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SUMMARY: Insulin gene expression is restricted to pancreatic B cells
and the 5' flanking region is responsible for the tissue specificity. The
GCCATCTG motif in this region of the rat insulin 1 gene functions as

an enhancer for insulin transcription. A cDNA coding for a GCCATCTG
motif-binding protein (IEBP1) was isolated from a rat pancreatic B

cell tumor Agtll library. The IEBP1 protein was found to be the rat
counterpart of the immunoglobulin (Ig) enhancer binding protein
E12/47 having a helix-loop-helix domain. This result indicates that
the Ig gene and insulin gene employ the same (or a similar) binding
protein as a part of their transcriptional apparatus. 1950 acadenic press, tnc.

In eukaryotic cells, the transcription of many genes is regulated
through distinct cis-acting DNA elements which contain multiple
binding sites for sequence specific DNA binding proteins. Several
species of insulin gene have been cloned and transient expression
experiments have shown that the 5'-flanking region can direct
selective expression in a pancreatic endocrine derived cell line (HIT)
(1,2). Using oligonucleotides covering the upstream region (-340 to
+1) of the rat insulin 1 gene, systematic analysis has been carried
out and four important regions have been found: (A) -32 to -23, (B)
-112 to -104 (Nir box), (C) -241 to -233 (Far box), and (D) -309 to
-302 (3). Whereas (A) is the well known TATA sequence, (B) and (C)
include the same sequence motif GCCATCTG. This motif is conserved
in rat 2 and human insulin genes. Similar sequences are found in Ig
gene enhancers (E motif: p heavy chain: pE1-pE4, « light chain: kE1-
kE3) (4-6). Synthetic oligonucleotide having this motif can enhance
the transcription in a tissue specific manner when it is ligated to a
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heterologous promotor (7). This motif appears to play a major role in
the possitive control of B-cell-specific transcription of the insulin
gene.

It has been suggested that sequence-specific DNA binding
proteins interacting with these regions have functional importance
for insulin gene expression. Five footprint regions in the 5' flanking
region of rat insulin 1 gene have been found by using the HIT
nuclear extract. Among them, E4 (-122 to -103) and E5 (-257 to -
224) coincide with Nir and Far box, respectively (8,9). Nir probe (-93
to -134) and Far probe (-219 to -251) revealed several shifted bands
by gel shift analysis. Since an oligonucleotide containing the Ig
heavy chain p enhancer E motif (WE) competed with these
interactions, a similar factor to Ig enhancer uE2 binding factor is
believed to be important for the insulin gene transcription (10).

Thus, it appears important to characterize these binding proteins.
We report here a cDNA clone for a rat insulin enhancer binding
protein and show that it has helix-loop-helix structure similar to
those of Ig enhancer binding protein E12/47 (11).

MATERIALS AND METHODS

Oligonucleotides
GATCCGGCCATCTGGCA RINS 1+2
GCCGGTAGACCGTCTGA
TCGAGCCCCTCTCGCCATCTGCC RINS 3+4

TCGGGGAGAGCGGTAGACGGAGC

GATCCGGCCTAGTGGCA MUT RINS 1+2
GCCGGATCACCGTCTAG

were made with a DNA synthesizer. RINS 142 contained the Far box
(-239 to -229) and RINS 3+4 contained the Nir box (-112 to -103) of
rat insulin 1 gene. Central three bases of RINS 1+2 were changed in
MUT RINS 1+2. Purified nucleotides were annealed in annealing
buffer (20mM Tris-HCI pH 7.5, 10mM MgCl, 50mM NaCl and 1mM
DTT), autoligated, and electrophoresed. Five repeats of
oligonucleotides were then electroeluted, purified, nicktranslated
with [32P] dCTP, and finally repaired with T4 DNA ligase.

Poly (A)* containing RNA was purified from a rat insulinoma cell
line (RINT). ¢cDNA libraries were constructed in Agtll with oligo (dT)
or random hexanucleotide primers by using cDNA synthesis PLUS
and cDNA cloning system-Agtll (Amersham). The Agtll library was
screened with mixed five repeated RINS 1+2 and RINS 3+4 probes as
described previously (13-15). Briefly, nitrocellulose filters were
soaked in 10mM IPTG and air dried. LB plates containing phage

315



Vol. 170, No. 1, 1990 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

plaques that had been incubated for 3.5 hrs at 420C were overlaid
with one filter and were incubated for 8 hrs. The filters were
immersed for 2 hrs in 50mM Tris-HCI pH 7.5, 50mM NaCl, imM
EDTA, Sug/ml denatured salmon sperm DNA and 2x106 c.p.m./ml of
[32P] labeled probes. The filters were washed four times with the
same buffer without probes for 30 min, air dried, and exposed to X-
ray film overnight.

