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The mRNAs were extracted from common carp (Cyprinus carpio) lenses, purified, reverse transcribed, dC
tailed and cloned into Escherichia coli with pBR322 as vector. The cloning efficiency was around 1 - 10’
colonies per pug of mRNA. A clone (pC20) was found by hybrid-arrested translation to contain the cDNA
related to carp crystallins. However, comparison of the derived amino-acid sequence with bovine y-II and
B.-crystallins indicates that this carp crystallin sequence resembles closely the bovine B,-crystallin and should
be better classified as such except that this fish sequence does not contain the N-terminal ‘arm’ of four

amino-acid residues present in bovine B.-crystallin.

There are four major families of structural pro-
teins in the lens of vertebrate, known as a«, 8, ¥y
and 8 crystallins. The crystallins of each class are
expressed at a precise stage of lens development
[1]. In rat and newt, y-crystallin is the latest
expressed one in the embryonic lens epithelium
but the most abundant in the fiber cells [2]. In
various forms of cataract, y-crystallin was found
to be reduced in amounts [3]. Sequencing studies
of vy-crystallin DNA from rat [4,5], mouse [6,7],
frog [8], and man [9] have shown that the y-crys-
tallins are evolutionally well conserved. Recently
another monomeric variant closely related to y-
crystallin has been reported as the B, type [10].
Although considerable progress has been made as
indicated above, little is known about the struc-
ture of crystallins of the fish, which is the most
primitive class in the vertebrate. Here, we report
the nucleotide sequence of a cDNA corresponding
to a pB-crystallin from the lens of the carp
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(Cyprinus carpio). As far as we know, this is the
first reported crystallin cDNA sequence of the
fish.

The mRNAs of carp (C. carpio) lenses were
purified and identified as described previously
[11]. The cDNA library was constructed following
the method of Gubler and Hoffmann [12] with
pBR322 as vector. Positive clones were selected by
the method of hybrid-arrested translation [13].

One clone (hereafter named as pC20) was able
to abolish the in vitro translation of carp crystal-
lins almost completely when its plasmid DNA was
denatured and allowed to hybridize with the
mRNA of carp lenses. Therefore this pC20 must
contain a cDNA corresponding to one of the carp
crystallins. The ¢cDNA contained in pC20 was
then subjected to sequence determination [14] as
shown in Fig. 1. The complete nucleotide se-
quence with those of other known y-crystallins are
shown in Fig. 2. Excluding the dG.dC homopoly-
mer, which was introduced during cloning, the
length of the cDNA is 700 nucleotide pairs. The
longest open reading frame in the cDNA encodes
a polypeptide with 174 amino acids. The size of
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Aual Narl Marl Nor At this protein is similar to the known B, and y-crys-

“l ! A tallins [4-10). The 5’-end noncoding region up-
ptam‘zDzS'i P:[:X XL P]:;;anazz stream from the initiator ATG codon of this open

o ) N reading frame consists of 30 nucleotides. In 3’-end
—_— - noncoding region, we found the polyadenylation

signal, AATAAA, and a stretch of 36 A residues

— — following this signal. Fig. 3 shows the comparison

:’E"I ’i‘” j’:" o of the derived amino-acid sequence with bovine 3,

T2z and y-crystallins. It reveals 68% and 56% overall

D“C’F?ll PL pl;’”m homology when the carp sequence is compared
with bovine 8, and y-II, respectively. Even when

[0 | the respective motif 3 sequences are compared, the

Fig. 1. The sequencing strategy and restriction map for pC20. homology is as high as 63% between carp and ox.
(a) cDNA with poly dC tailing was inserted at the PstI site of The four-fold homology also shows that Gly-13
pBR322. (b) The same cDNA was subcloned at Pstl site of and Ser-34 are absolutely conserved at the topol-

pUC 19. The solid (for the pBR system) and open circles (for
the pUC system) are the sites for (a->?Plnucleotide labelling
by DNA polymerase I Klenow fragment.

ogy equivalent positions in all motifs in the three
proteins while an aromatic residue is always pre-

