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We have shown by site-directed mutagenesis that the sequence between positions -69 and -40 of the mouse
aA-crystallin gene is crucial for tissue-specific gene expression in a transfected mouse lens epithelial cell line
transformed with the early region of simian virus 40. Gel retardation experiments with synthetic oligodeoxy-
nucleotides revealed a mouse lens nuclear protein which bound specifically to the palindromic sequence 5'-GG
GAAATCCC-3' at positions -66 to -57 in the aA-crystallin promoter. By screening a bacteriophage Agtll
expression library of the transformed lens cells, we isolated a 2.5-kilobase-pair cDNA encoding a fusion protein
which bound to this sequence and to the regulatory element of the major histocompatibility complex (MHC)
class I gene. This cDNA hybridized to a 10-kilobase-pair polyadenylated RNA present in many different tissues,
including lens. It encoded a protein, tentatively called aA-CRYBP1, containing at least two zinc fingers. aA-
CRYBP1 is either homologous or very similar to the human nuclear proteins MBP-1 (Baldwin et al., Mol. Cell.
Biol. 10:1406-1414, 1990), PRDII-BFI (Fan and Maniatis, Genes Dev. 4:29-42, 1990), and HIV-EP1
(Maekawa et al., J. Biol. Chem. 264:14591-14593, 1989), which bind to regulatory elements of the MHC class
I, beta interferon, and human immunodeficiency virus genes, respectively. Our results suggest that the lens-
specific aA-crystallin, MHC class I, beta interferon and other genes have a similar cis-acting DNA regulatory
motif that shares aA-CRYBPI, MBP-1, PRDII-BF1, HIV-EP1, or other closely related proteins as trans-acting
factors.

Crystallins are a diverse group of soluble proteins that
accumulate in the eye lens and are responsible for its
transparency (15, 37). The two a-crystallins (aA and aB),
related to the small heat shock proteins (16), are present in
all vertebrates. The caA gene is lens specific, while the aB
gene is expressed in many tissues (28). Previously we have
identified a promoter sequence (positions -366 to +46
[-366/+46]) of the mouse aA-crystallin gene which func-
tions with tissue specificity in transfected embryonic chicken
lens epithelia (7) and transgenic mice (27). Further studies
showed that efficient promoter activity can be obtained by
the - 111/+46 fragment in transfected chicken lens cells (8).
Furthermore, lens- and development stage-specific expres-
sion was directed by the -88/+46 fragment in transgenic
mice (36). Recently, we have established several crystallin-
producing lens epithelial cell lines (25a, 38), which should be
useful for additional studies on the expression of the aA-
crystallin gene.

In the present investigation, by using the -84/-32 se-
quence of the aA-crystallin promoter as a probe to screen a
bacteriophage Xgtll expression library constructed from the
mouse lens cell line, we have isolated a cDNA encoding a
zinc finger protein that binds to a 19-base-pair (bp) sequence
resembling the regulatory region of the major histocompati-
bility complex (MHC) class I gene (32) and the NF-kB motif
(20). This protein, tentatively called aA-CRYBP1, is either
homologous or extremely similar to human MBP-1 (1),
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PRDII-BF1 (11), and HIV-EP1 (23), ubiquitous zinc finger
proteins capable of binding to NF-kB DNA sequence motifs
found in a number of gene-regulatory elements. Finally, by
site-directed mutagenesis, we show that the aA-CRYBP1
binding region is critical for the function of the aA-crystallin
promoter in the mouse lens cell line.

MATERIALS AND METHODS
Lens cell lines. Two mouse lens epithelial cell lines pro-

ducing aA-crystallin were used, aTN6 and aTN4-1. Both
were derived from lenses of transgenic mice carrying the
aA-crystallin promoter-simian virus 40 (SV40) T antigen
transgene (24). aTN6 was established from line 6 of aT2
mice at 11 months of age (25a); aTN4-1 was cloned from the
aTN4 cells (38), which were established from line 4 iens
epithelial cells of aT2 mice at 2 months of age (25a).

Construction of a Agtll cDNA library and screening with
the aA-crystallin gene regulatory region. All oligodeoxynu-
cleotides were synthesized in an automated synthesizer and
purified by high-pressure liquid chromatography (32). Poly-
adenylated [poly(A)+] RNA from the oTN6 cell line was
prepared by using Hybond mAP (Amersham). cDNA and a
Agtll expression library were constructed by using the
cDNA Synthesis System Plus and the cDNA Cloning Sys-
tem Xgtll from Amersham according to the manufacturer's
instructions. The 32P-labeled, concatenated duplex oligode-
oxynucleotide corresponding to -84/-32 of the aA-crys-
tallin gene (see Fig. 2) was used to screen the X phage library
as described before (14, 35). A Xgtll fusion protein from the
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positive clone (YTN) was tested with other regions of the
mouse aA-crystallin promoter and cis sequences (CRE and
ICS; see below) of the MHC class I gene by a filter-binding
assay as described before (14).
Gel retardation assay. aTN6 nuclear extracts were pre-

