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ABSTRACT

Cell specific expression of the insulin gene is achieved
through transcriptional mechanisms operating on
multiple DNA sequence elements located in the 5'
flanking region of the gene. Of particular importance
in the rat insulin I gene are two closely similar 9 bp
sequences (IEBl and IEB2): mutation of either of these
leads to 5- 10 fold reduction in transcriptional activity.
We have screened an expression cDNA library derived
from mouse pancreatic endocrine cells with a
radioactive DNA probe containing multiple copies of the
IEBI sequence. A cDNA clone (Al) isolated by this
procedure encodes a protein which shows efficient
binding to the IEBi probe, but much weaker binding
to either an unrelated DNA probe or to a probe bearing
a single base pair insertion within the recognition
sequence. DNA sequence analysis indicates a protein
belonging to the helix-loop-helix family of DNA-binding
proteins. The ability of the protein encoded by clone
Al to recognize a number of wild type and mutant DNA
sequences correlates closely with the ability of each
sequence element to support transcription in vivo in
the context of the insulin 5' flanking DNA. We conclude
that the isolated cDNA may encode a transcription
factor that participates in control of insulin gene
expression.

INTRODUCTION

In mammals, biosynthesis of the protein hormone insulin is
restricted to the : cells of the endocrine pancreas. This involves
transcriptional control operating via sequences located in the 5'
flanking region of the gene (1,2). The transcription regulatory
region of the rat insulin I gene has been studied in some detail:
it contains a cell specific enhancer and a cell specific promoter
(3). These DNA sequences act as positive control elements-in

cells they activate transcription, whereas in non-,B cells they
show no effect. Other experiments suggest that negative control
plays a role in suppressing transcription in non-,B cells (4,5).

Systematic mutational analysis has shown that within the 5'
flanking region, the most important positive elements of the cell
specific response are two closely related 9 bp sequences, IEBI
(GCCATCTGC) and IEB2 (GCCATCTGG), located at -108
and -233 respectively in the rat insulin I gene (6). These
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sequences are capable of activating transcription in cell specific
fashion when linked to a heterologous promoter (7,8). The
simplest explanation of these results is that transcription factors
that bind selectively to these sequences are present specifically
in cells. Indeed Ohlsson et al. (9) observed that nuclear proteins
found selectively in cells can interact with these sequences.

On the other hand, Moss et al. (10) were able to detect binding
activity to these sequences in whole cell extracts of both and
non-(3 origin. The IEBI and IEB2 sequences are closely similar
(10) to a series of elements termed 'E boxes' that were originally
identified in immunoglobulin gene enhancers by in vivo
footprinting techniques (11) and subsequently shown by
transfection experiments to play an important role in expression
(12).
To better understand the structure and function of the protein(s)

which interact with the IEBI and IEB2 sequences, we attempted
to clone the cDNA(s) that encode them. The procedure was based
on the recognition by recombinant phage protein of a radioactive
DNA probe corresponding in sequence to the binding site of the
desired protein (13,14). Two clones were isolated from a mouse

cell cDNA library on the basis of their reproducible binding
to an IEBI sequence probe. One of these, clone Al, shows strong
sequence similarity to a human lymphocyte cDNA clone (E47)
encoding a DNA binding protein possibly involved in
immunoglobulin gene expression (15). The in vitro DNA binding
specificity of the protein encoded by clone Al is consistent with
a role in insulin gene transcription.

MATERIALS AND METHODS
Construction and screening of the cDNA library
Total RNA was isolated from (3TC 1 cells (an established mouse
line derived from a cell tumor-ref 16) using the guanidinium
thiocyanate-CsCl procedure (17). From 5 Ag of this material,
a library was constructed in the vector Xgtl 1 (18) using published
procedures (19). The library was screened by a modification (14)
of the procedure of Singh et al (13). The DNA probe was

prepared by ligating a 180 bp DNA fragment containing 9 tandem
repeats of the IEBl sequence (Fig 1) and labelling by nick
translation. Bacteriophage which responded positively were
purified by 3 rounds of plaque purification. DNA was isolated
from these phage and digested with EcoRI to determine the size
of the cDNA insert, which was subsequently subcloned to plasmid
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vectors. Manipulations involving recombinant DNA were
performed by standard procedures (20).