RESULTS AND DISCUSSION
By screening 1.2x106 recombinant phage plaques, two
recombinants, IEBP-A and -B, were isolated. They did not cross-
hybridize each other. The screening by this method often results in
isolation of a clone for a nonspecific DNA binding protein (16). To
examine the specificity, IEBP-A and -B were checked whether they
bound to RINS 1+2 and MUT RINS 1+2. As shown in Fig. 1, IEBP-A

IEBP-A

MUT
RINS
1+2

RINS
1+2

Fig. 1, Binding specificity of IEBP-A and -B to the insulin enhancer
sequence. The rat RINr Agtll library was screened with DNA probes
containing five repeats of RINS 1+2 and RINS 3+4. IPTG induced
proteins of purified phages were transferred to nitrocellulose filters.
Two positive clones (IEBP-A, IEBP-B) were analyzed by

Southwestern method with the wild type (RINS1+2) and mutated
probes (MUT RINS 1+42). Each filter was cut in half and the fragments
were reacted with each labeled oligomer.
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bound only to RINS 142, but IEBP-B bound to both RINS 1+2 and MUT
RINS 1+2. Therefore IEBP-B could not be a specific binding protein to
the GCCATCTG motif.

The insert of IEBP-A containing 1kb of open reading frame
(started at the junction between the IEBP-A and the B-galactosidase
sequence) and the 0.6kb of 3' non-coding region was sequenced.
Nucleotide sequence and deduced amino acid sequence of this
protein (IEBP1) are shown in Fig. 2. There are several interesting
features in the amino acid sequences of IEBP1. Repetition of leucine
residues at every seventh position from amino acid 89 to 117,

interrupted by the presence of a threonine, resembles the leucine

(,(,ALL(,(;T(,A(,( GGGGCCGACAGCCTCTTAGGCACCCLAGGLACTACAGCCAGLAGUTCAGGHGATGCCCTTGLGAAGGL ’\LT(;(:LL T(,L
$ ¢ A D s L L ¢ T R G T T A S S & G D A L G

ATCTACTCCCCGGATCACTCCAGCAATAATTTCTCGLCC ‘\(}CCCCT( AAUGCCTGTGGOGTTCACCUCAGGGCCTUGCCAGGGACATCACAG
1 Y ¥ P D H & S N N F S P S P S8 T P V ¢ 5 P Q ¢ L P G T S Q

TGGCCUCGGGCAGGAGCGCCCAGTGCCTTATCCCCCAACTACGATGCAGGTCTCCATGGCCTGCAGAGTAAAATGGAAGATCGCTTGGAC
W P R A G A P s A L s P N Y D A ¢ L H ¢ L Q S K M E D R L D

GAGGCCATCCACGTCCTCCG LA(JT(,AL(;( T(,TL( GCACTGCAAGEG L\(,LTL( ATGGACTGCTGLCTGGUCACAGCACGTTGACCACAAGE
E A I H V L R A G T H 6 L L P 6 H S T L T T 5

TTTGCGGGCCCCATGTCACTGLGCLGGLGGL I\T(:LA(y(:( CTGGTCAGCGLAAGCCACCCTGAGGATGGUCTUACAAGTGGTGCCAGTCTT
¥F A G P M s L G G R H G L v s 6 S H P E DD G L T S G A

TTGCATAACCATGCC A(,L(_TTLL LA( cL A(,L(_LA( L_TLLLT(_L(T(.A(_LTL TL -'\( A(xA(,l LL ACUCCGACTCCTTTAGTGGACTCG (yl:A(y(y
L H N H A P Q P P D S F § ¢ L G

GCAGGCGTGACTGCAGGCGCCAGTGAGATCAAGCGGGAGGAGAAAGAGGACGAGULAGGTCACATCAGTGGCAGACGCTGAGGAAGACAAG
A 3 T A H s E 1 K R E E K E DI E E Vv T v A E

