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ABSTRACT

Cell specific expression of the insulin gene is achieved
through transcriptional mechanisms operating on 5'
flanking DNA elements. In the enhancer of rat I insulin
gene, two elements, the Nir and Far boxes, located at
positions - 104 and - 233 respectively and containing
the same octameric motif are essential for B cell
specific transcription activity. Homologous sequences
are present in the human insulin gene. While studying
the binding of nuclear proteins from insulinoma cells
to the - 258/ + 241 region of the human insulin gene,
we observed a previously undetected protein binding
site in the intron I region between nucleotides + 160
and + 175. The binding activity was present in insulin
producing cells such as RIN and HIT insulinoma cells
but not in fibroblasts or insulin negative fibroblast x RIN
hybrid cells. DNAse I footprinting and gel
retardation/methylation interference experiments
allowed us to define the core binding site of the intron
binding factor as a GGGCCC hexamer. This factor is
also capable to bind to a related sequence, contiguous
to the Far-like element in rat and human insulin genes.
The binding of the GGGCCC binding factor in this
critical region of the insulin gene enhancer may
participate in the regulation of insulin gene expression.

INTRODUCTION

Specific expression of the insulin gene in the B cells of pancreatic
islets has been shown to be controlled by 5' flanking regulatory
regions of DNA. Studies of rat insulin 1 gene have demonstrated
the presence of cell specific enhancer and promoter elements (1,
2). In particular, the so called Nir and Far boxes, located at
positions -104 and -233 from the transcription start site
respectively, contain two identical octameric motifs which are

essential for B cell specific transcription activity (3, 4). Proteic
factors capable to bind to these motifs have been described (5-9).
Sequences homologous to these motifs are also present in rat I
(10-12) and human insulin genes. Recently, protein binding
studies of the human insulin gene have shown that there are

multiple binding sites for proteic factors with varying cell
specificities between positions -278 and -77 (13).

Previous studies on human insulin gene have demonstrated that
sequences spread from -258 to +241 of the transcription origin
are sufficient to direct the expression of a linked reporter gene
in rat insulinoma cells (1) and its extinction in
insulinomaxfibroblast hybrid cells (14-15). This indicated that
the -258/+241 fragment contains cis acting elements involved
in both positive and negative control of insulin gene expression.
We have analysed nuclear extracts from insulin producing (RIN
and HIT insulinoma) and non producing (fibroblast and RIN x
fibroblast hybrid) cells for proteic factors capable to bind to the
-258/+241 region. During the course of this study, a previously
undetected binding site for proteic factor(s) present in insulin
producing cells was observed in the intron I region of the human
insulin gene. The binding site was characterized by DNAse I
footprinting and gel retardation/methylation interference
experiments. The core sequence of the binding site consists of
the hexamer GGGCCC. A closely related sequence, adjacent to
the Far-related sequence in rat and human insulin genes, is
capable to bind the same factor.

MATERIALS AND METHODS
Cells
The insulin producing cells RIN 2A (RIN) derive from an X-
Ray induced rat insulinoma (16). CliD fibroblast clone is a

derivative of the L mouse cell line (17). The somatic cell hybrid
Rp3L, generated by fusing RIN cells with ClID cells , is devoid
of insulin production, as previously described (14, 15). HIT M
2. 2. 2 (HIT) is an insulin producing cell line derived from syrian
hamster endocrine pancreas (2). All the cells were grown in
Dulbecco's modified Eagle's medium supplemented with 8% fetal
bovine serum.