pared by the method of Dignam et al. (10) with modifications
(32). The cDNA insert of positive phage YTN was cut out by
digestion with EcoRI and KpnI and subcloned into the pBS
plasmid (Stratagene), digested with BamHI and filled in with
Klenow fragment and then digested with KpnI. The resulting
plasmid was called pYTN. Note that in this subcloning, the
KpnI site of Agtll was used in liberation of the cDNA due to
destruction of one of the EcoRI sites in construction of the
phage YTN. Crude extracts from pYTN-transformed Esch-
erichia coli strain XL1 were prepared as described before
(14). Gel retardation assays were performed with 2 fmol of
32P-labeled oligodeoxynucleotides corresponding to -84/
-32 of the aA-crystallin gene as described before (14), in the
presence of 10 ,ug of aTN6 nuclear extract, 1.3 ,ug of crude
pYTN-transformed XL1 cell extract, or 5.6 ,ug of crude
pBS-transformed XL1 cell extract. One picomole of unla-
beled oligodeoxynucleotide was used in the competition
experiments.

Site-directed mutagenesis. Mutants were constructed by
using an oligonucleotide-directed in vitro mutagenesis sys-
tem. Recombinant single-stranded M13 phage DNAs harbor-
ing the oxAllla-CAT fusion gene (8) on a 561-bp HaeIII
restriction fragment were annealed separately to 13 oligode-
oxynucleotides containing an XbaI site and 20 bases of
homologous flanking sequences on each side of the site.
Reagents for the second-strand synthesis (with the mutant
oligodeoxynucleotide as a primer) and subsequent first-
strand removal and resynthesis were performed with Amer-
sham kit RPN.1523. After transformation into E. coli JM109,
the M13 phage were screened for the introduction of the
XbaI site. A 360-bp NdeI-PvuII restriction fragment contain-
ing the mutation from each of the 13 constructs was isolated
from replicative-form DNA and cloned into pSVO-CAT (12).
The resultant plasmids are identical to paAllla-CAT except
for the new XbaI site in the promoter region of the aA-cat
fusion gene (Fig. 1). All constructs were screened for this
unique XbaI restriction site within the NdeI-PvuII fragment
and sequenced by standard double-stranded DNA-sequenc-
ing methods.

Transfection assays. aTN4-1 lens cells were maintained in
Dulbecco modified Eagle medium, high glucose, with 10%
fetal calf serum and 100 U of penicillin G and 100 ,ug
streptomycin sulfate per ml in a 5% C02-air environment (all
materials from GIBCO). Plasmids (10 ,ug) were transfected
by the calcium phosphate precipitation method as described
by Chepelinsky et al. (7), except that the glycerol shock was
omitted. pTB1 (5) (3 ,ug) was cotransfected as an internal
control for transfection efficiency. pTB1 has the 3-galactosi-
dase gene expressed from the Rous sarcoma virus long
terminal repeat (LTR). Chloramphenicol acetyltransferase
(CAT) assays were performed as described by Neumann et
al. (26) with 5.0 ,uCi of 3H-labeled acetyl coenzyme A.
P-Galactosidase activity was determined as described by
Borras et al. (5). Each plasmid was tested in three experi-
ments, and the data were normalized with respect to -
galactosidase activity.
Northern (RNA) blot hybridization. From 2 to 6 ,ug of

poly(A)+ RNA, obtained by oligo(dT)-cellulose chromotog-
raphy, was electrophoresed in a 1.5% agarose-formaldehyde
gel, blotted onto nitrocellulose paper, and hybridized over-
night at 42°C in 50% formamide-1 M NaCl to either a 614-bp

HindIll fragment spanning nucleotides 1231 to 1845 (see Fig.
6) of the pYTN cDNA insert or a human P-actin cDNA (13).
The fragments were labeled by random priming with [a-32P]
dCTP. The blot was washed twice with 2x SSC (lx SSC is
0.15 M NaCl plus 0.015 M sodium citrate, pH 7.4) at room
temperature and twice with 0.5 x SSC at 65°C, each time for
30 min, and exposed for autoradiography at -70°C for the
times listed in the figure legends.
DNA sequencing. DNA sequencing of both strands was

performed by the dideoxy chain termination method with
synthetic oligodeoxynucleotides, using the Sequenase DNA
sequencing kit (United States Biochemical Corp.).

