calcium pharmacology, drug effects, ultrastructure, enzyme inhibitors pharmacology,
indoles pharmacology, scanning electron microscopy methods, thapsigargin pharmacology,
time factors.

Crosnier, C., N. Vargesson, S. Gschmeissner, L. Ariza McNaughton, A. Morrison, and J. Lewis

(2005). Delta-Notch signalling controls commitment to a secretory fate in the zebrafish
intestine. Development 132(5): 1093-104. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The transparency of the juvenile zebrafish and its genetic advantages make it an
attractive model for study of cell turnover in the gut. BrdU labelling shows that the gut
epithelium is renewed in essentially the same way as in mammals: the villi are lined with
non-dividing differentiated cells, while cell division is confined to the intervillus pockets.
New cells produced in the pockets take about 4 days to migrate out to the tips of the villi,
where they die. We have generated monoclonal antibodies to identify the absorptive and
secretory cells in the epithelium, and we have used these antibodies to examine the part that
Delta-Notch signalling plays in producing the diversity of intestinal cell types. Several Notch
receptors and ligands are expressed in the gut. In particular, the Notch ligand DeltaD (Deltal
in the mouse) is expressed in cells of the secretory lineage. In an aei mutant, where DeltaD

is defective, secretory cells are overproduced. In mind bomb (mib), where all Delta-Notch
signalling is believed to be blocked, almost all the cells in the 3-day gut epithelium adopt a
secretory character. Thus, secretory differentiation appears to be the default in the absence

of Notch activation, and lateral inhibition mediated by Delta-Notch signalling is required

to generate a balanced mixture of absorptive and secretory cells. These findings demonstrate
the central role of Notch signalling in the gut stem-cell system and establish the zebrafish as a
model for study of the mechanisms controlling renewal of gut epithelium.

Descriptors: zebrafish, developmental gene expression regulation, intestines embryology,
intestines metabolism, membrane proteins metabolism, signal transduction, monoclonal
antibodies metabolism, Western blotting , cell differentiation, cell lineage, cell movement,
cell proliferation, in situ nick end labeling, ligands, mutation, phenotype, RNA metabolism,
Notch receptors, reverse transcriptase PCR.

Crotwell, PL. and PM. Mabee (2007). Gene expression patterns underlying proximal-distal skel-

etal segmentation in late-stage zebrafish, Danio rerio. Developmental Dynamics 236(11):
3111-28. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, tetrapods, bmp2b, bmp4, chordin, gdf5, interradial mesenchyme,
ZS, bapx1, col2al, noggin3, Sox9a, chondrocytes, Wnt9a .
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Croushore, J.A., B. Blasiole, R.C. Riddle, C. Thisse, B. Thisse, V.A. Canfield, G.P. Robertson, K.C.
Cheng, and R. Levenson (2005). Ptena and ptenb genes play distinct roles in zebrafish
embryogenesis. Developmental Dynamics 234(4): 911-21. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: gene expression, PTEN phosphohydrolase metabolism, phosphoprotein
phosphatase metabolism, signal transduction physiology, proteins metabolism, amino acid
sequence, computational biology, DNA primers, complementary DNA genetics, in situ
hybridization, molecular sequence data, antisense oligonucleotides, PTEN phosphohy-
drolase genetics, phosphoprotein phosphatase genetics, reverse transcriptase PCR, DNA
sequence analysis, signal transduction genetics.

Crump, J.G., L. Maves, N.D. Lawson, B.M. Weinstein, and C.B. Kimmel (2004). An essential role
for Fgfs in endodermal pouch formation influences later craniofacial skeletal patterning.
Development 131(22): 5703-5716. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Fibroblast growth factor (Fgf) proteins are important regulators of pharyngeal
arch development. Analyses of Fgf8 function in chick and mouse and Fgf3 function in
zebrafish have demonstrated a role for Fgfs in the differentiation and survival of postmigra-
tory neural crest cells (NCC) that give rise to the pharyngeal skeleton. Here we describe, in
zebrafish, an earlier, essential function for Fgf8 and Fgf3 in regulating the segmentation of
the pharyngeal endoderm into pouches. Using time-lapse microscopy, we show that pharyn-
geal pouches form by the directed lateral migration of discrete clusters of endodermal cells.
In animals doubly reduced for Fgt8 and Fgf3, the migration of pharyngeal endodermal cells
is disorganized and pouches fail to form. Transplantation and pharmacological experiments
show that Fgt8 and Fgf3 are required in the neural keel and cranial mesoderm during early
somite stages to promote first pouch formation. In addition, we show that animals doubly
reduced for Fgf8 and Fgf3 have severe reductions in hyoid cartilages and the more posterior
branchial cartilages. By examining early pouch and later cartilage phenotypes in individual
animals hypomorphic for Fgf function, we find that alterations in pouch structure correlate
with later cartilage defects. We present a model in which Fgf signaling in the mesoderm and
segmented hindbrain organizes the segmentation of the pharyngeal endoderm into pouches.
Moreover, we argue that the Fgf-dependent morphogenesis of the pharyngeal endoderm into
pouches is critical for the later patterning of pharyngeal cartilages. Copyright©Thomson
Reuters 2009

Descriptors: zebrafish, biochemistry and molecular biophysics, development, skeletal
system, time lapse microscopy, imaging and microscopy techniques, phenotype.

Crump, J.G., M.E. Swartz, ].K. Eberhart, and C.B. Kimmel (2006). Moz-dependent Hox expres-
sion controls segment-specific fate maps of skeletal precursors in the face. Development
133(14): 2661-2669. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Development of the facial skeleton depends on interactions between intrinsic
factors in the skeletal precursors and extrinsic signals in the facial environment. Hox genes
have been proposed to act cell-intrinsically in skeletogenic cranial neural crest cells (CNC)
for skeletal pattern. However, Hox genes are also expressed in other facial tissues, such as the
ectoderm and endoderm, suggesting that Hox genes could also regulate extrinsic signalling
from non-CNC tissues. Here we study moz mutant zebrafish in which hoxa2b and hoxb2a
expression is lost and the support skeleton of the second pharyngeal segment is transformed
into a duplicate of the first-segment-derived jaw skeleton. By performing tissue mosaic
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experiments between moz(-) and wild-type embryos, we show that Moz and Hox genes func-
tion in CNC, but not in the ectoderm or endoderm, to specify the support skeleton. How
then does Hox expression within CNC specify a support skeleton at the cellular level? Our
fate map analysis of skeletal precursors reveals that Moz specifies a second-segment fate map
in part by regulating the interaction of CNC with the first endodermal pouch (p1). Removal
of p1, either by laser ablation or in the itga5(b926) mutant, reveals that p1 epithelium is
required for development of the wild-type support but not the moz(-) duplicate jaw-like
skeleton. We present a model in which Moz-dependent Hox expression in CNC shapes the
normal support skeleton by instructing second-segment CNC to undergo skeletogenesis in
response to local extrinsic signals. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, molecular genetics, skeletal system, segment specific fate map, Moz
and Hox genes , cranial neural crest cells.

Cunliffe, V.T. (2004). Histone deacetylase 1 is required to repress Notch target gene expression

during zebrafish neurogenesis and to maintain the production of motoneurones in
response to Hedgehog signalling. Development 131(12): 2983-95. ISSN: 0950 1991.
NAL Call Number: QL951.D38

Abstract: Histone deacetylases (Hdacs) are widely implicated as key components of tran-
scriptional silencing mechanisms. Here, I show that hdacl is specifically required in the
zebrafish embryonic CNS to maintain neurogenesis. In hdacl mutant embryos, the Notch-
responsive E(spl)-related neurogenic gene her6 is ectopically expressed at distinct sites
within the developing CNS and proneural gene expression is correspondingly reduced or
eliminated. Using an hdacl-specific morpholino, I show that this requirement for hdacl is
epistatic to the requirement for Notch signalling. Consequently, hdac1-deficient embryos
exhibit several defects of neuronal specification and patterning, including a dramatic deficit
of hedgehog-dependent branchiomotor neurones that is refractory to elevated levels of
hedgehog signalling. Thus, in the zebrafish embryo, hdacl is an essential component of the
transcriptional silencing machinery that supports the formation and subsequent differentia-
tion of neuronal precursors.

Descriptors: zebrafish embryos, developmental gene expression regulation genetics , histone
deacetylases genetics, histone deacetylases metabolism, membrane morphogenesis genetics,
motor neurons physiology, nervous system embryology, trans activators physiology, cell divi-
sion, molecular cloning, physiology, gene deletion, Hedgehog proteins, histone deacetylases
deficiency, in situ hybridization, motor neurons cytology, antisense oligonucleotides pharma-
cology, messenger RNA genetics, Notch receptors, signal transduction.

Cunliffe, V.T. and P. Casaccia Bonnefil (2006). Histone deacetylase 1 is essential for oligodendro-

cyte specification in the zebrafish CNS. Mechanisms of Development 123(1): 24-30. ISSN:
0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Histone deacetylases are critical components of transcriptional silencing mecha-
nisms that regulate embryonic development. Recent work has shown that histone deacetylase
1 (hdacl) is required for neuronal specification during zebrafish CNS development. We
show here that specification of oligodendrocytes, the myelinating cells of the CNS, also

fails to occur in the hdacl mutant hindbrain, but persistence of neural progenitors in the
hindbrain ventricular zone, which express pax6a and sox2, is independent of hdacl activity.
Commitment of ventral neural progenitors to the oligodendrocyte fate is thought to require
co-ordinate, hedgehog-dependent expression of olig2 and nkx2.2a in these cells, leading

to expression of sox10 and subsequent differentiation of oligodendrocytes. Remarkably,
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transcription of olig2 is extinguished in ventral neural progenitors of the hdacl mutant hind-
brain, whereas expression of nkx2.2a is up-regulated in these cells, and sox10 expression is
suppressed. Our results identify hdacl as a novel, essential component of the mechanism that
allocates neural progenitors to the oligodendrocyte fate, by attenuating expression of a subset
of neural progenitor genes and rendering olig2 expression responsive to Hedgehog signalling.
Descriptors: zebrafish, central nervous system embryology, central nervous system enzymol-
ogy, histone deacetylases metabolism, oligodendroglia enzymology, metabolism, basic helix
loop helix transcription factors genetics, cell differentiation, central nervous system cytol-
ogy, developmental gene expression regulation, histone deacetylases genetics, homeodomain
in situ hybridization, nerve tissue oligodendroglia cytology, rhombencephalon cytology,
rhombencephalon embryology, rhombencephalon enzymology, stem cells cytology, stem cells
enzymology, transcription factors genetics, proteins genetics.

Curado, S., R.M. Anderson, B. Jungblut, J. Mumm, E. Schroeter, and D.Y. Stainier (2007).
Conditional targeted cell ablation in zebrafish: A new tool for regeneration studies.
Developmental Dynamics 236(4): 1025-35. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: Conditional targeted cell ablation in zebrafish would greatly expand the utility
of this genetic model system in developmental and regeneration studies, given its extensive
regenerative capabilities. Here, we show that, by combining chemical and genetic tools,

one can ablate cells in a temporal- and spatial-specific manner in zebrafish larvae. For this
purpose, we used the bacterial Nitroreductase (NTR) enzyme to convert the prodrug Met-
ronidazole (Mtz) into a cytotoxic DNA cross-linking agent. To investigate the efliciency

of this system, we targeted three different cell lineages in the heart, pancreas, and liver.
Expression of the fusion protein Cyan Fluorescent Protein-NTR (CFP-NTR) under control
of tissue-specific promoters allowed us to induce the death of cardiomyocytes, pancreatic
beta-cells, and hepatocytes at specific times. Moreover, we have observed that Mtz can be
efficiently washed away and that, upon Mtz withdrawal, the profoundly affected tissue can
quickly recover. These findings show that the NTR/Mtz system is effective for temporally and
spatially controlled cell ablation in zebrafish, thereby constituting a most promising genetic
tool to analyze tissue interactions as well as the mechanisms underlying regeneration.
Descriptors: zebrafish, genes, transgenic, suicide, genetic engineering methods, regenera-
tion physiology, physiology, genetically modified, embryo developmental gene expression
regulation, green fluorescent green fluorescent proteins metabolism, heart physiology, hepa-
tocytes physiology, insulin secreting cells physiology, myocardium cytology, cardiac myocytes
cytology, nitroreductases genetics, nitroreductases metabolism, organ specificity genetics,
phenotype, promoter regions genetics, embryology, genetics.

Daggett, D.E, C.R. Domingo, PD. Currie, and S.L. Amacher (2007). Control of morphogenetic
cell movements in the early zebrafish myotome. Developmental Biology 309(2): 169-79.
ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: As the vertebrate myotome is generated, myogenic precursor cells undergo exten-
sive and coordinated movements as they differentiate into properly positioned embryonic
muscle fibers. In the zebrafish, the “adaxial” cells adjacent to the notochord are the first
muscle precursors to be specified. After initially differentiating into slow-twitch myosin-
expressing muscle fibers, these cells have been shown to undergo a remarkable radial
migration through the lateral somite, to populate the superficial layer of slow-twitch muscle
of the mature myotome. Here we characterize an earlier set of adaxial cell behaviors; the tran-
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sition from a roughly 4x5 array of cuboidal cells to a 1x20 stack of elongated cells, prior to
the migration event. We find that adaxial cells display a highly stereotypical series of behav-
iors as they undergo this rearrangement. Furthermore, we show that the actin regulatory
molecule, Capl, is specifically expressed in adaxial cells and is required for the progression
of these behaviors. The requirement of Cap1 for a cellular apical constriction step is reminis-
cent of similar requirements of Cap during apical constriction in Drosophila development,
suggesting a conservation of gene function for a cell biological event critical to many devel-
opmental processes.

Descriptors: zebrafish embryo, morphogenesis, myotome, “adaxial” cells, Cap1, Drosophila.

Davidson, A.E., D. Balciunas, D. Mohn, J. Shaffer, S. Hermanson, S. Sivasubbu, M.P. Cliff, P.B.

Hackett, and S.C. Ekker (2003). Efficient gene delivery and gene expression in zebrafish
using the Sleeping Beauty transposon. Developmental Biology 263(2): 191-202. ISSN:
0012 1606.

NAL Call Number: 442.8D49

Abstract: We used the Tcl/mariner family transposable element Sleeping Beauty (SB)

for transgenesis and long-term expression studies in the zebrafish (Danio rerio), a popular
organism for clinical disease, vertebrate patterning, and cell biology applications. SB trans-
posase enhanced the transgenesis and expression rate sixfold (from 5 to 31%) and more than
doubled the total number of tagged chromosomes over standard, plasmid injection-based
transgenesis methods. Molecular analysis of these loci demonstrated a precise integration of
these elements into recipient chromosomes with genetic footprints diagnostic of transposi-
tion. GFP expression from transposase-mediated integrants was Mendelian through the
eighth generation. A blue-shifted GFP variant (BFP) and a red fluorescent protein (DsRed)
were also useful transgenesis markers, indicating that multiple reporters are practical for use
with SB in zebrafish. We showed that SB is suitable for tissue-specific transgene applications
using an abbreviated gamma-crystallin GFP cassette. Finally, we describe a general utility
transposon vector for chromosomal engineering and molecular genetics experiments in
zebrafish. Together, these data indicate that SB is an efficient tool for transgenesis and expres-
sion in zebrafish, and that the transposon will be useful for gene expression in cell biology
applications as well as an insertional mutagen for gene discovery during development.
Descriptors: DNA transposable elements, gene transfer techniques, insertional muta-
genesisgenetics, gene dosage, gene expression, organ speciﬁcity, promoter regions genetics,
transposases physiology.

Davidson, A.J. and L.I. Zon (2006). The caudal-related homeobox genes cdx1a and cdx4 act

redundantly to regulate hox gene expression and The formation of putative hematopoi-
etic stem cells during zebrafish embryogenesis. Developmental Biology 292(2): 506-18.
ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: The hox genes play a central role in organogenesis and are implicated in the
formation of hematopoietic stem cells (HSCs). The cdx genes encode homeodomain tran-
scription factors that act as master regulators of the hox genes. In zebrafish, mutations in
cdx4 cause a severe, but not complete, deficit in embryonic blood cells. Here, we report the
expression and function of cdx1a, a zebrafish Cdx1 paralogue. Using morpholino-mediated
knockdown of cdxla in a cdx4 mutant background, we show that a deficiency in both cdx
genes causes a severe perturbation of hox gene expression and a complete failure to specify
blood. The hematopoietic defect in cdx-deficient embryos does not result from a general
block in posterior mesoderm differentiation as endothelial cells and kidney progenitors are
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still formed in the doubly deficient embryos. In addition, cdx-deficient embryos display a
significant reduction in runxla(+) putative HSCs in the zebrafish equivalent to the aorta-
gonad-mesonephros (AGM) region. Overexpressing hoxa9a in cdx-deficient embryos rescues
embryonic erythropoiesis in the posterior mesoderm as well as the formation of HSCs in

the AGM region. Taken together, these results suggest that the cdx-hox pathway plays an
essential role in the formation of both embryonic erythroid cells and definitive HSCs during
vertebrate embryogenesis.

Descriptors: zebrafish embryos, embryonic development, developmental gene expression
regulation, homeobox genes, hematopoietic stem cells metabolism, embryology, proteins
metabolism, amino acid sequence, chromosomes, erythropoiesis, hematopoietic stem cells
cytology, homeodomain proteins chemistry, homeodomain proteins isolation and puri-
fication, homeodomain proteins metabolism, in situ hybridization, molecular sequence

data, antisense oligonucleotides pharmacology, tertiary protein structure, radiation hybrid
mapping, amino acid sequence homology, synteny, genetics.

Davison, J.M., C.M. Akitake, M.G. Goll, ].M. Rhee, N. Gosse, H. Baier, M.E. Halpern, S.D. Leach,
and M.]. Parsons (2007). Transactivation from Gal4-VP16 transgenic insertions for tis-
sue-specific cell labeling and ablation in zebrafish. Developmental Biology 304(2): 811-24.
ISSN: 0012 1600.

NAL Call Number: 442.8D49

Abstract: Prior studies with transgenic zebrafish confirmed the functionality of the tran-
scription factor Gal4 to drive expression of other genes under the regulation of upstream
activator sequences (UAS). However, widespread application of this powerful binary system
has been limited, in part, by relatively inefficient techniques for establishing transgenic
zebrafish and by the inadequacy of Gal4 to effect high levels of expression from UAS-regu-
lated genes. We have used the Tol2 transposition system to distribute a self-reporting gene/
enhancer trap vector efficiently throughout the zebrafish genome. The vector uses the potent,
hybrid transcription factor Gal4-VP16 to activate expression from a UAS:eGFP reporter
cassette. In a pilot screen, stable transgenic lines were established that express eGFP in repro-
ducible patterns encompassing a wide variety of tissues, including the brain, spinal cord,
retina, notochord, cranial skeleton and muscle, and can transactivate other UAS-regulated
genes. We demonstrate the utility of this approach to track Gal4-VP16 expressing migratory
cells in UAS:Kaede transgenic fish, and to induce tissue-specific cell death using a bacterial
nitroreductase gene under UAS control. The Tol2-mediated gene/enhancer trapping system
together with UAS transgenic lines provides valuable tools for regulated gene expression

and for targeted labeling and ablation of specific cell types and tissues during early zebrafish
development.

Descriptors: zebrafish, enhancer elements genetics, trans activators metabolism, metabo-
lism, genetically modified , cell death, DNA transposable elements, Escherichia coli
developmental gene expression regulation, reporter genes, green fluorescent proteins biosyn-
thesis, green fluorescent nitroreductases genetics, organ speciﬁcity, trans activation genetics,
trans activators biosynthesis, trans activators genetics.

Dawid, 1.B. (2004). Developmental biology of zebrafish. Annals of the New York Academy of Sciences
1038: 88-93. ISSN: 0077 8923.
NAL Call Number: 500 N484
Abstract: The biology and genetics of zebrafish has become a very popular system in devel-
opmental biology especially because of their suitability for genetics and the transparent
embryo of this small tropical fish. Studies reported briefly here demonstrate that one can

Information Resources on Zebrafish (2010) 137



use gene expression in the zebrafish embryo to find new components of important and well-
studied developmental mechanisms and signal transduction pathways. The study of zebrafish
developmental genetics has proven invaluable in determining many aspects of vertebrate
development. Further use of this model organism promises to generate many interesting and
useful data.

Descriptors: zebrafish embryo, developmental biology , developmental gene expression reg-
ulation , embryology, growth and development, Fgf metabolism, green fluorescent proteins
metabolism, signal transduction physiology, proteins metabolism.

Dawid, I.B. (2004). Understanding and Optimizing human development: From cells to Patients

to Populations . Developmental Biology of Zebrafish

, 1038, NEW YORK ACADEMY OF SCIENCES: NEW YORK, NY 10021 USA, p.
88-93. ISBN: 1573315200.

Abstract: The biology and genetics of zebrafish has become a very popular system in devel-
opmental biology especially because of their suitability for genetics and the transparent
embryo of this small tropical fish. Studies reported briefly here demonstrate that one can

use gene expression in the zebrafish embryo to find new components of important and well-
studied developmental mechanisms and signal transduction pathways. The study of zebrafish
developmental genetics has proven invaluable in determining many aspects of vertebrate
development. Further use of this model organism promises to generate many interesting and
useful data. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, molecular genetics, development, signal transduction, gene expres-
sion, developmental biology.

