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Band-shifting and DNase I-footprinting assays have been used to study the trans-acting factor(s) binding to
an important promoter element (-53 to -46 relative to the transcription start) of the rat insulin II gene. A
binding activity which footprints a region between -60 and -40 was found in both HIT, a hamster insulinoma
cell line, and HeLa cells. A mutation within this region which drastically decreases promoter activity in vivo
also greatly reduces binding activity in vitro. This binding activity was purified from HeLa cells and identified
by competition and renaturation analyses as being the same as the COUP (chicken ovalbumin upstream
promoter) transcription factor, a DNA-binding protein required for efficient transcription of the ovalbumin
gene in vitro. Interestingly, the binding sequences of the COUP transcription factor in the ovalbumin and the
insulin promoters have only limited similarities.

Accumulating evidence suggests that the regulation of
gene expression is mediated by the interaction of cis ele-
ments and trans-acting factors (1, 6, 10, 14, 19, 21, 23, 26).
Many sequence elements, including the TATA box, up-
stream promoter elements, enhancers, and silencers, have
been identified as important for the expression of a large
number of eucaryotic genes transcribed by RNA polymerase
II. Similarly, a number of trans-acting factors which bind to
these regulatory elements have been identified. Neverthe-
less, a critical question remains as to the molecular mecha-
nism by which these trans-acting factors regulate transcrip-
tion. A clear understanding requires the purification and
characterization of these factors.
The insulin gene is expressed only in pancreatic ,B cells,

thus providing a good model system for the study of tissue-
specific gene expression. In rats, there are two nonallelic
insulin genes which are highly homologous in flanking as
well as coding regions (17) and are expressed at similar levels
(2, 3). It is therefore likely that these two genes are con-
trolled by similar transcriptional regulatory mechanisms.
The DNA sequences important for the expression of the

rat insulin genes have been approximately determined. With
insulin-CAT (chloramphenicol acetyltransferase) fusion
genes, Walker et al. (32) showed that the -300 to +51
fragment of the rat insulin I gene is sufficient for tissue-
specific expression in transfected insulinoma cells. Subse-
quently, Edlund et al. (7) demonstrated that this fragment
can be divided into two distinct sequence elements, the
promoter and the enhancer, each of which can direct tissue-
specific expression. For the rat insulin II gene, Hanahan (13)
demonstrated that 520 base pairs of 5'-flanking sequences
linked to the simian virus 40 (SV40) T-antigen gene induced
P-cell-specific tumor formation in transgenic mice. A similar
fragment is sufficient for tissue-specific expression in cul-
tured cells, as shown by Episkopou et al. (8). In addition to
the positive elements, sequences at 2 to 4 kilobases (15) and
250 base pairs (22) upstream from the cap site inhibit
expression of the rat insulin I gene and may help to repress
insulin gene expression in inappropriate cell types.
To gain more insight into this complex regulation system,

it is necessary to define the critical regulatory sequences in
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more detail and to study their interaction with trans-acting
factor(s). Here we report the definition of a sequence ele-
ment necessary for the expression of the rat insulin II gene
and the identification of a protein binding to this region.
Using extensively purified protein preparations, we deter-
mined that the binding protein is the same transcription
factor that binds to the upstream promoter of the ovalbumin
gene.

MATERIALS AND METHODS
Plasmids. The construction of the linker-scanning (LS)

mutants will be described in detail elsewhere (D. T. Crowe
and M.-J. Tsai, manuscript in preparation). Briefly, a series
of 5' and 3' deletion mutants of the rat insulin II gene were
constructed using either BAL 31 or exonuclease III-S1
nuclease, and the precise endpoints were determined by
double-stranded sequencing with a 32P-end-labeled sequenc-
ing primer (20). Appropriate pairs of 5' and 3' deletion
mutants were then recombined to make LS mutants accord-
ing to the method of Haltiner et al. (12). The resulting LS
mutants (Fig. 1B) have the -448 to +49 sequence of the rat
insulin II gene, in which small regions have been replaced by
a Sacl linker (CGAGCTCG). These sequences were then
linked to the bacterial CAT gene and the SV40 splice-
polyadenylation signals.