Expression of cDNA insert in bacteria
The cDNA insert was subcloned to the expression vector pATH2
(21). To attain the correct reading frame both insert and BamH
I digested vector were treated with Klenow polymerase to fill
in protruding ends prior to ligation and transformation of
competent E. coli HB101. Bacteria bearing the insert in the
correct orientation were cultured in M9 minimal medium in the
presence of f-indoleacrylic acid as described (22) to elevate
production of the fusion protein. Bacteria were harvested and
sonicated in the presence of sample buffer containing sodium
dodecyl sulphate (SDS) (23) to solubilize proteins. The
supernatant solution was then fractionated by SDS polyacrylamide
gel electrophoresis. Gels were either stained with Coomassie
brilliant blue or electro-blotted on to nitrocellulose sheets as
described (22).

Western and South-western blot analysis
For antibody binding (Western analysis), nitrocellulose sheets
containing electro-blotted proteins were incubated for 2 h at room
temperature in buffer 1 (10 mM sodium phosphate pH7.4, 150
mM NaCl, 0.1% non-fat milk (Carnation), and 0.05% Tween
20). Subsequently the sheets were incubated for 2h in sealed
plastic bags containing buffer 1 with a 1:1000 dilution of rabbit
anti-trpE antiserum. Following 3 washes for 10 min each with
buffer 1, 0.125 ytCi/ml I125 -labelled S. aureus protein A
(Amersham) was added. After 90 min incubation, sheets were
washed 3 times for 10 min with buffer 1, air dried and exposed
to X-ray film.
For DNA binding (South-western analysis), nitrocellulose

sheets were subjected to a denaturation-renaturation procedure.
Denaturation was performed in buffer containing 50 mM Tris-
HCl pH8.0, 7 M guanidine hydrochloride (US Biochemical
practical grade), 50 mM dithiothreitol (DTT), 2 mM
ethylenediamine tetra-acetate (EDTA) and 0.25% non-fat milk.
Incubation was for 60 min at room temperature. Filters were
transferred to renaturation buffer containing 50 mM Tris-HCl
pH 8.0, 100 mM NaCl, 2 mM DTT, 2 mM EDTA, 0.1%
Nonidet-P40 (NP-40), and 0.25% non-fat milk for at least 12
h at 4°. Subsequently, treated sheets were incubated for an
additional 12 h with radiolabelled probe (5 -lOx 105 cpm/mil)
in TNE (50 mM Tris-HCI pH 8.0, 50 mM NaCl, 1 mM EDTA,
and 0.25% non-fat milk). Finally sheets were washed 3 times
for 10 min at room temperature in TNE, air dried, and exposed
to X-ray film.

Northern and Southern blot analysis
RNA was prepared by the guanidinium thiocyanate-CsCl
procedure (17) followed by fractionation by one passage on oligo-
dT cellulose (24). Samples of 5 ug were electrophoresed on
formaldehyde-agarose gels (25), and blotted overnight to
nitrocellulose. Blots were incubated with radioactive probe
derived from the 1 kb insert Al (Amersham multiprime labelling
system- specific activity 109 cpm/4g) and washed as described
(25). To verify that RNA of comparable quality and quantity was
present in all lanes, blots were subsequently reprobed with
radioactive DNA corresponding in sequence to 18S rRNA (26).
Chromosomal DNA was prepared using standard procedures

(20), digested with appropriate restriction enzymes and
fractionated on agarose gels. Following transfer to nitrocellulose,

radioactive probe prepared as above from the insert of clone Al
was applied. Following hybridization, filters were washed twice
for 15 min each at 500 in 0.015 M NaCl, 0.0015 M Na Citrate
(25).

