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The cDNA sequence of B crystallin B1 was deter-
mined from zebrafish (Danio rerio) and compared to
the corresponding genes of bovine, rat, chicken, hu-
man, and Xenopus. Multispecies comparison of super-
family diversity demonstrated B crystallin B1 homol-
ogy between zebrafish, bovine, chicken, and rat, but
large distances to B crystallin B2 and B3. Zebrafish
cDNA has a size of 943 nucleotides and encodes a
polypeptide of 233 amino acids. Zebrafish B crystallin
B1 shares 71.30, 75.86, and 71.00% similarities with
bovine, chicken, and rat B crystallin B1, respectively.
Northern blot analysis revealed a single 0.9-kb B crys-
tallin B1 transcript which was expressed and progres-
sively increased in the first 20 h of zebrafish embryo-
genesis. Whole-mount in situ hybridization revealed
that the B crystallin B1 transcript was only specifically
expressed in the lens region of the eye. A starvation
experiment revealed no variation in mMRNA levels after
14 and 21 days. An experiment in which hormone was
injected showed that the B crystallin Bl transcript
first increased 24 h after the injection of insulin-like
growth factor |1, insulin-like growth factor Il, or
growth hormone, then decreased 48 h after injection.
The B crystallin B1 transcript continuously increased
after insulin was injected. Taken together, our results
identify the early specific expression of g crystallin B1
within the lens. Despite small differences, these re-
sults indicate that both the structure of the g crystal-
lin B1 protein and its involvement with regulation by
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growth factors appear to have been remarkably
conserved. © 2001 Academic Press
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growth factor; insulin; growth hormone; starvation; in
situ hybridization.

The developing lens of zebrafish is an excellent
model system for the study of many fundamental mor-
phogenetic processes occurring during embryonic de-
velopment (1). The structure of the lens contains famil-
iar cytoskeletal and other proteins; the major part of
the macromolecular constituents are soluble proteins
of crystallins. The crystallins comprise an « crystallin
family and the B/ crystallin superfamily. A Crystallin,
B crystallin, and +y crystallin are specialized lens pro-
teins, each the product of genes that may have formed
from duplication and divergent evolution from the
same ancestors with different functions (2). The
present report concerns the g crystallin B1 gene of the
zebrafish. Since most of a fish’s lens in the water is in
direct contact with environmental factors (e.g., toxins,
nutritional factors, aquatic bacteria, and viruses), cat-
aracts may form easily. One of hopothesis for the prev-
alence of cataracts with age is that the chaperone ca-
pacity of « crystallin becomes exhausted with time (3).
However, B crystallins are expressed in both mitoti-
cally active and anterior epithelial cells in the chicken
(4). B crystallin B1 first appear in elongating equatorial
cells of the lens and accumulates in nondividing, pos-
terior fiber cells (5). Little is known about how insulin,
IGF-1, IGF-11, and GH affect the protein composition of
the lens fiber cells with possible consequences of cata-
racts. To address this question at the molecular level,
major lens structural proteins such as crystallins are
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being studied. They are not only abundantly synthe-
sized during various steps of embryogenesis but also
are expressed in a region-specific manner in the lens.
The B- and +y-crystallins are found only in fiber cells;
their mMRNAs appear and accumulate sequentially dur-
ing the course of in vitro and in vivo differentiation
(6—8). It is useful in in vitro fiber cell differentiation
studies to use B and vy crystallins as markers. The fiber
differentiation response can induce and specifically re-
spond to FGF, but it also modulates a differentiation
response in other growth factors. In vitro differentia-
tion of rat lens explants with the addition of both
insulin and FGF-2 resulted in a six-fold increase in the
ratio of y crystallin to B crystallin over that found when
only FGF-2 was added (9). In the presence of FGF-2,
IGF-1 or insulin will synergistically enhance both the
differentiation and proliferation responses; but only
proliferation occurs in the absence of FGF-2 (10, 11).
These effects appear to be mediated through the IGF-I
receptor. Under the background described above, we
attempted to identity zebrafish B crystallin B1 cDNA,
as well as its specific expression in developmental
stages, and hormonal regulation of B crystallin B1.
MRNA hybridization data imply an identical primary
transcript at 20 hpf. Whole-mount in situ hybridization
data show B crystallin B1l-specific expression in the
lens region. To prove whether growth factor regulation
is involved in B crystallin B1 gene expression, we used
real-time quantitative PCR to address the question. It
appears from our results that growth factor-dependent
expression will affect B crystallin B1 expression.