DeCarvalho, A.C., S.L. Cappendijk, and J.M. Fadool (2004). Developmental expression of the

POU domain transcription factor Brn-3b (Pou4f2) in the lateral line and visual system
of zebrafish. Developmental Dynamics 229(4): 869-76. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, brain embryology, DNA binding proteins genetics , DNA binding
proteins genetics, proteins metabolism, eye embryology, transcription factors genetics and
metabolism, amino acid sequence, brain metabolism, molecular cloning, DNA binding
proteins genetics, proteins isolation and purification, metabolism, eye metabolism, develop-
mental gene expression regulation, molecular sequence data, messenger RNA analysis, retina
embryology, retina metabolism, sequence alignment, superior colliculus embryology, superior
colliculus metabolism, transcription factor Brn 3, transcription factor Brn 3b, transcription
factor Brn 3c, transcription factors isolation and purification.

Dekens, M.P, E]J. Pelegri, H.M. Maischein, and C. Nusslein Volhard (2003). The maternal-effect

gene futile cycle is essential for pronuclear congression and mitotic spindle assembly in
the zebrafish zygote. Development 130(17): 3907-16. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Embryos have been successfully used for the general study of the cell cycle.
Although there are significant differences between the early embryonic and the somatic cell
cycle in vertebrates, the existence of specialised factors that play a role during the early cell
cycles has remained elusive. We analysed a lethal recessive maternal-effect mutant, futile cycle
(fue), isolated in a maternal-effect screen for nuclear division defects in the zebrafish (Danio
rerio). The pronuclei fail to congress in zygotes derived from homozygous fue mothers. In
addition, a defect in the formation of chromosomal microtubules prevents mitotic spindle
assembly and thus chromosome segregation in fue zygotes. However, centrosomal functions

138

Development


http:QL801.A4

do not appear to be affected in fue embryos, suggesting this mutant blocks a subset of micro-
tubule functions. Cleavage occurs normally for several divisions resulting in many anucleate
cells, thus showing that nuclear- and cell division can be uncoupled genetically. Therefore, we
propose that in mitotic spindle assembly chromosome-dependent microtubule nucleation is
essential for the coupling of nuclear and cell division.

Descriptors: zebrafish, cell division physiology, cleavage stage, ovum physiology, CDC
genes, mitotic spindle apparatus physiology, zygote physiology, centrosome physiology,
cleavage stage, ovum cytology, meiosis physiology, mitosis physiology, genetic transcription
physiology, zygote cytology.

Del Giacco, L., P. Sordino, A. Pistocchi, N. Andreakis, R. Tarallo, B. Di Benedetto, and E. Cotelli
(2006). Differential regulation of the zebrafish orthopedia 1 gene during fate determi-
nation of diencephalic neurons. BioMed Central Developmental Biology 6: 50. ISSN: 1471
213X.

NAL Call Number: QH491.B63

Abstract: BACKGROUND: The homeodomain transcription factor Orthopedia (Otp) is
essential in restricting the fate of multiple classes of secreting neurons in the neuroendocrine
hypothalamus of vertebrates. However, there is little information on the intercellular factors
that regulate Otp expression during development. RESULTS: Here, we identified two otp
orthologues in zebrafish (otp1 and otp2) and explored otpl in the context of the morphoge-
netic pathways that specify neuroectodermal regions. During forebrain development, otp1l

is expressed in anterior groups of diencephalic cells, positioned in the preoptic area (PO)
(anterior alar plate) and the posterior tuberculum (PT) (posterior basal plate). The latter
structure is characterized by Tyrosine Hydroxylase (TH)-positive cells, suggesting a role for
otpl in the lineage restriction of catecholaminergic (CA) neurons. Disruptions of Hedgehog
(HH) and Fibroblast Growth Factor (FGF) pathways point to the ability of SHH protein to
trigger otpl expression in PO presumptive neuroblasts, with the attenuating effect of Dzipl
and FGF8. In addition, our data disclose otp1 as a determinant of CA neurons in the PT,
where otpl activity is strictly dependent on Nodal signaling and it is not responsive to SHH
and FGE. CONCLUSION: In this study, we pinpoint the evolutionary importance of otp1l
transcription factor in cell states of the diencephalon anlage and early neuronal progenitors.
Furthermore, our data indicate that morphogenetic mechanisms differentially regulate otp1l
expression in alar and basal plates.

Descriptors: zebrafish, diencephalon growth and development , diencephalon metabolism,
developmental gene expression regulation physiology, neurons metabolism, transcription
factors biosynthesis, growth and development, proteins biosynthesis, amino acid sequence,
developmental gene expression regulation genetics , homeodomain proteins biosynthesis,
homeodomain molecular sequence data, nerve tissue proteins biosynthesis, nerve tissue
neurons cytology, neurons physiology, phylogeny, protein isoforms biosynthesis , protein iso-
forms genetics, transcription factors genetics, proteins genetics.

Derenzo, C. and G. Seydoux (2004). A clean start: degradation of maternal proteins at the oocyte-
to-embryo transition. 7rends in Cell Biology 14(8): 420-426. ISSN: 0962 8924.
NAL Call Number: QH573.T73
Abstract: In many organisms, the transition from oocyte to embryo occurs in the absence of
mRNA transcription. Therefore, early developmental programs rely on maternal mRNAs and
proteins that are synthesized during oogenesis. The regulated translation of maternal RNAs
is essential for the proper deployment of regulatory factors during early embryogenesis.
Recent studies suggest that the degradation of maternal proteins by the ubiquitin-pro-
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teasome pathway is also crucial for the oocyte-to-embryo transition. In this article, we
explore the hypothesis that the coordinated degradation of germline proteins is essential

for remodeling the oocyte into a totipotent zygote that is capable of somatic development.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, cell biology, development, reproductive system, early embryogenesis,
oocyte, totipotent zygote.

Detrich, H.W., M. Westerfield and L.I. Zon (2004). The zebrafish. cellular and developmental

Biology. 2nd edition, Vol. 76, ISBN: 0125641710.
Descriptors: zebrafish, developmental biology, cells.

Detrich, H-W.LE., LLE. Zon, and M.E. Westerfield (2004). The zebrafish: 2nd edition - cellular

and development biology. Methods in Cell Biology 76: 1-631. ISSN: 0091 679X.

NAL Call Number: 442P92

Descriptors: zebrafish, Danio rerio, comprehensive works, cellular and developmental
biology, collected papers, cytological techniques, laboratory protocols, cytology, develop-
ment, genetics.

DiBiase, A., R.A. Harte, Y. Zhou, L. Zon, and W.J. Kent (20006). Piloting the zebrafish genome

browser. Developmental Dynamics 235(3): 747-753. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: This correspondence is a primer for the zebrafish research community on
zebrafish tracks available in the UCSC Genome Browser at http://genome.ucsc.edu based
on Sanger’s Zv4 assembly. A primary capability of this facility is comparative informat-

ics between humans (as well as many other model organisms) and zebrafish. The zebrafish
genome sequencing project has played important roles in mutant mapping and cloning, and
comparative genomic research projects. This easy-to-use genome browser aims to display and
download useful genome sequence information for zebrafish mutant mapping and cloning
projects. Its user-friendly interface expedites annotation of the zebrafish genome sequence.
Copyright © 2008 CABI

Descriptors: zebrafish, DNA cloning, gene mapping, genetic mapping, genomes, nucle-
otide sequences, Danio rerio.

Dilorio, PJ., A. Runko, C.A. Farrell, and N. Roy (2005). Sid4: A secreted vertebrate immunoglob-

ulin protein with roles in zebrafish embryogenesis. Developmental Biology 282(1): 55-69 .
ISSN: 0012 1600.

NAL Call Number: 442.8D49

Abstract: The small members of the immunoglobulin superfamily (IGSF) are a molecu-
larly diverse group of proteins composed solely of immunoglobulin domains. They may be
secreted or tethered to the cell mebrane via GPI linkages and are proposed to have impor-
tant functions in vivo. However, very few small IGSFs have been functionally characterized.
During an ongoing in situ hybridization analysis of expressed sequence tags in zebrafish we
identified secreted immunoglobulin domain 4 (sid4), a gene encoding a soluble vertebrate
protein composed solely of four immunoglobulin domains. Throughout development, sid4
is expressed in regions of the embryo undergoing active cell division and migration. Func-
tional analysis using morpholino antisense oligonucleotides demonstrates that timing of
gene expression is normal in morphants, but these embryos are smaller and exhibit defects in
epiboly and patterning of axial and prechordal mesoderm. Analyses of chordin, pax2, krox20,
and dIx2 expression in morphants demonstrate that early brain patterning is normal but later
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organization of hindbrain neurons and development of cranial neural crest are perturbed.
Levels of apoptosis in morphants were normal prior to 90% epiboly, but were elevated

after 10 h post-fertilization (hpf). Apoptosis does not account for early patterning defects

of axial mesoderm, but likely contributes to overall reduction in embryo size. Phylogenetic
analysis demonstrates that Sid4 is strikingly similar to the fibronectin binding Ig domains of
Perlecan/HSPG2. Overall, our data demonstrate a fundamental role for sid4, possibly as a
co-factor in extracellular matrix (ECM) interactions, in processes underlying tissue pattern-
ing and organogenesis in a vertebrate.

Descriptors: zebrafish embryology, body patterning physiology, extracellular matrix metabo-
lism, gene expression, immunoglobulins genetics, phylogeny, amino acid sequence, apoptosis
genetics, base sequence, molecular cloning, cluster analysis, computational biology, DNA
primers, immunoglobulins metabolism, in situ hybridization, in situ nick end labeling,
microinjections, molecular sequence data, neural crest metabolism, neurons metabolism,
rhombencephalon metabolism, DNA sequence analysis.

Dill, K.K. and S.L. Amacher (2005). Tortuga refines Notch pathway gene expression in the

Ding, J.

zebrafish presomitic mesoderm at the post-transcriptional level. Developmental Biology
287(2): 225-36. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: We have identified the zebrafish tortuga (tor) gene by an ENU-induced mutation
that disrupts the presomitic mesoderm (PSM) expression of Notch pathway genes. In tor
mutants, Notch pathway gene expression persists in regions of the PSM where expression is
normally off in wild type embryos. The expression of hairy/Enhancer of split-related 1 (her1)
is affected first, followed by the delta genes deltaC and deltaD, and finally, by another hairy/
Enhancer of split-related gene, her7. In situ hybridization with intron-specific probes for
herl and deltaC indicates that transcriptional bursts of expression are normal in tor mutants,
suggesting that tor normally functions to refine herl and deltaC message levels downstream
of transcription. Despite the striking defects in Notch pathway gene expression, somite
boundaries form normally in tor mutant embryos, although somitic mesoderm defects are
apparent later, when cells mature to form muscle fibers. Thus, while the function of Notch
pathway genes is required for proper somite formation, the tor mutant phenotype suggests
that precise oscillations of Notch pathway transcripts are not essential for establishing seg-
mental pattern in the presomitic mesoderm.

Descriptors: zebrafish, developmental gene expression regulation, mesoderm metabolism,
Notch receptors metabolism, basic helix loop helix transcription factors genetics, basic helix
loop helix transcription factors metabolism, body patterning, metabolism, in situ hybridiza-
tion, membrane membrane proteins metabolism, muscle fibers metabolism, muscle fibers
ultrastructure, skeletal muscle cytology, skeletal muscle embryology, skeletal muscle metabo-
lism, mutation, nerve tissue nerve tissue proteins metabolism, messenger RNA metabolism ,
signal transduction, somites cytology, somites metabolism, transcription factors genetics and
metabolism.

and C. Duan (2003). Igf binding protein-5 is required for the pharyngeal skeleton for-
mation in vivo. /ntegrative and Comparative Biology 43(6): 1013. ISSN: 1540 7063.

NAL Call Number: QL1.167

Descriptors: zebrafish, skeletal system, development, alcian blue staining, tissue growth,
tissue survival, in vivo pharyngeal skeleton formation.
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Dixon, L.J., A.L. McDowell, J.D. Houchins, and J. Bilotta (2004). Effects of restricted spectral

rearing on the development of zebrafish retinal physiology. Documenta Ophthalmologica
109(1): 17-33. ISSN: 0012 4486.

Abstract: Research has shown that rearing in abnormal lighting environments affects both
visual behavior and retinal physiology in zebrafish larvae. These studies, however, used only
constant dark and constant white light as the experimental rearing conditions. This study
assessed the effects of rearing larvae in restricted spectral lighting environments on zebrafish
retinal physiology. Larvae were reared in one of seven different lighting environments: cyclic
white light (control group), constant blue light, constant green light, constant orange light,
cyclic blue light, cyclic green light, and cyclic orange light. Assessment of retinal physiology
was done using the electroretinogram (ERG). Results showed that rearing larvae in constant
light conditions caused deficits in sensitivity to ultraviolet- and short-wavelength stimuli, but
had little effect on sensitivity to middle- and long-wavelength stimuli. Rearing larvae in cyclic
light did not cause differences in sensitivity to middle- and long-wavelength stimuli, but

did cause extreme deficits in sensitivity to ultraviolet- and short-wavelength stimuli in the
cyclic green and orange light-rearing conditions. Sensitivity of the cyclic blue light-rearing
group was similar to the control group to stimuli of all wavelengths. The results support the
notion that the light-rearing environment impacts the development of the ultraviolet- and
short-wavelength cone mechanisms but has little impact on the development of the middle-
and long-wavelength cone mechanisms; these effects coincide with the development of the
various cone types. This study supports the notion that the zebrafish is a viable model for
studying the effects of the lighting environment on visual development.

Descriptors: zebrafish, retina cones physiology, dark adaptation, lighting, retina physiology,
behavior physiology, circadian rhythm, electroretinography, larva, ocular physiology, retina
radiation effects, sensory thresholds physiology, visual perception physiology.

Dobbs McAuliffe, B., Q. Zhao, and E. Linney (2004). Feedback mechanisms regulate retinoic acid

production and degradation in the zebrafish embryo. Mechanisms of Development 121(4):
339-50. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Retinoic acid (RA) signaling in vertebrate embryos occurs in a distinct physical
and temporal pattern. Regulating this spatial distribution is crucial to the development of
the embryo, as RA in excess or in inappropriate tissues is teratogenic. In order to under-
stand how RA availability is determined in zebrafish we have investigated the expression of
cyp26al, an enzyme that inactivates RA, and its relationship to raldh2, one of the enzymes
that produce RA from retinal. cyp26al expression follows three phases: in presumptive
anterior neurectoderm and in a circumblastoporal ring during gastrulation, in the tailbud
throughout somitogenesis, and in multiple specific tissue types beginning at mid-somitogen-
esis and continuing through 48 h postfertilization (hpf). This expression was either adjacent
or opposite to those tissues expressing raldh2. We then investigated how RA production
might regulate these relationships. Endogenous RA produced by raldhs did not play a role in
setting cyp26al expression in most tissues. However, exogenous RA regulates expression of
both enzymes. cyp26al is up regulated in the embryo in a time, concentration, and tissue-
dependent manner. Conversely, raldh2 expression is reduced with RA treatment. Tests of
the raldh2 promoter in cell transfections proved that RA directly represses its activity. These
data demonstrate that the feedback mechanisms regulating production and degradation of
RA must be considered in any experiments altering levels of RA in the developing vertebrate
embryo.

Descriptors: zebrafish, feedback, biochemical physiology, tretinoin metabolism, aldehyde
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oxidoreductases genetics, aldehyde oxidoreductases metabolism, cytochrome P450 enzyme
system genetics, cytochrome P450 enzyme system metabolism, gene expression, retinal
dehydrogenase, metabolism.

Doitsidou, M. (2005). Moleculaire mechanismen die de migratie van primordiale geslachtscellen
in zebravis controleren. [Molecular mechanisms governing primordial germ cell migra-
tion in zebrafish.]. Dissertation, Wageningen Universiteit: 80 p.
Descriptors: zebrafish, germ cell, primordial , cell migration.
Notes: Doctoral thesis, English with a summary in Dutch.

Dooley, K.A., A.J. Davidson, and L.I. Zon (2005). Zebrafish scl functions independently in
hematopoietic and endothelial development. Developmental Biology 277(2): 522-36. ISSN:
0012 1606.

NAL Call Number: 442.8D49

Abstract: The SCL transcription factor is critically important for vertebrate hematopoiesis
and angiogenesis, and has been postulated to induce hemangioblasts, bipotential precursors
for blood and endothelial cells. To investigate the function of scl during zebrafish hematopoi-
etic and endothelial development, we utilized site-directed, anti-sense morpholinos to inhibit
scl mRNA. Knockdown of scl resulted in a loss of primitive and definitive hematopoietic cell
lineages. However, the expression of early hematopoietic genes, gata2 and Imo2, was unaf-
fected, suggesting that hematopoietic cells were present but unable to further differentiate.
Using gene expression analysis and visualization of vessel formation in live animals harboring
an Imo2 promoter-green fluorescent protein reporter transgene (Tg(Imo2:EGFP)), we show
that angioblasts were specified normally in the absence of scl, but later defects in angiogenesis
were evident. While scl was not required for angioblast specification, forced expression of
exogenous scl caused an expansion of both hematopoietic and endothelial gene expression,
and a loss of somitic tissue. In cloche and spadetail mutants, forced expression of scl resulted
in an expansion of hematopoietic but not endothelial tissue. Surprisingly, in cloche, Imo2
was not induced in response to scl over-expression. Taken together, these findings support
distinct roles for scl in hematopoietic and endothelial development, downstream of heman-
gioblast development.

Descriptors: zebrafish , DNA binding proteins genetics, proteins metabolism, endothe-
lium embryology, developmental gene expression regulation, hematopoiesis physiology,
hematopoietic stem cells metabolism, proto oncogene proteins metabolism, transcription
factors metabolism, proteins metabolism, antisense elements genetics metabolism, basic
helix loop helix transcription factors, cell differentiation physiology, DNA binding proteins
genetics, endothelium metabolism, GATA2 transcription factor, green fluorescent proteins
metabolism, in situ hybridization, metalloproteins metabolism, microinjections, mutation
genetics, proto oncogene reverse transcriptase PCR, T-box domain T-box domain proteins
metabolism, transcription factors genetics, trans proteins genetics.

Dorsky, R.I., M. Itoh, R.T. Moon, and A. Chitnis (2003). Two tcf3 genes cooperate to pattern the
zebrafish brain. Development 130(9): 1937-47. ISSN: 0950 1991.
NAL Call Number: QL951.D38
Abstract: Caudalizing factors operate in the context of Wnt/beta-catenin signaling to induce
gene expression in discrete compartments along the rostral-caudal axis of the developing
vertebrate nervous system. In zebrafish, basal repression of caudal genes is achieved through
the function of Headless (Hdl), a Tcf3 homolog. In this study, we show that a second Tcf3
homolog, Tcf3b, limits caudalization caused by loss of Hdl function and although this Lef/
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Tcf family member can rescue hdl mutants, Lef] cannot. Wnts can antagonize repression
mediated by Tcf3 and this derepression is dependent on a Tcf3 beta-catenin binding domain.
Systematic changes in gene expression caused by reduced Tef3 function help predict the
shape of a caudalizing activity gradient that defines compartments along the rostral-caudal
axis. In addition, Tcf3b has a second and unique role in the morphogenesis of rhombomere
boundaries, indicating that it controls multiple aspects of brain development.

Descriptors: zebrafish, brain embryology, hmgb transcription factors genetics, amino acid
sequence, cytoskeletal proteins, hmgb proteins metabolism, molecular sequence data, muta-
tion, phenotype, antisense RNA, Tcf transcription factors, transcription factors metabolism,
Wnt proteins, proteins.

Dosch, R., D.S. Wagner, K.A. Mintzer, G. Runke, A.P. Wiemelt, and M.C. Mullins (2004). Mater-
nal control of vertebrate development before the midblastula transition: mutants from
the zebrafish I. Developmental Cell 6(6): 771-80. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: Maternal factors control development prior to the activation of the embryonic
genome. In vertebrates, little is known about the molecular mechanisms by which maternal
factors regulate embryonic development. To understand the processes controlled by maternal
factors and identify key genes involved, we embarked on a maternal-effect mutant screen in
the zebrafish. We identified 68 maternal-effect mutants. Here we describe 15 mutations in
genes controlling processes prior to the midblastula transition, including egg development,
blastodisc formation, embryonic polarity, initiation of cell cleavage, and cell division. These
mutants exhibit phenotypes not previously observed in zygotic mutant screens. This col-
lection of maternal-effect mutants provides the basis for a molecular genetic analysis of the
maternal control of embryogenesis in vertebrates.

Descriptors: zebrafish, blastula metabolism, embryology, developmental gene expression
regulation genetics, mutation genetics, blastula cytology, cell division genetics, cell polarity
genetics, chromosome mapping, cytology, male infertility genetics, oocytes cytology, oocytes
metabolism, sex differentiation genetics, sex factors.

Dougan, S.T., R M. Warga, D.A. Kane, A.F. Schier, and W.S. Talbot (2003). The role of The
zebrafish nodal-related genes squint and cyclops in patterning of mesendoderm. Develop-
ment 130(9): 1837-51. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Nodal signals, a subclass of the TGFbeta superfamily of secreted factors, induce
formation of mesoderm and endoderm in vertebrate embryos. We have examined the pos-
sible dorsoventral and animal-vegetal patterning roles for Nodal signals by using mutations
in two zebrafish nodal-related genes, squint and cyclops, to manipulate genetically the levels
and timing of Nodal activity. squint mutants lack dorsal mesendodermal gene expression

at the late blastula stage, and fate mapping and gene expression studies in sqt(-/-); cyc(+/+)
and sqt(-/-); cyc(+/-) mutants show that some dorsal marginal cells inappropriately form
hindbrain and spinal cord instead of dorsal mesendodermal derivatives. The effects on
ventrolateral mesendoderm are less severe, although the endoderm is reduced and muscle
precursors are located nearer to the margin than in wild type. Our results support a role for
Nodal signals in patterning the mesendoderm along the animal-vegetal axis and indicate
that dorsal and ventrolateral mesoderm require different levels of squint and cyclops func-
tion. Dorsal marginal cells were not transformed toward more lateral fates in either sqt(-/-);
cyc(+/-) or sqt(-/-); cyc(+/+) embryos, arguing against a role for the graded action of Nodal
signals in dorsoventral patterning of the mesendoderm. Differential regulation of the cyclops
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gene in these cells contributes to the different requirements for nodal-related gene function
in these cells. Dorsal expression of cyclops requires Nodal-dependent autoregulation, whereas
other factors induce cyclops expression in ventrolateral cells. In addition, the differential
timing of dorsal mesendoderm induction in squint and cyclops mutants suggests that dorsal
marginal cells can respond to Nodal signals at stages ranging from the mid-blastula through
the mid-gastrula.

