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We have determined the nucleotide sequence of a bovine lens oA2-crystallin
cDNA clone, designated pBLoA2-1, The 793 bp ¢DNA insert contains coding infor-
mation for the entire 173 amino acid oA2-crystallin polypeptide, as well as non-
translated sequences located both upstream and downstream from the coding
region. The coding sequences contained in pBLoA2-1 are at least 89% homologous
with the corresponding sequences from other mammalian oA-crystallin genes, and
are 78% homologous to the frog oA-crystallin coding region. In contrast, the
downstream nontranslated sequences of the mammalian oA-crystallin transcripts
show much greater sequence divergence, with the bovine sequences averaging 47%
homology with the corresponding sequences from other mammalian species. o 1987

Academic Press, Inc.

Eye lenses of vertebrate species contain a high concentration of soluble
proteins called crystallins. Mammalian crystallins may be grouped according to
immunological and structural characteristics into three classes, «, B, and v
(1). Each class may be further subdivided into multiple structurally related
polypeptides. The o-crystallins derive from two primary gene products, oA2- and
oB2-crystallins, which are synthesized as Mr 20,000 polypeptides (2). Recent
studies have shown that the oA2- and oB2-crystallins may be modified post-
translationally by a cAMP-dependent phosphorylation reaction, resulting in the
production of oAl- and oBl-crystallins (3-5). The o~crystallins are charac-
terized as slowly evolving proteins (6,7). Based on comparisons of the oA-
crystallin amino acid sequence for a variety of mammalian species, the average
evolutionary rate is one amino acid substitution per 100 residues per 40 million
years (6,8). Indeed, the bovine oA2- and oB2-crystallins are about 57% homol-
ogous even though the genes coding for these proteins probably duplicated and

diverged more than 450 million years ago (9). Expression of oA-crystallin in
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the 1lens involves several interesting processes. The 14S mRNA encoding bovine
(10) and rodent lens oA-crystallin is approximately 1200 nucleotides in length,
more than two times the size required for translation of the Mr 20,000
polypeptide (11,12). 1In some rodents, the oA-crystallin mRNA transcript under-
goes differential splicing, a process that provides templates for the synthesis
of both the normal oA- as well as the oAinS~ polypeptide (11,13,14). The
tissue-specific and developmentally-regulated transcription of the murine oA2-~
crystallin gene appears to be controlled by regulatory elements located upstream

from the transcriptional start site (15,16).

Genomic or cDNA oA-crystallin clones have been reported for mouse (12), rat

(11), hamster (17), human (18), chicken (19), and frog (Rana temporaria) (20).

While the synthesis and posttranslational metabolism of the bovine oA-crystal-
lins have been extensively studied at the protein level, their corresponding
c¢DNA or genomic sequence have not been reported. In this communication, we
present the nucleotide sequence of a bovine lens ocA2-crystallin cDNA clone.

Portions of this work have been presented in abstract form (21).

MATERIALS AND METHODS

Materials. All  restriction enzymes were obtained from either Bethesda
Research Laboratories or Boehringer Mannheim Biochemicals. Reverse transcrip-
tase and 7-deaza-dGTP used for DNA sequencing were obtained from Promega Biotech
and Boehringer Mannheim Biochemicals, respectively. Oligodeoxynucleotide se-
quencing primers were prepared with an Applied Biosystems Model 381A DNA syn-
thesizer using reagents purchased from the manufacturer.

Isolation and Nucleotide Sequencing of cDNA Clones. oA-crystallin cDNA clones
vere isolated from a total bovine cDNA library using a synthetic oligonucleotide
hybridization probe as described previously (22). Based on restriction mapping
and blot hybridization analysis, the cDNA clone designated pBLoA2-1 was selected
as the most informative among the 9 oA-crystallin cDNA clones initially
isolated. For nucleotide sequence analysis by the dideoxy chain termination
method (23), the cDNA insert from pBLoA2-1 was transferred into bacteriophage
M13, mpl8 and mpl9. Initially, sequencing reactions were primed with the 30-mer
hybridization probe used for library screening. Subsequent sequence deter-
minations were carried out using primers constructed to anneal at unique sites
within the cDNA sequence. In some cases, restriction fragments of pBLoA2-1 were
subcloned into the multicloning site of M13 and were sequenced from the
universal primer binding site. Sequence determinations in G+C rich areas
required the use of reverse transcriptase (24) and 7-deaza-dGTP (23).
Sequencing data were analyzed using the NUMSEQ (26) and NUCALN programs from a
software package made available by David Mount of the University of Arizona,
Tuscon. The NUCALN program produces optimal alignments of two nucleic acid
sequences based on the algorithm described by Wilbur and Lipman (27).
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RESULTS AND DISCUSSION