Mobility shift assay (27)
E. coli bearing pATH plasmids were cultured as described above
to induce production of fusion protein. Cell extracts were
prepared by urea extraction (28). Binding reactions contained 25
mM Hepes (pH 7.5), 1 mM EDTA, 5 mM DTT, 10% glycerol,
150 mM NaCl, 0.5 mM phenylmethylsulphonyl fluoride (PMSF),
900 ng poly-d(AT), 900 ng poly-d(IC), 5,000-10,000 cpm of
double stranded oligonucleotide, corresponding to the IEBI
sequence, labelled by 'fill-in' reaction with Klenow polymerase
(specific activity 2,000 cpm/fmole) and bacterial extract
containing 10 lzg of protein in a final volume of 20 ,41. To
determine the DNA binding specificity of the fusion protein,
binding reactions were performed in the presence or absence of
unlabelled DNA sequences. For convenience, these unlabelled
sequences consisted of cloned DNA fragments (89 bp long)
containing 2 copies of the test sequence inserted into the BamH
I and Bgl H sites of the vector pOK2 (6). After 25 min at room
temperature, the reaction mixtures were applied in the presence
of 10% glycerol, 0.2% macerated agarose, and 0.01%
bromophenol blue to 4% polyacrylamide gels containing 40 mM
Tris-HCl, 12.5 mM sodium acetate, 3.3 mM EDTA (pH 7.9).
Following electrophoresis for 2 h at 25 mA, gels were dried and
exposed to X-ray film. Autoradiograms were subsequently
quantitated by densitometry. The efficiency of competition was
determined by comparison of competition efficiency with the
homologous IEB1 sequence.

Cell culture and transfections
HIT T15 M.2.2.2 cells and BHK cells were cultured as described
previously (3,29). Cells were transformed by the calcium
phosphate procedure (30) and the activity of CAT reporter
plasmids was determined by normalization ofCAT activity with
the 13-galactosidase activity produced by the pRSV-3gal internal
control plasmid (3). The CAT reporter plasmids have been
described previously (6,10). They are based on expression
controlled by the intact flanking DNA (-345 to -1). Mutant
sequences contain alterations in the IEBI region only (-104 to
-112).

DNA sequencing
DNA sequencing was performed by the dideoxy procedure (31).
Templates were double stranded plasmids containing portions of

Designation

EB1I

IEB2

lE1

gE2

CCAAT

Sequence

g a t c c G C C A T C T G C c a

g a t c cgG C C A T C T G G c a

g a t c c G C C A T C T I G c a

g a t c c G C C A a C T G C c a

g a t c c G C C AAT C T G C c a

Figure 1. Oligonucleotides used in this study. In each case only one strand is
shown. Oligonucleotides corresponding to the other strand were designed to leave
a GATC protruding end in all cases to facilitate ligation of DNA to plasmids.
Upper case represents native DNA sequences and lower case represents sequences
corresponding to restriction enzyme recognition sites. Underlined letters indicate
an alteration in sequence as compared to the insulin IEB1/2 sequences.
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the Al insert cloned into the vector Bluescript M13 +
(Stratagene). Sequencing reagents and procedures were from the
'Sequenase' kit (US Biochemicals). Both strands of the Al insert
were completely sequenced.

phage B I phage A I

probe Ae

IEB 1 { x<h

CCAAT

SOM

Figure 2. Autoradiogram of nitrocellulose filter lifts of plaque purified phage
Al and Bi derived from the flTCI library. Triplicate filters were probed with

radioactive DNA corresponding to the sequences of IEBI, CCAAT and an

unrelated 124 bp DNA sequence (SOM) derived from the rat somatostatin gene

(nucleotides -71 to +53, ref 33).