Transfection. Transient transfection experiments were
performed according to existing protocols (7) except that 1.5
x 106 HIT-T15 M2.2.2 cells were plated per 6-cm dish on the
day before transfection. HIT cells were maintained in Dul-
becco modified Eagle medium-12.5% donor equine serum-
2.5% fetal calf serum-100 U of penicillin per ml-100 ,ug of
streptomycin per ml, in the presence of 5% CO2 at 37°C.
Cells were harvested 48 to 60 h posttransfection and then
assayed for CAT activity as previously described (11).

Band-shifting assays. The insulin promoter probe was the
HaeIII (-100)-to-RsaI (+49) fragment of the rat insulin II
gene, with a HindIll linker attached to the RsaI site. It was
end labeled at the HindIII site with Klenow enzyme (Boehr-
inger Mannheim Biochemicals) and [a-32P]dATP. The oval-
bumin promoter probe was labeled similarly with [a-
32P]dCTP at a ClaI site which was attached to the -44
position of the -269 to -44 fragment of the chicken oval-
bumin gene. The band-shifting assay was performed as
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FIG. 1. Sequences between -54 and -45 are required for rat
insulin II promoter activity. (A) CAT activities in HIT cells trans-
fected with the following plasmids: lane a, the wild-type plasmid
pINSCAT (-448); lane b, LS-87/76; lane c, LS-54/45; lane d, the
vector with no insulin gene sequences, pBRN/SCAT; lane e, an

enhancerless 5'-deletion mutant containing the -110 to +49 region
of the rat insulin II gene. 3Ac, 3-Acetylated form of chlorampheni-
col; lAc, 1-acetylated form of chloramphenicol. (B) Structure of the
LS mutants. The thick line and the hatched box are the 5'-flanking
and coding regions of the rat insulin II gene, respectively. The open
box has the CAT gene and SV40 splice-polyadenylation signals. The
thin line is a vector sequence which contains the AccI (2249)-to-ClaI
(25) fragment of pBR322. The filled boxes represent regions replaced
by Sacl linkers in the LS mutants.

previously described (27) except that poly(dI-dC) poly(dI-
dC) (Pharmacia) was used as a nonspecific competitor in-
stead of pBR322/Hinfl and no MgCl2 was included in the
reaction mixture.
DNase I-footprinting assays. The insulin promoter probe

used in DNase I-footprinting assays was identical to that
used in band-shifting assays unless otherwise indicated.
DNase I footprinting was carried out as previously described
(24), except that reaction conditions identical to those of the
band-shifting assay were used, and the concentrations of
poly(dI-dC) poly(dI-dC), NaCl, and DNase I were experi-
mentally determined, as indicated in the figure legends.
Nuclear extracts. Nuclear extracts of HeLa cells were

made as previously described (24). Nuclear extracts of HIT
cells were prepared as follows. HIT cells grown in roller
bottles were treated with phosphate-buffered saline (PBS)
containing 0.1 M EDTA at room temperature and then
harvested, using a rubber policeman. The cells were centri-
fuged at 1,600 x g for 5 min at 4°C, washed with PBS, and
recentrifuged. The packed cell volume (PCV) was measured,
and the cells were stored at -70°C. To prepare nuclear

extracts, frozen cells were thawed on ice, suspended in 2
PCV of PBS containing 1 mM dithiothreitol (DTT) and 0.5
mM phenylmethylsulfonyl fluoride (PMSF), and centrifuged
in a Beckman JA20 rotor at 4,400 x g for 5 min at 2°C. The
pellets were suspended in S PCV of buffer A (10 mM HEPES
[N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid] [pH
7.9], 1.5 mM MgCl2, 10 mM NaCl, 0.1 mM EDTA, 2 mM
DPT, and 0.5 mM PMSF), incubated on ice for 10 min, and
centrifuged in a JA20 rotor at 4,400 x g for 5 min at 2°C. The
pellets were suspended in 2 PCV of buffer A containing 10 ,ug
each of aprotinin (Boehringer Mannheim Biochemicals) and
leupeptin (Boehringer Mannheim Biochemicals) per ml, ho-
mogenized with the Dounce homogenizer (pestle B) for 10
strokes, and centrifuged in a JA20 rotor at 12,000 x g for 10
min at 2°C. The pellets were suspended in 0.5 PCV of buffer
T (20 mM HEPES [pH 7.9], 0.1 mM EDTA, 100 mM NaCl,
20% glycerol, 2 mM DTT, and 0.5 mM PMSF), adjusted to
0.4 M NaCl with buffer T containing 4 M NaCl, and stirred
for 30 min at 4°C in the presence of 10 xg of aprotinin and
leupeptin per ml. The mixture was then centrifuged in a JA20
rotor at 39,000 x g for 30 min at 2°C. The supernatant was
dialyzed against buffer T overnight at 4°C and centrifuged in
a JA20 rotor at 27,000 x g for 20 min at 2°C. The supernatant
(nuclear extract) was aliquoted and stored at -70°C.

