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Four major y-crystallin subfractions have been isolated from the carp (Cyprinus carpio) and their N-terminal sequences determined by Edman protein sequencing. Extensive homologies indicative of close relatedness in their primary structure were found in these four y-crystallin polypeptides. Comparison of the carp
N-terminal sequences with those of mammalian and amphibian y-crystallins also showed a high degree of
homology present in their N-terminal segments despite the dissimilarity of amino acid compositions of fish
y-crystallins to those of higher classes of vertebrates. The distinct yet closely-related partial sequences of
carp y-crystallins could account for the profound microheterogeneity detected in the characterization of carp
crystallins, suggesting the presence of a multigene family for y-crystallin in the lowest class of vertebrates,
i.e. the fish.
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1. INTRODUCTION
Lens crystallins form a complex group of evolutionarily related polypeptides of vertebrate lenses
and comprise several major classes of proteins with
various extents of heterogeneity [l-3]. Recent protechniques
has
gress in recombinant-DNA
facilitated the elucidation of gene structures and
their corresponding protein sequences from several
different species [4-71. We have successfully
characterized mRNA from the carp lenses and
established the complementary
DNA (cDNA)
library from the same species of fish [8]. In this
communication we wish to report the N-terminal
sequences of the four major y-crystallin polypepcation-exchange
isolated
from
the
tides
chromatography of carp y-crystallins. The closelyrelated N-terminal sequences for these subfractions of y-crystallins attest to the existence of a
multigene family for y-crystallins of the fish,
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similar to those found for the higher classes of
vertebrates [9, lo].
2. MATERIALS

AND METHODS

Carp (Cy~~inu.5 carpid) lens crystallins were
isolated and characterized as described before
[ 11,121. The y-crystallin fraction obtained from
gel-permeation chromatography of total carp soluble crystallins on Fractogel TSK HW-55 (S) was
further separated into its subfractions on TSK
CM-650 (S) cation-exchange column with a linear
gradient of 0.05-0.25 M ammonium acetate in the
presence of 0.1% 2-mercaptoethanol, pH 5.9.
Discontinuous
native gel (3% stacking/S%
resolving gel) electrophoresis was done according
to Davis [ 131. SDS-polyacrylamide slab gel (5%
stacking/l4070 resolving gel) was as described [14]
with some modifications.
N-terminal sequences of the four major frac-
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tions from the cation-exchange column were carried out by automated Edman degradation with a
gas-phase protein sequencer (model 47OA, Applied
Biosystems). The lyophilized crystallin samples
were dissolved in 200 ~1 of 0.1% SDS and 10 /cl
each containing about 5 nmol of y-crystallins used
for sequence determinations. Since the authentic
phenylthiohydantoin
(PTH) derivative of cysteine
was not usually recovered in good yield to be
detected with a reversed-phase HPLC system, the
alkylation
of the crystallin
samples
with
iodoacetamide by the procedure of Crestfield et al.
[ 151 was also performed for the determination of
PTH derivative of S-carboxyamidomethylcysteine.
3. RESULTS AND DISCUSSION
The preliminary
characterization
of lens
crystallins from two species of carp (Cuprinus curpio and Ctenopharyngodon idellus) has indicated a
major predominance of y-crystallin at both the
level of cDNA and in the in vitro translation products [8]. Due to the unusually high content of
methionine (14%) in their amino acid compositions, it is deemed necessary to determine the partial N-terminal protein sequences in order to locate
the initiation codon of the open reading frame in
one of the cloned cDNAs. It is of interest to find
a profound heterogeneity present in the aminoterminal segments of each purified fraction and a
homology of their sequences to those of frog and
calf y-crystallins reported previously [9,16].
Fig.1 showed the elution pattern of the totaI ycrystallin fraction isolated from the gel-permeation
chromatography [8] on a cation-exchange column
using a salt-gradient elution buffer. Efforts have
been made to ensure a conservative collection of
the 4 major peaks for sequence analyses, the
shoulders and trailing edges of elution peaks being
excluded. These fractions represented the 4 major
bands shown in the gel electrophoresis (lane 3 of
fig.2), indicative of the presence of at least 4
isoproteins
(charge isomers) with a similar
molecular mass of about 20 kDa as determined by
SDS-PAGE (lane 2 of fig.2). Some faint minor
bands could also be detected on the gel despite
their relatively smaller amounts as compared to the
4 major subfractions.
The complexity of ycrystallin polypeptides is similar to those found for
the mammalian y-crystallins [10,17]. It is a prere108
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Fig. 1. Cation-exchange
CM-650(S) (2.5 x 15 cm column) of crude y-crystallin
fraction isolated from gel-permeation chromatography
[ 121. The column eluents (2.4 ml/tube per 2.7 min) were
monitored for absorbance at 280 nm. About 50 mg of
crude crystallins dissolved in the starting buffer of
0.05 M ammonium
acetate with 0.1% 2-mercaptoethanol, pH 5.9, was applied to the column equilibrated
in the same buffer. Elution was carried out in two steps:
(A) elution with starting buffer and (B) elution with a
linear gradient of 0.05-0.25 M ammonium acetate in
0.1% 2-mercaptoethanol, pH 5.9. Solid bars under the
4 major subfractions (y-1 to r-IV) indicate pooled
fractions used for N-terminal sequence analyses.

quisite to obtain the detailed information in their
primary sequences in order to establish the basis
for the multiplicity of the crystallin polypeptides.
Protein sequencing and molecular cloning of the
cDNAs encoding the corresponding crystallin peptides were hence simultaneously started for the
carp crystallins. Table 1 summarized the sequenced
N-terminal segments for the 4 subfractions of ycrystallins.
It is clear that the four subfractions of ycrystallin are closely related to each other with
almost identical N-terminal sequences except
minor changes at some of the residues (table 1). In
fact, several crystallin cDNA clones have been
isolated and one of the clones was found to encode
the N-terminal segment of y-11 (Chang et al.,
manuscript in preparation). There are 5 positions
in y-11 at which two amino acids have been identified by Edman degradation in a gas-phase sereasons
quencer . The
for
these
microheterogeneities are still unknown. Although the existence of allelic variants (genetic polymorphism)
from the pooled lenses of different individual
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Table 1

The

Residue
no.