Descriptors: zebrafish, endoderm metabolism, mesoderm metabolism, transforming growth
factor beta metabolism, proteins, cytoskeletal proteins metabolism, gene dosage, develop-
mental gene expression regulation, intracellular signaling peptides and proteins, genetic
models, mutation, nervous system embryology, trans activators metabolism, transforming
growth factor beta genetics, beta catenin.

Dougan, S.T. and E.A.G. Hagos (2006). Time-dependent patterning of the germ layers by nodal

signals. Developmental Biology 295(1): 440. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, molecular genetics, development, embryogenesis, Nodal signal, time
dependent patterning.

Downes, G.B. and M. Granato (2004). Acetylcholinesterase function is dispensable for sensory

Draper,

neurite growth but is critical for neuromuscular synapse stability. Developmental Biology
270(1): 232-245. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, acetylcholine, acetylcholine receptors, acetylcholinesterase, allelles,
biological development, embryonic development, enzymes, freshwater fish, muscles, neurons,
neurotransmitters, receptors, sensory neurons, synapses, Danio rerio, acetylcholinesterase,
neuromuscular synapses.

B.W., C.M. McCallum, and C.B. Moens (2007). Nanosl is required to maintain oocyte
production in adult zebrafish. Developmental Biology 305(2): 589-98. ISSN: 0012 1606.
NAL Call Number: 442.8D49

Abstract: Development of the germline requires the specification and survival of primordial
germ cells (PGCs) in the embryo as well as the maintenance of gamete production during
the reproductive life of the adult. These processes appear to be fundamental to all Metazoans,
and some components of the genetic pathway regulating germ cell development and func-
tion are evolutionarily conserved. In both vertebrates and invertebrates, nanos-related genes,
which encode RNA-binding zinc finger proteins, have been shown to play essential and con-
served roles during germ cell formation. In Drosophila, maternally supplied nanos is required
for survival of PGCs in the embryo, while in adults, nanos is required for the continued
production of oocytes by maintaining germline stem cells self-renewal. In mice and zebrafish,
nanos orthologs are required for PGC survival during embryogenesis, but a role in adults has
not been explored. We show here that nanosl in zebrafish is expressed in early stage oocytes
in the adult female germline. We have identified a mutation in nanosl using a reverse genet-
ics method and show that young female nanos mutants contain oocytes, but fail to maintain
oocyte production. This progressive loss of fertility in homozygous females is not a pheno-
type that has been described previously in the zebrafish and underlines the value of a reverse
genetics approach in this model system.

Descriptors: zebrafish, oocytes physiology, oogenesis physiology, physiology, oogenesis
genetics, stem cells physiology, growth and development, proteins biosynthesis, proteins
genetics.
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Draper, B.W., D.W. Stock, and C.B. Kimmel (2003). Zebrafish fgf24 functions with fgf8 to
promote posterior mesodermal development. Development 130(19): 4639-54. ISSN: 0950
1991.

NAL Call Number: QL951.D38

Abstract: Fibroblast growth factor (Fgf) signaling plays an important role during develop-
ment of posterior mesoderm in vertebrate embryos. Blocking Fgf signaling by expressing a
dominant-negative Fgf receptor inhibits posterior mesoderm development. In mice, Fgf8
appears to be the principal ligand required for mesodermal development, as mouse Fgf8
mutants do not form mesoderm. In zebrafish, Fgf8 is encoded by the acerebellar locus, and,
similar to its mouse otholog, is expressed in early mesodermal precursors during gastrulation.
However, zebrafish fgf8 mutants have only mild defects in posterior mesodermal develop-
ment, suggesting that it is not the only Fgf ligand involved in the development of this tissue.
We report here the identification of an fgf8-related gene in zebrafish, fgf24, that is co-
expressed with fgf8 in mesodermal precursors during gastrulation. Using morpholino-based
gene inactivation, we have analyzed the function of fgf24 during development. We found
that inhibiting fgf24 function alone has no affect on the formation of posterior mesoderm.
Conversely, inhibiting fgf24 function in embryos mutant for fgf8 blocks the formation of
most posterior mesoderm. Thus, fgf8 and fgf24 are together required to promote posterior
mesodermal development. We provide both phenotypic and genetic evidence that these Fgf
signaling components interact with no tail and spadetail, two zebrafish T-box transcription
factors that are required for the development of all posterior mesoderm. Last, we show that
fgf24 is expressed in early fin bud mesenchyme and that inhibiting fgf24 function results in
viable fish that lack pectoral fins.

Descriptors: zebrafish embryos, Fgf metabolism, mesoderm physiology, signal transduc-
tion physiology, proteins metabolism, amino acid sequence, enhancer elements genetics,
fibroblast growth factor 8, Fgf chemistry, Fgf genetics, gastrula cytology, gastrula physiology,
developmental gene expression regulation, ligands, mice, molecular sequence data, antisense
oligonucleotides metabolism, phylogeny, sequence alignment, T-box domain proteins metab-
olism, anatomy and histology, proteins chemistry, proteins classification.

Drummond, I.A. (2004). Zebrafish kidney development. Mezhods in Cell Biology 76: 501-30. ISSN:
0091-679X.
NAL Call Number: 442P92
Descriptors: zebrafish, kidney embryology, body patterning physiology, cell differentia-
tion physiology, cell lineage, disease models, endothelial cells physiology, epithelial cells
physiology, developmental gene expression regulation, homeodomain homeodomain,
kidney cytology, kidney physiology, kidney diseases complications, kidney diseases genetics,
kidney function tests methods, kidney glomerulus cytology, kidney glomerulus embryology,
kidney glomerulus physiology, kidney tubules cytology, kidney tubules embryology, kidney
tubules physiology, mesoderm cytology, mesoderm physiology, mutation, physiologic neo-
vascularization physiology, nephrons cytology, nephrons embryology, nephrons physiology,
organogenesis, polycystic kidney diseases genetics, polycystic kidney diseases pathology, poly-
cystic kidney diseases physiopathology, regional blood flow physiology.

Du, S.J., J. Rotllant, and X. Tan (2006). Muscle-specific expression of the smyd1 gene is
controlled by its 5.3-kb promoter and 5’-flanking sequence in zebrafish embryos. Devel-
opmental Dynamics 235(12): 3306-15. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, histone lysine n methyltransferase genetics, genetics, 5’ flanking
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region, genetically modified, base sequence, DNA genetics, developmental gene expres-
sion regulation, green fluorescent in situ hybridization, molecular sequence data, fast twitch
muscle fibers metabolism, muscle fibers, slow twitch metabolism, skeletal muscle embryol-
ogy, skeletal muscle metabolism, promoter regions genetics, messenger RNA genetics and
metabolism, recombinant fusion proteins genetics.

Du, S.J., H. Li, Y. Bian, and Y. Zhong (2008). Heat-shock protein 90 alpha 1 is required for
organized myofibril assembly in skeletal muscles of zebrafish embryos. Proceedings of the
National Academy of Sciences, USA 105(2): 554-559. ISSN: 0027-8424.

NAL Call Number: 500N21P

Descriptors: zebrafish, biochemical analysis, chaperones, development, embryos, filaments,
heat shock proteins, muscle contraction, myofibrils, myosin, protein folding, skeletal muscle,
somites, Danio rerio.

Dumstrei, K., R. Mennecke, and E. Raz (2004). Signaling pathways controlling primordial germ
cell migration in zebrafish. Journal of Cell Science 117(Pt 20): 4787-95. ISSN: 0021-9533.
NAL Call Number: QH301.J6
Abstract: During their migration, zebrafish primordial germ cells (PGCs) rely on direc-
tional cues provided by the chemokine SDF-1a, whose receptor is CXCR4b. The molecular
mechanisms whereby CXCR4b activation is interpreted intracellularly into directional migra-
tion are not known. Here we investigate the role of two important biochemical pathways
-- G-protein-dependent and phosphoinositide 3-kinase (PI3K)-dependent signaling -- in
directing PGC migration in zebrafish. We show that G proteins of the Gi family are essential
for directional migration but not for PGC motility. Inhibition of PI3K signaling in PGCs
slows down their migration and leads to abnormal cell morphology as well as to reduced
stability of filopodia. Invariably, during directed PGC migration, the distribution of the
products of PI3K activity - phosphatidylinositol (3,4,5)-trisphosphate [PtdIns(3,4,5)P(3)]
and/or phosphatidylinositol (3,4)bisphosphate [PtdIns(3,4)P(2)] -- is not polarized, and
reducing the level of these 3-phosphoinositides does not affect the ability of PGCs to migrate
directionally. We therefore conclude that Gi-dependent signaling is essential for directional
migration, whereas the PI3K pathway is important for the actual motility of PGCs.
Descriptors: zebrafish embryos, cell movement physiology, GTP binding protein alpha
subunits, gi go metabolism, germ cells physiology, signal transduction physiology, 1 phos-
phatidylinositol 3 kinase metabolism, cell membrane metabolism, cell shape, germ cells
cytology, in situ hybridization, morphogenesis physiology, pertussis toxin metabolism, phos-
phatidylinositol phosphates metabolism, pseudopodia metabolism, Cxcr4 receptors genetics,
Cxcr4 receptors metabolism, recombinant fusion proteins metabolism, anatomy and histol-

ogy-

Durst, W., C. Henry, and S. Amacher (2004). Analysis of a novel zebrafish segmentation mutant.
Developmental Biology 271(2): 619. ISSN: 0012 1606.
NAL Call Number: 448.8D49
Descriptors: zebrafish, molecular genetics, biochemistry and molecular biophysics, develop-
ment, segmentation mutant.

Dworkin, S., J.K. Heath, T.A. deJong Curtain, B.M. Hogan, G.]. Lieschke, J. Malaterre, R.G.
Ramsay, and T. Mantamadiotis (2007). CREB activity modulates neural cell proliferation,
midbrain-hindbrain organization and patterning in zebrafish. Developmental Biology
307(1): 127-41. ISSN: 0012 1606.
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Abstract: Neural stem/progenitor cells (NPCs) self-renew and differentiate, generating
neuronal and non-neuronal (glial) cell lineages. Although a number of factors, including
transcription factors, have been shown to be important in the regulation of NPC prolifera-
tion and differentiation, the precise molecular networks remain to be identified. The cAMP
Response Element-Binding protein (CREB) is a transcription factor important for neuronal
survival, differentiation and plasticity. Recent work suggests that CREB activation, via serine
phosphorylation in the kinase inducible domain, is important for neurogenesis in the adult
rodent brain. We sought to further investigate CREB function in neurogenesis, using the
zebrafish (Danio rerio). Structural and functional analysis of the zebrafish CREB orthologue
showed high conservation with mammalian CREB. Activated (phosphorylated) CREB
(pCREB) was localised to all known proliferation zones in the adult zebrafish brain, includ-
ing actively cycling cells. Furthermore, we found that modulating CREB activity during early
zebrafish development caused significant defects in neural proliferation, midbrain-hindbrain
organization and body patterning. These findings reveal broader and stage-specific physi-
ological roles of CREB function during vertebrate neural development and proliferation.
Descriptors: zebrafish, body patterning, cell proliferation, cyclic AMP response element
binding protein physiology, mesencephalon physiology, neurons cytology, rhombencephalon
physiology, central nervous system growth and development, phosphorylation.

Eaton, J.L. and E. Glasgow (2006). The zebrafish bHLH PAS transcriptional regulator, single-

minded 1 (sim1), is required for isotocin cell development. Developmental Dynamics
235(8): 2071-82. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: A wide range of physiological and behavioral processes, such as social, sexual, and
maternal behaviors, learning and memory, and osmotic homeostasis are influenced by the
neurohypophysial peptides oxytocin and vasopressin. Disruptions of these hormone systems
have been linked to several neurobehavioral disorders, including autism, Prader-Willi syn-
drome, affective disorders, and obsessive-compulsive disorder. Studies in zebrafish promise to
reveal the complex network of regulatory genes and signaling pathways that direct the devel-
opment of oxytocin- and vasopressin-like neurons, and provide insight into factors involved
in brain disorders associated with disruption of these systems. Isotocin, which is homologous
to oxytocin, is expressed early, in a simple pattern in the developing zebrafish brain. Single-
minded 1 (sim1), a member of the bHLH-PAS family of transcriptional regulatory genes, is
required for terminal differentiation of mammalian oxytocin cells and is a master regulator
of neurogenesis in Drosophila. Here we show that sim1 is expressed in the zebrafish forebrain
and is required for isotocin cell development. The expression pattern of siml mRNA in the
embryonic forebrain is dynamic and complex, and overlaps with isotocin expression in the
preoptic area. We provide evidence that the role of sim1 in zebrafish neuroendocrine cell
development is evolutionarily conserved with that of mammals.

Descriptors: zebrafish, basic helix loop helix transcription factors metabolism, cell differen-
tiation, oxytocin analogs and derivatives, repressor proteins metabolism, genetic transcription
genetics, metabolism, basic helix loop helix transcription factors classification, basic helix
loop helix transcription factors genetics, body patterning, diencephalon embryology, dien-
cephalon metabolism, developmental gene expression regulation, homeodomain proteins
genetics and metabolism, oxytocin metabolism, phylogeny, prosencephalon embryology,
prosencephalon metabolism, messenger RNA genetics, repressor proteins classification,
repressor spinal nerve roots embryology, spinal nerve roots metabolism, transcription factors
genetics and metabolism, genetics, proteins classification.
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Eberhart, J.K., M.E. Swartz, T.C. Boling, and C.B. Kimmel (2006). Hh-dependent pdgf signaling
mediates zebrafish palatogenesis. Developmental Biology 295(1): 425. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish embryos, biochemistry and molecular biophysics, development,
dental and oral system , signaling hierarchy, pdgf, palatogenesis.

Eberhart, J.K., M.E. Swartz, ].G. Crump, and C.B. Kimmel (2006). Early Hedgehog signaling
from neural to oral epithelium organizes anterior craniofacial development. Development
133(6): 1069-1077. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Hedgehog (Hh) signaling plays multiple roles in the development of the anterior
craniofacial skeleton. We show that the earliest function of Hh is indirect, regulating devel-
opment of the stomodeum, or oral ectoderm. A subset of post-migratory neural crest cells,
that gives rise to the cartilages of the anterior neurocranium and the pterygoid process of the
palatoquadrate in the upper jaw, condenses upon the upper or roof layer of the stomodeal
ectoderm in the first pharyngeal arch. We observe that in mutants for the Hh co-receptor
smoothened (smo) the condensation of this specific subset of crest cells fails, and expression
of several genes is lost in the stomodeal ectoderm. Genetic mosaic analyses with smo mutants
show that for the crest cells to condense the crucial target tissue receiving the Hh signal is the
stomodeum, not the crest. Blocking signaling with cyclopamine reveals that the crucial stage,
for both crest condensation and stomodeal marker expression, is at the end of gastrulation-
some eight to ten hours before crest cells migrate to associate with the stomodeum. Two Hh
genes, shh and twhh, are expressed in midline tissue at this stage, and we show using mosaics
that for condensation and skeletogenesis only the ventral brain primordium, and not the pre-
chordal plate, is an important Hh source. Thus, we propose that Hh signaling from the brain
primordium is required for proper specification of the stomodeum and the stomodeum, in
turn, promotes condensation of a subset of neural crest cells that will form the anterior neu-
rocranial and upper jaw cartilage. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, nervous system, neural coordination, molecular genetics, biochemis-
try and molecular biophysics, development, Hedgehog signaling, neural crest cells.

Echeverri, K. and A.C. Oates (2007). Coordination of symmetric cyclic gene expression during
somitogenesis by suppressor of hairless involves regulation of retinoic acid catabolism.
Developmental Biology 301(2): 388-403. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, antisense, asymmetry, catabolism, coordination, embryonic develop-
ment, embryos, enzymes, fibroblast growth factor, freshwater fish, gene expression, genetic
abnormalities, hairless, mesoderm, metabolism, Notch protein, oscillations, oscillators,
phylogenetics, retinoic acid, segmentation, signal transduction, skeletal muscle, suppressors,
transcription factors, vertebrae, somites, somitogenesis, Danio rerio.

Eisen, J. (2003). Zebrafish as a model system. Perspective. Developmental Dynamics 228(3): 299-
300. ISSN: 1058 8388.
NAL Call Number: QL801.A4

Descriptors: zebrafish, research genetic models, genetics.

Eivers, E., K. Mccarthy, C. Glynn, C.M. Nolan, and L. Byrnes (2004). Insulin-like growth factor
(IGF) signalling is required for early dorso-anterior development of the zebrafish
embryo. International Journal of Developmental Biology 48(10): 1131-1140. ISSN: 0214

Information Resources on Zebrafish (2010) 149


http:QL801.A4

6282.

Abstract: The insulin-like growth factor (IGF) signalling pathway has been highly conserved
in animal evolution and, in mammals and Xenopus, plays a key role in embryonic growth and
development, with the IGF-1 receptor (IGF-1R) being a crucial regulator of the signalling
cascade. Here we report the first functional role for the IGF pathway in zebrafish. Expres-
sion of mRNA coding for a dominant negative IGF-1R resulted in embryos that were small
in size compared to controls and had disrupted head and CNS development. At its most
extreme, this phenotype was characterized by a complete loss of head and eye structures, an
absence of notochord and the presence of abnormal somites. In contrast, up-regulation of
IGF signalling following injection of IGF-1 mRNA, resulted in a greatly expanded devel-
opment of anterior structures at the expense of trunk and tail. IGF-1R knockdown caused

a significant decrease in the expression of Otx2, Rx3, FGF8, Pax6.2 and Nitl, while excess
IGF signalling expanded Otx2 expression in presumptive forebrain tissue and widened the
Nl expression domain in the developing notochord. The observation that IGF-1R knock-
down reduced expression of two key organizer genes (chordin and goosecoid) suggests that
IGF signalling plays a role in regulating zebrafish organizer activity. This is supported by the
expression of IGF-1, IGF-2 and IGF-1R in shield-stage zebrafish embryos and the demon-
stration that IGF signalling influences expression of BMP2b, a gene that plays an important
role in zebrafish pattern formation. Our data is consistent with a common pathway for inte-
gration of IGE, FGF8 and anti-BMPs in early vertebrate development. Copyright © 2008
CABI

Descriptors: zebrafish, embryonic development, embryos, genes, insulin like growth factor,
messenger RNA, phenotypes, regulatory genes, signal transduction, Danio rerio, fishes.

Elizondo, M.R., E.L. MacDonald, and D.M. Parichy (2006). Dwarf zebrafish, altered bone devel-

opment, and kidney stone formation in trpm7 mutants . Developmental Biology 295(1):
322-323. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, biological development, bones, embryology, freshwater fish, gene
expression, kidneys, organogenesis, Danio rerio.

Ellertsdottir, E., ]. Ganz, K. Durr, N. Loges, E. Biemar, F. Seifert, A.K. Ettl, A.K. Kramer Zucker,

R. Nitschke, and W. Driever (2006). A mutation in the zebrafish Na,K-ATPase subunit
atplala.l provides genetic evidence that the sodium potassium pump contributes to
left-right asymmetry downstream or in parallel to nodal flow. Developmental Dynamics
235(7): 1794-808. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryology, Na+ K+ exchanging ATPase physiology, biological
transport, body patterning developmental gene expression regulation, membrane membrane
proteins metabolism, mutation, Na+ K+ exchanging ATPase biosynthesis, Na+ K+ exchang-
ing ATPase genetics, protein subunits, genetics and metabolism, proteins biosynthesis.

Ellingsen, S., M.A. Laplante, M. Konig, H. Kikuta, T. Furmanek, E.A. Hoivik, and T.S. Becker

(2005). Large-scale enhancer detection in the zebrafish genome. Development 132(17):
3799-811. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Murine retroviral vectors carrying an enhancer detection cassette were used to
generate 95 transgenic lines of fish in which reporter expression is observed in distinct pat-
terns during embryonic development. We mapped 65 insertion sites to the as yet unfinished
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zebrafish genome sequence. Many integrations map close to previously known developmental
genes, including transcription factors of the Pax, Hox, Sox, Pou, Otx, Emx, zinc-finger and
bHLH gene families. In most cases, the activated provirus is located in, or within a 15 kb
interval around, the corresponding transcriptional unit. The exceptions include four inser-
tions into a gene desert on chromosome 20 upstream of sox11b, and an insertion upstream
of otx1. In these cases, the activated insertions are found at a distance of between 32 kb and
132 kb from the coding region. These as well as seven other insertions described here identify
genes that have recently been associated with ultra conserved non-coding elements found in
all vertebrate genomes.

Descriptors: zebrafish, enhancer elements genetics, genome, genetics, alleles, genetically
modified, cultured cells, embryology, metabolism, developmental gene expression regulation
genetics , reporter insertional mutagenesis, genetic transcription genetics.