P A

RESULTS
Plaque screens

Screening of the library was performed using a radioactive probe
prepared as described (14) from a cloned 180 bp DNA fragment
containing 9 copies of the IEBI sequence (Fig 1) in tandem. In
a screen of 600,000 recombinant bacteriophages from the O3TC 1
library, we identified two clones (Al and Bl) which produced
strong, reproducible signals with the above probe. These
bacteriophage were plaque purified and characterized with respect
to DNA binding specificity using 3 probes (see Fig 1 for details
of the sequences): 1) The wild type IEB1 sequence used in the
original screening. 2) A single nucleotide insertion to produce
a 'CCAAT' sequence (32). 3) An unrelated 124 bp sequence
derived from the rat somatostatin gene (33).
Although both clones interacted strongly with the original

probe, clone Bi responded equally well with the point mutant,
whereas clone Al responded much less strongly (Fig 2). Neither
phage produced a signal with the unrelated sequence. Since the
CCAAT mutant sequence has previously been shown to have
dramatically reduced transcriptional activity in vivo (6), in
subsequent experiments we focussed attention on clone Al.

Analysis of the protein encoded by Al
To characterize the cDNA present in this phage, the 1.0 kb EcoRI
insert of clone Al was subcloned to the bacterial expression vector
pATH2. Bacteria bearing this plasmid, termed pATH-Al,
showed high levels of production of a protein of molecular weight
67 kDa, absent in extracts of control pATH2-bearing bacteria
(Fig 3a). The observed molecular weight is consistent with that
of a fusion protein between trpE (37 kDa) and the protein coding
potential of the 1 kb Al insert. The fusion protein shows the
expected binding to antibodies directed against trpE protein (Fig
3b). Furthermore a radioactive DNA probe corresponding to the
IEBI sequence was recognized by the protein (Fig 3c). This DNA
binding activity was absent in extracts from bacteria bearing
control pATH plasmid. A significantly weaker DNA binding
activity of the fusion protein towards a mutant probe CCAAT
(not shown) confirmed the binding specificity observed with
bacteriophage plaques.

P A P A

4
36 __

b c

Figure 3. Analysis of bacterial fusion proteins. Bacterial extracts derived from pATH2 (lanes P) and pATH-Al (lanes A) were fractionated on 10% SDS-polyacrylamide
gels. Triplicate gels were treated either by staining with Coomassie brilliant blue (Panel a) or electro-blotting to nitrocellulose and probing with antibodies to trpE
followed by j12 -labelled S. aureus protein A (Panel b) or probing with labelled IEBI DNA (Panel c). Arrows mark the position of migration of the 67 kDa fusion
protein.
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Figure 4. Comparison of the ability of IEB 1-related sequences to interact in vitro with the protein encoded by clone Al and the ability of these sequences to support

transcription in an in vivo transfection as-y. A. Annealed oligonucleotides corresponding to both strands of IEBI were incubated in the presence of a32P dATP
and Klenow polymerase. The radioactive DNA (5,000 cpm / assay) was incubated with bacterial extract, as described in Materials and Methods, in the presence

or absence of unlabelled DNA 89 bp in length, containing two copies of sequences IEBI, itEl, IE2, CCAAT or the corresponding fragment from vector pOK2
(6) containing no IEB 1 related sequences. The autoradiogram shows mobility shift analysis performed in the absence (lane 1) or presence (lane 2 - 14) of extract

from pATH-Al bacteria; in the presence of unlabelled IEBI at 200, 500, 1000 and 1500 fold molar excess (lanes 3-6 resp); in the presence of 1000 and 1500

fold molar excess of IAE1 (lanes 7,8); 1000 and 1500 fold molar excess of AE2 (lanes 9,10); 1000 and 1500 fold molar excess of CCAAT (lanes 11,12) and 1000

and 1500 fold excess of non-homologous vector sequence (lanes 13,14). The arrow indicates the position of the band corresponding to the DNA-fusion protein complex.