The ¢DNA insert contained in pBLoA2-1 was sequenced using the strategy given
in Figure 1. The 793 bp cDNA insert contains 519 bp of sequence encoding the
oA2-crystallin polypeptide, as well as apparently untranslated sequences located
both upstream and downstream from the coding region (Figure 2). Translation of
the sequence from the initiation codon commencing at nucleotide #31 reveals an
open reading frame encoding a polypeptide containing 173 amino acids. The pre-
dicted amino acid sequence from this reading frame is identical to that deter-
mined previously by direct sequencing of the bovine oA polypeptide (28), con-
firming that the cDNA in pBLoA2-1 is derived from oA2-crystallin mRNA. The open
reading frame is terminated by a stop codon found immediately following the
carboxy-terminal serine residue. Two additional termination codons are also
found 150 and 195 bp further downstream. Examination of the cDNA sequence of
pBLoAZ-1 reveals that multiple termination codons are encountered when the cDNA
sequence 1is translated in the two alternative reading frames (not shown).
Northern blot analysis of bovine lens mRNA using pBLoA2-1 as hybridization probe
indicated that the oA2-crystallin mRNA transcript is approximately 1200 nucleo-
tides in 1length (22). Therefore, we estimate that the 793 bp cDNA insert con-
tained in pBLoA2-1 is approximately 400 bp short of the corresponding full

length mRNA sequence. By analogy with the rat (11) and mouse (12) oA-crystallin
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Figure 1. Partial restriction map and sequencing strategy for pBLoA2-1.

Restriction sites shown are P=Pst I, N=Nco I, D=Dde I, R=Rsa, and S=Sma I.
Arrows indicate location and orientation of sequencing reactions primed by
synthetic oligonucleotides "*" or by universal primers "o" used on insert
fragments cloned into M13. Oligo d(G)-d(C) homopolymer tails are indicated
as "//".
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10 20 30 40 50 60
CCC CGG GTG CCC ACA GAG CCG CTG CCC ACC ATG GAT ATC GCC ATT CAG CAC CCC TGG TTC
MET Asp Ile Ala Ile Gln His Pro Trp Phe

70 80 90 100 110 120

AAA CGC ACC CTG GGC CCC TTC TAC CCC AGC CGG CTG TTC GAC CAG TTC TTC GGC GAG GGC
Lys Arg Thr Leu Gly Pro Phe Tyr Pro Ser Arg Leu Phe Asp Gln Phe Phe Gly Glu Gly
20 30

130 140 150 160 170 180

CTC TTC GAG TAC GAC CTG CTG CCC TTC CTG TCC TCC ACC ATC AGC CCC TAC TAC CGC CAG
Leu Phe Glu Tyr Asp Leu Leu Pro Phe Leu Ser Ser Thr Ile Ser Pro Tyr Tyr Arg Gln
40 50

190 200 210 220 230 240

TCC CTC TTC CGC ACC GTG CTG GAC TCC GGC ATC TCT GAG GTC CGA TCC GAC CGG GAC AAG
Ser Leu Phe Arg Thr Val Leu Asp Ser Gly Ile Ser Glu Val Arg Ser Asp Arg Asp Lys
60 70

250 260 270 280 290 300

TTT GTC ATC TTC CTG GAT GTG AAG CAC TTC TCT CCC GAG GAC CTG ACG GTG AAG GTG CAG
Phe Val Ile Phe Leu Asp Val Lys His Phe Ser Pro Glu Asp Leu Thr Val Lys Val Gln
80 90

310 320 330 340 350 360

GAG GAC TTC GTG GAG ATC CAC GGC AAG CAC AAC GAG CGG CAG GAT GAC CAT GGC TAC ATC
Glu Asp Phe Val Glu Ile His Gly Lys His Asn Glu Arg Gln Asp Asp His Gly Tyr Ile
100 110

370 380 390 400 410 420

TCC CGC GAG TTC CAC CGC CGC TAC CGC CTG CCT TCC AAC GTG GAC CAG TCC GCA CTC TCC
Ser Arg Glu Phe His Arg Arg Tyr Arg Leu Pro Ser Asn Val Asp Gln Ser Ala Leu Ser
120 130

430 440 450 460 470 480

TGC TCC CTG TCC GCT GAT GGC ATG CTG ACC TTC TCT GGC CCC AAG ATC CCA TCT GGC GTG
Cys Ser Leu Ser Ala Asp Gly Met Leu Thr Phe Ser Gly Pro Lys Ile Pro Ser Gly Val
140 150

490 500 510 520 530 540

GAC GCC GGC CAC AGC GAG CGG GCC ATC CCC GTG TCC CGG GAG GAG AAG CCC AGC TCT GCG
Asp Ala Gly His Ser Glu Arg Ala Ile Pro Val Ser Arg Glu Glu Lys Pro Ser Ser Ala
160 170