MATERIALS AND METHODS

Isolation of zebrafish B crystallin B1 cDNA clones and sequence
analysis. PCR primers for cloning g crystallin B1 cDNA are located
on conserved coding regions. PCR primers (Quality Systems, Taiwan
and Mdbio, Taiwan) were designed based upon the comparison re-
sults of B crystallin B1. CRQ1 primer, 5'-GATGGAGGTCCAGAAT-
GAGT,; CRQ2 primer, 5-GGAATGGACAGAGTCCGCAG; CRP1
primer, 5'-CGGGGTGGGAGTGCGACGGG; CRP2 primer, 5'-ACT-
CTGTCGCAGAAACCGTG; CRP3 primer, 5'-CGCCCACAGGGTT-
GGCACAT. Real-time quantitative PCR primers, 5-ATGTCTCA-
GACCGCCAAATCCGC; 5-CCTGGTCAAACAGGAAGATTTTG. A
zebrafish heart cDNA library and a zebrafish 24-h embryo cDNA
library were used as a template to amplify internal fragments as a
screening cDNA library probe. The PCR reaction was carried out in
a final volume of 100 pL. The reaction consisted of the cDNA library
liquids, 10 uL of 10X PCR buffer (HT Biotechnology, U.S.A.), 200 uM
of each dNTP, 1 ug of the IGFBP and HDLBP forward and reverse
primers, and 2.5 units of Taqg DNA polymerase. The reaction and
process followed those we published before (12-15). The PCR product
was purified by electroelution and used as a probe for isolating 1
million clones from a zebrafish heart cDNA library and a zebrafish
24-h embryo cDNA library by the plaque hybridization method, as
we published previously (12-15). B crystallin B1 cDNA was analyzed
with an automated Applied Biosystem 373A Genetic Analysis Sys-
tem. Nucleotides and the resulting translation sequences were
aligned and compared using the PILEUP and GAP programs (Ge-
netics Computer Group), respectively.
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RNA isolation and quantification of MRNA using real-time reverse
transcription polymerase reaction assays. Starvation and hormonal
treatment of gene regulation affected variations in mRNA levels.
Each 0.4-g zebrafish was injected intraperitoneally with 1 ug IGF-I
or 1 ug IGF-11 or 1 ug GH or 1000 wg insulin. After the injection, we
extracted total RNA at different times. Total RNA was isolated from
the starvation-treated and hormone-regulated zebrafish following
the manufacturer’s protocols (ULTRASPECTM-I1 RNA isolation sys-
tem; Biotecx Laboratories, U.S.A.). Each group was replicated three
times. Total RNA at 5 ug was transcribed as first-strand cDNA by a
random primer for the hormone regulation and starvation experi-
ments. Real-time quantitative PCR produced values which represent
an arbitrary unit defined as real-time quantitative PCR analysis of 3
crystallin B1 and B-actin transcripts from different fish. Five micro-
grams of total RNA was isolated from each tissue and transcribed to
50 wL of first strand cDNA; 1 uL of first strand cDNA and 1 ug of
each primer were used to run real-time quantitative PCR. An 18-pul
volume was loaded into the glass microcapillary reaction vessels. The
cDNA was denatured by heating to 96°C for 1 min. The template was
amplified by 50 cycles of denaturation for 30 s at 95°C, annealing of
primers at 60—65°C for 30 s and extension at 72°C for 10-20 s.
Fluorescence data was acquired during annealing or extension for
reactions containing SYBR Green I. Thereafter, PCR products were
identified by generating a melting curve. Since the melting curve of
a product is sequence specific, it can be used to observe the loss of
fluorescence at the denaturation temperature. The melting protocol
consisted of heating the samples to 96°C followed by cooling to 50°C
and slow heating at 0.2°C/s to 97°C while monitoring fluorescence.
The curve was then redrawn as the negative derivative of fluores-
cence with respect to temperature to generate a melting peak. Test
cDNA values were compared with standard cDNA and counted.
Primers were used at a concentration of 1 ug in each reaction. The
RT-PCR parameters followed the protocols of the LightCycler-DNA
Master SYBR Green | instrument (Roche). Relative quantities of
mRNA were calculated with a known quantity of PCR fragments of
B crystallin B1 and B-actin using the comparative threshold cycle
number of each sample fitted to a five-point standard curve.