B. Autoradiogram showing CAT activity in the presence of no extract (lane 1), extract from HIT cells transfected with wild type flank (lane 2) and extract from

cells transfected with plasmids containing the following mutations in the IEBI region: jLE2 (lane 3), !LE1 (lane 4), CCAAT (lane 5), and block mutant containing

non-homologous (NH) sequences (lane 6). The arrows show the spots attributable to mono-acetylated chloramphenicol. C. Diagram showing structure of CAT plasmids

used for comparisons of in vivo activity. D. Histogram comparing the above in vitro and in vivo activities. The ability of each sequence to compete for binding

is compared to that of the homologous IEBI sequence (open bars). Comparisons were performed using 250-fold molar excess of unlabelled DNA. Under these

conditions the homologous IEB1 fragment caused a reduction of binding of 35%. In parallel, the effects of the same mutations on the activity of the intact 5' flanking

DNA was measured in a transfection assay (filled bars). All results shown represent the mean of 3 independent determinations.
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DNA binding specificity
Cell extracts were prepared from bacteria harboring the pATH-
Al recombinant plasmid and allowed to interact with an end-
labelled DNA probe spanning the IEBI binding site. The mixtures
were fractionated on non-denaturing polyacrylamide gels and
formation of protein-DNA complexes monitored by
autoradiography of the dried gels. A strong shifted band of
labelled DNA was observed when extract was prepared from
bacteria harboring the recombinant plasmid (Fig 4a) but not from
bacteria harboring the parental plasmid (not shown). Relative
binding efficiency was estimated by performing the binding
reactions in the presence of unlabelled DNA sequences,
corresponding to wild type sequences from the insulin enhancer,
or related sequences, including two 'E box' motifs itEI and tE2
from the immunoglobulin heavy chain enhancer. The homologous
IEBl sequence (Fig 4a, lanes 3-6) and the IEB2 sequence (not
shown) were the most efficient competitors. The /.tE2 sequence
was somewhat less efficient while ,zEl and CCAAT were poor
competitors (Fig 4a, lanes 7-12). This correlates well with in
vivo data (Fig 4b, refs 7,10) in which these sequences were tested
for their ability to initiate transcription in the context of the intact
insulin 5' flanking DNA. The correlation between in vivo and
in vitro activities is summarized in Fig 4d.
A higher molar excess of homologous competitor was required

1 2 3 4 5 6 7 8 9 10

to substantially reduce signal strength in these assays than has
been reported when cell extracts from mammalian cells were used
in a similar test system (9,10). A likely explanation for this would
be that the bacterially expressed protein has lower affinity for
the cognate DNA sequence than the native protein, perhaps
because of the prokaryotic trpE component or inappropriate post-
translational modification.

Analysis of structure and expression of the gene
The expression pattern of the gene was investigated by Northern
blot analysis. Expression was found in a range of pancreatic and
non-pancreatic cells (Fig 5). Highest levels were seen in the (TCI
cell line and in the spleen. A single hybridizing band of 3.4 kb
was observed in all positive lines (Fig 5). The absence of a signal
in pancreatic RNA (lane 6) is unexpected. However 3 cells
represents only some 2% of total pancreas: most likely the amount
of transcript is low in pancreatic exocrine cells (the predominant
cell type of the pancreas). Genomic DNA from 2 established
mouse cell lines, FTCl and Ltk- (mouse fibroblast) was
prepared, digested with restriction endonucleases and analyzed
by Southern blot procedures using a radioactive probe prepared
from the 1.0 kb Al cDNA. EcoR I and BamH I digestions
resulted in single hybridizing bands of 19 kb and 13 kb
respectively (Fig 6). Hind Ill digestion produced 2 bands of 15
and 7.5 kb. This pattern of hybridization is consistent with the
idea that the genomic sequence is present in a single copy per
haploid genome. Identical patterns were seen for the two cell
types.