Purification of the COUP transcription factor. Purification
of the COUP (chicken ovalbumin upstream promoter) tran-
scription factor was performed as previously described (33).
Briefly, nuclear extracts of HeLa cells were fractionated by
DEAE, phosphocellulose, Sephacryl S300, and heparin-
Sepharose column chromatography. The fractions contain-
ing COUP transcription factor were pooled and loaded onto
a COUP sequence-specific affinity column, and the flow-
through fraction was collected. The column was then
washed with a buffer containing 0.3 M NaCl, and three 1-ml
fractions were collected. The COUP transcription factor was
subsequently eluted with a buffer containing 0.6 M NaCl.

Renaturation of the COUP transcription factor. Renatura-
tion of the COUP transcription factor was performed as
previously described (33).

RESULTS

RIPE is essential for rat insulin II gene expression. To
delimit the sequences essential for the expression of the rat
insulin II gene, we constructed a series of LS mutants in the
5'-flanking region of an insulin II-CAT fusion gene. The
mutations in two of the LS mutants reside in the promoter
region (Fig. 1), where the sequences from -86 to -77 and
-53 to -46 were replaced with a SacI linker. After these two
LS mutants, as well as the wild-type and negative controls
(-448 and pBRN/SCAT, respectively), were transiently
transfected into HIT cells, CAT enzyme activity was as-
sayed. Quantitation of four independent transfections
showed reproducibly that LS-87/76 yielded 50% of the CAT
activity of the wild type, whereas LS-54/45 had only 15% of
the CAT activity seen in the wild-type control. Since other
LS mutants in the enhancer region display high levels of
CAT activity, we conclude that the presence of the SacI
linker by itself is not deleterious to expression. These
experiments have therefore defined at least one important
promoter element which we call RIPE (rat insulin promoter
element), located in the -54 to -45 region, that is important
for the in vivo expression of the rat insulin II gene.

RIPE-binding factors. It is likely that RIPE exerts its
function through interaction with trans-acting factor(s). To
examine this possibility, we performed band-shifting assays,

VOL. 8, 1988 2071



2072 HWUNG ET AL.

using nuclear extracts from HIT cells and a probe harboring
the -100 to +49 region of the insulin II gene. Multiple
shifted bands were formed, indicating the presence of one or
more binding factors (Fig. 2A). The binding site was then
determined by DNase I-footprinting assays to be -60 to -40
(Fig. 2B), which fully covers the region previously identified
by transfection experiments as being important for expres-
sion in vivo. Therefore, this binding activity is likely to be an
important factor for expression of the rat insulin II gene.
HeLa cell nuclear extracts were also used in binding

assays to examine whether the RIPE-binding factor is
present in non-insulin-producing cells. These extracts
yielded a band-shifting pattern similar to that of HIT cells
(Fig. 3A), suggesting that HeLa cell factor(s) can bind to the
insulin promoter and that HIT and HeLa cells may share
some common factor(s). Furthermore, a fraction of HeLa
nuclear extract purified by DEAE, phosphocellulose, and
S300 column chromatography footprints the -60 to -40
region of the insulin promoter (Fig. 3B), indicating that a
RIPE-binding activity is present. These results demonstrate
that RIPE-binding factors are not restricted to insulin-pro-
ducing cells. In addition to HeLa cells, similar binding
activities were also found in chicken oviduct, rat liver, and
pancreatic extracts (data not shown).