RESULTS

Oligonucleotide-directed mutations in the aA-crystallin pro-
moter. Earlier studies with transgenic mice established that
the sequence between positions -88 and -34 of the aA-
crystallin promoter is sufficient to direct lens- and develop-
ment stage-specific expression of an oaA-crystallin-cat fusion
transgene (36). Oligonucleotide-directed mutations were
made in the aA-crystallin promoter of the paAllla-CAT
plasmid (8). poLA11la-CAT contains the sequence -111/+46
of the mouse aA-crystallin gene fused to the cat gene and is
functional in transfected cultured embryonic chicken lens
epithelial cells (8) and transgenic mice (36). Each mutation
substituted directly an XbaI restriction enzyme recognition
site for 6 bp in the sequence between positions -111 and
-34 of the aA promoter (Fig. 1B); the TATA box at position
-32 was not interrupted by these mutations. The results
showed that the lens cells transfected with plasmids bearing
mutations in and around a sequence resembling the MHC
class I cyclic AMP-responsive element (CRE) (32) (muta-
tions 8 to 12, spanning -69 to -40 of the aA-crystallin
promoter) had CAT activities barely above those of cells
transfected with pSVO-CAT. The cells transfected with
mutations upstream (mutations 2 to 7) or downstream (mu-
tation 13) of this region had CAT activities generally similar
to those of the unmodified paA366a-CAT and poAllla-CAT
plasmids (Fig. 1). Mutation 1, the most-upstream modifica-
tion, was exceptional in that it reduced CAT activity in the
transfected lens cells.

Isolation of a cDNA encoding an aA-crystallin promoter-
binding protein. We next attempted to isolate a putative lens
nuclear regulatory protein which binds to this DNA se-
quence. As a source of material we used the aA-crystallin-
producing aTN6 lens cells (see Materials and Methods).
Initial gel mobility shift assays showed that a duplex oligode-
oxynucleotide identical to the -84/-32 sequence of the
aA-crystallin promoter formed a complex with nuclear ex-
tracts of aTN6 cells (data not shown).
A Agtll cDNA expression library was made from the

aTN6 cells and screened for the ability to bind the -84/-32
oligodeoxynucleotide. One positive recombinant phage
(YTN) was obtained from 1.2 x 106 plaques of the library.
The fusion protein of this recombinant phage was tested for
binding to duplex oligodeoxynucleotides identical to dif-
ferent regions of the xA-crystallin promoter between posi-
tions -111 and -32, two regulatory elements of the MHC
class I gene (32), and a highly conserved 43-bp sequence
from the mouse -y2-crystallin gene (22) (Fig. 2). Strongest
binding was obtained with oligodeoxynucleotide aA4 (-73/
-55); weaker binding, as judged by the intensity of the
signal, was obtained with oligodeoxynucleotide aA2 (-84/
-32). By contrast, no binding was observed with oligode-
oxynucleotides oaAl (-111/-85), aA3 (-84/-74), or aA5
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FIG. 1. Site-directed mutagenesis of the mouse aA-crystallin promoter. (A) The effects of mutations in the aA promoter on CAT activity.
Each mutation-harboring vector (10 ,ug) and 3 ig of pTB1 were cotransfected into oaTN4-1 mouse lens cells. CAT activities were normalized
to ,-galactosidase expression and then normalized to the expression of mutation 3, which yielded the highest relative CAT activity for the
mutation plasmids in each of the three experiments which were averaged for this figure. All plasmids were grown inmE. coli HB101 and purified
twice from CsCl2 gradients. (B) DNA sequences of site-directed mutations. The mutations (1 to 13) occur in blocks of 6 bp. Lowercase letters
represent bases which were not altered when the XbaI restriction enzyme recognition site was introduced in place of the wild-type sequence.
The parent plasmid is otAllla-CAT. otA-crystallin sequences extend from -111 to +46. The TATA box is underlined. The transcription start
site is noted as +1. The boxed sequence is the CRE-like sequence similar to the regulatory region of the MHC class I gene (32).

(-54/-32) of the aA-crystallin promoter or with oligodeoxy-
nucleotide -y2 (-67/-25) of the y2-crystallin promoter. The
fusion protein also bound the regulatory element (CRE)
conserved in MHC class I genes (Fig. 2). Region I (GGGG
ATTCCCC) of the CRE (32) resembles the aA4 sequence 5'-

GGGAAATCCC-3'. The CRE contains an additional up-
stream sequence called region II (32). Both regions I and II

act as enhancers and bind distinct nuclear factors. The
region I binding activity expressed in various tissues corre-
lates with the expression of the MHC class I gene (6). Also

A

B
CAT }-pSVO-
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FIG. 2. Purified YTN phage was plaqued onto a Y1090 lawn, and the cDNA-encoded fusion protein was screened for its ability to bind
the indicated double-stranded radiolabeled oligodeoxynucleotides representing promoter sequences of the mouse oaA-crystallin (aAl, aA2,
aA3, aA4, aA5), mouse y2-crystallin (-y2), and mouse MHC class I (CRE, ICS) genes.