Sequence of clone Al
The complete sequence of both strands of the 1.0 kb insert from
clone Al was determined by the dideoxy procedure following

2.0 Kb

1.0kb -

1 2 3 4 5 6 7

na.

Figure 5. Analysis of RNA hybridizing to clone Al. RNA prepared as described
was electrophoresed on fornaldehyde-agarose gels and transferred to nitrocellulose.
Blots were initially probed with radioactive DNA derived from clone Al (main
figure) and subsequently 18S rRNA (bottom inset). Lanes: 1-mouse T lymphoma
cells (38); 2-mouse Ltk- fibroblast cells; 3-hamster HIT cells; 4-mouse
,BTC1 cells; 5-mouse spleen; 6-mouse pancreas; 7-mouse lung; 8-mouse
liver; 9-mouse brain; 10-mouse kidney. The migration of 28S rRNA (5.1 kb)
and 18S rRNA (2.0 kb) is indicated by arrows.

Figure 6. Analysis of genomic DNA corresponding to clone Al. Genomic DNA
was isolated from J3TC1 cells (lanes 1-3) or Ltk- cells (lanes 4-6) and
subjected to digestion with the restriction enzymes Hind III (lanes 1,4) EcoR I
(lanes 2,5) and BamH I (lanes 3,6). Samples were electrophoresed on agarose
gels, transferred to nitrocellulose filters and probed with a radioactively labelled
clone Al insert. Lane 7 contains 25 pg of the 1 kb insert of A1.

5.1 Kb _

Alm

_I" 19 kb -

7.5kb -0
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a 1 CGGGCAGGAGCGCCCAGTGCCTTATCCCCCAACTACGATGCAGGTCTCCATGGCCTGCAGAGCAAGATGGAGGACCGCTTGGACGAGGCC
R A G A P S A L S P N Y D A G L H G L Q S K M E D R L D E A

91 ATCCATGTCCTGCGAAGCCACGCTGTTGGCACCGCTAGCGATCTCCATGGGCTTTTGCCTGGCCATGGCGCACTGACCACGAGCTTCACC
I H V L R S R A V G T A S D L H G L L P G H G A L T T S F T

181 GGCCCCATGTCACTGGGCGGGCGGCATGCCGGCCTGGTCGGGGGAAGCCATCCTGAGGAGGGCCTCACAAGTGGGGCCAGTCTTTTGCAT
G P M S L G G R H A G L V G G S H P E E G L T S G A S L L H

271 AACCATGCCAGCCTCCCCAGCCAGCCCAGTTCCCTCCCTGACCTCTCACAGAGACCTCCCGACTCCTATAGTGGACTCGGGAGGGCAGGC
N H A S L P S Q P S S L P D L S Q R P P D S Y S G L G R A G

361

90

180

270

360

450

T T A G A S E I K R E E K E D E E I A S V A D A E E D K K D

451 CTGAAGGTCCCACGCACGCGCACCAGCAGTACAGATGAGGTGCTGTCCCTGGAGGAGAAGGACCTGAGGGACCGGGAGAGGCGTATGGCC
L K V P R T R T S S T D E V L S L E E K D L R D R E R R M A

541 AATAACGCTCGGGAGCGGGTGCGCGTGCGGGACATTAACGAGGCCTTCCGGGAGCTGGGCCGCATGTGCCAGCTGCACCTCAAGTCGGAT
N N A R E R V R V R D I N E A F R E L G R M C Q L H L K S D

631 AAGGCGCAGACCAAGCTGCTCATCCTGCAGCAGGCGGTGCAGGTCATCCTGGGCCTGGAGCAGCAGGTGCGAGAACGCAACCTGAACCCC
K A Q T K L L I L Q Q A V Q V I L G L E Q Q V R E R N L N P