Elsalini, O.A., J. von Gartzen, M. Cramer, and K.B. Rohr (2003). Zebrafish hhex, nk2.1a, and
pax2.1 regulate thyroid growth and differentiation downstream of Nodal-dependent
transcription factors. Developmental Biology 263(1): 67-80. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: During zebrafish development, the thyroid primordium initiates expression of
molecular markers such as hhex and nk2.1a in the endoderm prior to pharynx formation.
As expected for an endodermally derived organ, initiation of thyroid development depends
on Nodal signalling. We find that it also depends on three downstream effectors of Nodal
activity, casanova (cas), bonnie and clyde (bon), and faust (fau)/gata5. Despite their early
Nodal-dependent expression in the endoderm, both hhex and nk2.1a are only required rela-
tively late during thyroid development. In hhex and nk2.1a loss-of-function phenotypes,
thyroid development is initiated and arrests only after the primordium has evaginated from
the pharyngeal epithelium. Thus, like pax2.1, both hhex and nk2.1a have similarly late roles
in differentiation or growth of thyroid follicular cells, and here, we show that all three genes
act in parallel rather than in a single pathway. Our functional analysis suggests that these
genes have similar roles as in mammalian thyroid development, albeit in a different temporal
mode of organogenesis.

Descriptors: zebrafish, DNA binding, homeodomain, thyroid gland embryology, tran-
scription factors physiology, transforming growth factor beta physiology, proteins, cell
differentiation, cell movement, endoderm physiology, developmental gene expression regula-
tion, mice, pax2 transcription factor, repressor proteins.

Elworthy, S., J.A. Lister, T.J. Carney, D.W. Raible, and R.N. Kelsh (2003). Transcriptional
regulation of mitfa accounts for the sox10 requirement in zebrafish melanophore devel-
opment. Development 130(12): 2809-18. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The transcription factor Sox10 is required for the specification, migration and sur-
vival of all nonectomesenchymal neural crest derivatives including melanophores. sox10(-/-)
zebrafish lack expression of the transcription factor mitfa, which itself is required for melano-
phore development. We demonstrate that the zebrafish mitfa promoter has sox10 binding
sites necessary for activity in vitro, consistent with studies using mammalian cell cultures that
have shown that Sox10 directly regulates Mitf expression. In addition, we demonstrate that
these sites are necessary for promoter activity in vivo. We show that reintroduction of mitfa
expression in neural crest cells can rescue melanophore development in sox10(-/-) embryos.
This rescue of melanophores in sox10(-/-) embryos is quantitatively indistinguishable from
rescue in mitfa(-/-) embryos. These findings show that the essential function of sox10 in mel-
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anophore development is limited to transcriptional regulation of mitfa. We propose that the
dominant melanophore phenotype in Waardenburg syndrome IV individuals with SOX10
mutations is likely to result from failure to activate MITF in the normal number of melano-
blasts.

Descriptors: zebrafish, DNA binding proteins genetics, proteins metabolism, high mobil-
ity group proteins metabolism, melanophores metabolism, transcription factors , genetic
crosses, DNA binding proteins genetics, proteins biosynthesis, DNA binding proteins
genetics, developmental gene expression regulation physiology, microphthalmia associated
transcription factor, mutation, promoter regions genetics, transcription factors biosynthesis,
transcription factors genetics.

Elworthy, S., ].P. Pinto, A. Pettifer, M.L. Cancela, and R.N. Kelsh (2005). Phox2b function in the

enteric nervous system is conserved in zebrafish and is sox10-dependent. Mechanisms of
Development 122(5): 659-69. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: Zebrafish lacking functional sox10 have defects in non-ectomesenchymal neural
crest derivatives including the enteric nervous system (ENS) and as such provide an animal
model for human Waardenburg Syndrome IV. Here, we characterize zebrafish phox2b as a
functionally conserved marker of the developing ENS. We show that morpholino-mediated
knockdown of Phox2b generates fish modeling Hirschsprung disease. Using markers, includ-
ing phox2b, we investigate the ontogeny of the sox10 ENS phenotype. As previously shown
for melanophore development, ENS progenitor fate specification fails in these mutant fish.
However, in addition, we trace back the sox10 mutant ENS defect to an even earlier time
point, finding that most neural crest cells fail to migrate ventrally to the gut primordium.
Descriptors: zebrafish, carrier carrier, enteric nervous system embryology, developmental
gene expression regulation, high mobility group proteins genetics and physiology, homeodo-
main, transcription factors physiology, amino acid sequence, carrier proteins metabolism,
central nervous system embryology, chromosome mapping, high mobility group proteins
metabolism, homeodomain proteins metabolism, in situ hybridization, melanophores metab-
olism, fluorescence microscopy, genetic models, molecular sequence data, mutation, neural
crest metabolism, neurons metabolism, phenotype, phylogeny, amino acid sequence homol-
ogy, stem cells metabolism, time factors, transcription factors metabolism.

Emoto, Y., H. Wada, H. Okamoto, A. Kudo, and Y. Imai (2005). Retinoic acid-metabolizing

enzyme Cyp26al is essential for determining territories of hindbrain and spinal cord in
zebrafish. Developmental Biology 278(2): 415-27. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Retinoic acid (RA) plays a critical role in neural patterning and organogenesis

in the vertebrate embryo. Here we characterize a mutant of the zebrafish named giraffe (gir)
in which the gene for the RA-degrading enzyme Cyp26al is mutated. The gir mutant dis-
played patterning defects in multiple organs including the common cardinal vein, pectoral
fin, tail, hindbrain, and spinal cord. Analyses of molecular markers suggested that the lateral
plate mesoderm is posteriorized in the gir mutant, which is likely to cause the defects of the
common cardinal vein and pectoral fin. The cyp26al expression in the rostral spinal cord was
strongly upregulated in the gir mutant, suggesting a strong feedback control of its expres-
sion by RA signaling. We also found that the rostral spinal cord territory was expanded at

the expense of the hindbrain territory in the gir mutant. Such a phenotype is the opposite of
that of the mutant for Raldh2, an enzyme that synthesizes RA. We propose a model in which
Cyp26al attenuates RA signaling in the prospective rostral spinal cord to limit the expression
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of hox genes and to determine the hindbrain-spinal cord boundary.

Descriptors: zebrafish embryos, cytochrome P450 enzyme system metabolism, rhomben-
cephalon embryology, spinal cord embryology, tretinoin metabolism, base sequence, body
patterning genetics, chromosome mapping, DNA primers, in situ hybridization, morphogen-
esis, mutation, phenotype, rhombencephalon enzymology, spinal cord enzymology.

England, S.J., G.B. Blanchard, L. Mahadevan, and R.J. Adams (2006). A dynamic fate map of the
forebrain shows how vertebrate eyes form and explains two causes of cyclopia. Develop-
ment 133(23): 4613-4617. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Mechanisms for shaping and folding sheets of cells during development are poorly
understood. An example is the complex reorganisation of the forebrain neural plate during
neurulation, which must fold a sheet into a tube while evaginating two eyes from a single
contiguous domain within the neural plate. We, for the first time, track these cell rearrange-
ments to show that forebrain morphogenesis differs significantly from prior hypotheses. We
postulate a new model for forebrain neurulation and demonstrate how mutations affecting
two signalling pathways can generate cyclopic phenotypes by disrupting normal cell move-
ments or introducing new erroneous behaviours. Copyright©Thomson Reuters 2009
Descriptors: zebrafish, nervous system, development, sense organs, cyclopia, congenital
disease, etiology, phenotype, morphogenesis, neurulation, dynamic fate map.

Erdmann, B., EP. Kirsch, EG. Rathjen, and M.I. More (2003). N-cadherin is essential for retinal
lamination in the zebrafish. Developmental Dynamics 226(3): 570-7. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, cadherins genetics, cadherins metabolism, developmental gene
expression regulation, retina embryology, retina physiology, epithelial cells physiology,
crystalline lens cytology, crystalline lens embryology, electron microscopy, mutation, photore-
ceptors, photoreceptors ultrastructure, synapses physiology.

Erickson, T., S. Scholpp, M. Brand, C.B. Moens, and A.]. Waskiewicz (2007). Pbx proteins cooper-
ate with engrailed to pattern the midbrain-hindbrain and diencephalic-mesencephalic
boundaries. Developmental Biology 301(2): 504-517. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, boundaries, developmental stages, embryos, engrailed protein,
fibroblast growth factor 8, freshwater fish, hindbrain, mesencephalon, models, neural tube,
pattern formation, phenotypes, phylogenetics, proteins, territory, transcription, transcription
factors, Danio rerio, Drosophila.

Eroglu, B., G. Wang, N. Tu, X. Sun, and N.E Mivechi (2006). Critical role of Brgl member of the
SWI/SNF chromatin remodeling complex during neurogenesis and neural crest induc-
tion in zebrafish. Developmental Dynamics 235(10): 2722-35. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, chromosomal proteins, non-histone physiology, neural crest
embryology, transcription factors physiology, cell differentiation genetics, cell differentiation
physiology, chromatin metabolism, chromatin immunoprecipitation, chromosomal pro-
teins, non histone genetics, chromosomal proteins, non histone metabolism, DNA helicases
genetics, DNA helicases metabolism, DNA helicases physiology, embryology, metabolism,
developmental gene expression regulation genetics, immunohistochemistry, in situ hybrid-
ization, mutation genetics, neural crest metabolism, organogenesis genetics, organogenesis
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physiology, messenger RNA genetics and metabolism, time factors, transcription factors
genetics and metabolism and proteins metabolism.

Esguerra, C.V,, L. Nelles, L. Vermeire, A. Ibrahimi, A.D. Crawford, R. Derua, E. Janssens, E. Waelk-
ens, P. Carmeliet, D. Collen, and D. Huylebroeck (2007). Ttrap is an essential modulator
of Smad3-dependent Nodal signaling during zebrafish gastrulation and left-right axis
determination. Development 134(24): 4381-93 . ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: During vertebrate development, signaling by the TGFbeta ligand Nodal is critical
for mesoderm formation, correct positioning of the anterior-posterior axis, normal anterior
and midline patterning, and left-right asymmetric development of the heart and viscera.
Stimulation of Alk4/EGF-CFC receptor complexes by Nodal activates Smad2/3, leading to
left-sided expression of target genes that promote asymmetric placement of certain internal
organs. We identified Ttrap as a novel Alk4- and Smad3-interacting protein that controls
gastrulation movements and left-right axis determination in zebrafish. Morpholino-mediated
Ttrap knockdown increases Smad3 activity, leading to ectopic expression of snailla and
apparent repression of e-cadherin, thereby perturbing cell movements during convergent
extension, epiboly and node formation. Thus, although the role of Smad proteins in mediat-
ing Nodal signaling is well-documented, the functional characterization of Ttrap provides
insight into a novel Smad partner that plays an essential role in the fine-tuning of this signal
transduction cascade.

Descriptors: zebrafish, Tgfbeta ligand Nodal, Smad3, Alk4, snail 1-a, e-cadherin, embryo
development.

Esni, E, B. Ghosh, A.V. Biankin, J.W. Lin, M.A. Albert, X. Yu, R.J. MacDonald, C.I. Civin , EX.
Real, M.A. Pack, D.W. Ball, and S.D. Leach (2004). Notch inhibits Ptfl function and
acinar cell differentiation in developing mouse and zebrafish pancreas. Development
131(17): 4213-24. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Notch signaling regulates cell fate decisions in a variety of adult and embryonic
tissues, and represents a characteristic feature of exocrine pancreatic cancer. In developing
mouse pancreas, targeted inactivation of Notch pathway components has defined a role

for Notch in regulating early endocrine differentiation, but has been less informative with
respect to a possible role for Notch in regulating subsequent exocrine differentiation events.
Here, we show that activated Notch and Notch target genes actively repress completion of an
acinar cell differentiation program in developing mouse and zebrafish pancreas. In develop-
ing mouse pancreas, the Notch target gene Hes1 is co-expressed with Ptf1-P48 in exocrine
precursor cells, but not in differentiated amylase-positive acinar cells. Using lentiviral deliv-
ery systems to induce ectopic Notch pathway activation in explant cultures of E10.5 mouse
dorsal pancreatic buds, we found that both Hes1 and Notch1-IC repress acinar cell differen-
tiation, but not Ptf1-P48 expression, in a cell-autonomous manner. Ectopic Notch activation
also delays acinar cell differentiation in developing zebrafish pancreas. Further evidence of

a role for endogenous Notch in regulating exocrine pancreatic differentiation was provided
by examination of zebrafish embryos with homozygous mindbomb mutations, in which
Notch signaling is disrupted. mindbomb-deficient embryos display accelerated differentia-
tion of exocrine pancreas relative to wild-type clutchmate controls. A similar phenotype was
induced by expression of a dominant-negative Suppressor of Hairless [Su(H)] construct,
confirming that Notch actively represses acinar cell differentiation during zebrafish pancreatic
development. Using transient transfection assays involving a Ptf1-responsive reporter gene,
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we further demonstrate that Notch and Notch/Su(H) target genes directly inhibit Ptf1 activ-
ity, independent of changes in expression of Ptf1 component proteins. These results define a
normal inhibitory role for Notch in the regulation of exocrine pancreatic differentiation.
Descriptors: zebrafish, developmental gene expression regulation, membrane, transcrip-
tion factors metabolism, adenoviridae genetics, COS cells, cell differentiation, endoderm
metabolism, gene transfer techniques, reporter genes, green fluorescent proteins, in situ
hybridization, lentivirus genetics, luciferases metabolism, luminescent proteins metabolism,
membrane proteins metabolism, mice, confocal microscopy, fluorescence microscopy, pan-
creas, plasmids metabolism, promoter regions genetics, messenger RNA metabolism, Notch
receptors, time factors, transfection, transgenes.

Essner, ].J., J.D. Amack, M.K. Nyholm, E.B. Harris, and H.J. Yost (2005). Kupffer’s vesicle is a cili-
ated organ of asymmetry in the zebrafish embryo that initiates left-right development of
the brain, heart and gut. Development 132(6): 1247-60. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Monocilia have been proposed to establish the left-right (LR) body axis in verte-
brate embryos by creating a directional fluid flow that triggers asymmetric gene expression.
In zebrafish, dorsal forerunner cells (DFCs) express a conserved ciliary dynein gene (left-
right dynein-relatedl, Irdr1) and form a ciliated epithelium inside a fluid-filled organ called
Kupfler’s vesicle (KV). Here, videomicroscopy demonstrates that cilia inside KV are motile
and create a directional fluid flow just prior to the onset of asymmetric gene expression in
lateral cells. Laser ablation of DFCs and surgical disruption of KV provide direct evidence
that ciliated KV cells are required during early somitogenesis for subsequent LR patterning
in the brain, heart and gut. Antisense morpholinos against lrdr1 disrupt KV fluid flow and
perturb LR development. Furthermore, Irdrl morpholinos targeted to DFC/KV cells dem-
onstrate that Lrdr1 functions in these ciliated cells to control LR patterning. This provides
the first direct evidence, in any vertebrate, that impairing cilia function in derivatives of the
dorsal organizer, and not in other cells that express ciliogenic genes, alters LR development.
Finally, genetic analysis reveals novel roles for the T-box transcription factor no tail and the
Nodal signaling pathway as upstream regulators of Irdr1 expression and KV morphogenesis.
We propose that KV is a transient embryonic ‘organ of asymmetry’ that directs LR develop-
ment by establishing a directional fluid flow. These results suggest that cilia are an essential
component of a conserved mechanism that controls the transition from bilateral symmetry to
LR asymmetry in vertebrates.

Descriptors: zebrafish, brain embryology, gastrointestinal tract development, heart embryol-
ogy, body patterning physiology, cilia physiology, transforming growth factor beta genetics,
transforming growth factor beta.

Etard, C., M. Behra, R. Ertzer, N. Fischer, S. Jesuthasan, P. Blader, R. Geisler, and U. Straehle (2005).
Mutation in the delta-subunit of the nachr suppresses the muscle defects caused by lack
of dystrophin. Developmental Dynamics 234(4): 1016-1025. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: Normal motility of the zebrafish embryo requires a large number of gene loci,
many of which have human orthologues implicated in myasthenias and other myopathies.
We have identified a mutation in the zebrafish that abolishes body motility. Embryos have
narrower myofibrils and lack clusters of nicotinic acetylcholine receptors (nAChRs) on the
surface of the somitic muscle. We mapped the mutation to the 6-subunit of the nAChR,
showing this mutant to be a new allele of the previously named sofa potato (sop). The
mutant allele carries a missense mutation in the extracellular domain altering the cysteine at
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position 150 to an arginine. The 6-subunit is expressed in all striated muscles in embryonic
and early larval stages together with the alpha 1, beta 1, epsilon, and gamma-subunits of
nAChR. In contrast to mammals that show switching from the gamma embryonic to the
adult E-subunit, the two subunits are coexpressed in zebrafish embryos. We, furthermore,
demonstrated that the sop/delta-nAChR mutation is a suppressor of the myopathy caused by
lack of Dystrophin. The myofiber detachment phenotype of Dystroglycan-deficient embryos
was not suppressed, suggesting that Dystrophin and Dystroglycan play distinct roles in
muscle formation and maintenance of muscle integrity. Copyright©Thomson Reuters 2009
Descriptors: zebrafish, development, molecular genetics, muscular system, myopathy , etiol-
ogy, myasthenias, nicotinic acetylcholine receptors, genetics.

Etard, C., M. Behra, N. Fischer, D. Hutcheson, R. Geisler, and U. Strahle (2007). The UCS factor

Steif/Unc-45b interacts with the heat shock protein Hsp90a during myofibrillogenesis.
Developmental Biology 308(1): 133-143. ISSN: 0012-1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, freshwater fish, heat shock, mutations, myosin, phylogenetics, pro-
teins, Danio rerio, genetics and evolution.

Evans, T. and A. Holtzinger (2005). Forming organs from tubes: identification of a common

transcriptionally regulated morphogenetic step for many organs. Developmental Biology
283(2): 684. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish, biochemistry and molecular biophysics, transcription, embryonic
development .

Evans, T.G., Y. Yamamoto, W.R. Jeffery, and PH. Krone (2004). The stress-inducible hsp70 is

required for normal embryonic lens formation in the zebrafish. Developmental Biology
271(2): 617. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish embryos, molecular genetics, biochemistry and molecular biophysics,
development, sense organs.

Fadool, .M. (2003). Development of a rod photoreceptor mosaic revealed in transgenic

zebrafish. Developmental Biology 258(2): 277-90. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: The number and distribution of neurons within the vertebrate retina are tightly
regulated. This is particularly apparent in the highly ordered, crystalline-like arrangement of
the cone photoreceptors in the teleost. In this report, using a transgenic line of zebrafish, a
novel and developmentally regulated mosaic pattern of the rod photoreceptors is described.
The spatial and temporal expression of EGFD under the control of the Xenopus rhodopsin
gene promoter, was nearly identical to the endogenous rhodopsin. EGFP was first detected
in the ventral nasal retinal in an area of precocious neurogenesis referred to as the “ventral
patch”. Subsequent expression of EGFP was observed in isolated cells sporadically distributed
across the dorsal and central retina. However, confocal microscopy and spatial analysis of
larval eyes or retinal explants from adults revealed a precise arrangement to the rod photo-
receptors. The rod terminals were arranged in regularly spaced rows with clearly identifiable
telodendria linking neighboring cells. The rod inner segments projected through the cone
mosaic in a predictable pattern. In the adult, the rod mosaic originated near the retinal
margin where clusters of rods differentiated around the immature short single cone. In the
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embryo, the sporadic differentiation of the rods led to the gradual formation of the mosaic
pattern. With the growing interest in neuronal stem cells, revisiting this model of neurogen-
esis provides an avenue to uncover mechanisms underlying the precise integration of new
neuronal elements into a preexisting neural network.

Descriptors: zebrafish, retinal rodsgrowth and development, genetics, growth and develop-
ment, genetically modified, developmental gene expression regulation, green fluorescent
proteins, luminescent proteins genetics and metabolism, neurological models, mosaicism,
promoter regions genetics, recombinant proteins genetics and metabolism, rhodopsin genet-
ics, Xenopus.

Fadool, ].M., K. Alvarez-Delfin, and A.C. Morris (2006). Photoreceptor subtype specification and

mosaic patterning in zebrafish. Developmental Biology 295(1): 406. ISSN: 0012 1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, nervous system, development, sense organs, genetic chimera analysis,
cell-cell signaling, neurogenesis, mosaic patterning.

Fadool, J.M., A. Davis, and M. Merritt (2004). Genetic analysis of photoreceptor cell development

Fan, X.,

in the zebrafish retina. Developmental Biology 271(2): 604. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Descriptors: zebrafish embryos, development, molecular genetics, sense organs, genetic
analysis, genetic techniques, cell-cell interaction.

E.G. Hagos, B. Xu, C. Sias, K. Kawakami, R.D. Burdine, and S.T. Dougan (2007). Nodal
signals mediate interactions between the extra-embryonic and embryonic tissues in
zebrafish. Developmental Biology 310(2): 363-78. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: In many vertebrates, extra-embryonic tissues are important signaling centers that
induce and pattern the germ layers. In teleosts, the mechanism by which the extra-embryonic
yolk syncytial layer (YSL) patterns the embryo is not understood. Although the Nodal-related
protein Squint is expressed in the YSL, its role in this tissue is not known. We generated a
series of stable transgenic lines with GFP under the control of squint genomic sequences. In
all species, nodal-related genes induce their own expression through a positive feedback loop.
We show that two tissue specific enhancers in the zebrafish squint gene mediate the response
to Nodal signals. Expression in the blastomeres depends upon a conserved Nodal response
element (NRE) in the squint first intron, while expression in the extra-embryonic envelop-
ing layer (EVL) is mediated by an element upstream of the transcription start site. Targeted
depletion experiments demonstrate that the zebrafish Nodal-related proteins Squint and
Cyclops are required in the YSL for endoderm and head mesoderm formation. Thus, Nodal
signals mediate interactions between embryonic and extra-embryonic tissues in zebrafish that
maintain nodal-related gene expression in the margin. Our results demonstrate a high degree
of functional conservation between the extra-embryonic tissues of mouse and zebrafish.
Descriptors: zebrafish embryos, intracellular signaling peptides and proteins metabolism,
physiology, genetically modified, base sequence, body patterning, endoderm metabolism,
developmental gene expression regulation, intracellular signaling peptides and mesoderm
metabolism, molecular sequence data, response elements, signal transduction, proteins genet-
ics.
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Fekete, D.M. (2003). Rocks that roll zebrafish. Science 302(5643): 241-242. ISSN: 0036-8075.
NAL Call Number: 470Sci2
Descriptors: zebrafish, embryo development, calcium carbonate, calcium carbonates, crys-
tals, literature reviews, molecular structure, morphogenesis, otoliths, reviews, Danio rerio,
zebra fish, biomineralization, starmaker gene.