Northern blot analysis and whole-mount in situ hybridization.
Total RNA was isolated from zebrafish at different developmental
stages using the guanidinium—phenol-chloroform extraction method
(31). Fractions of 10 wg of RNA were separated on 1.4%
formaldehyde/MOPS agarose gel, transferred to Hybond N+ nylon
membranes (Amersham), and fixed using UV irradiation cross-
linking (Stratagene). 8 crystallin B1 PCR fragments (bp 193—bp 597)
were radioactively labeled with [*P]dCTP (random primer kit, Strat-
agene) and used as a hybridization probe. Hybridization was carried
out overnight at 60°C. To study the expression of crystalline genes
during embryogenic lens development, embryos were fixed and pro-
cessed for whole-mount in situ hybridization (32). The isolated crys-
tallin cDNAs were used to synthesize sense and antisense RNA
probes by using a DIG RNA labeling kit (Boehringer Mannheim).
After hybridization at 62°C, specimens were washed at the same
temperature with 0.2X SSC, and positive signals were detected
using a DIG nucleic acid detection kit (Boehringer Mannheim).

RESULTS AND DISCUSSION

To isolate a full-length cDNA fragment coding the
zebrafish B crystallin B1 (EMBL Accession No.
AJ317957) protein, RT-PCR amplification of total RNA
of eyes was applied using oligonucleotide primers as
described under Materials and Methods. A PCR prod-
uct of approximately 405 bp encoding a truncated
cDNA product was cloned into the TOPO vector. Se-
quencing of the PCR fragments verified that the cloned
PCR products encoded the B crystallin B1 protein of
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1 ggcacgagetteccageacagetgtactcaageagacgttettgaacecct tcaccATGT

M-S
61 CTCAGACCGCCAAATCCGCCACCAACCAGGGCACCGATCCCAAGGAGAAGGGAGCTCCTG
QTAKSATNQGTDAKETZ KT GATPA
121 CCCCCGCTGCCACCAGCAAGGCTTCCAAGACCGGAGACCCCGGATTCATGOGTAACTACA
PAATSKASKTGDPOGFMGNYK
181 AAATCTTCCTGTTT CATGATOGY LTt
I FLFDQENFOQGRMMEVQNESC
241 CORTALGTTIBAT OO A THOACAGAT T Al Ty
M ERGMDRVY RS I1I
301 COFPUTTGUOTICRE A T AU TG SHEHE A X
FVAFEQTNFROGEMEFTILETZXKTESGE
361 s TN ALY WACAGTACCCCATTGA T TCTCAT 00T
YPRWDTWSNSYRSDCLMSTLE R
421 SICOTCATEGACL AT AAGATC TP ATIGAGCTTRCCOAUTICS
P11 RNDPMEIHNIKTICLFELSDTFHK
451 e ; T TN ———
GNKMETQEDDVYPTLWAHGEFZC
541 {1 CLLTCAG UIEK ACATARCICCG
DRVGSVRVYVPGGAWYGYQYPG
601 GCTACAGAGGATACCAGTATCTGTTTGAGTGTGGCGACTACAGACACTACAACGACTTTT
YRGYQVYLFECGDYRHYNETFZC
661 GTGCCTTCCAGCCTCAGATCCAGTCCGTGCGCCGTGTGCGGGACATGCAGTTCCACCAGC
AFQPQI QSVRRYRDMOQEFTHA® QR
71 GCGGATGCTTCAACATGACCGCCGCTAAACAGTGAat ttagecct tgtageatageacet
g ¢ f nmtaakg*
781 cgcettetcatggegetttttatececgtacegeccecttttttctetgactecteccee
841 caccacagaataggttaatttaaattgtcccggaacatoteactgectttitatgatgee
901 aataataaacatgttttggaaaaataaaaaraaaaaaaaaaaa
FIG. 1. Nucleotide sequence of B crystallin B1 cDNA and de-