721 AAAGCAGCCTGCTTGAAGCGGAGGGAGGAGGAGAAGGTGTCTGGCGTGGTCGGGGACCCACAGCTGGCCCTGTCAGCCGCCCACCCGGGC
K A A C L K R R E E E K V S G V V G D P Q L A L S A A H P G

540

630

720

810

811 CTGGGTGAGGCCCACAACCCAGCCGGGCACCTGTGAGCCGTCACAGCTTCTTCGTTGGACCAGGGACCACCATATCTCTGCCCGGGGTGC 900

L G E A H N P A G H L *

b Al

901 ATCAGGACGGTTCTGGATGAGACAGGTCTCCATCGAAGCATGAGCAGAGAGAGGGCTCTGGGGACACTTCAGGGCG

1 RAGAPSALSPNYDAGLHGLQSKMEDRLDEAIHVLRSHAVGTASDLHGLLPGHGALTTSFTGPMSLGGRHA

976

88

E12 158.. .G. S.G..-. I..H..G.M.T.... ASG..D.AGST.. 244

Al 89 LHNHASLPSQPSSLPDLSQRPPDSYSGLGRAGTTAGASEIKREEKEDEEIASVAD-AEEDKKDLKVPRTRTS---STDEVLSLEEKDLRD 174
E47 1 ..............A............. NT.A .HS..E. E.A. .A ..---. 70
E12 245M....A.. GT. -. A.A. NT.A .HS..E. .E. .A. .A... PDEDE.DLLPP.Q.AE.E 333

Al 175 RERRMANNARERVRVRDINEAFRELGRMCQLHLKSDKAQTKLLILQQAVQVILGLEQQVRERNLNPKAACLKRREEEKVSGVVGDPQLAL 264
E47 71.... M 134
E12 334 K...V. L.. N.E.P. H.. ...N..HS. MV. 423

Al 265 SAAHPGLGEAHNPAGHL*

E12 271 . .P. ...S. M*

I8 8

80 % 80% 71% 88%

281

440

E12

Al%2 84%

80% 98%

E47

I I I I I II I I I I
0 100 200 300 400 500

Amino acids

Figure 7. a. Nucleotide sequence of clone Al cDNA and predicted amino acid sequence of the encoded protein. b. Comparison among amino acid sequence deduced
from clone Al and E12/E47 (15). Dots indicate an identical amino acid. Dashes indicate a gap introduced to permit alignment. The location of the putative heli-loop-
helix domain is indicated by +. c. Schematic comparison of predicted protein sequence of Al with E12 and E47. For the purpose of the comparison the sequence
of Al (281 amino acids) is divided into 4 domains. Domain 1-amino acids 1-104; 2-105-159; 3-160-232; 4-233-281. The extent of similarity between
corresponding domains of Al, E12 and E47 is shown. Domain 3 (shaded) corresponds to the DNA binding domain of E12 and E47 and encompasses the helix-loop-
helix domain (15).

subcloning of portions of the insert to Bluescript vectors (Fig
7a). The sequence shows an open reading frame of 281 amino
acids with a potential initiation codon AUG (34) at amino acid
25. This could represent an authentic in vivo translation start site.
On the other hand, the length of the RNA (3.4 kb) indicates that
translation start sites further upstream are likely. The sequence

of clone Al shows strong similarity (Fig 7b) to a human cDNA
clone (E47) which may encode a transcription factor involved
in immunoglobulin gene transcription (15). The conservation is
particularly strong (98% conservation at the amino acid level-
Fig 7b,c) in a region possessing a novel DNA binding structure,
the helix-loop-helix motif (15).