Carp  BS (6) )5 AGBCHCLECTECCAGECEAACCTCTELAGA
BoviNe 65 T6CA: CAMC : TETCTAMAGCT
CaRp 8§ ATGGGCCSGATCATTTTCTACGAGGACMGMCTTCCAGGGCCGTCGGTATGAGTGCGACAGCGACTGTTCGGACTTCCATGCCITCCTGAKCGGTGTMCCATCCGTGT6
Bovine Bs GGAAC:AAA::T:C::: TT::A:::::A:::::T::A:::::CMC;.:::CA:-'ATT:'::':HG As:TioessCATG:Az 22260250 :CotssserschiAss:
Fros v-2 : Barszes 1aCTiCaiis $36: T2 TCr oo sCTsTeAToCo6V 2o :C2:T::A MA::T
Rt v-2 " : 1CCsCA::C:6::6A:::A:T:C:6:::C::Ce2:0::6:

Rat  v-3 ::CAC: :CAs:C:6::6C: : :A:T:C:6:::Cs 0

C16:6::Ts:A:: :"-T“TGCT:.G...AT

: ;:CTG(.,' :A::C::::T:::C:C:: A: TC .CGA C :6: C C :T: C :
C:T ;CT6C: ::A::Caee: e ::6:::::::T:C::TCG :6Ce:62:Cs:CeTeeCe GAG:::::::::T:C::C:::TCTG::

TGCTCCTGCMGATGATTCACTTTGTMGTGGTTCTGMTACMSATCCAACTCTATGACMGGGAGATTTCACGGGCCAGGTGTACGAGTCCACTGAGGATTGTC(ATCCGTG
(120 CIERRRTo S (0 FERRRT < ¥ AETRS FFFU Y U0 FEFS FREYTHY. L TRRRUS 1.1 FUS FRRY. VRIS FUTT TRURYTHY TS RTTY FTFY 1A
s1:ssAB:T s ¢ :CACAGCA: :AA:::(Cs C---C....A..GA GA: : :63:A:AG:: A 16:AAL A CT6 s AGT TG sAe st eresees el
$06CC:C::C:C:C6:AC:6::TCC~-—- ~C6::6:::6:6T::6 GrtAsAzre:CAr:AR:: :GTCA:ATG: : :CT6:6:::A::C::CT:C:6:A:C
:::06CC:C;:C:C:CACTCC: :CTCe~---~- Ce:2BA: e :AGGA: ::::::6C0A:AG: :CiAz:6srersiBA:6T6: 2 :AT: 2:A::C::C::CeiCCALC: :

GTGGATCGC'ITTCGGACACGCGAGGTCCACTCCTGTMGGTGCTIGATGGGATCTGGATCTTCTACGAACACCCAMCTACAGGGGGCGCCAGTACCTACTGGAGMGGGGGAG
116CA6;:CsAC:TG: (G511 110226762 :Ce s tr2sBrrareCresAAGe:
TT"G Ts:::AMA:AC:AT: :CA:: . +:TT:C: :AA:ACCC: A..A
13:CrsessCiACCTCA: Ts02::6:6: :T: GHAGCCTCAA
CA:::Coo:ssCsACTTCA:T: CT

teeeeBsserosasCoorsrrnsTooRsCTeCorcAGTreCooree Ve sCGCs: AL TG 1 s e T A:ACAGA: :CEGCCAA: CG: TEECTOGCCTTGTCA: CCAAATA
+3AT: C“MTG Ty cAAGC: 10511 1GOALAG:CT s T C:16

{AGATG: T:AG:CAGGC: : T: :6CGGA: :GC:G:R:: T:T: TAC;AMARTA:6T6:A:6(:
23 sAsGCBCTACAC: tcossczz: i tAIGAATG: 116G sAGGC: : TC:6:GGAAAIC: ¢ 1 1 : T:TCTA: ;GAAATAT: TTTA:TC:

ARACCGCCCAACCACAACAGCACTGACACACCTGTGCCGAATCRATAAACGTGTGGTTGCAAATT (A) 3601y
AGCATTATA ATAAMACAATTGGCATGC

+CA: :TTCTCAT : TT66A: :
tCA: :TTCTC:A: TGGACA e

- ﬂAT TATTTACGA(C)
A TATTTCCTGTSTETTCAT R)140)y7

Fig. 2. Comparison of cloned cDNA sequences coding for B, and y-crystallins. The sequences are aligned according to their
corresponding amino-acid sequence. The stop codons for the longest open reading frame are underlined. Polyadenylation signals
AATAA are blocked.