Preparation of nuclear extracts
Nuclear extracts were prepared according to Dignam et al.(18).
Nuclear proteins precipitated by 50% (w/v) ammonium sulfate
were resuspended in 20 mM Hepes pH 8, 25% (v/v) glycerol,
1.2 mM EDTA, 60 mM KCI, 2mM dithiotreitol, lmM PMSF,
dialysed against the same buffer, aliquoted and frozen at -800C.
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DNAse I footprinting
The fragment spanning nucleotides +94 to +241 was 3' end
labeled at position +241 (coding strand) or +94 (non coding
strand). The reaction was performed in a final volume of 20 ,ul
containing 20 mM Hepes (pH 8), 50 mM NaCl, 80 mM KCl,
0.1 mM EDTA, 3 mM dithiotreitol, 5 mM MgCl2, 4 mM
spermidine, 30% (v/v) glycerol, 500 ng of poly(dI-dC), 1 ng
of labeled probe and 10 to 30 ytg of nuclear extract. The mixture
was preincubated for 30 min at 0°C; the concentration of CaCl2
was then adjusted to 2.5 mM and the incubation was prolonged
for one minute at 20°C. The amount of DNAse I was adjusted
according to the nuclear extracts to produce in one minute at 20°C
a homogenous cleavage pattern. Digestion was stopped by the
addition of 35 ytl of a solution containing 150 ig/ml tRNA, 450

itg/ml proteinase K, 0.06% (w/v) SDS, and 6 mM EDTA.
Digests were incubated at 42°C for 30 minutes, then phenol and
ether extracted, ethanol precipitated and run on a 7%
polyacrylamide/7M urea sequencing gel.

Gel mobility shift assay

Band shift assays using 3' end labeled DNA fragments or -y2p-
ATP kinased oligonucleotides were performed as described (19,
20). 5 ,ug of nuclear extract and 0.5 to 1 ng of probe were added
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Figure 1. Binding of nuclear extracts to the -258/+241 region of the human
insulin gene. The binding specificities of nuclear proteins were tested by gel shift
assay. Probes used are defined at the bottom of the figure. Nuclear extracts were
prepared from RIN2A cells (RIN), CllD fibroblasts (FIB) and RINxFibroblast
hybrid cells (HYB). A/ Nuclear extracts were added to 32p labeled probes a,
b and c and the resulting protein DNA complexes were sepaed by electophoresis
on a 6% polyacrylamide non denaturating gel. B/ The binding specificity of RIN-
probe c complex was tested by adding a 40 fold excess of unlabeled probe. Arrows
indicate the position of the complex formed.
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Figure 2. Dnase footprint analysis of the binding of RIN and HIT factors to the +94/ +241 fragment of human insulin gene. Fragment +94/ +241 labeled at positions
+241 (coding strand, panel A) or +94 (non coding strand, panel B) was used as probe in the DNA footprinting assay with nuclear extracts prepared from RIN2A
cells (RIN), CLID fibroblasts (FIB), RINxFibroblast hybrid cells (HYB) and HIT M2.2.2 cells (HIT) and added as indicated below. Panel A, from left to right:
C+T and G+A sequencing ladders, no protein added (free), 16 and 24 jig of RIN extract, 13 and 20 Mig of FIB extract, 16 and 32 Mg of HYB extract, 16 Ag
of RIN extract, 16 Mg of RIN extract plus 20 ng oligo A (see table I), no protein added (free), 25 and 40 Mg of HIT extract, 25 Mg of HIT extract plus 20 ng oligo
A. Panel B, from left to right: G+A sequencing ladder, no protein added (free), 16 and 24 Mg of RIN extract, 13 and 20 Mg of FIB extract, 16 and 32 Mg of HYB
extract, 16 Mg of RIN extract, 16 Mg of RIN extract plus 20 ng of oligo A, no protein added (free), 10 and 20 Mg of HIT extract, 20 Mg of HIT extract plus 20
ng oligo A, and G+A sequencing ladder. Brackets indicate sequences protected against DNase I digestion; the arrow indicates the hypersensitive site produced by
RIN extract.
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in a final volume of 20 Al containing 20 mM Hepes pH 8, 30%
(v/v) glycerol, 0.1 mM EDTA, 50 mM NaCl, 5mM MgCl2, 4
mM spermidine, 2 mM dithiotreitol, 1 /g salmon sperm DNA
(when using DNA fragments) or 1 to 2 mg poly(dI-dC) (when
using oligonucleotides) and incubated for 30 minutes at 0°C.
Protein-DNA complexes were resolved on a low ionic strengh
native 6% polyacrylamide gel.