G v G A S ) 2 L : N 4 DA £ E D K
AA(.(;ALLT(;/\A( (;lL(,LAL(:LA(,AL(,TALLA(JLA( TACAGATGAGGTGCTOGTCCCTGGAGGAGAAGGACCTGAGGGACCGHGAGAGGCGC
K L K v P R T § 5 T b E VvV L s L. E E K D L R D R <

AT (,(;(,CAATAA(,(,LTL( (,GA(;(.( CGT( (-G(,(JTGC(J(J{JACATTAA(.(]A(l( CLTTCCGGGA(-LT WGGUCGCATGTGCCAGCTGCACCTCAAG
M A N N A E A E L ¢ R M ¢ Q L H L K

TCGGATAAGGCGCAGACCAAGCTGLCTGATCCTGCAGCAGGCGGTGCAGGTTATCUTGGGCCTGGAGCAGCAGGTGCGAGAANCGUAACCTG
§s D K A Q T K L L I L Q@ Q@ A Vv Q vV 1 L G E Q / R E R N L

AA(,L(CAAA‘;CA(JLCT( CTTGAAGCGGCGGGAGGAGGAGAAGGTATCTGGCGTGGTCGGGGATCCGCAGCTLGLUGCTG l'( AGCCGCCCAC
N P K A A L K R R E E E K V s G V V G D ! A A H

CCGGGCCTGGGTGAGGCCCACAATCCAGCTGGGCACCTGTGAGCUGTCACAGGGTCTTCOGTTGGACCAGGGACCACCACATCTCTGLCCG
P ¢ L G E A H N P A G H L x*

GGGTGCACCCAGGATGGTCCTGGATGAGACATCTCCATCGAGGCATGGGCAGAGGGCTCTGGGGACACTTCAGGGCCTGGGLGAGTTGGC
ACGGAGCAGCCCACCTGTCTTGGCCCAGTAACCAAGCTGAAGAGCGGCTCCTCCTCTCGATTAGCGGGAACTGGAAACAAAGCAGCATGC
CCACTTATCAGAAAGGAAAAAAGATGCCTTAACTATGTCAGACGGAAGAGTCGGACCGCGCCCTGGCAAGLGGGCGGCCTGGTACTGGCTT
CTAGTTCAGAGCCACAGCACATTGTGCCTAAGCATTTTTCGTTTTTTAAAAGGAGAATAAAGGAACATTAGTTTTCAGATTTTTTTTTTT
AATGTAGACAAAAGTTAGCAAGAACGAGGCCTTCCGTGTCTTTTTTTTCCCTTAACTTTCTTTTCCGTATGTTTTGTAAGCAACAAATTT

TTGTATAAAAAAAAAAAAAAAAAAAAA

Fig. 2. Nucleotide sequence of the IEBP1 and the deduced amino acid
sequence. DNA sequence of cloned cDNA was determined by the
dideoxy method. Nucleotide position 1 is the start of the IEBP-A
cDNA. Leucine residues in a leucine repeat are underlined. Open box
indicates conserved 60 amino acids helix-loop-helix motif.
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PPVSGADSLLGTRGTTASSSGDALGKALASIYSPDHSSNNFSPSPSTPVGSPQGLPGTSQWPRAGAPSALSPNYDAGLHG
Frk ARk koo ok Rk kA Nk kkokh ok Rk R Rk AR KRRk dokkk KRRk Ak kR KRR kA kkkkAkkkEk KRFK KKk KXK¥
PPVSGADSLLGSRGTTAGSSGDALGKALASIYSPDHSSNNFSSSPSTPVGSPQGLAGTSQWPRAGAPGALSPSYDGGLHG

LQSKMEDRLDEATHVLRSHAVGTASELHGLLPGHSTLTTSFAGPMSLGGRHAGLVSGSHPEDGLTSGASLLHNHASLPSQ
KK ok Aok okokok okokok ok ok ok kR ok * Kk kkk % kR RNk kR R KRR KR kR KKk ok Rk Kk KKEKE KEk¥
L -SKIEDHLDEAIHVLRSHAVGTAGDMHTLLPGHGALASGFTGPMSLGGRHAGLVGGSHPEDGLAGSTS LMHNHAALPSQ

* Hkkokk EkARkX kkkkokkk Kk kokkkkkkokkkkkok Kk Kk Kk kR kk kok ok dk ok K % ok ok ok 3k ok kK kR ok ok ok k kbR %