shown in Fig. 2, the fusion protein bound poorly the inter-
feron consensus sequence (ICS) involved in transcriptional
induction of MHC class I genes by interferons (31).
To further study binding of the fusion protein, the cDNA

was subcloned into the pBS plasmid; this construct, called
pYTN, contains, 3' to the 2.5-kbp cDNA insert, approxi-
mately 1 kbp of Agtll, including 53 bp of the lacZ gene,
encoding the C-terminus of P-galactosidase. As a result of
this subcloning, the cDNA was cloned within the lacZ gene
of pBS so that the pBS lacZ initiation codon is utilized in
expression of the resulting fusion protein. Extracts from E.
coli XL1 cells transformed with pYTN formed a gel-retarded

complex with the -84/-32 oligodeoxynucleotide of the
otA-crystallin promoter, albeit smaller than that observed
with nuclear extract from the aTN6 lens cells (Fig. 3). This
faster migration suggests that the YTN cDNA does not
encode the complete -84/-32 binding protein sequence. An
extract from pBS-transformed cells did not form a complex
with the oligodeoxynucleotide. The complexes formed with
the extracts from both the mouse lens cell line and the
pYTN-transformed bacterial cells were specifically elimi-
nated by competition with a 500-fold molar excess of the
atA4 oligodeoxynucleotide but not by competition with the
oaAl, aA3, oaA5, and -y2 oligodeoxynucleotides. pYTN-

aA5
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-111

aA :
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Y2 31
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aTN6 N.E. pYTN F.P. pBS
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FIG. 3. Double-stranded radiolabeled mouse aA-crystallin -84/
-32 oligodeoxynucleotides were incubated with aTN6 nuclear
extract (aTN6 N.E.), pYTN-transformed XL1 cell extract (pYTN
F.P.), or pBS-transformed XL1 cell extract (pBS). Binding was

carried out in the absence (-) or presence of the indicated unlabeled
competitor mouse aA-crystallin (cAl, aA2, aA3, aA4, aA5) and
y2-crystallin (y2) oligodeoxynucleotides. The oligodeoxynucle-
otides are shown in Fig. 2. Free/unbound oligodeoxynucleotide is
shown in the first lane, its migration indicated by F.

transformed XL1 extracts also formed a retarded band with
the 32P-labeled CRE probe, which was competed with by
region I (not shown).

Competition experiments were performed with five dif-
ferent mutant duplex oligodeoxynucleotides between posi-
tions -73 and -55 of the aA-crystallin promoter (Fig. 4).
Ml, which contains a mutation outside of the cxA4 sequence,

competed effectively against the 32P-labeled wild-type oli-
godeoxynucleotide for binding to extracts prepared from
both the lens cell line and pYTN-transformed XL1 cells. By
contrast, M2 through M5, which all contain mutations within
the CRE-like aA4 sequence, did not compete well with the
wild-type oligodeoxynucleotide for binding in either extract.
M3 competed more effectively in the XL1 cell extract than in
the lens cell nuclear extract.

Tissue distribution of RNA sequences hybridizing to pYTN
cDNA. Northern blot hybridization was performed with
poly(A)+ RNA from several different adult mouse tissues
with a 32P-labeled 614-bp pYTN fragment as a probe. The
autoradiograms showed a major band of hybridized RNA
approximately 10 kb long in the RNA from the otTN4-1, lens,
brain, spleen, thymus, and liver cells (Fig. 5). It should be
noted that only one-third as much lens RNA (2 ,ug) was used
as RNA from the other tissues (6 ,ug). In general, the relative
amounts of the 10-kbp mRNA hybridizing to the pYTN
probe paralleled the intensity of the band hybridizing to the
actin probe. The specificity of this signal for a YTN-encoded
mRNA and not another related mRNA is strengthened by
the pYTN fragment choosen as a probe. This 614-bp pYTN
fragment spans a region in which the YTN, PRDII-BF1 (11),
and MBP-1 (1) nucleotide sequences share only 58 to 64%
similarity (see below and Fig. 6 and 7). Hybridization of
these RNA samples to the 5'-most 1,231-bp pYTN fragment,
which spans the most homologous region of YTN, PRDII-
BF1 (11), and MBP-1 (1), yielded the same 10-kbp band (data
not shown).
Sequence of the pYTN cDNA. Starting from the 5' end of

the cDNA insert in pYTN, the sequence contains an open

reading frame encoding 665 amino acids followed by a

termination codon, 513 nucleotides of 3' nontranslated se-

quence, and a poly(A) tail (Fig. 6). The atypical, putative
polyadenylation signal is underlined in Fig. 6. The deduced