Feldman, B., ].L. Boorech, H. Noushmehr, M. Kirby, and A.G. Elkahloun (2006). Facs-assisted
microdissection of photolabeled cells to identify germ layer-specific genes. Developmental
Biology 295(1): 412-413. ISSN: 0012 16006.
NAL Call Number: 442.8D49
Descriptors: zebrafish, molecular genetics, development, confocal microscopy, imaging and
microscopy techniques, fluorescence activated cell sorting, spectrum analysis techniques, his-

tology and cytology techniques.

Feldman, B. and J. Costa (2006). A reverse-genetic screen identifying RhoGEF genes that are
essential for zebrafish epiboly. Developmental Biology 295(1): 394-395. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish, molecular genetics, biochemistry and molecular biophysics, enzy-
mology, biochemistry and molecular biophysics.

Feldman, B., W. Pei, H. Williams, M. Clark, and D.L. Stemple (2006). Squint protects early
embryos from temperature-induced dysmorphology. Developmental Biology 295(1): 442.
ISSN: 0012 1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish, development, molecular genetics, nervous system, holoprosencephaly
, nervous system disease, congenital disease, etiology, temperature, phenotype, dysmorphol-

ogy-

Feldner, J., T. Becker, K. Goishi, J. Schweitzer, P. Lee, M. Schachner, M. Klagsbrun, and C.G.
Becker (2005). Neuropilin-1a is involved in trunk motor axon outgrowth in embryonic
zebrafish. Developmental Dynamics 234(3): 535-49. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, axons physiology, motor neurons metabolism, neuropilin
1 metabolism, metabolism , axons drug effects, developmental gene expression regulation
drug effects, motor neurons drug effects, neuropilin 1 genetics, phenotype, messenger RNA
genetics and metabolism, semaphorin 3a metabolism, vascular endothelialgrowth factor A
pharmacology, genetics.

Feldner, J., T. Becker, K. Goishi, J. Schweitzer, P. Lee, M. Schachner, M. Klagsbrun, and C.G.
Becker (2005). Neuropilin-1la is involved in trunk motor axon outgrowth in embryonic
zebrafish. Developmental Dynamics 234(3): 535-549. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: Neuropilin-1, a receptor for axon-repellent semaphorins and vascular endothelial
growth factor (VEGF), functions both in angiogenesis and axon growth. Here, we show
strong expression of neuropilin-la in primary motor neurons in the trunk of embryonic
zebrafish. Reducing the expression of neuropilin-la using antisense morpholino oligonucle-
otides induced aberrant branching of motor nerves, additional exit points of motor nerves
from the spinal cord, and migration of neurons out of the spinal cord along the motor axon
pathway in a dose-dependent manner. These phenotypes could be partially rescued by coin-
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jecting neuropilin-la mRNA. Other axons in the spinal cord and head appeared unaffected
by the morpholino treatment. In addition, neuropilin-la morpholino treatment disturbed
normal formation of blood vessels in the trunk of 24 hours postfertilization embryos, as
shown by microangiography. Morpholinos to VEGF also disturbed formation of blood
vessels but did not affect motor axons, indicating that correct formation of blood vessels

is not needed for the growth of primary motor axons. Morpholinos to the semaphorin 3A
homologs semaphorin 3A1 and semaphorin 3A2 also had no effect on motor axon growth.
However, combined injections of neuropilin-la morpholino, at a concentration that did not
elicit axonal aberrations when injected alone, with VEGE semaphorin 3A1, or semaphorin
3A2 morpholinos synergistically increased the proportion of embryos showing aberrant
motor axon growth. Thus, neuropilin-la in primary motor neurons may integrate signals
from several ligands and is needed for proper segmental growth of primary motor nerves in
zebrafish. Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryos, vascular endothelial growth factor, development, nervous
system, motor axon outgrowth, neuropilin-1, semaphorins.

Feng, J., B. White, O.V. Tyurina, B. Guner, T. Larson, H.Y. Lee, R.O. Karlstrom, and J.D. Kohtz
(2004). Synergistic and antagonistic roles of the sonic Hedgehog N- and C-terminal
lipids. Development 131(17): 4357-4370. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The Shh protein contains both N-terminal and C-terminal lipids. The functional
redundancy of these lipid moieties is presently unclear. Here, we compare the relative roles of
the N- and C-terminal lipids in early rat striatal neuronal differentiation, membrane associa-
tion and multimerization, and ventralizing activity in the zebrafish forebrain. We show that
these lipid act synergistically in cell tethering and the formation of a large (L) multimer (669
kDa). However, the C-terminal lipid antagonizes the rat striatal neuronal differentiation-
inducing activity of the N-terminal lipid. In addition, multimerization is required but not
sufficient for the differentiation-inducing activity. Based on the presence of different N- and
C-lipid-containing Shh proteins in the rat embryo, and on their different activities, we
propose that both N- and C-terminal lipids are required for the formation of multimers
involved in long-range signaling, and that the C-terminal lipid may function in long-range
signaling by reducing Shh activity until it reaches its long-range target. Comparative analysis
of the ventralizing activities of different N- and C-terminal lipid-containing Shh proteins in
the zebrafish forebrain shows that the presence of at least one lipid is required for signaling
activity, suggesting that lipid modification of Shh is a conserved requirement for signaling in
the forebrain of rodents and zebrafish. Copyright©Thomson Reuters 2009

Descriptors: zebrafish, cell biology, development, nervous system, comparative analysis, cell
differentiation, Shh protein, forebrain, rats.

Feng, X., E.G. Adiarte, and S.H. Devoto (2006). Hedgehog acts directly on the zebrafish dermo-
myotome to promote myogenic differentiation. Developmental Biology 300(2): 736-46.
ISSN: 0012 1606.
NAL Call Number: 442.8D49
Abstract: Vertebrate myogenesis is regulated by signaling proteins secreted from surround-
ing tissues. One of the most important, Sonic hedgehog, has been proposed to regulate
myogenic precursor cell survival, proliferation, and differentiation in a variety of vertebrates.
In zebrafish, Hedgehog signaling is both necessary and sufficient for the development of
embryonic slow muscle fibers-the earliest differentiating muscle fibers. Here we investigated
the function of Hedgehog signaling in another zebrafish myogenic lineage, a dermomyo-
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tomal population of cells defined by somitic pax3/7 expression. We found that Hedgehog
negatively regulates the number of myogenic precursors expressing pax3/7. Hh also positively
regulates the growth of embryonic fast muscle. Unlike Hedgehog’s function in regulating the
elongation of fast muscle fibers, this regulation is not mediated by embryonic slow muscle
fibers. Instead, it is a direct Hedgehog response, cell autonomous to myogenic precursors.
The regulation of myogenic precursors and their differentiation into fast fibers have a dif-
ferent critical time period for Hh signaling, and different requirements for specific gli gene
family members of Hh activated transcription factors from the earlier promotion of embry-
onic slow muscle fiber differentiation. We propose that Hedgehog signaling acts at multiple
times on different lineages, through different downstream pathways, to promote myogenic
differentiation.

Descriptors: zebrafish, cell differentiation physiology, Hedgehog, muscle development
physiology, muscle fibers cytology, muscle fibers metabolism, myoblasts cytology, myoblasts
metabolism, pax7 transcription factor antagonists and inhibitors, pax7 transcription factor
biosynthesis, paired box transcription factors biosynthesis, paired box transcription factors
genetics, signal transduction physiology, genetics, Hedgehog signaling.

Fernandez, ]., M. Valladares, R. Fuentes, and A. Ubilla (2006). Reorganization of cytoplasm in

the zebrafish oocyte and egg during early steps of ooplasmic segregation. Developmental
Dynamices 235(3): 656-71. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: The aim of this work is to determine when and how ooplasmic segregation is
initiated in the zebrafish egg. To this end, the organization of the ooplasm and vitelloplasm
were examined in oocytes and eggs shortly after activation. Ooplasmic segregation, initiated
in the stage V oocyte, led to the formation of ooplasmic domains rich in organelles, and
ribonucleoproteins. A linear array of closely arranged peripheral yolk globules separated an
outer domain of ectoplasm from an inner domain of interconnected endoplasmic lacunae.
The structure of this yolk array and the distribution of microinjected labeled tracers sug-
gests that it may provide a barrier limiting ooplasm transit. Loosely arranged yolk globules at
the animal hemisphere allow wide connections between the endoplasm and a preblastodisc
domain. Activation caused further segregation of ooplasm, reorganization of endoplasmic
lacunae, and blastodisc growth. The presence of an endoplasmic cytoskeleton suggests that
these changes may be driven by microtubules and microfilaments.

Descriptors: zebrafish egg, cleavage stage, ovum cytology, cytoplasm ultrastructure, oocytes
cytology, ovum cytology, cleavage stage, ovum ultrastructure, cytoplasm physiology, egg yolk
cytology, egg yolk physiology, egg yolk ultrastructure, microtubules ultrastructure, oocytes
chemistry, oocytes ultrastructure, organelles ultrastructure, ovum chemistry, ovum ultrastruc-
ture, ribonucleoproteins analysis.

Field, H.A., PD. Dong, D. Beis, and D.Y. Stainier (2003). Formation of the digestive system in

zebrafish. II. Pancreas morphogenesis. Developmental Biology 261(1): 197-208. ISSN:
0012 1606.

NAL Call Number: 442.8D49

Abstract: Recent studies have suggested that the zebrafish pancreas develops from a single
pancreatic anlage, located on the dorsal aspect of the developing gut. However, using a trans-
genic zebrafish line that expresses GFP throughout the endoderm, we report that, in fact, two
pancreatic anlagen join to form the pancreas. One anlage is located on the dorsal aspect of
the developing gut and is present by 24 h postfertilization (hpf), the second anlage is located
on the ventral aspect of the developing gut in a position anterior to the dorsal anlage and is
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present by 40 hpf. These two buds merge by 52 hpf to form the pancreas. Using heart and
soul mutant embryos, in which the pancreatic anlagen most often do not fuse, we show that
the posterior bud generates only endocrine tissue, while the anterior bud gives rise to the
pancreatic duct and exocrine cells. Interestingly, at later stages, the anterior bud also gives
rise to a small number of endocrine cells usually present near the pancreatic duct. Altogether,
these studies show that in zebrafish, as in the other model systems analyzed to date, the pan-
creas arises from multiple buds. To analyze whether other features of pancreas development
are conserved and investigate the influence of surrounding tissues on pancreas development,
we examined the role of the vasculature in this process. Contrary to reports in other model
systems, we find that, although vascular endothelium is in contact with the posterior bud
throughout pancreas development, its absence in cloche mutant embryos does not appear to
affect the early morphogenesis or differentiation of the pancreas.

Descriptors: zebrafish embryo, pancreas embryology, genetically modified fish, vascular
endothelium embryology, developmental gene expression regulation, green fluorescent pro-
teins, luminescent mutation, pancreas blood supply, pancreas cytology, pancreas metabolism,
recombinant genetics.

Field, H.A., E.A. Ober, T. Roeser, and D.Y. Stainier (2003). Formation of the digestive system in
zebrafish. I. Liver morphogenesis. Developmental Biology 253(2): 279-90. ISSN: 0012
1606.

NAL Call Number: 442.8D49

Abstract: Despite the essential functions of the digestive system, much remains to be learned
about the cellular and molecular mechanisms responsible for digestive organ morphogen-
esis and patterning. We introduce a novel zebrafish transgenic line, the gutGFP line, that
expresses GFP throughout the digestive system, and use this tool to analyze the development
of the liver. Our studies reveal two phases of liver morphogenesis: budding and growth. The
budding period, which can be further subdivided into three stages, starts when hepatocytes
first aggregate, shortly after 24 h postfertilization (hpf), and ends with the formation of a
hepatic duct at 50 hpf. The growth phase immediately follows and is responsible for a dra-
matic alteration of liver size and shape. We also analyze gene expression in the developing
liver and find a correlation between the expression of certain transcription factor genes and
the morphologically defined stages of liver budding. To further expand our understanding
of budding morphogenesis, we use loss-of-function analyses to investigate factors potentially
involved in this process. It had been reported that no tail mutant embryos appear to lack

a liver primordium, as assessed by gata6 expression. However, analysis of gutGFP embryos
lacking Ntl show that the liver is in fact present. We also find that, in these embryos, the
direction of liver budding does not correlate with the direction of intestinal looping, indicat-
ing that the left/right behavior of these tissues can be uncoupled. In addition, we use the
cloche mutation to analyze the role of endothelial cells in liver morphogenesis, and find that
in zebrafish, unlike what has been reported in mouse, endothelial cells do not appear to be
necessary for the budding of this organ.

Descriptors: zebrafish embryo, liver embryology, genetically modified, base sequence, body
patterning, digestive system embryology, endothelium embryology, developmental gene
expression regulation, green fluorescent proteins, luminescent oligodeoxyribonucleotides
genetics, recombinant proteins genetics.

Finkielsztein, A., Q.Z. Sun, C. Hillis, and G.M. Kelly (2006). Pten in zebrafish gastrulation. Devel-
opmental Biology 295(1): 440. ISSN: 0012 1606.
NAL Call Number: 442.8D49
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Descriptors: zebrafish embryos, molecular genetics, enzymology, sense organs, cell prolifera-
tion, cell apoptosis, cell polarization, gastrulation.

Fischer, S., B.W. Draper, and C.J. Neumann (2003). The zebrafish fgf24 mutant identifies an

additional level of Fgf signaling involved in vertebrate forelimb initiation. Development
130(15): 3515-24. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The development of vertebrate limb buds is triggered in the lateral plate mesoderm
by a cascade of genes, including members of the Fgf and Wnt families, as well as the tran-
scription factor tbx5. Fgf8, which is expressed in the intermediate mesoderm, is thought to
initiate forelimb formation by activating wnt2b, which then induces the expression of tbx5
in the adjacent lateral plate mesoderm. Tbx5, in turn, is required for the activation of fgf10,
which relays the limb inducing signal to the overlying ectoderm. We show that the zebrafish
fgf24 gene, which belongs to the Fgf8/17/18 subfamily of Fgf ligands, acts downstream

of tbx5 to activate fgf10 expression in the lateral plate mesoderm. We also show that fgf24
activity is necessary for the migration of thx5-expressing cells to the fin bud, and for the acti-
vation of shh, but not hand2, expression in the posterior fin bud.

Descriptors: zebrafish, embryonic induction physiology, Fgf genetics, forelimb embryology,
cell movement physiology, embryonic induction genetics, Fgf metabolism, growth substances
metabolism, limb bud metabolism, mutation, T-box domain proteins metabolism, genetics.

Fisher, S., 2. Jagadeeswaran, and M.E. Halpern ( 2003). Radiographic analysis of zebrafish skeletal

defects. Developmental Biology 264(1): 64-76. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Systematic identification of skeletal dysplasias in model vertebrates provides
insight into the pathogenesis of human skeletal disorders and can aid in the identification of
orthologous human genes. We are undertaking a mutagenesis screen for skeletal dysplasias in
adult zebrafish, using radiography to detect abnormalities in skeletal anatomy and bone mor-
phology. We have isolated chihuahua, a dominant mutation causing a general defect in bone
growth. Heterozygous chihuahua fish have phenotypic similarities to human osteogenesis
imperfecta, a skeletal dysplasia caused by mutations in the type I collagen genes. Mapping
and molecular characterization of the chihuahua mutation indicates that the defect resides

in the gene encoding the collagen I(alphal) chain. Thus, chihuahua accurately models osteo-
genesis imperfecta at the biologic and molecular levels, and will prove an important resource
for studies on the disease pathophysiology. Radiography is a practical screening tool to detect
subtle skeletal abnormalities in the adult zebrafish. The identification of chihuahua demon-
strates that mutant phenotypes analogous to human skeletal dysplasias will be discovered.
Descriptors: zebrafish, bone and bones abnormalities, bone and bones radiography, col-
lagen Type I genetics, osteogenesis imperfecta genetics, abnormalities, amino acid sequence,
disease models, in situ hybridization, molecular sequence data, mutation, osteogenesis
imperfecta pathology, phenotype, genetics and metabolism.

Flanagan-Steet, H., M.A. Fox, D. Meyer, and J.R. Sanes (2005). Neuromuscular synapses can form

in vivo by incorporation of initially aneural postsynaptic specializations. Development
132(20): 4471-4481. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Synapse formation requires the coordination of pre- and postsynaptic differen-
tiation. An unresolved question is which steps in the process require interactions between
pre- and postsynaptic cells, and which proceed cell-autonomously. One current model is that
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factors released from presynaptic axons organize postsynaptic differentiation directly beneath
the nerve terminal. Here, we used neuromuscular junctions (NM]Js) of the zebrafish primary
motor system to test this model. Clusters of neurotransmitter (acetylcholine) receptors
(AChRs) formed in the central region of the myotome, destined to be synapse-rich, before
axons extended and even when axon extension was prevented. Time-lapse imaging revealed
that pre-existing clusters on early-born slow (adaxial) muscle fibers were incorporated into
NM]Ts as axons advanced. Axons were, however, required for the subsequent remodeling and
selective stabilization of synaptic clusters that precisely appose post- to presynaptic elements.
Thus, motor axons are dispensable for the initial stages of postsynaptic differentiation but
are required for later stages. Moreover, many AChR clusters on later-born fast muscle fibers
formed at sites that had already been contacted by axons, suggesting heterogeneity in the
signaling mechanisms leading to synapse formation by a single axon. Copyright©Thomson
Reuters 2009

Descriptors: zebrafish, nervous system, muscular system, development, aneural postsynaptic
specialization.

Fleming, A., R. Keynes, and D. Tannahill (2004). A central role for the notochord in vertebral pat-
terning. Development 131(4): 873-880. ISSN: 0950 1991.
NAL Call Number: QL951.D38
Abstract: The vertebrates are defined by their segmented vertebral column, and vertebral
periodicity is thought to originate from embryonic segments, the somites. According to the
widely accepted ‘resegmentation’ model, a single vertebra forms from the recombination of
the anterior and posterior halves of two adjacent sclerotomes on both sides of the embryo.
Although there is supporting evidence for this model in amniotes, it remains uncertain
whether it applies to all vertebrates. To explore this, we have investigated vertebral patterning
in the zebrafish. Surprisingly, we find that vertebral bodies (centra) arise by secretion of bone
matrix from the notochord rather than somites; centra do not form via a cartilage intermedi-
ate stage, nor do they contain osteoblasts. Moreover, isolated, cultured notochords secrete
bone matrix in vitro, and ablation of notochord cells at segmentally reiterated positions in
vivo prevents the formation of centra. Analysis of fss mutant embryos, in which sclerotome
segmentation is disrupted, shows that whereas neural arch segmentation is also disrupted,
centrum development proceeds normally. These findings suggest that the notochord plays
a key, perhaps ancient, role in the segmental patterning of vertebrae. Copyright© Thomson
Reuters 2009
Descriptors: zebrafish embryos, cell biology, development, molecular genetics, skeletal
system, resegmentation model, segmentation.

Flores, M.V, E.Y. Lam, P. Crosier, and K. Crosier (2006). A hierarchy of Runx transcription factors
modulate the onset of chondrogenesis in craniofacial endochondral bones in zebrafish.
Developmental Dynamics 235(11): 3166-76. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, cartilage embryology, chondrogenesis genetics, develop-
mental gene expression regulation, transcription factors physiology, growth and development,
bone and bones chemistry, bone and bones embryology , branchial region embryology, car-
tilage chemistry, cartilage metabolism, chondrogenesis drug effects, chemistry, metabolism,
endoderm chemistry, endoderm metabolism, face embryology, antisense oligonucleotides
pharmacology, skull chemistry, skull embryology, transcription factors analysis, transcription
factors genetics, genetics, proteins analysis.

Information Resources on Zebrafish (2010) 163


http:QL801.A4

Formstone, C.J. and I. Mason (2005). Combinatorial activity of Flamingo proteins directs con-
vergence and extension within the early zebrafish embryo via the planar cell polarity
pathway. Developmental Biology 282(2): 320-35. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: The seven-transmembrane protocadherin, Flamingo, functions in a number of
processes during Drosophila development, including planar cell polarity (PCP). To assess the
role(s) of Flamingo1/Celsr1 (Fmil) during vertebrate embryogenesis we have exploited the
zebrafish system, identifying two Fmil orthologues (zFmila and zFmilb) and employing
morpholinos to induce mis-splicing of zebrafish fmil mRNAs, to both imitate mutations
identified in Drosophila flamingo and generate novel aberrant Flamingo proteins. We dem-
onstrate that in the zebrafish gastrula, Fmil proteins function in concert with each other
and with the vertebrate PCP proteins, Wntl1 and Strabismus, to mediate convergence and
extension during gastrulation, without altering early dorso-ventral patterning. We show

that zebrafish Fmila promotes extension of the entire antero-posterior axis of the zebrafish
gastrula including prechordal plate and ventral diencephalic precursors. However, while we
show that control over axial extension is autonomous, we find that Fmila is not required
within lateral cells undergoing dorsal convergence.