PSSLPDLSQRPPDSFSGLGRAGVTAGASEIKREEKEDEEVTSVAD—AEEDKKDLKVPRTRTSSTDEVLS LEEKDLRDRER
PGTLPDLS—RPPDSYSGLGRAGATAAASE IKREEKEDEENTSAADHSEEEKKELKAPRARTSSTDEVLSLEEKDLRDRER

RMANNARERVRVRDINEAFRELGRMCQLHLKSDKAQTKLLILQQAVQVILGLEQQVRERNLNPKAACLKRREEEKVSGVV
e Y Y P S 2t i L]
RMANNARERVRVRDINEAFRELGRMCQMHLKSDKAQTKLLILQQAVQVILGLEQQVRERNLNPKAACLKRREEEKVSGVV

GDPQLALSAAHPGLGEAHNPAGHL 343
EAER kAR Kk kok kR EKRRKK
GDPQMVLSAPHPGLSEAHNPAGHM 437

Fig. 3. Amino acid sequence relationship between IEBP1 and E47.
Amino acid similarities between IEBP1 (a.a. 1 to 343, upper) and E47

(a.a. 96 to 437, lower) are shown. Asterisks indicate identical amino
acid residues. Open box indicates helix-loop-helix.

zipper (17). The sequence of IEBP1 was closely related to that of E47

(11). As long as the amino acid sequence is available, 83% are

identical. From amino acid 238 to 296 (58 out of 59 amino acids in

this region are identical) (Fig. 3), the most probable secondary

structure is two helices, first 12 and second 13 amino acids, which

are connected by a loop like structure by analogy to E12/47. In the

proposed helices, the hydrophobic residues (leucine, alanine, and

phenylalanine) are conserved. Thus, IEBP1 seems to be a rat

counterpart of human E47.

When poly (A)* RNA of RINr were hybridized with the insert of

IEBP1 as a probe, 2.9 kb mRNA was found. On examination of the

tissue distribution, a similar level of IEBP1 expression in rat

hepatoma cell line H35 was observed (Fig. 4). The length was the

same as that of RINr. Therefore, expression level of IEBP1 does not

parallel that of insulin mRNA.

HLH proteins have been recently identified as DNA binding

proteins which includes several important proteins (11,12). MyoD

can differentiate fibroblasts into myotubes. The myc family of

oncoproteins are also DNA binding proteins and known to regulate

cell growth. It is interesting that HLH proteins include the genes that
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RINr H35

Fig. 4. Northern analysis.  Poly (A)* RNA were isolated from RINr
and H35 cell lines. 20ug samples were electrophoresed and
transferred to nylon membrane. Hybridization was carried out with
the standard protocol by using insert of IEBP1 as a probe. Lines in
autoradiogram indicate positions of 28S and 18S rRNA.

are related to differentiation (myoD, achaete-scute complex ) and to
the tissue specific genes (insulin, immunoglobulin).

The Nir oligonucleotide probe (-113 to -103) interacts with only
insulin producing cell nuclear extract (HIT and 5AHT2) by gel
mobility shift assay (9). It is possible that there are two different
binding proteins that recognize the same DNA sequence. However, an
alternative possibility is that some posttranslational modification is
necessary for the DNA binding activity in vivo.

In the immunoglobulin enhancer, there are other (non E motif)
protein binding elements, the octamer motif in heavy chain and the B
motif in x chain, which may determine the tissue restriction. Since
IEBP1 mRNA is not pancreas specific, one can not explain the tissue
specificity of insulin gene expression by IEBP1 and the GCCATCTG
motif alone. However, it is suggested that HLH proteins are divided
into three classes: class A (E12/47, daughterless), class B (myoD,
achaete-scute complex), class C (myc) (12). Class A HLH proteins are
ubiquitous components of a regulatory system that acts through

enhancer sequence. They can form homo- or hetero-dimer to bind
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DNA. For example, ubiquitous factor E12 can form hetero-dimer with
muscle specific myoD and binds to the enhancer of muscle creatine
kinase gene (12). If class B HLH pancreatic B cell specific protein
exists, a similar model might be proposed that IEBP1 and this protein
form hetero-dimer, bind to the rat insulin 1 gene enhancer and
stimulate the insulin gene transcription in a tissue specific manner. It
will become important to characterize these related proteins and
study the interactions between these binding factors. The results

presented here will help to elucidate these issues.
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