
Gene, 133 (1993) 295-299 

0 1993 Elsevier Science Publishers B.V. All rights reserved. 0378-1119/93/$06.00 

GENE 07371 

295 

Sequence of the human lens PB2-crystallin-encoding cDNA 

(Recombinant DNA; structural protein; eye; eye cataract; polymerase chain reaction; protein similarity) 

Carolyn Chambers and Paul Russell 

Section on Cataracts, Laboratory of Mechanisms of Ocular Diseases, National Eye Institute, National Institutes of Health, Bethesda, MD 20892, USA 

Received by J.A. Engler: 26 January 1993; Revised/Accepted: 26 April/26 April 1993; Received at publishers: 28 June 1993 

SUMMARY 

This study reports the nucleotide (nt) sequence of the human PBZcrystallin (hbB2-Cry)-encoding cDNA (hpB2-cry). 
The hpB2-cry gene encodes a major structural protein in the lens of the vertebrate eye. Sequence information obtained 
from mouse genomic clones and the mouse PB2-cry cDNA (mpB2-cry) sequence was used to design oligodeoxyribo- 
nucleotide primers, corresponding to exon 1, transcription start points, and termination and polyadenylation sites, that 
were used in the polymerase chain reaction (PCR) to generate full-length cDNA clones from total human lens RNA. 
In addition, cDNA libraries were made with hgtll from both human fetal and adult lens tissue RNAs, and screened 
with a m@32-cry cDNA clone. The full-length hpB2-cry cDNA is 721 bp and contains an open reading frame of 612 nt. 
It codes for a 23-kDa protein of 205 amino acid residues. Comparison of the overall nt and deduced aa sequences 
shows a greater similarity of hpB2-cry to bovine PBZ-cry than to mIU32-cry or rat PBZ-cry. 

INTRODUCTION 

The most abundant water-soluble proteins found in 
the lens of the vertebrate eye are called crystallins (Cry), 
and transparency of the lens is thought to be due to the 
interactions of these various Cry (Benedek, 1971; 
Bettelheim and Sew, 1982). This optical property is 
thought to be preserved by the arrangement of the fiber 
cells with exact spatial distribution of the Cry (Delaye 
and Tardieu, 1983). A disruption of protein-protein inter- 
actions within the fiber cells in the lens could lead to the 
formation of a cataract. If a Cry has a change in its molec- 
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ular structure, it may not be able to form aggregates with 
the other lens Cry. There are four antigenically distinct 
families of Cry found in the lens of the vertebrate eye 
(Piatigorsky, 1984). The P-Cry family is the most preva- 
lent comprises about 50% of the water soluble protein. 
Several members of this family have been cloned and the 
cDNAs characterized: I3Sl -cry in chick (Hej tmancik 
et al., 1986), bovine (Quax-Jeuken et al., 1984), and rat 
lenses (Den Dunnen et al., 1985); PA3/Al-cry in bovine 
(Quax-Jeuken et al., 1984), chick (Peterson and 
Piatigorsky, 1986), rat (Aarts et al., 1989b), and mouse 
lenses (Inana et al., 1982); and cDNAs for PAZ-cry and 

PA4cry in bovine lens (Van Rens et al., 1991). The cDNA 
for @32-cry has been studied from rat (Aarts et al., 1989a), 
mouse (Chambers and Russell, 1991), and bovine lenses 
(Hogg et al., 1987). These sequences have been studied 
because of the possibility that the alteration of these se- 
quences in some animals are responsible for lens 
opacities. 

There are several animal models for inherited cataracts 
that show a possible correlation between a defective Cry 
and cataract formation. One such model is the Philly 
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mouse that has a 12-nt deletion in the PBZ-cry gene. This 

results in a deletion of 4 aa in the translated protein 

(Chambers and Russell, 1991). In the 13/N strain of 

guinea pig, there is a dinucleotide deletion of the consen- 

sus AG acceptor splice site of intron 6 of the taxon 

specific C-Cry. As a result, exon 7 is deleted causing the 

C-Cry polypeptide to be 34 aa shorter in these animals 

(Rodriguez et al., 1992). In each of these animal models 

an aberrant or mutant protein is made which may be 

correlated with cataract formation. There is a Coppock- 

like cataract in humans that has been linked to the 

human y-cry gene cluster on chromosome 2 (Lubsen 

et al., 1987). In that study the exact molecular basis for 

the cataract was unclear; however, there may be aberrant 

expression of a y-cry gene (Lubsen et al., 1987). 