duced aa sequence of the zebrafish B crystallin B1 protein (EMBL
Accession No. AJ317957). Uppercase letters in the nucleotide se-
quence represent the coding region of 699 bp; lowercase letters
represent the noncoding region. The coding sequence and start and
stop codons have been identified by aligning the nucleotide sequence
of zebrafish with the known B crystallin B1 sequence of chicken,
mouse, and human. Numbering of the nucleotide sequence is shown
on the left. The start and stop codons are shown in boldface.

zebrafish. Then, using the internal fragment as a
probe, we screened about 1 million recombinant bacte-
riophages from a 48-h zebrafish cDNA library, and
finally obtained four positive colonies. The recombi-
nant plasmids of each of these clones were in vivo
excised, extracted, and sized by 1% agarose gel electro-
phoresis. One of the four clones was chosen for further
studies. The size of the cDNA appeared to be about 1 kb
and was identified as zebrafish g crystallin B1 by se-
quencing. The nucleotide sequences were originally
cloned into the EcoRI site of the phage ZAP vector.
Recombinant DNA was used for sequence analysis of
zebrafish B crystallin B1 as described in Fig. 1. The
zebrafish B crystallin B1 cDNA gene contains 81 bp in
5’UTR and 209 bp in 3'"UTR, and the coding region has
a length of 699 bp. The ATG to TGA domains of the 8
crystallin B1 mature peptide translated into a 233-
amino-acid residue. A common feature of mMRNASs in
higher vertebrates is the presence of the sequence
AATAAA in the region from 11 to 30 nucleotides up-
stream of the site of poly(A) addition. A putative poly-
adenylation signal sequence of AATAAA was found in
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the 3'UTR (929-934) of zebrafish B crystallin B1.
These two sites are separated from the above by 10
nucleotides. This indicates that zebrafish possibly uses
only one polyadenylation mechanism. Comparison of 3
crystallin B1 amino acids from different animals is
shown in Fig. 2. Zebrafish B crystallin B1 domains
compared to bovine B crystallin B1, chicken B crystal-
lin B1, rat B crystallin B1, bullfrog g crystallin B2, and
human B crystallin B2 domains possess similarities of
71.3,75.9, 71.0, 66.3 and 63.9%, and identities of 66.5,
65.9, 65.8, 56.59, and 53.7%, respectively. With pre-
dicted amino acid sequence comparison between ani-
mal species, we inferred that the ancestral g crystallin
B1 domains have been highly conserved. Comparison
of the aa sequences shows that zebrafish g crystallin
B1 is evolutionarily close to that of the chicken. How-
ever, the common feature of B crystallin B1 in all
animals reported is a proline—alanine (PAPA) sequence
in the N-terminus, which is thought to play a role in
interaction with cytoskeletal proteins and/or plasma
membranes (16). In zebrafish B crystallin B1 we have
found a proline- and alanine-rich sequence in its N-

1

bovine Bl MSQPAAKASATAAVNPGPDGKGK AGPPPGPAPGSGPAPAPAPAPAQPAPA
rat Bl MSQ. VAKAAATTAVNPG . YGKGKGTPSTGTAPAPGPTPVPA. . . SVPRPA
zebrafish Bl MSQTAKSAT .NQGTDAKEKG. . . ......... APAPAATSK. .. .A
chicken Bl MSETTKTAAPGOAAEDKEKA. .. ......... APAPAPSSDPTPVT
consensus scquence K X P PA
51

bovine Bl AK. AELP . PGSYKLVVFEQENFQGRRVEFSGECLNLGDRGFERVRST IVT
rat Bl AKVGELP . PGSYRLVVFEQENFQGRRVEF SGECLNLGDRGFDRVRSLIVL
zebrafish Bl SKTGDPGFMGNYK TFLFDQENFQGRMMEVONECMNVCERGMDRVRS T TVE
chicken Bl NSKGEEPSTEAFRTVTFEQENFQGROMEFTSECLNLADCGFDRVRSVIVS