protein sequence has two zinc fingers (boxed in Fig. 6) of the
C2-H2 type (19), consistent with the DNA-binding ability of
this protein. Both the nucleic acid and deduced protein
sequences of the cDNA are very similar to those of the
human MBP-1 (1) and PRDII-BF1 (11) transcription factors;
the total nucleic acid sequence is 77% identical (data not
shown) and the deduced protein sequence is 75% identical
(Fig. 7) to the comparable regions of the PRDII-BF1 (11) and
MBP-1 (1) genes. Within this region the amino acid se-
quences of PRDII-BF1 and MBP-1 are identical except for
two positions, at which MBP-1 matches the amino acids
present in aA-CRYBP1 (Fig. 7). These differences are prob-
ably the result of polymorphism. The nucleotide and amino
acid sequences of the zinc finger regions are 92 and 98%
identical, respectively, between the pYTN and PRDII-BF1
cDNAs. Surprisingly, the 3' untranslated region shows as
much as 91% similarity between the two cDNAs, consider-
ably greater than the 73% similarity between the non-zinc
finger-coding nucleotides of the pYTN and PRDII-BF1
cDNAs.

DISCUSSION

The present transfection experiments indicate that the
-69/-40 sequence, containing the palindrome 5'-GGGAAA
TCCC-3' at positions -66/-57, has a key role in the activity
of the mouse aA-crystallin promoter in cultured mouse lens
cells. This is consistent with earlier deletion experiments
showing the functional importance of the -88/-60 region of
this promoter in transfected embryonic chicken lens epithe-
lial cells (8) and the requirement of the -88/-34 region of the
aA-crystallin promoter for lens-specific activity in trans-
genic mice (36). The -66/-57 sequence of the aA-crystallin
gene is of interest, since in addition to region I of the MHC
class I gene regulatory element (32), it resembles the NF-kB
motif found in cis-regulatory sequences of many different
genes (see reference 20 for references), including those for
immunoglobulin kappa light chains, P2-microglobulin, inter-
leukin-2, interleukin-2 receptor a, beta interferon, SV40
enhancer, cytomegalovirus, and human immunodeficiency
virus type 1 (HIV-1). Thus, the lens-specific mouse aA-
crystallin gene may be controlled in part by a factor involved
in regulating a number of other genes in different tissues. The
use of this motif in the enhancer element of the HIV-1 LTR
(4, 17, 25) may account for the unexpectedly high expression
of the HIV LTR in the lens of transgenic mice (18).
There have been a number of reports of proteins which

bind to a sequence motif similar to that in the lens aA-
crystallin gene studied here. PRDII-BF1 (11), MBP-1 (1),
and HIV-EP1 (23) are zinc finger proteins (19) whose cDNAs
have been cloned from human cells. They are either homol-
ogous or very similar to our mouse lens cDNA. PRDII-BF1,
MBP-1, and our mouse lens cDNA hybridize to an approx-
imately 10-kb RNA in a variety of tissues. Southern blot
hybridization with MBP-1 (33) and our pYTN cDNA (our
unpublished data) suggests at most a few genes for this
protein in humans, mice, and rats. Since our lens cDNA is
incomplete and shows appreciable differences in the non-
zinc finger-coding regions with PRDII-BF1 and MBP-1, we
cannot be certain whether it is homologous to or a closely
related family member of the human factor(s). We thus
tentatively name the lens protein aA-CRYBP1 (for aA-
crystallin-binding protein 1).
NF-kB (17, 20, 21, 30), H2TF1 (2, 3), KBF1 (39), EBP-1

(9), and HIVEN86 (4) also bind to the same motif but appear
to differ from PRDII-BF1, MBP-1, and otA-CRYBP1 in being

MOL. CELL. BIOL.
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FIG. 4. Double-stranded radiolabeled mouse aA-crystallin -84/-32 oligodeoxynucleotides were incubated with aTN6 nuclear extract
(aTN6 N.E.) or pYTN-transformed XL1 cell extract (pYTN F.P.). Binding was carried out in the absence (-) or presence of the indicated
unlabeled competitor y2-crystallin (y2) or mouse caA-crystallin oligodeoxynucleotides: wild type -73/-55 (WT; denoted as ciA on the gels)
and mutants Ml, M2, M3, M4, and M5. Free/unbound oligodeoxynucleotide is shown in the first lane of each panel, its migration position
indicated by F.

significantly smaller, as judged by the large mRNAs of
PRDII-BF1, MBP-1, and aA-CRYBP1. NF-kB, H2TF1, and
KBF1 appear to be distinct proteins with characteristic
differences in their tissue distribution, binding specificities,

Tissue

2 c
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w M O-u m >

9.5 - w cro.
7.5- :- *

Probe

PYTN 8.1

4.4-

2.4-

ACTIN

1.4-5
FIG. 5. Northern blot hybridizations. Either 2 (lens) or 6 (all

other tissues) ,ug of poly(A)+ RNA was electrophoresed in each lane
and probed with either the 614-bp Hindlll fragment derived from the
pYTN cDNA or a human 13-actin cDNA. The autoradiogram with
the pTYN probe was exposed for 4 days, while that with the actin
probe was exposed for 1 day. Lens was from newborn mice; the
other tissues were from adults.