It has been shown that there are two BBZ-cry genes in 

man (Aarts et al., 1987) that are found on chromosome 

22. One has been shown to be a pseudogene (Brakenhoff 
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Fig. 1. Agarose gel of PCR-generated product. Lanes: 1 and 2 are DNA 

markers (1$X174 RF DNA/Hue111 and pBR322 DNA/MspI, respec- 

tively); 4 and 5 are PCR products from two different human lens RNA 

samples with the same reaction conditions. The gel was stained with 

ethidium bromide. Methods: Using a PCR-RNA kit (Perkin-Elmer 

Cetus, Norwalk, CT, USA) total human lens RNA was reverse tran- 

scribed (Moloney Murine Leukemia virus reverse transcriptase) with 

subsequent PCR amplification (GeneAmp PCR with AmpliTaq DNA 

polymerase) in the same tube. The following PCR cycling conditions 

were used: melting at 94°C for 1 min; annealing at 55°C for 

1 min; polymerize at 72°C for 2 min; and repeated for 35 cycles. The 

5’ oligo (S-AATTCGCGGCCGCCGGCACTCGCGGGGCTGGCG- 

ATCTG) corresponded to a sequence in the first exon (from unpub- 

lished mouse genomic sequences) and contained an EcoRI-Not1 adapter 

at the 5’ end. The 3’ oligo (5’-AATTCGCGGCCGCCACGAGCCAC- 

ACTTTATTCTTCACTT) corresponded to sequences in the 3’UTR 

(from mouse BBZ-cry cDNA; Chambers and Russell, 1991) and con- 

tained an EcoRI-Not1 adapter at the 5’ end. The 750-bp fragment was 

excised from the agarose gel, the DNA extracted using Millipore 

ultrafree-MC filter units, and cloned into the EcoRl site of pGEM4Z 

vector (Promega, Madison, WI, USA). Positive clones were obtained 

after screening with digoxigenin-UTP-labelled mBB2-cry cDNA clone 

KSNMl (Chambers and Russell, 1991) (Genius non-radioactive label- 

ing kit, Boehringer Mannheim, Indianapolis, IN, USA). Several positive 

clones were sequenced (Sequenase version 2.0, US Biochemicals, 

Cleveland, OH, USA). 

G 721 

Fig. 2. Nucleotide sequence (GenBank accession No. L10035) of 

human gB2-cry cDNA and deduced aa sequence. There are 12 bp of 

5’CJTR and 94 bp of 3’UTR. The boxed sequences were used to make 

specific oligos used for the PCR amplification reactions. 

et al., 1992) and the other is expressed. This paper reports 

the sequencing of the cDNA that codes for the human 

PB2-Cry protein. 

EXPERIMENTAL AND DISCUSSION 

(a) PCR amplification of cDNAs 

The sequence information from mouse genomic clones 

obtained by this laboratory was important in generating 

a 30-mer oligo primer corresponding to the first exon of 

the PBZ-cry gene. This primer was used for PCR amplifi- 

cation using RNA isolated from human lens tissue along 

with a 3’ oligo based on m(3B2-cry cDNA sequences. The 

agarose gel electrophoresis of the amplified product 

showed a band of approximately 750 bp (Fig. 1). Several 

PCR clones were sequenced using as primers oligos based 

on mpB2-cry cDNA sequences. Fig. 2 shows the nt se- 

quence of the hpB2-cry cDNA (GenBank accession 

No. L10035) and the encoded polypeptide of 205 aa. The 

aa coding sequence begins at nt 13 and extends through 

nt 667, leaving a 12-nt SUTR and a 94-nt 3’UTR. 