Descriptors: zebrafish embryology, body patterning physiology, cadherins metabolism, cell
polarity physiology, signal transduction physiology, proteins metabolism, base sequence, cad-
herins genetics, molecular cloning, cluster analysis, DNA primers, glycoproteins metabolism,
membrane proteins metabolism, molecular sequence data, phylogeny, reverse transcriptase

PCR , DNA sequence analysis, Wnt proteins.

Foucher, I., M. Mione, A. Simeone, D. Acampora, L. Bally Cuif, and C. Houart (2006). Differentia-
tion of cerebellar cell identities in absence of Fgf signalling in zebrafish Otx morphants.
Development 133(10): 1891-900. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Although the secreted molecule Fgf8 is a key player of the isthmic organiser func-
tion, the mechanisms by which it acts remain unclear. Here, we present evidence indicating
that Fgf8 is not instructive in establishing zebrafish cerebellar cell identities, although it

is required for proliferation and morphogenesis of this territory. We first show that, as in
mouse, lack of Otx function in zebrafish leads to transformation of the presumptive mes-
encephalon into an extended rhombomere 1 (r1). Expanded Fgf8 expression was proposed
to be the cause of this fate transformation. However, this report demonstrates that zebrafish
embryos lacking both Otx and fgf8 functions retain an extended r1 and display differentia-
tion of at least two cerebellar cell fates. We show that this is not caused by presence of other
Fgfs, which implies that in absence of Otx, Fgf function is not necessary for the differentia-
tion of cerebellar cell types. Otx proteins are therefore potent repressors of cerebellar fates,
kept out of r1 progeny by Fgf8. Because Otx transcripts are not present in presumptive

rl territory prior to fgf8 expression, Fgf8 is required to maintain, rather than induce, the
posterior boundary of Otx expression. This maintenance is enough to allow cerebellar differ
entiation.

Descriptors: zebrafish embryology, cell differentiation, cerebellum cytology, Otx transcrip-
tion factors metabolism, proteins metabolism, cell proliferation, cerebellum embryology
fibroblast growth factor 8 metabolism, Fgf metabolism, mesencephalon embryology, micro-
injections, mutation, antisense oligonucleotides pharmacology, pyrroles pharmacology,
rhombencephalon embryology, signal transduction drug effects, metabolism.
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Francisco Simao, M., M. Perez Camps, and F. Garcia Ximenez (2007). Zebrafish embryo develop-
ment can be reversibly arrested at the MBT stage by exposure to a water temperature of
16 degrees C. Spanish Journal of Agricultural Research 5(2): 181-185. ISSN: 1695 971X.
NAL Call Number: $3.5636
Abstract: Germline chimaerism (intra or interspecific) is a technique of great potential in
aquaculture. It allows specimens to be obtained that produce gametes whose origins lie in the
cells of the donor organism. Chimaerism is usually performed at the mid blastula transition
(MBT) stage since this is the last in which embryonic cells remain completely totipotent.
Zebrafish are photoperiodic in their egg-laying behaviour and show rapid embryonic devel-
opment. For chimaerism to be successful, it is of interest to establish the maximum time
over which embryonic development can be reversibly arrested. This paper reports the effect
on survival of subjecting zebrafish embryos at different stages of development to a water
temperature of 16 degrees C for different lengths of time. The maximum exposure time after
which these embryos were able to resume development following low-temperature-induced
developmental arrest became shorter as the embryonic stage exposed became earlier. At the
MBT stage, the maximum safe exposure time was 2 h; longer exposure times led to problems
in development and survival. Copyright © 2008 CABI
Descriptors: zebrafish, chimaeras, embryonic development, embryos, fish eggs, survival,
water temperature, Danio rerio.

Language of Text: Spanish.

Freisinger, C.M. and D.C. Slusarski (2005). Calcium signaling and regulation of G-proteins in
zebrafish development. Federation of American Societies for Experimental Biology Journal
19(5, Suppl. S, Part 2): A1338. ISSN: 0892 6638.

NAL Call Number: QH301.F3

Abstract: Progression from egg to embryo requires a dynamic interaction of signal trans-
duction networks. We combine cellular, molecular and genetic analysis with high-resolution
calcium imaging to investigate how signaling networks influence embryonic patterning,.
Inhibition of maternal endogenous Ca2+ release induces hyperdorsalized phenotypes in

the zebrafish (Danio rerio). We have linked calciummodulation with Non-canonical Writ
signaling and defined a requirement for G-protein signaling. We investigate the regulation
of downstream signaling components such as regulators of G-protein Signaling (RGS) and
Ca2+-sensing proteins in early zebrafish development. Cloning and characterization of RGS
family members will be discussed as well as loss-of-function analyses. Copyright©Thomson
Reuters 2009

Descriptors: zebrafish embryo, development, calcium, g-proteins, signal transduction net-
works.

French, C.R., T. Erickson, D. Callander, K.M. Berry, R. Koss, D.W. Hagey, J. Stout, K. Wuen-
nenberg Stapleton, J. Ngai, C.B. Moens, and A.]. Waskiewicz (2007). Pbx homeodomain
proteins pattern both the zebrafish retina and tectum. BioMed Central Developmental
Biology 7: 85. ISSN: 1471 213X.

NAL Call Number: QH491.B63

Abstract: BACKGROUND: Pbx genes encode TALE class homeodomain transcription
factors that pattern the developing neural tube, pancreas, and blood. Within the hindbrain,
Pbx cooperates with Hox proteins to regulate rhombomere segment identity. Pbx cooper-
ates with Eng to regulate midbrain-hindbrain boundary maintenance, and with MyoD to
control fast muscle cell differentiation. Although previous results have demonstrated that
Pbx is required for proper eye size, functions in regulating retinal cell identity and patterning
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have not yet been examined. RESULTS: Analysis of retinal ganglion cell axon pathfinding
and outgrowth in pbx2/4 null embryos demonstrated a key role for pbx genes in regulating
neural cell behavior. To identify Pbx-dependent genes involved in regulating retino-tectal
pathfinding, we conducted a microarray screen for Pbx-dependent transcripts in zebrafish,
and detected genes that are specifically expressed in the eye and tectum. A subset of Pbx-
dependent retinal transcripts delineate specific domains in the dorso-temporal lobe of the
developing retina. Furthermore, we determined that some Pbx-dependent transcripts also
require Meis1 and Gdf6a function. Since gdf6a expression is also dependent on Pbx, we
propose a model in which Pbx proteins regulate expression of the growth factor gdf6a, which
in turn regulates patterning of the dorso-temporal lobe of the retina. This, in concert with
aberrant tectal patterning in pbx2/4 null embryos, may lead to the observed defects in RGC
outgrowth. CONCLUSION: These data define a novel role for Pbx in patterning the verte-
brate retina and tectum in a manner required for proper retinal ganglion cell axon outgrowth.
Descriptors: zebrafish, body patterning genetics, DNA binding proteins genetics, home-
odomain retina embryology, superior colliculus embryology, proteins genetics developmental
gene expression regulation, in situ hybridization, molecular probes, oligonucleotide array
sequence analysis, retinal ganglion cells physiology, genetics.

Fricke, C. and C.B. Chien (2005). Cloning of full-length zebrafish dcc and expression analysis

during embryonic and early larval development. Developmental Dynamics 234(3): 732-9.
ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, developmental gene expression regulation, larva genetics,
larva growth and development, cell surface receptors genetics, cell surface receptors metabo-
lism, genetics, amino acid sequence, molecular cloning, embryology, metabolism, molecular
sequence data, organ specificity, phylogeny, cell surface receptors chemistry, sequence align-
ment, amino acid sequence homology, time factors, growth and development, proteins
chemistry.

Fujimoto, T., T. Kataoka, S. Otani, T. Saito, T. Aita, E. Yamaha, and K. Arai (2004). Embryonic

stages from cleavage to gastrula in the loach Misgurnus anguillicaudatus. Zoological
Science 21(7): 747-755. ISSN: 0289 0003.

NAL Call Number: 442P92

Abstract: Early developmental staging from the zygote stage to the gastrula is a basic step
for studying embryonic development and biotechnology. We described the early embryonic
development of the loach, Misgurnus anguillicaudatus, based on morphological features and
gene expression. Synchronous cleavage was repeated for 9 cycles about every 27 min at 20
degrees C after the first cleavage. After the 10th synchronous cleavage, asynchronous cleav-
age was observed 5.5 h post-fertilization (hpf), indicating the mid-blastula transition. The
yolk syncytial layer (YSL) was formed at this time. Expressions of goosecoid and no tail were
detected by whole-mount in situ hybridization from 6 hpf. This time corresponded to the
late-blastula period. Thereafter, epiboly started and a blastoderm covered over the yolk cell at
8 hpf. At 10 hpf, the germ ring and the embryonic shield were formed, indicating the stage
of early gastrula. Afterward, the epiboly advanced at the rate of 10% of the yolk cell each
hour. The blastoderm covered the yolk cell completely at 15 hpf. The embryonic develop-
ment of the loach resembled that of the zebrafish in terms of morphological change and
gene expression. Therefore, it is possible that knowledge of the developmental stages of the
zebrafish might be applicable to the loach. Copyright © 2008 CABI

Descriptors: zebrafish, cleavage, cytology, developmental stages, embryonic development,
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embryos, fertilization, gene expression, genes, histology, morphology, zygotes, Misgurnus
anguillicaudatus, loach.

Fukuda, K. and Y. Kikuchi (2005). Review: Endoderm development in vertebrates: fate mapping,
induction and regional specification. Development Growth & Differentiation 47(6): 343-
355. ISSN: 0012-1592.
NAL Call Number: QL951.E4
Descriptors: zebrafish, amphibiotic species, biological development, digestive system, fresh-
water fish, glands, growth, respiratory system, skin, specifications, Danio rerio, Xenopus.
Notes: Review article.

Funfak, A., A. Brosing, M. Brand, and ].M. Kohler (2007). Micro fluid segment technique for
screening and development studies on Danio rerio embryos. Lab on a Chip 7(9): 1132-8.
ISSN: 1473-0197.

Abstract: The applicability of micro fluid segments for studying the behaviour of multicel-
lular systems, in particular embryonic development, has been investigated. It was found that
eggs from the zebrafish Danio rerio can be introduced into micro fluid segments without
serious damage by using perfluoromethyldecalin (PP9) as the carrier liquid and Teflon
(PTFE) as the tube material. The development processes of fish embryos were observed over
a time period of 80 hours, until hatching time. After five days, the fish larvae were brought
out of the micro fluid segments and transferred into breeding reservoirs. Effects of the
membrane-damaging anionic surfactant sodium dodecyl sulfate (SDS) alone and SDS with
the addition of CuCl(2) (copper(II) chloride) were investigated. By analyzing different end
points, we found inhibiting and also supporting effects on the development of the embryos.
Low SDS concentrations with and without copper(Il) ions were supportive, while higher
SDS concentrations led to negative impacts on the development of the embryos. The results
showed that automated micro screening processes with complex biological systems can be
performed using microfluidic systems and are applicable for future toxicological and drug
screening studies.

Descriptors: zebrafish, biological assay instrumentation, embryo culture techniques
instrumentation, embryonic development physiology, microfluidic analytical techniques
instrumentation, growth and development, biological assay methods, copper administra-
tion and dosage, embryo culture techniques methods, embryonic development drug effects,
equipment design, equipment failure analysis, microfluidic analytical techniques methods,
sodium dodecyl sulfate administration and dosage.

Furthauer, M., J. Van Celst, C. Thisse, and B. Thisse (2004). Fgf signalling controls the dorsoven-
tral patterning of the zebrafish embryo. Development 131(12): 2853-64. ISSN: 0950 1991.
NAL Call Number: QL951.D38
Abstract: The establishment of dorsoventral (DV) patterning in vertebrate embryos depends
on the morphogenic activity of a group of Tgftbeta superfamily members, the bone morpho-
genetic proteins (Bmps) (which specify ventral cell fates), and on their interaction with their
dorsally secreted cognate inhibitors chordin and noggin. In the zebrafish, genetic analysis has
revealed that Bmp2b and Bmp7, as well as their antagonist chordin, are required for proper
DV patterning. The expression of Bmp genes is initially activated in the whole blastula. Well
before the beginning of gastrulation, Bmp gene expression progressively disappears from the
dorsal side to become restricted to the ventral part of the embryo. We show that this early
restriction of Bmp gene expression, which occurs independently of noggin and chordin, is
an essential step in the establishment of DV patterning. The progressive ventral restriction
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of Bmp gene transcripts is coincident with the spreading of Fgf activity from the dorsal side
of the embryo, suggesting that Fgf signalling is implicated in dorsal downregulation of Bmp
gene expression. In accordance with this, activation of the Fgf/Ras/Mapk-signalling pathway
inhibits ventral Bmp gene expression, thereby causing a dorsalisation of the embryo. Con-
versely, inhibition of Fgf signalling causes Bmp gene expression to expand dorsally, leading to
an expansion of ventral cell fates. In accordance with an important role of Fgf signalling in
the DV patterning of the zebrafish, we show that loss of Fgf8 function enhances the ventrali-
sation of chordin-deficient embryos. Our results thereby demonstrate that pre-gastrula stage
Fgf-signalling is essential to delimit the expression domain of the genes encoding the func-
tional morphogen of the dorsoventral axis of the early zebrafish embryo.

Descriptors: zebrafish, body patterning physiology, transforming growth factor beta physiol-
ogy, blastomeres cytology, blastomeres physiology, bone morphogenetic bone morphogenetic,
cytology, physiology, fibroblast growth factor 8, Fgf genetics, developmental gene expression
regulation genetics, morphogenesis, organ culture techniques, signal transduction, genetic
transcription genetics.

Furutani Seiki, M., T. Sasado, C. Morinaga, H. Suwa, K. Niwa, H. Yoda, T. Deguchi, Y. Hirose,
A. Yasuoka, T. Henrich, T. Watanabe, N. Iwanami, D. Kitagawa, K. Saito, S. Asaka, M.
Osakada, S. Kunimatsu, A. Momoi, H. Elmasri, C. Winkler, M. Ramialison, F. Loosli, R.
Quiring, M. Carl, C. Grabher, and S. Winkler (2004). A systematic genome-wide screen
for mutations affecting organogenesis in medaka, Oryzias latipes. Mechanisms of Develop-
ment 121(7/8): 647-658. ISSN: 0925 4773.
NAL Call Number: QH607.A1C4
Abstract: A large-scale mutagenesis screen was performed in Medaka to identify genes acting
in diverse developmental processes. Mutations were identified in homozygous F3 progeny
derived from ENU-treated founder males. In addition to the morphological inspection of
live embryos, other approaches were used to detect abnormalities in organogenesis and in
specific cellular processes, including germ cell migration, nerve tract formation, sensory
organ differentiation and DNA repair. Among 2031 embryonic lethal mutations identi-
fied, 312 causing defects in organogenesis were selected for further analyses. From these,
126 mutations were characterized genetically and assigned to 105 genes. The similarity of
the development of Medaka and zebrafish facilitated the comparison of mutant phenotypes,
which indicated that many mutations in Medaka cause unique phenotypes so far unrecorded
in zebrafish. Even when mutations of the two fish species cause a similar phenotype such as
one-eyed-pinhead or parachute, more genes were found in Medaka than in zebrafish that
produced the same phenotype when mutated. These observations suggest that many Medaka
mutants represent new genes and, therefore, are important complements to the collection of
zebrafish mutants that have proven so valuable for exploring genomic function in develop-
ment. Copyright © 2008 CABI
Descriptors: zebrafish, abnormalities, DNA, embryos, genes, genomes, morphology, muta-
genesis, mutations, organogenesis, phenotypes, species differences, Danio rerio, Oryziﬂs
latipes.
Notes: Special issue.Medaka.

Furutani Seiki, M. and J. Wittbrodt (2004). Medaka and zebrafish, an evolutionary twin study.
Mechanisms of Development 121(7-8): 629-637. ISSN: 0925 4773.
NAL Call Number: QH607.A1C4

Descriptors: zebrafish, Danio rerio, medaka, Oryzias latipess, animals as tools, developmental
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genetics model species comparison, review, literature review, development, developmental
genetics, genetics.

Gajewski, M., D. Sieger, B. Alt, C. Leve, S. Hans, C. Wolff, K.B. Rohr, and D. Tautz (2003). Ante-
rior and posterior waves of cyclic herl gene expression are differentially regulated in the
presomitic mesoderm of zebrafish. Development 130(18): 4269-78. ISSN: 0950 1991.
NAL Call Number: QL951.D38
Abstract: Somite formation in vertebrates depends on a molecular oscillator in the pre-
somitic mesoderm (PSM). In order to get a better insight into how oscillatory expression is
achieved in the zebrafish Danio rerio, we have analysed the regulation of herl and her7, two
bHLH genes that are co-expressed in the PSM. Using specific morpholino oligonucleotide
mediated inhibition and intron probe in situ hybridisation, we find that her7 is required for
initiating the expression in the posterior PSM, while her1 is required to propagate the cyclic
expression in the intermediate and anterior PSM. Reporter gene constructs with the herl
upstream sequence driving green fluorescent protein (GFP) expression show that separable
regulatory regions can be identified that mediate expression in the posterior versus inter-
mediate and anterior PSM. Our results indicate that the cyclic expression is generated at
the transcriptional level and that the resulting mRNAs have a very short half-life. A specific
degradation signal for her]l mRNA must be located in the 5’-UTR, as this region also desta-
bilises the GFP mRNA such that it mimics the dynamic pattern of the endogenous herl
mRNA. In contrast to the mRNA, GFP protein is stable and we find that all somitic cells
express the protein, proving that herl mRNA is transiently expressed in all cells of the PSM.
Descriptors: zebrafish, developmental gene expression regulation, mesoderm physiology,
somites physiology, transcription factors metabolism, proteins metabolism, genetically modi-
fied, reporter genes, in situ hybridization, antisense oligonucleotides metabolism, phylogeny,
promoter regions genetics, transcription factors classification, transcription factors genetics,
growth and development, proteins classification.

Galloway, J.L., R.A. Wingert, C. Thisse, B. Thisse, and L.I. Zon (2005). Loss of gatal but not gata2
converts erythropoiesis to myelopoiesis in zebrafish embryos. Developmental Cell 8(1):
109-16. ISSN: 1534 5807.

NAL Call Number: QH573.C42

Abstract: The differentiation of hematopoietic progenitors into erythroid or myeloid cell
lineages is thought to depend upon relative levels of the transcription factors gatal and pu.1.
While loss-of-function analysis shows that gatal is necessary for terminal erythroid differ-
entiation, no study has demonstrated that loss of gatal alters myeloid differentiation during
ontogeny. Here we provide in vivo evidence that loss of Gatal, but not Gata2, transforms
primitive blood precursors into myeloid cells, resulting in a massive expansion of granulo-
cytic neutrophils and macrophages at the expense of red blood cells. In addition to this fate
change, expression of many erythroid genes was found to be differentially dependent on
Gatal alone, on both Gatal and Gata2, or independent of both Gata factors, suggesting that
multiple pathways regulate erythroid gene expression. Our studies establish a transcriptional
hierarchy of Gata factor dependence during hematopoiesis and demonstrate that gatal plays
an integral role in directing myelo-erythroid lineage fate decisions during embryogenesis.
Descriptors: zebrafish embryos, DNA binding , erythropoiesis physiology, myelopoiesis
physiology, transcription factors physiology, metabolism, genetically modified, cell death
physiology, cell differentiation physiology, erythroid progenitor cells metabolism, erythroid
specific DNA binding proteins genetics, factors, flow cytometry methods, GATAL1 transcrip-
tion factor, developmental gene expression regulation physiology, immunohistochemistry

Information Resources on Zebrafish (2010) 169



methods, in situ hybridization methods, in situ nick end labeling methods, microinjections
methods, transcription factors metabolism.

Gamse, J.T., Y.S. Kuan, M. Macurak, C. Brosamle, B. Thisse, C. Thisse, and M.E. Halpern (2005).

Directional asymmetry of the zebrafish epithalamus guides dorsoventral innervation of
the midbrain target. Development 132(21): 4869-81. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: The zebrafish epithalamus, consisting of the pineal complex and flanking dorsal
habenular nuclei, provides a valuable model for exploring how left-right differences could
arise in the vertebrate brain. The parapineal lies to the left of the pineal and the left habenula
is larger, has expanded dense neuropil, and distinct patterns of gene expression from the
right habenula. Under the influence of Nodal signaling, positioning of the parapineal sets
the direction of habenular asymmetry and thereby determines the left-right origin of habe-
nular projections onto the midbrain target, the interpeduncular nucleus (IPN). In zebrafish
with parapineal reversal, neurons from the left habenula project to a more limited ventral
IPN region where right habenular axons would normally project. Conversely, efferents from
the right habenula adopt a more extensive dorsoventral IPN projection pattern typical of
left habenular neurons. Three members of the leftover-related KCTD (potassium channel
tetramerization domain containing) gene family are expressed differently by the left and right
habenula, in patterns that define asymmetric subnuclei. Molecular asymmetry extends to
protein levels in habenular efferents, providing additional evidence that left and right axons
terminate within different dorsoventral regions of the midbrain target. Laser-mediated abla-
tion of the parapineal disrupts habenular asymmetry and consequently alters the dorsoventral
distribution of innervating axons. The results demonstrate that laterality of the dorsal fore-
brain influences the formation of midbrain connections and their molecular properties.
Descriptors: zebrafish embryology, body patterning, epithalamus embryology, mesencepha-
lon embryology, nervous system embryology epithalamus physiology, habenula embryology,
neurons, pineal gland.

Gamse, J.T., C. Thisse, B. Thisse, and M.E. Halpern (2003). The parapineal mediates left-right

asymmetry in the zebrafish diencephalon. Development 130(6): 1059-68. ISSN: 0950
1991.