In band-shifting assays, the S300 fraction from HeLa cells
forms a prominent complex which migrates to the same
position as the no. 2 band in both HIT and HeLa cell extracts
(Fig. 3A). Taken together with the footprinting analyses, this
suggests that the RIPE-binding factor is responsible for the
formation of the no. 2 complex. This conclusion is supported
by indirect footprinting analysis. The insulin promoter probe
was incubated with the HeLa S300 fraction under conditions
identical to those of the band-shifting assay and then treated
with DNase I before being loaded onto the gel. The no. 2
band was excised after electrophoresis, and the DNA con-
tained in this band was eluted and analyzed in a sequencing
gel. A footprint identical to that shown in Fig. 3B was
observed (data not shown), indicating that the binding factor
in the no. 2 complex is the RIPE-binding factor.
We reasoned that if binding of the RIPE factor to the -60

to -40 region is important for transcription of the insulin
gene, then mutations in this region which disrupt gene
expression should also affect the binding of the RIPE factor.
To test this hypothesis, we carried out band-shifting assays,
using the promoter fragments of the wild-type plasmid,
LS-87/76 and LS-54/45. The promoter fragments from the
wild-type plasmid and LS-87/76, which showed normal lev-
els of activity in transfection experiments, bound normally
to the RIPE-binding factor in HIT (Fig. 4, lanes b and h) and
HeLa cells (Fig. 4, lanes c and i). In contrast, the promoter
fragment from LS-54/45, which displayed markedly reduced
activity in transfection experiments, barely bound the RIPE-
binding factor in HIT or HeLa cells (Fig. 4, lanes e and f,
respectively). Thus, the binding activity in vitro correlates
well with promoter activity in vivo, supporting the conclu-
sion that the RIPE-binding factor plays a functional role in
the expression of the insulin gene. These results also further
support the notion that the no. 2 band in band-shifting
experiments results from protein binding to the RIPE se-
quence.
The HeLa cell RIPE-binding factor copurified with the

COUP transcription factor. The RIPE-binding factor was
further purified from HeLa cells. Surprisingly, it copurified
with the COUP transcription factor, which is required for
efficient transcription of the ovalbumin gene in vitro (27).
The COUP transcription factor has been purified more than
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FIG. 2. Binding of HIT cell nuclear extracts to the rat insulin II

promoter. (A) Band-shifting assay. An end-labeled promoter frag-
ment (-100 to +49; 0.2 ng) was used in each reaction. Lane a,
Buffer control; lane b, HIT cell nuclear extract containing 5 R±g of
protein; 4 ~Lg of poly(dI-dC)- po1y(dI-dC) was used as a nonspecific
competitor. (B) DNase I footprinting assay. Left two lanes, 0 and
G+A sequence ladders, respectively; -, buffer controls; +, HIT
cell nuclear extract containing 50 j±g of protein. The DNase I
concentrations for lanes 3 to 6 from the left are 1, 2, 6, and 9 p.g/ml,
respectively. 0.2 ng of probe and 50 ng of nonspecific competitor,
poly(dl-dC) . poly(dl-dC), were used in each reaction. The footprint
is indicated by a bracket.

100,000-fold by a protocol that includes sequence-specific
DNA affinity chromatography (33). In each purification step,
the protein preparation pooled for COUP transcription fac-
tor activity also binds to the insulin promoter. Figure 5
shows the results of binding assays with the COUP affinity
column fractions. The flowthrough and the 0.3 M NaCl
fractions, which contain many DNA-binding proteins, do not
bind to the insulin promoter, while the 0.6 M NaCl fraction
containing the COUP transcription factor shows the RIPE-
binding activity.

This copurification was unexpected, since the COUP
transcription factor binds to the ovalbumin promoter at -90
to -70, where the sequence (5'-TATGGTGTCAAAGGT
CAAACTT-3') is quite different from the RIPE factor-
binding site (5'-CCAGGGGTCAGGGGGGGGGTGCTT-3').
Moreover, the ovalbumin promoter-binding site has a 36%
GC content, which is far less than the 75% of the insulin
promoter-binding site. Therefore, we carried out competi-
tion and renaturation experiments to determine whether the
two binding proteins are identical or if the insulin promoter-
binding factor is a contaminant in the COUP factor prepara-
tion.
The HeLa cell RIPE-binding factor is the same as the COUP