(b) Construction of Igtll cDNA libraries 
To insure no PCR artifacts were introduced in the se- 

quence, cDNA libraries were also made from human 

adult and fetal lens tissue RNAs and cloned into the 

EcoRI site of hgtll vector. Both cDNAs were first 
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Fig. 3. Agarose gel of PCR-generated fragments from hBB2-cry 

cDNAs. Lanes 1 and 2 are DNA markers (+X174 RF DNA/Hoe111 and 

pBR322 DNA/MspI, respectively). Lanes 3,4, 5 contain PCR products 

using fetal lens RNA and lanes 6, 7, 8 contain PCR products using 

adult lens RNA. Lanes 3 and 6 show a 192 bp PCR fragment (indicated 

by white arrows located to the left of the bands) that contains exons 

1, 2 and 3 (amplifying a portion of the 5’ coding region of the cDNA). 

Lanes 4 and 7 show a 108 bp PCR fragment (indicated by white arrows 

located to the right of the bands) that contains part of exon 6 and 

3’UTR (amplifying a portion the of 3’ region of the cDNA). Lanes 5 

and 8 show multiple sized PCR fragments of the same PCR product, 

with the uppermost band (indicated by the white arrows near each 

band) representing the size of the full-length cDNA that contains exons 

1 to 6 plus 3’UTR. Methods: Total RNA was extracted from lenses 

obtained from several donor eyes using RNAzol B (Tel-Test, Inc., 

Friendswood, TX, USA). The ages of the individual subjects ranged 

from 11 to 47 years old. Also RNA was extracted from human fetal 

lenses that ranged from 20 to 24 weeks gestation. cDNA was synthesized 

from the total RNA preps using the cDNA synthesis (Pharmacia LKB, 

Piscataway, NJ, USA). Depending on the reaction conditions there may 

be a decrease in extension rate or processivity of Taq DNA polymerase 

which may result in shorter PCR products being generated. In this case 

the variable that may have caused this to occur was the primer concen- 

tration. The primer concentration may have contributed to the addi- 

tional bands seen at 300 and 600 bp since these bands, when probed 

with mflB2-cry cDNA, hybridized strongly under stringent conditions 

(data not shown). Also the formation of primer-dimers was seen which 

is also attributed to primer concentration. Sequence information ob- 

tained from mouse clones and sequence information from human clones 

(Brakenhoff et al., 1992) allowed positioning of exons. The oligos used 

in the PCR amplification of the cDNAs are boxed in Fig. 2. Oligo #1482 

and the 5’ oligo listed in Fig. 1 (without the EcoRI-Not1 adapter) were 

used to check the 5’ region and oligos #1483 and #1484 were used to 

check the 3’ region of the generated cDNAs. To check for the presence 

of the full-length sequence, the 5’ oligo listed in Fig. 1 (without the 

EcoRI-Not1 adapter) and #1484 were used. All oligos used as primers 

in experiments were based on sequence information obtained from 

mouse PBZ-cry cDNA. 

* precursor mRNA /I82 

+ fiB2-crystallin mRNA 

+ 18s rRNA 

Fig. 4. Northern blot analysis of total RNAs (human brain, placenta, 

retina, and liver (Clontech, Palo Alto, CA, USA), and total RNAs iso- 

lated from human adult and fetal lens tissues. Total RNAs were isolated 

as described in Fig. 3. Methods 10 pg of total RNA was loaded onto 

1% agarose-2.2 M formaldehyde gel, separated by electrophoresis, blot- 

ted onto positively charged nylon membrane (Boehringer Mannheim), 

and fixed by UV irradiation (Stratagene UV Stratalinker). The probes 

were a full-length mpB2-cry cDNA nonradioactively labelled with dig- 

oxigenin-UTP using the Genius DNA labeling kit and an 18s rRNA 

cDNA probe also labelled using the Genius kit. 

checked for the presence of the full-length PBZ-cry cDNA 

by PCR. Using a set of oligos (boxed sequences in Fig. 2, 

as well as, the 5’ oligo mentioned in Fig. l), it was deter- 

mined that both sets of cDNAs contained the full-length 

sequence (Fig. 3). The adult hgtll library was chosen for 

screening the human /3B2-cry cDNA sequences using the 

mbB2-cry cDNA as a probe (Chambers and Russell, 

1991). Several positive clones were sequenced. Both 

strands of each clone were sequenced. Since almost all of 

the hpB2-cry cDNA sequence was generated by using 

oligos as primers that were based on the mgB2-cry cDNA 

sequence, the sequencing strategy was similar to the one 

used in Chambers and Russell, 1991. Only four additional 

oligos (based on sequences generated from the human 

hgtll BBZ-cry cDNA clones) were needed to complete 

the sequencing of the hpB2-cry cDNA. No differences in 

the sequences of the hgt 11 cDNA clones and those gener- 

ated from the PCR cloning were seen, indicating that the 

PCR-generated sequence contained no artifacts. 
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(c) Analysis of mRNA expression 