consensus scquence FQENFQGR E  ECN G RVRS IV

101
bovine Bl SGPWVAFEQSNFRGEMFVLEKGEYPRWDTWSSSYRSDRLMSFRPIKMDAQ
rat Bl SGPWVAFEQSAFRGEMFVLEKGEYPRWDTWTSSYRSDRLMSFRPIRMDSQ
zebrafish Bl CGPFVAFEQTNFRGEMF 1 LEKGEYPRWDTWSNSYRSDCLMSLRP TRMDPM
chicken Bl SGPRVAYEQANMRGEMFTLEKGEYPRWDTWSSSYRSDCFMSMRPIRMEAE

consensus sequence GP VA EQ  RGEMF LEKGEYPRWDTW SYRSD MS RPI M

151

bovine Bl EHKLCLFEGANFKGNTME I QEDDVPSLWVYGFCDRVGSVRVSSGTWVGYQ
rat Bl BHKTCLEEGANFKGNTME IQEDDYPSLWVYGFCDRVGS TTVSSGTWVGYQ
zebrafish Bl EHKICLFELSDFKGNKMETQEDDVPTLWAHGFCDRVGSVRVPGGAWVGYQ
chicken Bl DHKTSLYESADFKGNKMD IQEDDVPSLWAYGFCDRVGSVKVPSGTWVGYQ

consensus scquence HKI L E  FKGN M IQEDDVP LW GFCDRVGS V G WVGYQ

201
bovine Bl YPGYRGYQYLLEPGDFRHWNEWGAFQPOMOAVRRLRDROWHREGCFPVLAAEPPK
rat Bl YPGYRGYQYLLEPGDFRHWNEWGAFQPQMOAVRRLRDRQWHQEGCFPVLTAEPPK
zebrafish Bl YPGYRGYQYLFECGDYRHYNEFCAFQPQIQSVRRVRDMOFHORGCENMTAAKQ
chicken Bl YPGYRGYQYLFETGDFRHWNEWCAFQPQIQSTRR TRDMOWDQKGTFVTPEAPSN

conscnsus sequence  YPGYRGYQYL E GD RH NE AFQPQ Q RR RD Q GF A

FIG. 2. Amino acid sequence comparison between bovine, rat,
chicken, and zebrafish crystalline B1 homologs. The deduced se-
quence of the zebrafish g crystallin B1 protein contains 222 aa.
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FIG. 3. Expression of zebrafish B crystallin B1 transcripts in the embryo stage and specifically in the lens region. (A) Northern blot analysis
of B crystallin B1 transcripts from embryogenesis stages. Ten micrograms of total RNA isolated from 50 embryos was probed with radioactively
labeled PCR-amplified (405 bp) B crystallin B1 fragments of zebrafish. 28S and 18S rRNA were used as a loading control. (B) In situ hybridization
of B crystallin B1 gene expression in the eye region of a zebrafish embryo. On the left is a dorsal view; on the right is the ventral.
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terminus; it does not have the typical PAPA sequence
observed in other published animal sequences (17).

Northern blot analysis of total RNA from various
embryo stages revealed cross-hybridization with
405-bp (PCR) *P-labeled B crystallin B1 fragments,
indicating a single B crystallin B1 transcript in the
embryo stages examined (Fig. 3A). Transcripts were
detectable early in embryogenesis at 20 hpf and of the
size of ~1 kb in length. At Xenopus stages 26 to 27,
the aA-crystallin signal was first detected, although
faintly, in the central region of the lens placode, while
the B crystallin B1 signal was first detected in a broad
area of the lens placode at stages 26 to 27 (18). Using
Northern blot and dot blot analysis of rat after birth,
the concentration of B crystallin B1 transcripts de-
creased sharply. The transcripts of B crystallin B1
genes were found until the third month after birth. The
results suggest that concentrations of the different
crystallin mRNAs are thus differentially regulated
(19). The time and place of the accumulation of 3 crys-
tallin B1 RNA in the developing zebrafish lens were
studied by in situ hybridization (Fig. 3B). In the rat, 8
crystallin B1 RNA could be seen only after elongation
of the primary fiber cells. B crystallin B1 RNA was
confined to fiber cells of fetal lenses, and B crystallin B1
RNA was relatively poorly detectable by in situ hybrid-
ization in both fetal and newborn rat lenses. Our re-
sults in zebrafish show that g crystallin B1 RNA begins
to accumulate as soon as in 20 phf with specific expres-
sion only in the lens region.