transcription factor. In the competition experiments, a radio-
actively labeled insulin promoter fragment was used as a
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FIG. 3. Binding of various protein fractions to the insulin promoter. (A) Band-shifting assay. Lane a, Buffer control; lane b, HIT cell
nuclear extract (5 ,ug of protein); lane c, HeLa cell nuclear extract (5 pLg of protein); lane d, HeLa S300 fraction (1.8 ,ug of protein).
Poly(dI-dC) poly(dI-dC) (4 Fg) was used in lanes b to d. (B) DNase I footprinting of HeLa cell factors. G and G+A represent the G and G+A
sequence ladders, respectively. -, Buffer control; +, HeLa S300 fraction (9 F.g of protein). The top strand probe was the insulin promoter
probe described in Materials and Methods. The bottom strand probe contained the same DNA fragment as the top strand except that it was
dephosphorylated at the HindIII site and then labeled with [.y-32P]ATP and T4 DNA kinase. Probe (0.4 ng) and 1 ,ug of poly(dI-dC) poly(dI-
dC) were used in each reaction. The nucleotide numbers relative to the transcription start are shown on both sides. The footprinted regions
are shown by brackets, with the dotted lines indicating weak protection.

probe for the binding of the RIPE factor. Incubation of the
probe with excess amounts of unlabeled ovalbumin or insu-
lin promoter fragment before the addition of the HeLa S300
fraction drastically reduced complex formation (Fig. 6A),
indicating that the ovalbumin promoter competes efficiently
with the insulin promoter for the RIPE-binding factor. Sim-
ilarly, a converse competition experiment was performed
with a labeled ovalbumin promoter probe for the COUP
transcription factor. The insulin promoter competed with the
ovalbumin promoter for binding of the COUP transcription
factor (Fig. 6B). A control ovalbumin fragment with the
COUP sequence deleted [OV (-103 -786; Fig. 6B)] does not
compete, implicating the COUP-specific nature of the bind-
ing factor. Therefore, the COUP transcription factor also
binds to both promoters. These results are consistent with
the possibility that the RIPE-binding factor is the same as the
COUP transcription factor. In addition, the results indicate
that the factor(s) has a higher affinity for the ovalbumin
promoter than for the insulin promoter, since it requires less
ovalbumin competitor DNA to achieve a given level of
competition than the insulin promoter does.
To examine the binding specificity of the factor(s) in more

detail, we used synthetic oligonucleotides containing wild-
type or mutated COUP-binding sequences as competitors in
binding assays. The wild-type oligonucleotide is a 24-mer
representing the -91 to -68 region of the ovalbumin gene,
and the mutated oligonucleotide has two G-to-C base sub-
stitutions at -81 and -74 on the bottom strand, both of
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FIG. 4. Band-shifting assay with insulin promoter fragments
from wild-type plasmid, LS-54/45, and LS-87/76. The probes used
are the following: lanes a to c, wild type; lanes d to f, LS-54/45; lanes
g to i, LS-87/76. All probes contain the RsaI (+49)-to-HaeIII (-100)
fragments with HindIll linkers at +49. The protein preparations are

the following: lanes a, d, and g, buffer control; lanes b, e, and h, HIT
cell nuclear extract (5 ,ug of protein); lanes c, f, and i, HeLa S300
fractions (1.5 pLg of protein). Poly(dI-dC). poly(dI-dC) (4 pLg) was

present in each reaction.
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FIG. 5. RIPE-binding activity in COUP affinity column fractions. The insulin promoter probe was incubated with various fractions of the