Northern blot analysis of total RNAs isolated from 
human adult lens, retina, liver, placenta, brain, and fetal 
lens tissues is shown in Fig. 4. A transcript of approx. 
0.76 kb was found for the adult and fetal lens tissues only. 
These data would suggest that PB2-cry expression may 
be lens specific (Fig. 4). It has been shown by others that 
P-cry genes exhibit tissue specific expression and are de- 
velopmentally and spatially regulated (Wistow et al., 
1988). Also seen was a larger transcript of approx. 2.0 kb 
that may represent a precursor intermediate or unpro- 
cessed mRNA for PB2-Cry. The size of the PB2-cry gene 
in humans has been shown to be approximately 28 kb 
(Aarts et al., 1987). Therefore, this 2.0-kb band could 
represent an intermediate RNA. 

(d) Comparison of mouse fiB2 with human flB2 

sequences; deduced aa sequences 

Sequence comparison of the complete cDNAs showed 
that the human nt sequence was slightly more similar to 
the bovine than to the murine or rat sequences (88.5% 
identity; 87.2% identity; and 83.6% identity, respectively). 
The sequence similarities among the species are summa- 
rized in Table I. If one compares only the sequences that 
code for domains 1 and 2 and not the sequences that 
code for the N and C termini, the identity increases to 
91% between human and bovine, to 88.8% between 
human and mouse, and to 84.4% between human and rat. 

The sequence comparison of the deduced aa sequences 

TABLE I 

Comparison of hBB2, bBB2, mBB2, rBB2-cry nt and deduced aa sequence similarity” 

is also summarized in Table I. The aa sequences of the 
human, bovine and mouse were identical in motif 2 and 
almost complete similarity is seen in motifs 1, 3, and 4. 
The human sequence has the same 3’ phosphorylation 
site that is present in the bovine and rat proteins but 
absent in the mouse. The role of phosphorylation is con- 
troversial. This modification may be important for the 
stability of the polypeptide or may influence protein- 
protein associations that are essential for lens transpar- 
ency. The length of the mouse PB2-Cry polypeptide is a 
2 aa longer than both the human and bovine proteins. 
The reason for the shorter polypeptide in the higher ver- 
tebrates is unclear. 

(e) Conclusions 

(I) The full length cDNA is 721 bp, with a 205 aa 

The human PBZ-cry cDNA has been cloned and 
sequenced. 

ORF. 
(2) The hfiB2-cry shows slightly greater similarity to 

the bpB2-cry than to the mpB2-cry or rpB2-cry. 
(3) The human PB2-Cry protein is two aa shorter than 

that of the mouse. 
(4) Northern blot analysis suggests that PBZ-cry is 

lens specific. 
The gene is expressed in 20-24 week fetal lens tissue. 

The availability of the full-length hj3B2-cry cDNA pro- 
vides a useful tool to begin to investigate defects or 
changes in the human PB2-Cry protein which may be 
associated with congenital cataract formation. 

Sequence similarity 

nt sequence 

% Identity % Similarity 

aa sequence 

% Identity % Similarity 

Full-length cDNA: 

Human-bovine 

Human-mouse 

Human-rat 

88.5 88.5 90.3 93.0 

87.2 87.2 89.7 90.1 

83.6 83.6 82.9 88.0 

Coding regions 

corresponding to 

motifs l-4 

(exons 3-6): 

Human-bovine 

Human-mouse 

Human-rat 

91.09 91.09 97.75 99.43 

88.82 88.82 91.15 98.87 

84.47 84.47 92.13 93.82 

“The nt and aa sequences of human (hBB2), bovine (bBB2), mouse (mBB2), and rat (rBB2) cry were analyzed and compared by using the GCG 

software version 7.0. % Identity refers to aa sequences which were completely conserved. % Similarity refers to aa sequences which included 

conservative aa changes (Devereux et al., 1984). 
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