91

N-ARM
BoviNg fs SKAGTKTTFFELKNEQGRHYDSDC DCADFHMYLS — RCNSIR VEG '
CaRP s GRIIFYEDKRFQGRRYECDS DCSDFHAFLN  RCNSIR VES rortr 1
Boving v-u  GKITFYEDRGFGGHCYECSS DCPNLGPYES  RONSIR VDS !
Bs YKLQIFEKGDFNGQMHETTE DCPSIMEGFHMR EVHSCK VLE !
B YKIQLYDKRDFTGQVYESTE DCPSWERFRTR EVHSCK VLD { MoTIF 3
t

Y-1 FRMRIYERDDFRGQMSEITD DCPSLADRFHLT EVHSLN VLE
90 100 110 120

Bs GTWAVYERPNFAGYMYILPRGEYPEYQH WMGLNDRLSSCRAVHYSSGG |
8s GAWVIYERPNFMGYQYVLTRGEYPDYQR WMGLNDRLCSCKMIHFVSGSEl| MoTIF 2
QHTG

Y-1 GCWMLYERPNYQGHQYFLRRGDYPDYQQ WMGFNDSTRSCRLIP
0 50 60 70 80

Bs GAWIFYELPNYRGRQYLLDKKEYRKPVD WGAASPAVQSFRRIVE

Bs GIWIFYEHPNYRGRAYLLEKGEYRKPVD WGAVCPTVASFKRLME

¥-1 GSWVLYEMPSYRGRAYLLRPGEYRRYLD WGAMNAKVGSLRRYMDFY
130 140 150 160 170
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Fig. 3. Comparison of the carp crystallin sequence with that of bovine y-II and B, crystallins. Protein sequences are shown in the

single-letter amino-acid code. The sequences are displayed by placing motif 1 on top of motif 3 and motif 2 on top of motif 4 so that

topologically equivalent amino-acid residues can be easily compared. Solid circles indicate the conserved residues (see text).
Connector peptides are blocked.

sent at positions topologically equivalent to Tyr-6
and Phe-11 of y-II crystallin. However, the carp
addition as well as one human vy-crystallin [15]
sequence breaks the rule of having a Glu at posi-
tions topologically equivalent to Glu-7 of y-1I by
substitution with an Asp at position 94 (Fig. 3).
This substitution actually is a conservative one,
since it will not change the charge of the protein.
When the connector peptide and the C-terminus
are considered, the carp sequence again resembles
more closely the bovine B, than the y-II: the carp
sequence and bovine 8, both have a hexapeptide
connector in contrast to the pentapeptide in y-1I
and the B, and carp sequence lack the C-terminal
tail (Phe-Tyr) of the y-II. Based on these ho-
mology and structural comparisons it seems rea-
sonable to classify this carp sequence as a B.-crys-
tallin, although B, and y-II are very homologous
to each other and may have diverged from the
same By-superfamily [10]. It has to be pointed out
that the carp sequence lacks the N-terminal arm
of four residues of the bovine B, and in this
respect it is more like bovine y-II.

The crystal structure of bovine y-II crystallin
has been determined with a resolution of 1.9 A
[16]. Recently, the tertiary structure of a bovine S,
crystallin has also been modelled [10] by interac-
tive computer graphics on the coordinates of y-II

crystallin. All the structurally important residues
in the bovine y-II and pB.-crystallins are com-
pletely conserved in the carp B,-crystallin, such as
Gly-13, -52, -100 and -141 (based on the number-
ing of y-II), Ser-34, -77, -123 and -166 and the
Trp-42, -68, -131 and -157. Therefore, the carp S,
must assume the tertiary structure of the y-crystal-
lins.

In conclusion, a crystallin sequence has been
deduced from a cDNA library of carp lens which
belongs to the B, type on the basis of sequence
homology and structural comparisons. The ex-
istence of B; crystallin in fishes has been predicted
from the phylogenetic studies [10] and seems to be
confirmed by the present study.
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