and patterns of methylation interference for binding (3; see
references 1 and 11 for further discussion). Clarification of
the relationships of these various factors awaits further
characterization of the cDNAs and natural proteins.
The presence of aA-CRYBP1 in the lens and its ability to

bind to the 5'-flanking region of the aA-crystallin gene in a
sequence critical for lens function in transgenic mice (36) and
transfected lens cells from embryonic chickens (8) and mice
(present study) suggest that it is required for the lens-specific
expression of the aA-crystallin gene. Additional studies in
our laboratory suggest that the aA-crystallin aA-CRYBP1
site is sufficient to activate transcription of the thymidine
kinase promoter in aTN4-1 cells but not in a mouse fibro-
blast cell line (Sax, unpublished). We cannot, however, rule
out the possibility that a similar but different factor is
involved in vivo. Indeed, it is not clear whether transcription
of the other genes with the same sequence motif in their
regulatory regions is controlled by PRDII-BF1, MBP-1,
HIV-EP1, and aA-CRYBP1. For example, even though
PRDII-BF1, MBP-1, and aA-CRYBP1 mRNAs are ex-
pressed in brain tissue at high levels, binding activity to
region I of the MHC class I gene is not observed in brain
tissue (6). aA-CRYBP1 appears to represent a lower per-
centage of the poly(A)+ mRNA fraction in the mouse lens
than in aTN4-1 cells. This lower apparent percentage may be
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F S N K D D S E I N S E Q D K E N S L I K S E P R R I K I F D G G Y K S N E D
AATTCAGCAATAAAGATGACTCTGAAATTAACAGTGAGCAAGATAAAGAAAATTCCTTAATCAAAAGTGAACCAAGAAGAATTAAAATATTTGACGGAGGATACAAGTCAAATGAGGATT 120

Y V Y V R G R G R G KIY I C E E C G I R C K K P S N L K K H I R rTH T D V R PIY
ACGTGTATGTCCGAGGCAGGGGAAGAGGAAMAACATTTGTGAAGAGTGTGGAATACGTTGTAAGAAGCCTAGTATGTTGAAGAAGCACATCCGAACCCACACAGATGTCCGCCCtACC 240

H C S Y C N F S F K T K G N L T K HNM K S K A H S K K C V D L G V S V G L I D E
ACTGCTCTTACTGTAACTTCTCCTTCAAGACGAAAGGAAACCTGACAAAACACATGAAGTCCAAGGCGC TAAGAAGTGTGTGGATTTAGGCGTCTCGGTGGGCTTGATAGACGAGC 360

Q D T E E S D E K Q R F G C E R S G Y D L E E S D G P D E D D N D N E E D D D D
AGGACACAGAAGAATCAGATGAAAGCAAAGATTCGGTTGCGAGCGGTCTGGATATGATCTTGAAGAGTCTGATGGCCCAGATGAGGATGATAATGACAACGAAGAGGATGATGATGACA 480

S a A E S G L S A A P S V T A S P OHN L P S R S G L Q D P G S V E E E L R V S S
GCCAAGCAGAGTCTGGTCTCTCAGCAGCACCCTCAGTCACAGCGAGCCCACAGCATCTCCCATCCAGAAGTGGCCTTCAGGACCCTGGGAGTGTCGAGGAGGAGCTTAGAGTTTCCAGTT 600

C F S G V H T D P M D I L P R A L L T K M T V L S T V Q S S P N R T D L P A K A
GCTTCTCAGGGGTACATACAGACCCAATGGACATTCTACCTAGAGCACTGCTCACCAAGATGACTGTTCTGAGCACAGTGCAGAGTAGCCCTAACAGGACAGACTTACCAGCAAAGGCCA 720

R Q S T E K D E H E Q A P P A D T P R S P G H 0 L S V H S S E S D V L R S P A A
rrr-rsrAnATAr-TnAnAAnGATnAnEATGAnAGGTCYCTCYCCC-AGACACeCeCAGGTCCsCCGGCCATCAGCTGTCTGTGCATTCCTCTGAA-TCCGATGTCCTGAGsAAGTCCTGCAGCTG 840

G N P A A G S P G A A V Q D S S V G L P P A V A Q L N P 0 P A A R I S S S V S P
GAAACCCTGCCGCTGGAAGCCCTGGGGCTGCAGTACAGGATTCATCTGTGGGGCTGCCCCCTGCCGTAGCCCAGCTCAACCCTCAGCCGGCTGCCAGGATTTCTTCCTCAGTCTCACCTC 960

H P D S Q D Q K QQI I L Q P P P G L P S P 0 T H L F S H L P L H S 0 Q Q S R T
ACCCTGACAGTCAAGACCAGAAGCAACAAATAATCTTGCAACCACCTCCCGGCTTGCCTTCCCCGCAGACACATCTGTTCAGCCATCTCCCCTTGCATTCCCAGCAGCAATCAAGGACCC 1080