COUP affinity column: lanes a to d, flowthrough; lanes e to g, 0.3 M fraction 1; lanes h to i, 0.3 M fraction 2; lanes j and k, 0.3 M fraction
3; lane 1, 0.6 M fraction. HeLa celi S300 fraction was used in lane m to indicate the position ofband no. 2 (shown by the arrow). Bovine serum
albumin was added to stabilize the extensively purified protein fractions, and the amounts used in lanes a to I are 1, 2, 4, 8, 0.5, 1.5, 2.5, 0.5,
1.5, 0.5, 1.5, and 1.5 jLg, respectively. Fr, Fraction.
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and ovalbumin (OV) probes are described in Materials and Methods. (A and B) The insulin competitor is a HindIII-BglI fragment containing
the -103 to +49 insulin gene fragment with a Hindlll linker at +49. The ovalbumin competitor in panel A is the -44 to -753 fragment of
the ovalbumin gene, with a ClaI linker at -44. The ovalbumin competitors in panel B are the ovalbumin fragments shown in parentheses. (C
and D) WT, Wild-type ovalbumin oligonucleotide (shown on bottom). The mutated oligonucleotide has two base substitutions.
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which are purine contacts for the COUP transcription factor
(31). As expected, the wild-type oligonucleotide competes
well with the ovalbumin promoter, while the mutated oligo-
nucleotide does not (Fig. 6D). Similarly, the binding of the
RIPE-binding factor to the insulin promoter is also competed
for by the wild-type but not by the mutated COUP oligonu-
cleotide (Fig. 6C). Again these results suggest that the
RIPE-binding factor is the same as the COUP transcription
factor.
The identity of the binding protein was confirmed by

renaturation experiments. The affinity column-purified
COUP transcription factor was resolved on sodium dodecyl
sulfate-polyacrylamide gel, and 5-mm slices were excised.
The polypeptide(s) in each slice was renatured and used in
band-shifting assays. Renatured polypeptides from slices 3
to 6 bind to the ovalbumin promoter and the insulin promoter
in a similar manner (Fig. 7A). Furthermore, the binding of
the renatured polypeptides in each slice to the insulin
promoter is competed for by the wild-type COUP oligonu-
cleotide but not by the mutated oligonucleotide (Fig. 7B).
Taken together, these results clearly indicate that the RIPE-
binding protein in HeLa cells is the COUP transcription
factor which binds to the ovalbumin upstream promoter.

DISCUSSION

Evidence has been presented that the COUP transcription
factor, a binding factor of the ovalbumin promoter, also
binds to the rat insulin promoter element (RIPE) which is
important for rat insulin II promoter function. When part of
the binding region is mutated, both the in vitro binding and
the in vivo promoter activities are drastically reduced,
suggesting that the COUP transcription factor may be part of
the transcriptional machinery for the rat insulin II gene.

44kd

FIG. 7. Binding assays with renatured COUP transcription fac-
tor. (A) The affinity column-purified COUP transcription factor was
resolved by sodium dodecyl sulfate-polyacrylamide gel electropho-
resis; the silver-stained gel is shown in the middle. The gel was cut
into six slices indicated by the numbers and vertical bars. A
polypeptide(s) was renatured from each slice and used in band-
shifting assays with the ovalbumin or the insulin promoter probe.
The protein preparation used in each lane is indicated. C, Controls
containing the HeLa S300 fraction; Probe, probe only. A 7- or 10-jll
portion of renatured protein was used in each reaction for the
ovalbumin and the insulin probe, respectively. (B) Binding compe-
tition assays using renatured COUP transcription factor, insulin
promoter probe, and COUP oligonucleotides. P, Probe only; C,
controls containing HeLa S300 fractions. Renatured protein from
gel slices 1 to 6 is indicated for each lane. -, No competitor; W,
wild-type COUP oligonucleotide competitor; M, mutated COUP
oligonucleotide (Fig. 6). The molar ratio of competitor to probe is
20. The arrows indicate the shifted bands of interest. kd, Kilodal-
tons.

Previously, our laboratory has shown that both the COUP
transcription factor and S300-II, a non-DNA-binding factor
isolated from HeLa cells, are required for efficient transcrip-
tion of the ovalbumin gene (27). S300-II appears to function
by interacting with the COUP transcription factor, resulting
in the stabilization of the DNA-COUP factor complex (31). It
will be interesting to see whether the same mechanism also
applies to the insulin gene. Preliminary data suggest that a
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FIG. 8. Alignment of the COUP transcription factor-binding
sequences in the ovalbumin (OV) and the insulin (INS) genes. The
brackets indicate the footprinted regions; the broken lines represent
weak protection. Purine contacts in the ovalbumin gene are shown
by circles. Common nucleotides are indicated by vertical bars
between the ovalbumin and insulin sequences.
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partially purified COUP factor fraction could stimulate the
transcription of the insulin gene in vitro and that the S300-II
fraction had an additive effect (unpublished result).