Methylation interference analysis
100 ng of 'y32P-ATP kinased oligonucleotide annealed with the
non-labeled complementary strand were partially methylated with
dimethylsulfate as described (21), incubated with 80 jig of nuclear
extract under usual conditions for band shift assays. Following
resolution by gel electrophoresis as above, free and bound DNA
were eluted from the gel, alcali cleaved, and analysed on a 15%
acrylamide/7M urea gel as described (20).

RESULTS AND DISCUSSION
Gel retardation experiments were performed with three probes
a, b and c spanning nucleotides -258 to -169, -168 to + 116,
and + 117 to +241 respectively. Nuclear extracts derived from
insulin-producing RIN cells and from fibroblasts and
RINxfibroblast hybrid cells which do not express the insulin
gene, were employed. When incubated with these nuclear
extracts, all three probes generated weak retarded bands . In
particular, several complexes were formed by the binding of
nuclear proteins from RIN extract to probes a and b. This may
correspond to the multiple binding sites detected in the
enhancer-promoter region of the human insulin gene by a recent
study (13). A strong retarded band was generated by incubating
probe c with RIN but not fibroblast or RIN x fibroblast hybrid
nuclear proteins (figure IA). This band was abolished in the
presence of excess unlabeled probe (figure iB), thus indicating
the specific binding of a protein. The binding site was further
investigated by DNAse I footprinting and methylation interference
experiments.

In DNAse I footprinting, RIN extract generated on the coding
strand a strong protection from + 160 to + 175, a weaker one
from + 176 to + 189 and a hypersensitive site mapping at +159
(figure 2). On the non coding strand a protection spread from
+ 159 to + 175 and a weaker protection spanning nucleotides
+ 176 to + 190 were detected. In contrast, the DNase I nucleolytic
patterns of the probes were not modified by nuclear extracts from
fibroblasts or RN xfibroblast hybrid cells. Protections generated
by RIN extract were abolished by incubation with oligo A (see
table 1), a double-stranded oligonucleotide spanning nucleotide
+157 to +189 (figure 2).
The binding of RIN protein(s) to the protected sequences was

confirmed by using oligo A as probe in gel shift assays. When
oligo A probe was incubated with RIN extract, a single retarded
band was generated indicating the formation of a protein-DNA
complex . On the contrary, oligo A formed no complex with
fibroblast and RIN x fibroblast hybrid nuclear extracts (figure 3).
We also observed that nuclear extracts from the HIT insulinoma
cell line generated three retarded bands one of which comigrated
with and might therefore be analogous to the RIN complex. The
relationship between the three retarded bands generated by HIT
extracts has not been investigated; only two of them were strongly
reduced by incubation with excess unlabeled oligonucleotide
(figure 3) indicating that they correspond to specific DNA

binding. The presence in HIT extract of proteic factor(s) capable
to bind to the same sequence as RIN factor(s) was confirmed
by footprint experiments. On the coding strand, HIT extract
generated a complete protection between nucleotides + 161 and
+ 175 and a weaker one spanning nucleotides + 176 to + 187,
very similar to the pattern produced by RIN extract (figure 2A).
However, at variance with the RIN induced footprint, no
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Figure 3. Binding of nuclear extracts to oligonucleotide A. Oligo A corresponds
to the + 157/+189 sequence of human insulin gene (see table 1) protected by
RIN extract in footprint experiments. The binding of nuclear extracts from RIN2A
cells (RIN), HET M2.2.2 cells (Hrr), CLID fibroblasts (FEB) and RINx Fibroblast
hybrid cells (HYB) to labeled oligo A was tested by gel shift assay in the presence
(+) or absence (-) of a 40 fold molar excess of unlabeled oligoA.
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Figure 4. Methylation interference analysis of the complex formed by RIN nuclear
extract with oligo A. After partial methylation, the free and bound DNAs resolved
on a band shift assay, were alcali cleaved and analysed on a denaturating gel.
Residues interfering with protein binding are marked 0; 0 denotes partial
interference.
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Table 1. Positions and sequences of oligonucleotides used in this study