P Y N M V P V G G I H V V T A G L T Y S T F V P I 0 A G P M O L T I P A V S V I
1200

H R T V G T S G D T I T E A S G S P N R P T G V A E L S S V V P C I P I G Q I H
ACAGAACCGTGGGCACCTCTGGGGATACCATCACTGAAGCTTCGGGCTCTCCTAATCGCCCCACCGGAGTGGCGGAATTGAGCAGTGTTGTGCCCTGTATTCCCATAGGCCAAATCCACG 1320

V P G L Q N L S P P A L Q S L T S L G M E T V N L V G L A N A T V G P Q G H P P
1440

G L A L N A V G L Q V L A N A P A Q S S P A P P A H I Q G L Q I L N I A L P T L
GCCTGGCCCTCAACGCAGTGGGGCTCCAGGTTTTGGCCAACGCGCCCGCCCAGAGCAGTCCCGCCCCACCGGCACACATTCAGGGACTCCAAATCCTCAACATCGCCTTGCCCACCCTGA 1560

I P S V G P V A V G T T G T P E T T A P N S K A M E L OQ P A G Q G H S A E P P
1680

Q G S P E G P Q E T P Q T V S G P S A D H A R P E D S T K N D T K K G P S A G H
AGGGGTCACCCGAAGGCCCTCAGGAAACCCCACAAACAGTGTCCGGTCCTTCAGCGGACCACGCAAGGCCTGAAGATTCAACCAAAATGGACACCAAGAAGGGGCCCTCTGCGGGTtATG 1800

V L P G R S P A Q A Q P A P T P E A L Q K V A T S A P P S L P T D R A A P R P P
1920

V P H R Q P I V H F S D V S S D D D E D R L V I A T *
TGCCCCACAGGCAGCCCATTGTACACTTCAGCGACGTGAGCAGCGATGATGACGAGGACAGGCTTGTCATAGCAACCTAATGGTTTGTTTTTTACTGATTTTTTTTTTTATAACAGGTTT 2040

TTTTGAAAAACCCTCCTTTCCTTAAAGCACATTTTTTTCTGACATAAACTCATGACTAATCTTTGTGCAATCATGAACTTTTGACCAATAATTGTTGTTTTGTGTTAGTCCCAGCCATTT 2160

TTGTATATGTTGTATAGACAATTGTGCCTTTTAGAAGTTTTATGTTTAGAATCTGTACAGATGGTTGAATATCTATATACATACAATGTTATATATGTATATGAAAACCAGGTAGTTGTG 2280

TTTAGTAGAAACTTGTCAAATAAATCAGATGACTAAATGATATGTTGCACTGTTAAATATAAATTTTTACGGCTGTGGGGCAGTTTCTGTGTATAAATTAGTATGTAAACCTCATATTTA 2400

TTGTATTCATATTAGTCTTTGCAAATGGATCTGTCATTGTGTGAGACAGTAACTGTACACTTCAGACAGATTTTCTGTGTTATGAA CTGTTTCAGTAAATACTGTTCACAGGCAAAAAAA 2520

FIG. 6. Nucleotide and deduced protein sequences of the pYTN cDNA. The single-letter symbol for each amino acid is placed above the
central nucleotide of its codon; an asterisk (*) designates the termination codon. The two zinc fingers are boxed, and the putative
polyadenylation signal is underlined. The HindlIl fragment used in Northern blot hybridizations spans nucleotide sequence positions 1231 to
1845.

the result of an extreme abundance of the crystallin mRNAs
in the intact lens or the loss of nuclei in lens fiber cells,
resulting in lower levels of transcription.

In general, tissue-specific gene expression involving a
ubiquitous transcription factor may require posttranslational
modifications and/or contributions by other factors. With
respect to the interaction of multiple factors, gel retardation
experiments have shown that at least two complexes form
with oligodeoxynucleotides identical to the sequence be-

tween positions -111 and -55 in the 5'-flanking region of the
aA-crystallin gene when incubated with nuclear proteins
from chicken lenses, chicken erythrocytes, and HeLa cells
(34). It may be significant in this connection that the muta-
tion between positions -111 and -106 in the present study
(Fig. 5) decreases expression of the aA-crystallin promoter-
cat fusion gene in the transfected mouse lens cells, as do
those involving the downstream aA4 motif and its associated
sequences. In any event, the use of general transcription