550 560 570 580 590 600
CCC TCG TCC TAA GCT CGG CCT TGG CCT CGG CTG CCA CCC GCT GCG GCC CCC GTA CCC ATC
Pro Ser Ser TER

610 620 630 640 630 660
CAT CTG GGG GAC CCT AGA AAG TGG GGC ATC CAT CTC CCT CTG CTT CCC CCC TTT CCA GTT

670 680 690 700 710 720
CCT TTT CCT CTT CTT CGA GGG CTT GAG GGT TTG AGA GAG TAG CCG GGA GGC CCA GGG CCA
TER

730 740 750 760 770 780
GCC TGT GGT GCA AAG ACC TCA GAG TGA CCC GGG TCC CAA CAC CAG CCC CTC GGG GGA AGT
TER

790
GAC CAC TGT CGG A

Figure 2. Nucleotide and predicted amino acid sequence for the cDNA
Insert contained in pBLoA2-1. The numbers above the nucleotide sequence
refer to the position within the cDNA insert. Not shown are approximately
30 oligo d(G) and d(C) residues located at either end of the cloned cDNA.
Translation of the cDNA sequence begins with the first ATG codon at
nucleotide #31. This initiation codon is contained with a consensus
translational initiation sequence (Pu¥XATGG) characteristic of many
eucaryotic mRNA transcripts (30). Numbers below the amino acid sequence
refer to the position within the polypeptide. Termination signals are
indicated by TER. The binding site for the 30-mer hybridization probe is
underlined.
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Table 1. Nucleotide and amino acid sequence homologies of
oA-crystallins from different species. The nucleotide and predicted amino
acid sequences from pBLoA2-1 were aligned with the corresponding sequences
from mouse (12,13), hamster (17), rat (11), and frog (20) cA-crystallin
genes. Sequences corresponding to the coding region and 3’NTR of the
hamster ocA-crystallin were derived entirely from genomic DNA sequences (17).
"*"  Comparisons with rat ocA-crystallin were limited to sequences encoding
amino acids 53-173 as well as the entire 3/NTR (11). "**" Comparisons with
frog oA-crystallin sequences were limited to sequences encoding amino acids
25-173 and the 130 bp 3’'NTR (20).

NUCLEOTIDE SEQUENCE HOMOLOGY

SPECIES TOTAL CODING 3'NTR AMINCQ ACID
COMPARISON SEQUENCE SEQUENCE SEQUENCE TOTAL
Cow vs Mouse 76% 89¢ 53% 96%
Cow vs Hamster 73% 920% 41% 926%
Cow vs Rat* 74% 90% 48% 96%
Cow Vs Frog** 67% 78% 29% 86%
Mouse vs Hamster 85% 94% 69% 100%
Mouse vs Rat* 87% 95% 82% 100%
Hamster vs Rat* 81% 93% 73% 100%

mRNA transcripts, the bovine oA-crystallin mRNA sequences that are not repre-
sented in pBLoA2-~1 probably do not serve a coding function.

Sequence homologies between bovine oA-crystallin and the corresponding
sequences in the rat (11), mouse (12,13), hamster (17), and frog (20) systems
are compiled in Table 1. The extensive amino acid sequence homology between the
bovine and rodent oA-crystallins (96%) as well as between the bovine and frog
crystallins (86%) is indicative of the slow mutation rate for this protein.
This evolutionary conservation is reflected in the nucleotide sequences for the
coding region of these respective genes. The homology is 89-95% among the
mammalian crystallin genes and 78% between the bovine and frog genes. Although
these homologies are exceptionally high, they are not as high as the amino acid
sequence homologies. Therefore, most of the point mutations that have accumu-
lated in the coding sequences of the oA-crystallin genes are silent. Among the

amino acid replacements, many are single base substitutions which result in
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chemically conservative changes that probably would not significantly alter the
structure and properties of the corresponding oA-crystallin polypeptide.

In contrast to that observed in the coding region of the oA-crystallin
genes, comparatively less homology is found in the nontranslated region located
downstream from the coding sequences (3’'NTR), particularly between more dis-
tantly related species (Table 1). The bovine sequences from this region average
about 47X homology when compared with the mouse, rat, and hamster sequences.
When the rodent oA-crystallin genes are compared, the 3’NTRs are at least 69%
identical. Thus, it appears that the nucleotide sequences contained in the
mammalian 3’NTRs have diverged at a much greater rate than have the corres-
ponding coding sequences. No significant homology in the 3/NTR could be
identified between frog and either bovine or rodent sequences.

While the size of the 3’ NTR has been conserved among the mammalian species
studied, the frog oA-crystallin mRNA is unique in that its 3’ NTR is only 130
nucleotides in length (20). Tomarev and coworkers have suggested that a splice
site present in the frog oA-crystallin gene may have been lost in mammals, re-
sulting in the wunusually long 3’ NTR characteristic of the mammalian ocA-crys-
tallin mRNA transcript. The high degree of sequence divergence observed in the
3'NTR of mammals would suggest that such a mutational event would be plausible.
No specific role for the 3/NTR in mammalian systems has been established. How-
ever, 1its size conservation may have some bearing on the translational effi-
ciency of the oA-crystallin transcript by virtue of secondary structural
considerations. In addition, the relatively long 3’/NTR may play some role in
posttranscriptional regulation of oA mRNA by interacting with factors which
influence mRNA processing, transport, or stabilization. Such control mechanisms
are being investigated in other systems (29) and remain to be studied in the

oA-crystallin gene system.
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