+157 *.* *0 +189
A GAGCCCAGGGGCCCCAAGGCAGGGCACCTGGCC

CTCGGGTCCCCGGGGTTCCGTCCCGTGGACCGG
000 0

+155 +175
AS' GTGAGCCCAGGGGCCCCAAGG

CACTCGGGTCCCCGGGGTTCC

+174 +191
A3' GGCAGGGCACCTGGCCTT

CCGTCCCGTGGACCGGAA

+157 +189
Aul GAG CCCAGGGGCITIICAAGGCAGGGCACCTGGCC

C T C G G G T C C C C GIT T G T T C C G T C C C G T G G A C C G G

+157 +189
Am2 GAGCCCAGGGGCCCCAAGGCA G C A C C T G G C C

C T C G G G T C C C C GGG G TT C C G TIJC G T G G A C C G G

-241 -212
B1 TCTGGCCACCGGGCCCCTGGTTAAGACTCT

AGACCGGTGGCCCGGGGACCAATTCTGAGA

-235 -222
B2 CSTVTT00G G 0C C C C T G G

GOAA ACCCGGGGACC

K.' nrnpeti It lo,

-W 4

P*raoib.-

C CTAACTGGGCGGAGTTATGC
GATTGACCCGCCTCAATACG

-117 -P6
D CAGCTTCAGCCCCTCTGGCCAT

GTCGAAGTCGGGGAGACCGGTA

-241 -225
E CAGGCCATCTGGCCCCT

GTCCGGTAGACCGGGGA

-241 -225
CulCAGGCCATCTGGrAArACT

GTC CGG TA GAC CST SG A

; Ompnfit*IOr

N ..

0 *

4~. hi ', *

A, AmI and Am2 are wild type and mutant versions respectively of the protected

sequence in human insulin gene intron I. AS' and A3' correspond to the 5' and
3' parts of oloigo A respectively. Bl and B2 are derived from human insulin
gene sequence in the Far related region. C is derived from the 21 bp repeat of
SV 40 and comprises an SPl recognition site. D is a GC rich sequence from
rat II gene enhancer region. E and Eml are wild type and mutated versions
respectively of rat I Far region. Mutated sequences are boxed. A continuous line
overlies Far-related sequences in human and rat derived sequences. 0 denotes
residues interfering with protein binding from results reported in figure 4.

hypersensitive site at + 159 was detected in this case. On the
non coding strand, a footprint spanning nucleotides + 159 to +
175 was observed with a weak protection in the + 176/+187
region (figure 2B).
The data presented above indicate that i) RIN extract contains

a proteic factor capable to bind mainly in the + 160/+ 175 region
of the human insulin gene and ii) similar factors are also present
in HIT extract but not in nuclear extracts from non insulin
producing cells (fibroblasts and insulin negative RIN x fibroblast
hybrid cells).

In order to delineate more precisely the protein DNA
interactions, the contacts between RIN protein and the protected
DNA sequence were analysed by methylation interference
experiments. This revealed the binding of the RIN factor to two
sequences i.e.: GGGCCC between nucleotides + 165 and + 170
and GGGCA between nucleotides + 178 and + 182 (figure 4).
Oligonucleotides Aml and Am2, which are mutated in either
sequence (table 1) were used in gel shift assays as competitor
or probe. Aml, mutated in the GGGCCC site, failed to bind to
the RIN factor, whereas the binding of Am2, mutated in the

GGGCA sequence, was not significandy impaired (figure 5A).
These results suggested that the GGGCCC (+ 165/+170)
sequence contributes predominandy to the formation of the

+ ib # 0j

Figur 5. A/ Binding of oligo A and mutants Aml and Am2 to RIN extract.
The complexes formed by RIN proteins with probes A, Aml and Am2 were
analysed by gel mobility shift assay. The c added in each case is indicated
at the top of the figure. B/AIhibition of the binding of oligo A to RIN extract
by oligo AS'. The complex formed by RIN proteins with probe A in the presence
of various amounts of oligo AS' and A3 was analysed by gel mobility shift assay.
The competitor added is indicated at the top of the figure.