To determine the effect of starvation, insulin, IGF-I,
IGF-11, and GH on zebrafish B crystallin B1 RNA ex-
pression levels, various concentrations of these growth
factors were injected, and tissue was harvested and
assayed for the expression of B crystallin B1. Data are
shown in Fig. 4. There were no significant differences
in expression of B crystallin Bl mRNA by stage of
starvation in zebrafish (Fig. 4A). This proves that the
expression of zebrafish g crystallin B1 mRNA does not
play a role in impaired growth during nutritional re-
striction in starvation. Our data are demonstrable by
the injected effect as shown in Fig. 4B. After injection
with IGF-I, IGF-I11, or GH, we found that in the first
15 h, B crystallin B1 mRNA had decreased in compar-
ison to the control groups injected with IGF-1 or GH,
while in fish injected with IGF-1I or insulin, it had
increased. At 24 h after injection with IGF-1, IGF-I11, or
GH, the B crystallin B1 mRNA level had specifically
incrased. However, it had decreased by 48 h. With
injected insulin, B crystallin B1 mRNA levels increased
after 48 h. This proves that the expressed zebrafish 8
crystallin B1 mRNA is regulated by insulin families.
However, central explants from postnatal rats were
cultured with concentrations of FGF-2 known to stim-
ulate fiber differentiation or cell proliferation, with and
without IGF-1 or IGF-11 at concentrations ranging from
0 to 1000 ng/ml (20). IGF-1 has been proposed as a
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FIG. 4. Real-time quantitative PCR analysis of starvation-
treated and hormone-regulated gene expression of B crystallin B1.
(A) Analysis of B crystallin B1 gene expression for different lengths
of starvation containing 5 pg total RNA from adult zebrafish ana-
lyzed by real-time rapid cycle fluorescence PCR as described under
Materials and Methods. Measured values represent an arbitrary
unit (B crystallin B1 PCR value X (B-actin quantitative PCR
value) ® X 100%) as defined in Materials and Methods. (B) Analysis
of B crystallin B1 gene expression after injection of pure IGF-I,
IGF-11, GH, and insulin or saline with sacrifice of the animals 15, 24,
or 48 h after the injection. Values are the mean + SE of three
animals. *p < 0.05 compared with the control.

regulator of lens development. This suggestion arose
with the isolation of lentropin, a chick fiber cell differ-
entiation factor identical to IGF-1 (21). It has been
shown that excess IGF-1 does not stimulate premature
differentiation of epithelial cells in lens (22, 23). In
another report using chick epithelial explants, IGF-I
was involved in the activity of stimulating fiber cell
differentiation (24), while a different study found albeit
modest but similar activity in the rat (10). These data
possibly suggest that epithelial differentiation will oc-
cur in aA-1GF-I transgenics (25). It is possible that the
apparent discrepancy between mammalian, avian, and
fish species might be explained by evolutionary diver-
gence of the different signal transduction pathways for
IGF. To determine whether the primary effects of in-
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sulin occur at the level of B crystallin B1 mRNA vari-
ation, our present findings show that the expression of
B crystallin B1 mRNA was found to increase sharply 24
or 48 h after injection, depending on the different
growth factors injected, reaching a steady state level
48 h later for injected IGF-1 (Fig. 4B). The effects of
injected insulin reaching a peak level 48 h later agrees
with previous results (26, 27). The levels of B crystallin
B2 increase the concentration of mMRNA in the presence
of insulin and FGF-2. Given the fact that in a previous
study, crystallin mRNAs were shown to be stable, our
data suggest that insulin acts to increase the rate or
transcription. However, insulin receptors have not yet
been reported in rat lens or fish but have been shown to
be present in other mammalian (primate lenses) lens
cells (28). To integrate all that mentioned above, our
results infer that insulin and IGFs may play an impor-
tant physiological role in the fish lens.
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