RIPE-binding activities were found in both HIT and HeLa
cells. However, we do not know whether the HeLa cell
RIPE-binding factor (COUP transcription factor) is the same
as the RIPE-binding factor in HIT cells. Competition assays
indicate that the wild-type COUP oligonucleotide competes
efficiently with the insulin promoter for the HIT cell RIPE
factor, while the mutated COUP oligonucleotide does not
(data not shown). This result suggests that the HIT cell
RIPE-binding factor also has an affinity for the COUP
sequence.

Since RIPE is essential for the activity of the tissue-
specific insulin promoter, it will be interesting to investigate
whether RIPE and its binding factor play any role in tissue
specificity. If the RIPE-binding factors from HIT and HeLa
cells are identical, it is unlikely that the COUP transcription
factor alone is responsible for tissue specificity; however,
one cannot exclude the possibility that the COUP transcrip-
tion factor interacts with other tissue-specific or nonspecific
factor(s) to mediate tissue specificity. If the RIPE-binding
factor in HIT cells is either completely different or modified
differently from the COUP factor, the RIPE-binding factor in
HIT cells will be a potential candidate for directing tissue
specificity.
Alignment of the COUP transcription factor-binding se-

quences of the insulin and ovalbumin promoters (Fig. 8)
reveals eight common nucleotides. Of the eight purine con-
tacts in the ovalbumin promoter (31) which may be crucial
for its binding to the COUP transcription factor, five are
shared by the insulin gene. Several possibilities may explain
how one factor can bind to such diverse sequences. First,
the eight common nucleotides may be sufficient for binding.
Alternatively, the two different sequences may form a com-
mon structure which is recognized by the factor. Finally, the
factor may possess two binding domains which have dif-
ferent specificities for the two sequences. We are presently
unable to distinguish among these possibilities.
The renatured COUP polypeptides bind to the ovalbumin

and insulin promoters in a similar manner (Fig. 7A). Thus,
polypeptides from slice 3 bind weakly to both probes and
shift them to a slightly higher position. Polypeptides from
slice 5 bind strongly, while those from slices 4 and 6 have
intermediate binding activities. However, slices 4 and 6
showed different binding preferences for the two promoters;
slice 6 has a higher affinity for the ovalbumin promoter,
whereas slice 4 favors the insulin promoter. This suggests
that the COUP transcription factor may exist in heteroge-
neous forms, and each form may have different affinities for
the two sequences. The heterogeneity may arise from a gene
family, differential splicing or translational initiation and
termination, posttranslational modification, or proteolytic
degradation.
The fact that the COUP transcription factor binds to two

seemingly unrelated genes through two rather different se-
quences is intriguing. One factor binding to two different
sequences is not unprecedented; the yeast protein HAP1
was shown to bind to the upstream activation sites of both
CYCl and CYC7 genes, and the binding sites share only
seven nucleotides scattered throughout the 23-base-pair
footprint (25). In contrast, the same consensus sequence can
also be recognized by different proteins. For instance, at
least three different CCAAT-binding proteins have been
found, and each of them has different affinities for the
CCAAT-containing regions of various genes (4). Another

example is the octanucleotide-binding proteins. The octanu-
cleotide is conserved in all immunoglobulin heavy-chain and
kappa light-chain genes (9), and it can confer lymphoid-cell-
specific expression upon a heterologous gene (5, 34). How-
ever, it is also present in, and critical for, some other cellular
genes (18, 29), and there are ubiquitous as well as lymphoid-
specific octanucleotide-binding proteins (16, 28, 30). Taken
together, multiple related sequence motifs and regulatory
factors may be required to achieve higher levels of diversity
in the expression of the eucaryotic genes. A group of genes
sharing a common sequence motif can be coordinately
controlled by a single regulatory protein which recognizes
this common element. Moreover, differential levels of
expression could be obtained by using various combinations
of factors which possess different affinities for this common
sequence motif. Meanwhile, genes sharing no common se-
quence element could also be coordinated by a factor which
recognizes different sequences, and regulation would be
achieved if this protein has different affinities for them. We
speculate that the COUP transcription factor may be such a
regulatory factor.
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