NAL Call Number: QL951.D38

Abstract: The dorsal diencephalon (or epithalamus) of larval zebrafish displays distinct left-
right asymmetries. The pineal complex consists of the pineal organ anlage and an unpaired,
left-sided accessory organ - the parapineal. The neighboring brain nuclei, the left and right
dorsal habenulae, show consistent differences in their size, density of neuropil and gene
expression. Mutational analyses demonstrate a correlation between the left-right position of
the parapineal and the laterality of the habenular nuclei. We show that selective ablation of
the parapineal organ results in the loss of habenular asymmetry. The left-sided parapineal
therefore influences the left-right identity of adjacent brain nuclei, indicating that laterality
of the dorsal diencephalon arises in a step-wise fashion.

Descriptors: zebrafish embryology, diencephalon embryology, diencephalon growth and
development, embryonic induction physiology, nerve tissue nerve tissue proteins metabolism.

Gamse, J.T., K. Santhakumar, C. Thisse, B. Thisse, and M.E. Halpern (2005). Zebrafish from

beyond establishes left-right asymmetry of the zebrafish brain. Developmental Biology
283(2): 589. ISSN: 0012 1606.
NAL Call Number: 442.8D49
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Descriptors: zebrafish, molecular genetics, biochemistry and molecular biophysics, brain
asymmetry, nervous system, neural coordination, two hybrid screening, genetic techniques,
phenotype, left right asymmetry.

Gansner, J.M., B.A. Mendelsohn, K.A. Hultman, S.L. Johnson, and J.D. Gitlin (2007). Essential
role of lysyl oxidases in notochord development. Developmental Biology 307(2): 202-213.
ISSN: 0012-1606.
NAL Call Number: 442.8D49
Descriptors: zebrafish, developmental stages, embryonic development, freshwater fish,
genes, genetic abnormalities, inhibitors, parturition, Danio rerio.

Gao, Y., P Li, and L. Li (2005). Transgenic zebrafish that express tyrosine hydroxylase promoter
in inner retinal cells. Developmental Dynamics 233(3): 921-9. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Abstract: We have generated a transgenic zebrafish line [Tg(Th:GFP)] that expresses green
fluorescence proteins (GFP) driven by rat tyrosine hydroxylase (TH) promoter. In zebrafish,
the transgene was expressed as early as 16 hr postfertilization (hpf). The first transgene
expression was detected in the midbrain. Within a few hours of development, the expres-
sion spread to the forebrain and hindbrain. In the retina, the first transgene expression was
detected at approximately 40 hpf, at which time a single GFP-positive cell was seen in the
ventral-nasal patch of the retina. In late development, GFP spread across the inner retina.
GFP was found in retinal cells that expressed TH or phenylethanolamine N-methyl-trans-
ferase (PNMT), the first and last enzymes for synthesis of catecholamine, respectively. This
suggests that the transgene is expressed in catecholaminergic neurons. Of interest, GFP was
also detected in some retinal cells that release gamma-aminobutyric acid. These latter data
suggest that the transgene may also be expressed in noncatecholaminergic cells.
Descriptors: zebrafish embryos, developmental gene expression regulation, promoter regions
genetics, retina cytology, retina metabolism, tyrosine 3 monooxygenase genetics, genetics,
genetically modified, brain embryology, brain enzymology, reporter phenylethanolamine n
methyltransferase genetics, phenylethanolamine N methyltransferase metabolism, rats, retina
embryology, retina enzymology, trans tyrosine 3 monooxygenase metabolism, gamma amin-
obutyric acid metabolism.

Garcia Crespo, D. and E. Vecino (2004). Differential expression of calretinin in the developing
and regenerating zebrafish visual system. Histology and Histopathology 19(4): 1193-9.
ISSN: 0213-3911.

Abstract: Calretinin is a calcium-binding protein which participates in a variety of func-
tions including calcium buffering and neuronal protection. It also serves as a developmental
marker of retinal ganglion cells (RGCs). In order to study the role of calretinin in the devel-
opment and regeneration of RGCs, we have studied its pattern of expression in the retina at
different developmental stages, as well as during optic nerve regeneration by means of immu-
nohistochemistry. During development, calretinin is found for the first time in RGCs when
they connect with the optic tectum. Optic nerves from adult zebrafish were crushed and after
different survival times, calretinin expression in the retina, optic nerve tract and optic tectum
was studied. From the day of crushing to 10 days later, calretinin expression was found to be
downregulated within RGCs and their axons, as was also observed during the early develop-
mental stages of RGCs, when they are not committed to a definite cell phenotype. Moreover,
13 days after lesion, when the regenerating axons arrived at the optic tectum, a recovery of
calretinin immunoreactivity within the RGCs was observed. These results indicate that calre-
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tinin may play an important role during optic nerve regeneration, Thus, the down-regulation
of Calretinin during the growth of the RGC axons towards the target during development
as well as during their regeneration after injury, indicates that an increase the availability

of cytosolic calcium is integral to axon outgrowth thus recapitulating the pattern observed
during development.

Descriptors: zebrafish, calcium binding protein, vitamin D dependent metabolism, eye
proteins metabolism, optic nerve growth and development, optic nerve metabolism, retina
growth and development, retina metabolism, calcium metabolism, cell differentiation,
immunohistochemistry, nerve regeneration, optic nerve physiology, retina physiology, retinal
ganglion cells cytology, retinal ganglion cells metabolism, superior colliculus growth and
development, superior colliculus metabolism, time factors, anatomy and histology, growth
and development.

Gardiner, M.R., D.F. Daggett, L.I. Zon, and A.C. Perkins (2005). Zebrafish KLF4 is essential for
anterior mesendoderm/pre-polster differentiation and hatching. Developmental Dynamics
234(4): 992-6. ISSN: 1058 8388.
NAL Call Number: QL801.A4
Descriptors: zebrafish, cell differentiation physiology, endoderm physiology, developmental
gene expression regulation, kruppel like transcription factors metabolism, proteins metabo-
lism, endoderm metabolism, in situ hybridization, antisense oligonucleotides.

Gardiner, M.R., M.M. Gongora, S.M. Grimmond, and A.C. Perkins (2007). A global role for
zebrafish kif4 in embryonic erythropoiesis. Mechanisms of Development 124(9-10): 762-74.
ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: There are two waves of erythropoiesis, known as primitive and definitive waves

in mammals and lower vertebrates including zebrafish. The founding member of the Krup-
pel-like factor (KLF) family of CACCC-box binding proteins, EKLF/KIf1, is essential for
definitive erythropoiesis in mammals but only plays a minor role in primitive erythropoi-
esis. Morpholino knockdown experiments have shown a role for zebrafish klf4 in primitive
erythropoiesis and hatching gland formation. In order to generate a global understanding

of how klf4 might influence gene expression and differentiation, we have performed expres-
sion profiling of kIf4 morphants, and then performed validation of many putative target
genes by qRT-PCR and whole mount in situ hybridization. We found a critical role for kif4
in embryonic globin, heme synthesis and hatching gland gene expression. In contrast, there
was an increase in expression of definitive hematopoietic specific genes such as larval globin
genes, runxl and c-myb from 24 hpf, suggesting a selective role for klf4 in primitive rather
than definitive erythropoiesis. In addition, we show klf4 preferentially binds CACCC box
elements in the primitive zebrafish beta-like globin gene promoters. These results have global
implications for primitive erythroid gene regulation by KLF-CACCC box interactions.
Descriptors: zebrafish, erythropoiesis physiology, Kruppel-like transcription factors physiol-
ogy, gene expression profiling, developmental gene expression regulation physiology, globins
biosynthesis and genetics, heme biosynthesis, kruppel like transcription factors blood, physi-
ology, blood proteins.

Geldmacher Voss, B., A.M. Reugels, S. Pauls, and J.A. Campos Ortega (2003). A 90-degree rotation
of the mitotic spindle changes the orientation of mitoses of zebrafish neuroepithelial
cells. Development 130(16): 3767-80. ISSN: 0950 1991.
NAL Call Number: QL951.D38
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Abstract: In the neural plate and neural tube in the trunk region of the zebrafish embryo,
dividing cells are oriented parallel to the plane of the neuroepithelium, while in neural keel/
rod, cells divide perpendicular to it. This change in the orientation of mitosis is brought
about by a 90 degrees rotation of the mitotic spindle. As the two halves of the neural pri-
mordium in keel/rod stage are in apposition, the perpendicular orientation of mitoses in

this stage determines that daughter cells become allocated to both sides of the neural tube.
To assess the role played by cell junctions in controlling the orientation of dividing cells,

we studied the expression of components of adherens and tight junctions in the neuroepi-
thelial cells. We find that these proteins are distributed irregularly at the neural plate stage
and become polarised apically in the cell membrane only during the keel/rod stage. The
stereotypic orientation of mitoses is perturbed only weakly upon loss of function of the cell
junction components ASIP and aPKClambda, suggesting that mitotic orientation depends in
part on the integrity of cell junctions and the polarity of the epithelium as a whole. However,
the 90-degree rotation of the spindle does not require perfectly polarised cell junctions
between the neuroepithelial cells.

Descriptors: zebrafish embryology, cell polarity, central nervous system embryology, epi-
thelial cells physiology, mitosis physiology, mitotic spindle apparatus physiology, biological
markers, carrier proteins genetics and metabolism, cell movement physiology, central nervous
system cytology and physiology, epithelial cells cytology, isoenzymes, microinjections, anti-
sense oligonucleotides genetics and metabolism, protein kinase C metabolism, messenger
RNA genetics metabolism, recombinant fusion proteins metabolism, transgenes and metabo-
lism.

Gemballa, S., K. Hagen, K. Roeder, M. Rolf, and K. Treiber (2003). Structure and evolution of the
horizontal septum in vertebrates. Journal of Evolutionary Biology 16(5): 966-975. ISSN:
1010-061X.

NAL Call Number: QH359.]J68
Descriptors: zebrafish, animal morphology, bioenergetics, biological development, collagen,
evolution, freshwater fish, phylogeny, Danio rerio.

Georgijevic, S., Y. Subramanian, E.L. Rollins, O. Starovic Subota, A.C. Tang, and S.]. Childs (2007).
Spatiotemporal expression of smooth muscle markers in developing zebrafish gut. Devel-
opmental Dynamics 236(6): 1623-32. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, digestive system embryology and metabolism, develop-
mental gene expression regulation, smooth muscle metabolism, aging physiology, air sacs
embryology and metabolism, amino acid sequence, biological markers, conserved sequence,
embryology, metabolism, molecular sequence data, phylogeny, sequence alignment, time
factors, proteins chemistry and genetics.

Gering, M. and R. Patient (2005). Hedgehog signaling is required for adult blood stem cell for-
mation in zebrafish embryos. Developmental Cell 8(3): 389-400. ISSN: 1534 5807.
NAL Call Number: QH573.C42
Abstract: Studies with embryonic explants and embryonic stem cells have suggested a role
for Hedgehog (Hh) signaling in hematopoiesis. However, targeted deletion of Hh pathway
components in the mouse has so far failed to provide in vivo evidence. Here we show that
zebrafish embryos mutant in the Hh pathway or treated with the Hh signaling inhibitor
cyclopamine display defects in adult hematopoietic stem cell (HSC) formation but not in
primitive hematopoiesis. Hh is required in the trunk at three consecutive stages during vas-
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cular development: for the medial migration of endothelial progenitors of the dorsal aorta
(DA), for arterial gene expression, and for the formation of intersomitic vessel sprouts.
Interference with Hh signaling during the first two stages also interferes with HSC forma-
tion. Furthermore, HSC and DA formation also share Vegf and Notch requirements, which
further distinguishes them from primitive hematopoiesis and underlines their close relation-
ship during vertebrate development.

Descriptors: zebrafish embryo, hematopoiesis physiology, hematopoietic stem cells cytol-
ogy, signal transduction physiology, T lymphocytes cytology, trans activators metabolism,
body patterning drug effects, body patterning physiology, cell movement drug effects, cell
movement physiology, core bindingfactor alpha 2 subunit, DNA binding proteins genetics,
proteins metabolism, developmental gene expression regulation drug effects, developmental
gene expression regulation physiology, Hedgehog proteins, hematopoiesis drug effects, mem-
brane proteins metabolism, mutation genetics, physiologic neovascularization drug effects,
physiologic neovascularization physiology, proto oncogene proteins metabolism, Notch
receptors, signal transduction drug effects, trans activators genetics, transcription factors
metabolism, vascular endothelialgrowth factor A metabolism, veratrum alkaloids toxicity.

Gering, M., Y. Yamada, T.H. Rabbitts, and R.K. Patient (2003). Lmo2 and Scl/tall convert non-

axial mesoderm into haemangioblasts which differentiate into endothelial cells in the
absence of Gatal. Development 130(25): 6187-6199. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Descriptors: zebrafish, biochemistry and molecular biophysics, blood and lymphatics:
transport and circulation, cardiovascular system, development, angiogenic remodeling, eryth-
ropoiesis, hematopoiesis, myelopoiesis, vasculogenesis.

Germanguz, L., D. Lev, T. Waisman, C.H. Kim, and I. Gitelman (2007). Four twist genes in

zebrafish, four expression patterns. Developmental Dynamics 236(9): 2615-26. ISSN: 1058
8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, developmental biology methods, developmental gene
expression regulation, twist transcription factor biosynthesis, amino acid sequence, body pat-
terning, limb buds embryology, mesoderm metabolism, molecular sequence data, neural crest
embryology, phylogeny, messenger RNA metabolism, amino acid sequence homology, twist
transcription factor physiology.

Gestri, G., M. Carl, I. Appolloni, S.W. Wilson, G. Barsacchi, and M. Andreazzoli (2005). Six3

functions in anterior neural plate specification by promoting cell proliferation and
inhibiting BMP4 expression. Developmenr 132(10): 2401-2413. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Although it is well established that Six3 is a crucial regulator of vertebrate eye and
forebrain development, it is unknown whether this homeodomain protein has a role in the
initial specification of the anterior neural plate. In this study, we show that exogenous Six3
can expand the anterior neural plate in both Xenopus and zebrafish, and that this occurs in
part through Six3-dependent transcriptional regulation of the cell cycle regulators cyclinD1
and p27Xicl, as well as the anti-neurogenic genes Zic2 and Xhairy2. However, Six3 can
still expand the neural plate in the presence of cell cycle inhibitors and we show that this is
likely to be due to its ability to repress the expression of Bmp4 in ectoderm adjacent to the
anterior neural plate. Furthermore, exogenous Six3 is able to restore the size of the ante-
rior neural plate in chordino mutant zebrafish, indicating that it has the ability to promote

174

Development


http:QL801.A4

anterior neural development by antagonising the activity of the BMP pathway. On its own,
Six3 is unable to induce neural tissue in animal caps, but it can do so in combination with
Owx2. These results suggest a very early role for Six3 in specification of the anterior neural
plate, through the regulation of cell proliferation and the inhibition of BMP signalling.
Copyright©Thomson Reuters 2009

Descriptors: zebrafish, nervous system, neural coordination, molecular genetics, cell prolif-
eration, cell fate, Xenopus.

Ghiselli, G. and S.A. Farber (2005). D-glucuronyl C5-epimerase acts in dorso-ventral axis forma-
tion in zebrafish. BioMed Central Developmental Biology 5: 19. ISSN: 1471 213X.
NAL Call Number: QH491.B63
Abstract: BACKGROUND: Heparan sulfate (HS) is an ubiquitous component of the
extracellular matrix that binds and modulates the activity of growth factors, cytokines and
proteases. Animals with defective HS biosynthesis display major developmental abnormali-
ties however the processes that are affected remain to be defined. D-glucuronyl-C5-epimerase
(Glce) is a key HS chain modifying enzyme that catalyses the conversion of glucuronic acid
into iduronic acid, a biosynthetic step that enhances HS biological activity. In this study
the role of Glce during early zebrafish development has been investigated. RESULT'S: Two
Glce-like proteins (Glce-A and -B) are expressed in zebrafish at all times. They are the prod-
ucts of two distinct genes that, based on chromosomal mapping, are both orthologues of the
same single human gene. Transcripts for both proteins were detected in fertilized zebrafish
embryos prior to the onset of zygotic transcription indicating their maternal origin. At later
developmental stages the epimerases are expressed widely throughout gastrulation and then
become restricted to the hindbrain at 24 h post-fertilization. By monitoring the expression
of well characterized marker genes during gastrulation, we have found that misexpression of
Glce causes a dose-dependent expansion of the ventral structures, whereas protein knock-
down using targeted antisense morpholino oligonucleotides promotes axis dorsalization. The
ventralizing activity of Bmp2b is enhanced by Glce overexpression whereas Glce knockdown
impairs Bmp2b activity. CONCLUSION: Glce activity is an important determinant of
of dorso-ventral axis formation and patterning in zebrafish. In particular Glce acts during
gastrulation by affecting Bmp-mediated cell specification. The results obtained further cor-
roborate the concept that HS encodes information that affect morphogenesis during early
vertebrate development.
Descriptors: zebrafish, body patterning, carbohydrate epimerases physiology, bone morpho-
genetic embryonic development, heparitin sulfate.

Gibert, Y., A. Gajewski, A. Meyer, and G. Begemann (2006). Induction and prepatterning of the
zebrafish pectoral fin bud requires axial retinoic acid signaling. Development 133(14):
2649-59. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Vertebrate forelimbs arise as bilateral appendages from the lateral plate meso-
derm (LPM). Mutants in aldhla2 (raldh2), an embryonically expressed gene encoding a
retinoic acid (RA)-synthesizing enzyme, have been used to show that limb development and
patterning of the limb bud are crucially dependent on RA signaling. However, the timing
and cellular origin of RA signaling in these processes have remained poorly resolved. We
have used genetics and chemical modulators of RA signaling to resolve these issues in the
zebrafish. By rescuing pectoral fin induction in the aldhla2/neckless mutant with exogenous
RA and by blocking RA signaling in wild-type embryos, we find that RA acts as a permissive
signal that is required during the six- to eight-somite stages for pectoral fin induction. Cell-
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transplantation experiments show that RA production is not only crucially required from
flanking somites, but is sufficient to permit fin bud initiation when the trunk mesoderm is
genetically ablated. Under the latter condition, intermediate mesoderm alone cannot induce
the pectoral fin field in the LPM. We further show that induction of the fin field is directly
followed by a continued requirement for somite-derived RA signaling to establish a prepat-
tern of anteroposterior fates in the condensing fin mesenchyme. This process is mediated by
the maintained expression of the transcription factor hand2, through which the fin field is
continuously posteriorized, and lasts up to several hours prior to limb-budding. Thus, RA
signaling from flanking somites plays a dual early role in the condensing limb bud mesen-
chyme.

Descriptors: zebrafish embryos, body patterning, embryonic induction, anatomy and histol-
ogy, embryonic structures physiology, signal transduction physiology, tretinoin metabolism,
in situ hybridization, mesoderm cytology, mesoderm physiology, morphogenesis, somites
physiology, time factors, genetics.

Gilardelli, C.N., O. Pozzoli, P. Sordino, G. Matassi, and F. Cotelli (2004). Functional and hierar-

chical interactions among zebrafish vox/vent homeobox genes. Developmental Dynamics
230(3): 494-508. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish, homeobox genes, transcription factors genetics and, amino acid and
base sequence, body patterning genetics, bone morphogenetic proteins metabolism, drug
effects, developmental gene expression regulation, , microinjections, molecular sequence data,
antisense oligonucleotides pharmacology, phylogeny, tertiary protein structure, amino acid
sequence homology, genetics, proteins chemistry.

Gillhouse, M., M. Wagner Nyholm, H. Hikasa, S.Y. Sokol, and Y. Grinblat (2004). Two Frodo/

Dapper homologs are expressed in the developing brain and mesoderm of zebrafish.
Developmental Dynamics 230(3): 403-9. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Descriptors: zebrafish embryos, brain metabolism, mesoderm metabolism, proteins genetics
and metabolism, signal transducing adaptor proteins, amino acid sequence, carrier proteins
molecular evolution, molecular sequence data, open reading frames, tertiary protein struc-
ture, amino acid sequence homology, Xenopus proteins, proteins chemistry.

Gingerich, ].L., R. Lindeman, E. Putiri, K. Stolzmann, and E Pelegri (2006). Analysis of axis

induction mutant embryos reveals morphogenetic events associated with zebrafish yolk
extension formation. Developmental Dynamics 235(10): 2749-2760. ISSN: 1058 8388.
NAL Call Number: QL801.A4

Abstract: We analyze patterning and morphogenetic events during somitogenesis in hecate
mutant embryos, which exhibit early axis induction defects. The posterior region, in the
absence of a dorsal axis, is capable of forming organized gene expression patterns. The aber-
rant morphogenesis of mutant embryos is associated with anteriorly directed cell movements,
underlying the enveloping layer, from the posterior region. In both wild-type and mutant
embryos, these changes result in an accumulation of cells, whose location correlates with a
constriction in the posterior yolk cell, which in the wild-type corresponds to the yolk exten-
sion. The region encompassing the constriction corresponds to a region of expression of
zangptl2 in the yolk syncytial layer, which expands anteriorly together with the anteriorly
migrating tail bud-derived cell population. Our data indicate that yolk extension formation
is associated with coordinated changes involving the anterior migration of cells from the pos-

176¢

Development


http:QL801.A4
http:QL801.A4
http:QL801.A4

terior region, changes in surface cellular layers, and inductive gene expression events in the
YSL. Copyright © 2008 CABI

Descriptors: zebrafish, embryonic development, embryos, fish eggs, gene expression, genes,
morphogenesis, mutants, Danio rerio.