RIN/oligo A complex detected in gel shift assay whereas the
GOGCA (+ 178/+182) sequence might be accessory. This was
confirmed by experiments using oligo A5' (comprising
GGGCCC) and oligo A3' (comprising GGGCA) (table 1) which
showed that the binding of oligo A to the RIN factor can be
efficiently competed for by A5' but not A3' (figure 5B). Finally,
taking into account the close similarity of the two sequences
detected in methylation interference experiments (GGGCCC vs
GGGCA(C)), one might expect that the same factor can bind
to both of them but possibly with different affinities.This would
be compatible with the strong and weak protections observed in
footprint experiments in the +159/+175 and +176/+190
regions respectively.
We have detected the binding of a proteic factor from rat

insulinoma cells to a GGGCCC core sequence located at position
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Figure 6. A/ Competition of GC rich oligonucleotides for the binding of oligo
A to RIN extract.The complex formed by RIN proteins with probe A was analysed
by gel mobility shift assay. The competitor added in each case is indicated at
the top of the figure. B/ Competitive binding of oligos A and B2 to RIN extract.
The complexes formed by RIN factor with oligos A and B2 were analysed by
gel mobility shift assay. Both oligos were used as competitors to the binding of
each other, as indicated at the top of the figure.

+ 165 to + 170 i. e in the intron I region of the human insulin
gene. In order to assess the role of this intronic sequence,
experiments are in progress to analyze the effects on gene
expression of mutating this GGGCCC motif. However, the
absence of obviously conserved GGGCCC-like sequence in
introns of rat insulin genes led us to look for homologous
sequences elsewhere in insulin genes. In particular, as shown
below, we detected motifs related to GGGCCC (boxed) in the
vicinity of the Far-related sequence (underlined) in rat, human
and mouse insulin genes:
ratI (-243/-217) ATCAGGCCATCffGGCCC TTGTTAATA
ratIl (-233/-207) ATCAGGCCACCCAGIG C CTCTTAA
huiman(-241/-215) GTCTGGCCACCGCCI~CTGGTTAAGA
mouseI (-243/-217) ATCAGGCCATC11TCCTTATTAAGA
mousell (-243/-217) ATCAGGCCATCA|G CC TTGTTAAG

That these sequences may interact specifically with the GGGCCC
binding factor, was demonstrated by gel retardation experiments:
1/Oligo E, a rat I gene derived oligonucleotide spanning
nucleotides -241 to -225 and comprising the Far sequence plus
the contiguous GGCCC motif (table 1) completely inhibited the
binding to RIN extract of oligo A (figure 6A). By contrast, oligo
Emi in which GGCCC is mutated to GGAAA had no effect.
2/A similar inhibition was induced by oligo Bi, spanning
nucleotides -241 to -212 of human insulin gene and comprising

the GGGCCCC motif (table 1). 3/ Oligo B2, a human gene
Em' - derived oligonucleotide (-235 to -222) comprising a

GGGCCCC sequence but devoid of the 5' part of the Far-like
sequence and mutated in its 3' part (table 1), was capable to bind
to the same RIN factor as oligo A, as demonstrated by
comigration of the complexes and cross competition between
oligonucleotides A and B2 for complex formation (figure 6 B).
4/The binding of oligo A to the RIN factor, was not competed
for by unrelated GC rich oligonucleotides (figure 6A) such as
oligo C which contains an SPI motif capable to bind to various
nuclear extracts (not shown) or oligo D spanning nucleotides
-117 to -96 of rat insulin II gene (table 1). Therefore, the
GGGCCC binding factor appears to interact with the sequences
immediatly downstream the Far sequence in rat I gene and the
Far homologous GCII motif in human insulin gene. Proteins
binding the Nir/Far related elements have been described and
characterized (5-9,13, 22). Recently, regulatory proteins binding
to the Far linked A+T rich (FLAT) element located further
downstream have also been characterized (23, 24). The
GGGCCC binding protein detected here seems clearly distinct
from proteins binding to Far related or FLAT elements since
i) the Far sequence alone does not compete for the binding of
oligo A to the GGGCCC binding factor (figure 6A) and ii) the
binding site has no relatedness with the A+T rich element.

Future studies will have to define the physiologically significant
target site(s) of the GGGCCC binding factor and its potential
role in insulin gene regulation.
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