A,-A
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DISCUSSION

Striking progress has been made in recent years in our
understanding of the molecular basis for cell specific gene

expression. In most cases, control is exerted at the transcriptional
level via short DNA sequence elements located in the vicinity
of the gene. It is generally believed that the importance of these
sequences lies in their ability to interact with the DNA binding
domain of specific transcription factors which are thereby
positioned appropriately to permit activation of transcription of
the nearby gene. Therefore a major focus of research in this area

has become the isolation and characterization of these
transcription factors and the genes which encode them, with a

view to understanding how the factors function and how they
in turn are controlled.
Mammalian insulin genes are an example of a gene family

which exhibits virtually complete cell specificity in its expression
pattern: high levels of mRNA are found in endocrine cells
whereas essentially no insulin mRNA is found in other cell types.
Although the insulin gene transcriptional control region is
complex, a dominant component consists of the 9bp sequences
(IEBI and IEB2) which appear to be centrally involved in cell
specific expression : upon mutation of either or both of these
sequences, transcription from the insulin 5' flank is substantially
reduced (6). Furthermore, these sequences, in the absence of
other sequences from the 5' flank, are capable of activating a

heterologous promoter in cell specific fashion (7,8). It therefore
seems likely that the protein(s) interacting with IEBl and IEB2
constitute an important component of the machinery which
determines cell specific transcription of the insulin gene.
To complement biochemical approaches taken to identify and

characterize such proteins (9,10), we undertook to clone the
gene(s) encoding them using an expression screening approach.
We have identified a cDNA clone that encodes a protein whose
DNA binding specificity corresponds closely to that expected for
a transcription factor that interacts with the IEBl sequence.
Analysis of the RNA of several mouse cell types indicates the
presence of this or a closely related RNA in both pancreatic ,B
cells and non-pancreatic cells. Southern blot analysis reveals a

pattern of bands consistent with a single copy gene.
Murre et al (15) used an approach similar to that described

here to isolate 2 cDNAs (E12 and E47) of human lymphoid origin
which specifically bind to an E box motif (xE2 -GCCACCTGC).
The sequence of these clones, and E47 in particular, is closely
similar to that of the clone isolated in our study (Fig 7b,c). Given
this high similarity and Southern blot analysis of mouse (Fig 6)
and human (35) indicating a single copy per haploid genome,
it seems likely that the mouse Al cDNA and the human E47
cDNA represent transcripts produced from gene homologues.
Whether the cDNAs themselves represent homologous transcripts
is hard to determine at this point. In fact several related cDNAs
have been identified in both mouse (our unpublished results) and
human (15) cells. These cDNAs appear to contain similar 5'
regions but divergent 3' regions. This complicates the elucidation
of full length cDNA sequence (3.4 kb) corresponding to Al and
other clones since it is necessary to isolate individual clones
containing essentially full length sequence rather than a series
of shorter overlapping clones. Determination of the relationship
between Al and E47 cDNAs will ultimately require the full length
sequence determination of both these and the related cDNAs of
mouse and human.

How might the protein encoded by clone Al be involved in

cell-specific transcription? A simple possibility would be that

the mRNA is selectively translated or post-transcriptionally
modified. Alternatively the protein may be present in identical
form in many cell types, but acquire ability to trans-activate in
specific fashion as a consequence of differential accessibility to
cognate DNA sequences (36) or by virtue of interaction with
different, as yet unidentified protein(s) found only in (3 cells. Such
protein(s) may show intrinsic binding affinity to the IEBI
sequence or interact with the Al protein but not with DNA. The
ability of E12 and E47 proteins to form DNA-binding
heterodimers between each other and with other helix-loop-helix
proteins such as MyoD (37), an activator of the muscle
phenotype, is consistent with these possibilities. In addition to
clone Al which we have characterized, we have isolated 3
additional cDNA inserts from the OTC 1 library that are similar,
but not identical to Al, as determined by restriction enzyme
analysis (not shown). These may be formed by alternate splicing
of the RNA transcribed from the gene as suggested for the E12
and E47 transcripts (15). The consequences at the protein level
of such a pattern of expression of several non-identical transcripts
are unclear. More detailed characterization of the transcripts and
the encoded proteins will help to delineate the precise role of
this interesting gene in insulin as well as immunoglobulin gene
transcription.
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