CATACAACATGGTTCCCGTAGGGGGTATCCATGTGGTGACTGCCGGCCTCACCTACTCCACTTTTGTACCCATACAGGCCGGGCCAATGCAACTGACCATCCCCGCTGTGAGTGTTATTC

TGCCAGGCCTGCAGAACTTAAGTCCCCCAGCCTTGCAGTCGCTTACGTCCCTGGGGATGGAAACAGTCAACCTGGTGGGCCTGGCAAACGCTACCGTGGGCCCGCAGGGGCACCCCCCGG

TCCCCTCCGTTGGCCCGGTGGCTGTGGGCACCACGGGGACTCCAGAGACGACTGCTCCCAACAGCAAAGCAATGGAGCTGCAGATGCCCGCAGGCCAGGGACACAGTGCCGAGCCTCCAC

TGTTGCCCGGGCGCTCCCCTGCGCAGGCGCAGCCAGCACCCACACCGGAAGCTTTACAGAAAGTTGCAACTTCAGCTCCTCCATCACTTCCTACAGACAGAGCGGCTCCCAGGCCCCCAG
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aA-CRYSTALLIN GENE EXPRESSION 3707

aA-CRYBP1 FSNKDDSEINSEQDKENSLIKSEPRRIKIFDGGYKSNEDYVRGRGR YICEECGIRCKPSMLKKHIRTHTDVR HCSYCNFSFKTKGNLTKHMKS

PRDII-BF1 FSNKDASEINSEQDKENSLIKSEPRRIKIFDGGYKSNEEYVYIRGRGRK ICEECGIRCKKPSMLKKHIRTHTDVR YCTYCNFSFKTKGNLTKHMKS

KS SKKCVDLGVSVGLIDEQDTEESDEKQRFGCERSGYDLEESDGPDEDDNDNEEDDDDSQAESGLSMPSVTASPQHLPSRSGLQDPGSVEEELRVSSC

KKCVDLGISVGLIDEQDTEESDEKQRFSYERSGYDLEESDGPDEDDNENEDDDEDSQAESVLSATPSVTASPQHLPSRSSLQDPVSTDEDVRITDC
*

FSGVHTDPMDILPRALLTK:MTVLSTVQSSPNRTDL-PAKARQSTEKDEHEQAPPADTPRSPGHQLSVHSSESDV-LRSPAAGNPAAG- -SPGAAVQDSSV

FSGVHTDPMDVLPRALLTRMTVLSTAQSDYNRKTLSPGKARQRAARDENDTIPSVDTSRSPCHQMSVDYPESEEILRSSMAGKAVAITQSP------SSV

GLPPAVAQLNPQPAARISSSVSPHPDSQDQKQQIILQPPPGLPSPQTHLFSBLPLHSQQQSRTPYNMVPVGGIHVVTAGLTYSTFVPIQAGPMQLTIPAV

RLPPAAAEHSPQTAAGMPSVASPHPDPQEQKQQITLQPTPGLPSPHTHLFSHLPLHSQQQSRTPYNMVPVGGIHVVPAGLTYSTFVPLQAGPVQLTIPAV

v
SVIHRTVGTSGDTITEASGSPNRPTGVAELSSVVPCIPIGQIHVPGLQNLSPPALQSLTSLGMETVNLVGLANATVGPQGHPPGLALNAVGLQVL-ANAP

SVVHRTLGTHRNTVTEVSGTTN-PAGVAELSSVVPCIPIGQIRVPGLQNLSTPGLQSLPSLSMETVNIVGLANTNMAPQVHPPGLALNAVGLQVLTANPS

AQSSPAPPAHIQGLQILNIALPTLIPSVGPVAVGTTGTPETTAPNSKAMELQMPAGQGHSA------EPPQGSPEGPQETPQTVSGPSA---DHARPEDS

SQSSPAPQAHIPGLQILNIALPTLIPSVSQVAVDAQGAPEMPASQSKACETQPKQTSVASANQVSRTESPQGLPTVQRENAKKVLNPPAPAGDHARLDGL

TKMDTKKGPSAGHVLPGR---SPAQAQPAPTPEALQK----VATSAPPS----LPTDRAAPRPPV-PHRQPIVHFSDVSSDDDEDRLVIAT

SKMDTEKAASANHVKPKPELTSI-QGQPASTSQPLLKAHSEVFTK--PSGQQTLSPDRQVPRPTGLPRRQPTVHFSDVSSDDDEDRLVIAT
FIG. 7. Amino acid comparison of aA-CRYBP1 and PRDII-BF1. The deduced amino acid sequence of aA-CRYBP1 is aligned with the

corresponding region of PRDII-BF1 (14). Amino acid similarities are denoted by :, while gaps in the sequence are denoted by -. An asterisk
(*) denotes the positions at which the amino acid sequences of PRDII-BF1 (14) and MBP-1 (13) differ. The zinc finger regions are boxed. The
region encoded by the 614-bp HindIII fragment used in Northern blotting (Fig. 5) lies between the two triangles.

factors for high gene expression in the lens fits well with the
fact that crystallins have been recruited from ubiquitously
expressed genes and continue to share genes encoding
metabolic enzymes and other proteins with unknown func-
tions (i.e., aB-crystallin) in nonlens cells (29).
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