Glavic, A., S.M. Honore, C.G. Feijoo, F. Bastidas, M.L. Allende, and R. Mayor (2004). Role of
BMP signaling and the homeoprotein Iroquois in the specification of the cranial pla-
codal field . Developmental Biology 272(1): 89-103. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Different types of placodes originate at the anterior border of the neural plate

but it is still an unresolved question whether individual placodes arise as distinct ectodermal
specializations in situ or whether all or a subset of the placodes originate from a common
preplacodal field. We have analyzed the expression and function of the homeoprotein Iro I in
Xenopus and zebrafish embryos, and we have compared its expression with several preplacodal
and placodal markers. Our results indicate that the irol genes are expressed in the prepla-
codal region, being one of the earliest markers for this area. We show that an interaction
between the neural plate and the epidermis is able to induce the expression of several prepla-
codal markers, including Xiro I, by a similar mechanism to that previously shown for neural
crest induction. In addition, we analyzed the role of BMP in the specification of the pre-
placodal field by studying the expression of the preplacodal markers Six), Xirol, and several
specific placodal markers. We experimentally modified the level of BMP activity by three dif-
ferent methods. First, we implanted beads soaked with noggin in early neurula stage Xenopus
embryos; second, we injected the mRNA that encodes a dominant negative of the BMP
receptor into Xenopus and zebrafish embryos;, and third, we grafted cells expressing chordin
into zebrafish embryos. The results obtained using all three methods show that a reduction in
the level of BMP activity leads to an expansion of the preplacodal and placodal region similar
to what has been described for neural crest regions. By using conditional constructs of Xiro1,
we performed gain and loss of function experiments. We show that Xirol play an important
role in the specification of both the preplacodal field as well as individual placodes. We have
also used inducible dominant negative and activator constructs of Notch signaling compo-
nents to analyze the role of these factors on placodal development. Our results indicate that
the a precise level of BMP activity is required to induce the neural plate border, including
placodes and neural crest cells, that in this border the irol I gene is activated, and that this
activation is required for the specification of the placodes. Copyright 2004 Elsevier Inc. All
rights reserved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryos, biochemistry and molecular biophysics, development,
integumentary system, chemical coordination and homeostasis, nervous system, developmen-
tal biology, neurogenesis, Xenopus.

Gleason, M.R., R. Armisen, M.A. Verdecia, H. Sirotkin, . Brehm, and G. Mandel (2004). A muta-
tion in SERCA underlies motility dysfunction in accordion zebrafish. Developmental
Biology 276(2): 441-51. ISSN: 0012 1606.
NAL Call Number: 442.8D49
Abstract: Zebrafish acquire the ability for fast swimming early in development. The motility
mutant accordion (acc) undergoes exaggerated and prolonged contractions on both sides of
the body, interfering with the acquisition of patterned swimming responses. Our whole cell
recordings from muscle indicate that the defect is not manifested in neuromuscular trans-
mission. However, imaging of skeletal muscle of larval acc reveals greatly prolonged calcium
transients and associated contractions in response to depolarization. Positional cloning of acc
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identified a serca mutation as the cause of the acc phenotype. SERCA is a sarcoplasmic retic-
ulum transmembrane protein in skeletal muscle that mediates calcium re-uptake from the
myoplasm. The mutation in SERCA, a serine to phenylalanine substitution, is likely to result
in compromised protein function that accounts for the observed phenotype. Indeed, direct
evidence that mutant SERCA causes the motility dysfunction was provided by the finding
that wild type fish injected with an antisense morpholino directed against serca, exhibited
accordion-like contractions and impaired swimming. We conclude that the motility dys-
function in embryonic and larval accordion zebrafish stems directly from defective calcium
transport in skeletal muscle rather than defective CNS drive.

Descriptors: zebrafish, calcium transporting AT Pases genetics, calcium transporting
ATPases metabolism, swimming physiology, amino acid sequence, calcium metabolism,
calcium transporting ATPases chemistry, in situ hybridization, molecular models, molecular
sequence data, muscle contraction physiology and cytology, skeletal muscle physiology, muta-
tion, antisense oligonucleotides genetics, antisense oligonucleotides metabolism, patch clamp
techniques, phenotype, tertiary protein structure, anatomy, histology and genetics.

Glickman, N.S., C.B. Kimmel, M.A. Jones, and R.J. Adams (2003). Shaping the zebrafish noto-

chord. Development 130(5): 873-87. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Promptly after the notochord domain is specified in the vertebrate dorsal meso-
derm, it undergoes dramatic morphogenesis. Beginning during gastrulation, convergence and
extension movements change a squat cellular array into a narrow, elongated one that defines
the primary axis of the embryo. Convergence and extension might be coupled by a highly
organized cellular intermixing known as mediolateral intercalation behavior (MIB). To learn
whether MIB drives early morphogenesis of the zebrafish notochord, we made 4D recordings
and quantitatively analyzed both local cellular interactions and global changes in the shape
of the dorsal mesodermal field. We show that MIB appears to mediate convergence and can
account for extension throughout the dorsal mesoderm. Comparing the notochord and adja-
cent somitic mesoderm reveals that extension can be regulated separately from convergence.
Moreover, mutational analysis shows that extension does not require convergence. Hence, a
cellular machine separate from MIB that can drive dorsal mesodermal extension exists in the
zebrafish gastrula. The likely redundant control of morphogenesis may provide for plasticity
at this critical stage of early development.

Descriptors: zebrafish embryology, cell movement physiology, morphogenesis, notochord
embryology, cell differentiation physiology, cell size, fluorescent dyes metabolism, kinetics,
confocal microscopy, notochord growth and development, T-box domain proteins genetics
and metabolism, time factors, growth and development, metabolism.

Gnugge, L., D. Meyer, and W. Driever (2004). Pancreas development in zebrafish. Mezhods in Cell

Biology 76: 531-51. ISSN: 0091-679X.

NAL Call Number: 442P92

Descriptors: zebrafish, pancreas embryology, body patterning genetics and physiology, cell
differentiation physiology, endoderm physiology, endothelial cells physiology, gene expression
regulation, Islets of Langerhans cytology and embryology, Islets of Langerhans growth and
development, mutation, notochord physiology, organogenesis, pancreas growth and develop-
ment, pancreas physiology and exocrine cytology, exocrine pancreas embryology, exocrine
pancreas growth and development, phenotype, transcription factors physiology, zebrafish
growth and development.
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Godinho, L., J.S. Mumm, PR. Williams, E.H. Schroeter, A. Koerber, S.W. Park, S.D. Leach, and
R.O. Wong (2005). Targeting of amacrine cell neurites to appropriate synaptic laminae
in the developing zebrafish retina. Development 132(22): 5069-79. ISSN: 0950 1991.

NAL Call Number: QL951.D38

Abstract: Cellular mechanisms underlying the precision by which neurons target their
synaptic partners have largely been determined based on the study of projection neurons.

By contrast, little is known about how interneurons establish their local connections in

vivo. Here, we investigated how developing amacrine interneurons selectively innervate the
appropriate region of the synaptic neuropil in the inner retina, the inner plexiform layer
(IPL). Increases (ON) and decreases (OFF) in light intensity are processed by circuits that are
structurally confined to separate ON and OFF synaptic sublaminae within the IPL. Using
transgenic zebrafish in which the majority of amacrine cells express fluorescent protein, we
determined that the earliest amacrine-derived neuritic plexus formed between two cell popu-
lations whose somata, at maturity, resided on opposite sides of this plexus. When we followed
the behavior of individual amacrine cells over time, we discovered that they exhibited distinct
patterns of structural dynamics at different stages of development. During cellular migra-
tion, amacrine cells exhibited an exuberant outgrowth of neurites that was undirected. Upon
reaching the forming IPL, neurites extending towards the ganglion cell layer were relatively
more stable. Importantly, when an arbor first formed, it preferentially ramified in either the
inner or outer IPL corresponding to the future ON and OFF sublaminae, and maintained
this stratification pattern. The specificity by which ON and OFF amacrine interneurons
innervate their respective sublaminae in the IPL contrasts with that observed for projection
neurons in the retina and elsewhere in the central nervous system.

Descriptors: zebrafish embryology, amacrine cells embryology, neurites physiology, retina
embryology, synapses physiology, amacrine cells cytology, genetically modified, reporter
genes, synapses genetics.

Goishi, K. and M. Klagsbrun (2004). Vascular endothelial growth factor and its receptors in
embryonic zebrafish blood vessel development. Current Topics in Developmental Biology 62:
127-52. ISSN: 0070 2153.

NAL Call Number: QL951.C8

Abstract: There is intense interest in how blood vessel development is regulated. A number
of vascular growth factors and their receptors have been described. The vascular endothelial
growth factor (VEGF) and its receptors are major contributors to normal mammalian vas-
cular development. These receptors include VEGFR-1, VEGFR-2, VEGFR-3, neuropilin-1
(NRP1), and NRP2. The function of these genes have been determined to some degree in
mouse gene targeting studies. These knockouts are embryonically lethal, and early death
can be attributed in part to lack of normal blood and lymphatic vessel development. More
recently, it has been demonstrated that zebrafish are an excellent model for studying the
genes and proteins that regulate embryonic vascular development. Zebrafish have a number
of advantages compared to mice, including rapid embryonic development and the ability

to examine and manipulate embryos outside of the animal. In this review, we describe some
of the earlier mouse VEGF/receptor functional studies and emphasize the development of
the zebrafish vasculature. We describe the zebrafish vasculature, zebrafish VEGF and VEGF
receptors, advantages of the zebrafish model, resources, and methods of determining growth
factor and receptor function.

Descriptors: zebrafish embryology, blood vessels embryology, blood vessels metabolism, vas-
cular endothelial growth factor receptor A metabolism, vascular endothelialgrowth factor A
metabolism, immunophilins and semaphorins metabolism, genetics.
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Goishi, K., P. Lee, A.]. Davidson, E. Nishi, L.I. Zon, and M. Klagsbrun (2003). Inhibition of

zebrafish epidermal growth factor receptor activity results in cardiovascular defects.
Mechanisms of Development 120(7): 811-22. ISSN: 0925-4773.

NAL Call Number: QH607.A1C4

Abstract: The physiological role of any of the epidermal growth factor (EGF) receptor
tyrosine kinases has yet to be determined in zebrafish. We isolated a zebrafish homologue

of EGFR (egfr) that shows a 63% amino acid overall identity to human EGFR but with
90% amino acid identity in the kinase domain. Whole mount in situ hybridization showed
ubiquitous distribution of egfr transcripts during gastrulation, somitogenesis and later stages.
When expressed in Chinese hamster ovary cells, zebrafish Egfr was a functional receptor

that responded to EGF by receptor tyrosine phosphorylation and activation of MAP kinase.
The function of zebrafish Egfr in vivo was determined by inhibiting its activity using EGFR
kinase inhibitors and antisense morpholinos (MO), which inhibited Egfr kinase activity and
translation of egfr messenger RNA into protein, respectively. The zebrafish is a particularly
excellent model for studying cardiovascular development because zebrafish are transparent
allowing direct visualization of the heart and circulation in the blood vessels. Inhibition of
zebrafish Egfr activity in vivo impeded blood flow via the outflow tract into the aorta and
impeded circulation in the axial and intersegmental vessels by 80 h post-fertilization. Analysis
of the heart showed that the heart chambers and pericardial sacs were dilated and the outflow
tracts were narrowed. Together these results suggested that zebrafish Egfr has a cardiovascular
function in the developing zebrafish that is required for normal circulation.

Descriptors: zebrafish embryology, rats, cardiovascular abnormalities metabolism, epidermal
growth factor receptor metabolism, amino acid sequence, cardiovascular abnormalities etiol-
ogy, molecular sequence data, pyrimidines pharmacology, pyrroles pharmacology, receptor,
epidermalgrowth factor antagonists and inhibitors, tyrphostins pharmacology, metabolism.

Goishi, K., A. Shimizu, G. Najarro, S. Watanabe, R. Rogers, L.I. Zon, and M. Klagsbrun (20006).

Alpha A-crystallin expression prevents gamma-crystallin insolubility and cataract for-
mation in the zebrafish cloche mutant lens. Developmenr 133(13): 2585-93. ISSN: 0950
1991.

NAL Call Number: QL951.D38

Abstract: Cataracts, the loss of lens transparency, are the leading cause of human blindness.
The zebrafish embryo, with its transparency and relatively large eyes, is an excellent model
for studying ocular disease in vivo. We found that the zebrafish cloche mutant, both the
cloche(m39) and cloche(S5) alleles, which have defects in hematopoiesis and blood vessel
development, also have lens cataracts. Quantitative examination of the living zebrafish lens
by confocal microscopy showed significant increases in lens reflectance. Histological analysis
revealed retention of lens fiber cell nuclei owing to impeded terminal differentiation. Pro-
teomics identified gamma-crystallin as a protein that was substantially diminished in cloche
mutants. Crystallins are the major structural proteins in mouse, human and zebrafish lens.
Defects in crystallins have previously been shown in mice and humans to contribute to cata-
racts. The loss of gamma-crystallin protein in cloche was not due to lowered mRNA levels
but rather to gamma-crystallin protein insolubility. AlphaA-crystallin is a chaperone that pro-
tects proteins from misfolding and becoming insoluble. The cloche lens is deficient in both
alphaA-crystallin mRNA and protein during development from 2-5 dpf. Overexpression of
exogenous alphaA-crystallin rescued the cloche lens phenotype, including solubilization of
gamma-crystallin, increased lens transparency and induction of lens fiber cell differentiation.
Taken together, these results indicate that alphaA-crystallin expression is required for normal
lens development and demonstrate that cataract formation can be prevented in vivo. In addi-
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tion, these results show that proteomics is a valuable tool for detecting protein alterations in
zebrafish.

Descriptors: zebrafish embryos, cataract veterinary, fish diseases genetics, crystalline lens
pathology, alpha crystallins genetics, gamma crystallins genetics, amino acid and base
sequence, cataract genetics, molecular cloning, DNA primers molecular sequence data, muta-
tion, reverse transcriptase PCR and metabolism, gamma crystallins metabolism.

Goldsmith, M.I., S. Fisher, R. Waterman, and S.L. Johnson (2003). Saltatory control of isometric
growth in the zebrafish caudal fin is disrupted in long fin and rapunzel mutants. Devel-
opmental Biology 259(2): 303-17. ISSN: 0012 1606.

NAL Call Number: 442.8D49

Abstract: Zebrafish fins grow by sequentially adding new segments of bone to the distal
end of each fin ray. In wild type zebrafish, segment addition is regulated such that an iso-
metric relationship is maintained between fin length and body length over the lifespan of
the growing fish. Using a novel, surrogate marker for fin growth in conjunction with cell
proliferation assays, we demonstrate here that segment addition is not continuous, but rather
proceeds by saltation. Saltation is a fundamental growth mechanism shared by disparate
vertebrates, including humans. We further demonstrate that segment addition proceeds

in conjunction with cyclic bursts of cell proliferation in the distal fin ray mesenchyme. In
contrast, cells in the distal fin epidermis proliferate at a constant rate throughout the fin
ray growth cycle. Finally, we show that two separate fin overgrowth mutants, long fin and
rapunzel, bypass the stasis phase of the fin ray growth cycle to develop asymmetrical and
symmetrical fin overgrowth, respectively.

Descriptors: zebrafish, fin rays, body patterning genetics, genetics, growth and develop-
ment, aging genetics, biological markers, body constitution genetics, body height genetics,
cell division, extremities growth and development, mutation, phenotype.

Goldsmith, M.I.,, M.K. lovine, T. O’Reilly Pol, and S.L. Johnson (2006). A developmental transi-
tion in growth control during zebrafish caudal fin development. Developmental Biology
296(2): 450-7. ISSN: 0012 1606.
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Abstract: A long-standing question in developmental biology is how do growing and devel-
oping animals achieve form and then maintain it. We have revealed a critical transition in
growth control during zebrafish caudal fin development, wherein a switch from allometric

to isometric growth occurs. This morphological transition led us to hypothesize additional
physiological changes in growth control pathways. To test this, we fasted juvenile and adult
zebrafish. Juvenile fins continued allometric growth until development of the mature bi-
lobed shape was completed. In contrast, the isometric growth of mature adult fins arrested
within days of initiating a fast. We explored the biochemical basis of this difference in physi-
ology between the two phases by assessing the sensitivity to rapamycin, a drug that blocks

a nutrient-sensing pathway. We show that the nutrition-independent, allometric growth
phase is resistant to rapamycin at 10-fold higher concentrations than are effective at arresting
growth in the nutrition-dependent, isometric growth phase. We thus link a morphologi-

cal transition in growth control between allometric and isometric growth mechanisms to
different physiological responses to nutritional state of the animal and finally to different
pharmacological responses to a drug (rapamycin) that affects the nutrition-sensing mecha-
nism described from yeast to human.

Descriptors: zebrafish, caudal fin development, tail growth and development, cell pro-
liferation drug effects, functional laterality physiology, mesoderm drug effects, mesoderm
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physiology, drug effects, nutritional status physiology, sirolimus administration and dosage,
tail cytology, physiology.

Goldsmith, P. and W.A. Harris (2003). The zebrafish as a tool for understanding the biology of
visual disorders. Seminars in Cell and Developmental Biology 14(1): 11-8. ISSN: 1084-9521.
NAL Call Number: QH573
Abstract: Retinal degenerations are the commonest cause of blindness in the Western world,
affecting 5% of the population, yet remain largely untreatable. A better understanding of
the mechanisms of disease is needed. Zebrafish fill a gap in the current repertoire of models,
offering genetic tractability in a vertebrate. Their retina has many similarities with a human
retina. Importantly, unlike rodents, they have rich colour vision, offering the potential to
model the macular degenerations. A variety of physiological assays, genetic manipulations
and histological tools have been developed and useful models of human disease created.
Descriptors: zebrafish, vision disorders etiology, blindness etiology, laboratory techniques
and procedures, animal models, retina anatomy and histology, retina pathology and degen-
eration etiology, vision disorders genetics and pathology, genetics.

Gomez-Skarmeta, ].L., B. Lenhard, and T.S. Becker (2006). New technologies, new findings, and
new concepts in the study of vertebate cis-regulatory sequences. Developmental Dynamics
235(4): 870-885. ISSN: 1058 8388.

NAL Call Number: QL801.A4

Abstract: All vertebrates share a similar early embryonic body plan and use the same regula-
tory genes for their development. The availability of numerous sequenced vertebrate genomes
and significant advances in bioinformatics have resulted in the finding that the genomic
regions of many of these developmental regulatory genes also contain highly conserved non-
coding sequence. In silico discovery of conserved noncoding regions and of transcription
factor binding sites as well as the development of methods for high throughput transgenesis
in Xenopus and zebrafish are dramatically increasing the speed with which regulatory ele-
ments can be discovered, characterized, and tested in the context of whole live embryos. We
review here some of the recent technological developments that will likely lead to a surge

in research on how vertebrate genomes encode regulation of transcriptional activity, how
regulatory sequences constrain genomic architecture, and ultimately how vertebrate form has
evolved. Copyright©Thomson Reuters 2009

Descriptors: zebrafish embryo, molecular genetics, development, evolution and adaptation,
gene expression, embryonic development, cis regulatory sequence, technological develop-
ments, Xenopus.

Gore, A.V,, S. Tao, J. Tian, and K. Sampath (2004). Vg1 restricts endoderm cell fate and move-
ment during zebrafish gastrulation. Developmental Biology 271(2): 616. ISSN: 0012 1606.
NAL Call Number: 442.8D49

Descriptors: zebrafish, molecular biophysics, development, gastrulation, endoderm cells.

Granato, M. (2003). On best behavior: cadherins drive slow muscle to their limits. Developmental
Cell 5(6): 819-820. ISSN: 1534 5807.
NAL Call Number: QH573.C42
Descriptors: zebrafish, biochemistry and molecular biophysics, cell biology, development,
muscular system.
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Grande, T. and B. Young (2004). The ontogeny and homology of the Weberian apparatus in the
zebrafish Danio rerio (Ostariophysi: Cypriniformes). Zoological Journal of the Linnean
Society 140(2): 241-254. ISSN: 0024 4082.

NAL Call Number: 410.9 L64

Abstract: The ontogeny of the Weberian apparatus was examined in the zebrafish, Danio
rerio, using both cleared and stained specimens and histology. Over 300 individuals from
four independent zebrafish lineages, ranging in size from 3 to 28 mm TL, were examined for
this study. Results provide a basic understanding of the development of the Weberian appa-
ratus in the wild-type zebrafish. Our results, in conjunction with those already published,
point to substantial variation in the development of the Weberian apparatus among otoph-
ysans and new interpretations of the homology of certain ossicles (e.g. tripus and claustrum).
Hypotheses of homology among various Weberian ossicles are considered and represent an
important step in understanding the evolution of sound transmission in ostariophysan fishes.
Descriptors: zebrafish, Danio rerio, ear, Weberian apparatus, ontogeny, homology, develop-
ment, homology.

Grandel, H., J. Kaslin, J. Ganz, I. Wenzel, and M. Brand (2006). Neural stem cells and neurogen-
esis in the adult zebrafish brain: origin, proliferation dynamics, migration and cell fate.
Developmental Biology 295(1): 263-77. ISSN: 0012 1606.
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Abstract: Lifelong neurogenesis in vertebrates relies on stem cells producing proliferation
zones that contain neuronal precursors with distinct fates. Proliferation zones in the adult
zebrafish brain are located in distinct regions along its entire anterior-posterior axis. We show
a previously unappreciated degree of conservation of brain proliferation patterns among
teleosts, suggestive of a teleost ground plan. Pulse chase labeling of proliferating populations
reveals a centrifugal movement of cells away from their places of birth into the surround-
ing mantle zone. We observe tangential migration of cells born in the ventral telencephalon,
but only a minor rostral migratory stream to the olfactory bulb. In contrast, the lateral tel-
encephalic area, a domain considered homologous to the mammalian dentate gyrus, shows
production of interneurons and migration as in mammals. After a 46-day chase, newborn
highly mobile cells have moved into nuclear areas surrounding the proliferation zones. They
often show HuC/D immunoreactivity but importantly also more specific neuronal identi-
ties as indicated by immunoreactivity for tyr