Fig.2. Gel electrophoresis of carp y-crystallins under
native and denaturing conditions. Lanes 1 and 2: SDSPAGE in the presence of 5 mM dithiothreitol.
(1)
Standard protein markers (transferrin, 80 kDa; bovine
serum albumin, 66 kDa; ovalbumin, 45 kDa; carbonic
anhydrase, 30 kDa; soybean trypsin inhibitor, 20 kDa)
and (2) crude y-crystallins with a molecular mass of
about 20 kDa. Lane 3: electrophoresis of crude ycrystallins under nondenaturing conditions. The fastest
moving band corresponds to y-1 and the slowest one
y-IV.
carps may not be ruled out, it is more likely that

these polypeptides are the products of various
nonallelic genes similar to those found in ycrystallins of mammalian lenses [17,18]. The
multiple nonallelic genes encoding y-crystallins are
not uncommon among the higher classes of
vertebrate lenses [4,9]. For instance, there are
more than 5 y-crystallin polypeptides encoded by
total rat lens mRNAs [4]. Judging from the extensive heterogeneity
present even in the short
segments of these 4 y-crystallin polypeptides, it is
to be expected that the complexity of y-crystallin
genes in the fish may be more pronounced than
those found in the higher classes of vertebrates.
Comparison of the amino-terminal sequences of
y-crystallins from the 4 different species (fig.3)
with distant evolutionary relationships showed a
high degree of sequence homology. The variations
at some of the residues are also conservative in
nature, i.e. Lys/Arg at residue no.9 and Phe/Leu
at residue no .25. The percentage of sequence iden-
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y-crystallin
amino-terminal
sequences
of
polypeptides from the carp lenses
Y-I

y-11

Gly
Lys
Ilu
Val/Thr
Phe
Tyr
Glu
Asp
Lys
Asn
Phe
Gln
Gly
Arg
His/Ser

Gly
Lys
Ilu/Val
Ilu
Phe
Tyr
Glu
Asp
Lys
Asn
Phe
Gln
Gly
Leu
Ser/His

Tyr
Glu
Cys
Asp
Ser/His
Asp
Cys
Ser/Ala
Asp
Phe/Met

Tyr
Glu/Asp
Cys
Asp/Met
Ser/His
Asp
Cys
Ala
Asp
Phe

y-111

Gly
Lys
Ilu
Thr
Phe
Tyr
Glu
Asp
Lys
Asn
Phe
Gln
Gly
Leu
Asn/His
TYr
Glu/Asp
Thr/Cys
Met
His/Ser
Asp
Cys
-

y-IV

Gly
Lys
Val/Ilu
Thr
Phe
Tyr
Glu
Asp
Lys
Asn
Phe
Gln
Gly
Leu
Ser/Asn
Tyr
Glu/Asp
Thr/Cys
Met
Ser/His
Asp
Cys
Ala
-

The residues with two amino acids denote those
positions where two PTH derivatives were detected by
gas-phase
sequencing.
Dash
lines
indicate
the
unidentified amino acids
tity for the 25 N-terminal

residues is 64% (16 out
of 25) between the fish and mammalian species. It
is noteworthy that the amino acid composition of
carp y-crystallin is quite different from those of
amphibian and mammalian crystallins [8,12], with
a characteristically high methionine content (14%)
similar only to that of invertebrate squid crystallin
(191. However there is no homology found between the N-terminal segments of carp and squid
crystallins ([20] and unpublished data).
It is estimated that there are about 25
methionine residues in the carp y-crystallin on the
basis of its methionine content (14%) and the
revised sequence [21] of calf y-11 [16] with 174
amino acid residues. We have so far detected only
109
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Fig.3. Comparison of N-terminal sequences of carp ycrystallin polypeptides with those of frog, calf and rat
crystallins. The sequences listed for carp y-crystallins
were taken from this study (table 1) and those for other
species from [9,21]. The sequence of the frog y-2
reported in [9] lacks the first 5 N-terminal amino acids.
Identical residues in 5 sequences are boxed. Amino acid
residues are represented by one-letter symbols.
one methionine
residue in the N-terminal
segment
of 25 amino acids. The uneven distribution
of
these methionine
residues may probably contribute
more sequence variation
between carp and other
mammalian
y-crystallins
in their middle and Cterminal regions of the sequences [22]. This needs
to await the nucleotide sequence analysis of several
cDNA clones for carp y-crystallins,
which is currently in progress.
In conclusion,
the partial sequence analysis of 4
major y-crystallin
polypeptides
has for the first
time revealed the presence of microheterogeneity
at their N-terminal
segments in the lowest class of
vertebrates,
the fish. The sequence comparison
of
the y-crystallin
polypeptides
from 3 major classes
of vertebrates
has provided some support for the
hypothesis of divergent evolution in the vertebrate
y-crystallin
family [23].
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