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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 • 1 0  7 

colonies per/tg of mRNA. A clone (pC20) was found by hybrid-arrested translation to contain the cDNA 
related to carp crystailins. However, comparison of the derived amino-acid sequence with bovine V-II and 
fls-crystallins indicates that this carp crystallin sequence resembles closely the bovine fls-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 fls-crystallin. 

There are four major families of structural pro- 
teins in the lens of vertebrate, known as a, fl, "/ 
and 8 crystallins. The crystallins of each class are 
expressed at a precise stage of lens development 
[1]. In rat and newt, ~/-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, "t-crystallin was found 
to be reduced in amounts [3]. Sequencing studies 
of y-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 "t- 
crystallin has been reported as the fls 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 fls-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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Fig. 1. The sequencing strategy and restriction map for pC20. 
(a) cDNA with poly dC tailing was inserted at the PstI site of 
pBR322. (b) The same cDNA was subcloned at Pstl site of 
pUC 19. The solid (for the pBR system) and open circles (for 
the pUC system) are the sites for (a-32p]nucleotide labelling 

by DNA polymerase I Klenow fragment. 

this protein is similar to the known fls and "r-¢rys- 
tallins [4-10]. The 5 ' -end noncoding region up- 
stream from the initiator A T G  codon  of  this open 
reading frame consists of  30 nucleotides. In 3 ' -end 
noncoding  region, we found t h e  polyadenylat ion 
signal, A A T A A A ,  and a stretch of  36 A residues 
following this signal. Fig. 3 shows the compar ison 
of  the derived amino-acid sequence with bovine fl, 
and ?-crystallins. It  reveals 68% and 56% overall 
homology  when the carp sequence is compared  
with bovine fl~ and 7-II,  respectively. Even when 
the respective motif  3 sequences are compared,  the 
homology  is as high as 63% between carp and ox. 
The four-fold homology  also shows that Gly-13 
and Ser-34 are absolutely conserved at the topol- 
ogy equivalent posit ions in all motifs in the three 
proteins while an aromat ic  residue is always pre- 
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Fig. 2. Comparison of cloned cDNA sequences coding for fl~ 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. Po|yadenylation signals 

AATAA are blocked. 
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Fig. 3. Comparison of the carp crystalhn sequence with that of bovine 7-II and fls crystallins. Protein sequences are shown in the 
single-letter amino-acid code. The sequences are displayed by placing motif  I 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- l l  of 7-II crystallin. However, the carp 
addition as well as one human 7-crystallin [15] 
sequence breaks the rule of having a Glu at posi- 
tions topologically equivalent to Glu-7 of 7-II 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 fl~ than the V-II: the carp 
sequence and bovine fls both have a hexapeptide 
connector in contrast to the pentapeptide in 7-11 
and the fls 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 fls-crys- 
tallin, although fls and 7-II are very homologous 
to each other and may have diverged from the 
same flV-superfamily [10]. It  has to be pointed out 
that the carp sequence lacks the N-terminal  arm 
of four residues of the bovine fls and in this 
respect it is more like bovine 7-II. 

The crystal structure of bovine 7-II crystallin 
has been determined with a resolution of 1.9 ,g, 
[16]. Recently, the tertiary structure of a bovine fl~ 
crystallin has also been modelled [10] by interac- 
tive computer  graphics on the coordinates of 3,-11 

crystallin. All the structurally important  residues 
in the bovine 7-II and fls-crystalllns are com- 
pletely conserved in the carp fls-crystalhn, such as 
Gly-13, -52, -100 and -141 (based on the number- 
ing of 7-II), Ser-34, -77, -123 and -166 and the 
Trp-42, -68, -131 and -157. Therefore, the carp fls 
must  assume the tertiary structure of the 3'-crystal- 
lins. 

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