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eceived August 16, 1999
c
p
p
d
t
l
d
U
h
h
t
b
(
n
d
a
t
L
(
m
I
t
t
h
o
s
N

t
U
i
r
f
i
p
p
r
s
L
U

Here we describe the first real-time study of nuclear
rotein interaction with a composite DNA regulatory
egion. We studied the interplay between the three
arget sites of the negative regulatory element (NRE)
f HIV-1 LTR, comprising a noncanonical GATA site
verlapping two negative regulatory regions, USF and
FIL-6, and their corresponding transcription factors

n nuclear extracts. By bandshift analysis, no GATA
inding activity could be detected between LTR NRE
nd different nuclear extracts, although evidenced by
n vitro footprinting. Additionally, the LTR NRE and a
SF oligonucleotide showed identical retarded com-
lexes. BIAcore study of these interactions revealed
he binding of huGATA-3, as well as USF, to the immo-
ilized LTR NRE oligonucleotide. Competition analy-
es, performed with GATA, USF, and NFIL-6 oligonu-
leotides, clearly showed that this regulatory region
ould bind both huGATA-3 and USF factors. Finally,
he presence of USF and huGATA-3 proteins in the
omplexes formed with LTR NRE was ascertained us-
ng specific anti-huGATA-3 and anti-USF2 polyclonal
ntibodies. © 1999 Academic Press

The 59 long terminal repeat (LTR), and in particular
he U3 region of the HIV-1 provirus, has been shown to
lay a major role in HIV-1 gene expression and thus in
he virus cycle (1). Indeed, HIV-1 gene expression is
ontrolled by multiple cellular transcription factors (2).
n the LTR, as for any eukaryotic promoter, the organi-
ation of target sequences and their capacity to inter-
ct with various transcription factors may be crucial in
he regulation of HIV transcription. In the LTR, a
egative regulatory element (NRE) is able to down-
egulate the HIV transcription (3–5). In this NRE re-
ion, a binding site for the human nuclear protein

1 Present address: Reproductive Biology Unit, Centre for Repro-
uctive Biology, 37 Chalmers Street, Edinburgh EH3 9ET, UK.

2 Present address: INSERM U511, 91, boulevard de l’Hôpital,
5013 Paris, France.
6006-291X/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.
alled USF (6), MLTF (7) or UEF (8) has been shown to
lay a negative role in transcription (9) both in the
resence or absence of Tat transactivation. USF is a
imer-forming family of transcription factors charac-
erized by a highly conserved basic-helix-loop-helix-
eucine zipper (bHLH-zip) DNA-binding domain. Two
ifferent USF proteins, termed USF1 (44 kDa) and
SF2 (43 kDa), are ubiquitously expressed in both
umans and mice. A binding site for NFIL-6 (10, 11)
as also been described in the NRE region (12). This
ranscription factor, belonging to the CCAAT/enhancer
inding protein (C/EBP) family (13) as well as C/EBPb
14) or CRP2 (13) was shown to play a dual (positive/
egative) role in HIV transcription in T-cells (12). In-
eed, the same RNA messenger was able to encode, by
lternative initiation of translation, three forms of pro-
ein (two activators and one inhibitor), described as
IP/LAP proteins (liver inhibitor/activator protein)

15, 16). Finally, huGATA-3 (17–21) regulatory ele-
ents have also been described in the LTR of HIV-1.

ndeed, Yang and collaborators (22) have reported that
he six huGATA-3 binding sites were able to enhance
ranscription and that it was dependent on the
uGATA-3 transcription transactivation domain. One
f these sites (site 2), a non-canonical huGATA3 target
ite is located in the overlapping region of USF and
FIL-6 binding sites (see Fig. 1A).
The DNA region LTR NRE which comprises poten-

ial binding sites for three nuclear factors, NFIL-6,
SF and huGATA-3, was used as a model to study the

nteractions between multiple factors and a complex
egulatory region. The interactions of these different
actors with LTR NRE DNA composite region were
nvestigated using two technical approaches: electro-
horetic mobility shift assays (EMSA) and surface
lasmon resonance (SPR). The SPR approach, which
eveals interactions under real-time conditions,
howed that both USF and GATA-3 are able to bind
TR NRE whereas the EMSA approach only detected a
SF/LTR NRE interaction.
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ATERIALS AND METHODS

Oligonucleotides and antibodies. The LTR NRE oligonucleotide
as synthesized and biotinylated at its 59 end by Genosys (Cam-
ridge, UK). It was annealed with the antisense DNA strand and
hen immobilized on the streptavidin-coated sensor chip, for BIAcore
ssays. USF, NFIL-6, dE4 and site 3 (mutated or not) oligonucleo-
ides were also synthesized (Gibco BRL Life Technologies, Eragny,
rance) for SPR competitive analyses and EMSA studies. Oligonu-
leotides are described in Fig. 1B. Anti-USF2 polyclonal antibodies
Santa cruz, Santa Cruz, California, USA), anti-HIV-1 Vpr poly-
lonal antibodies (NAIDS) and anti-huGATA-3 monoclonal antibody
MAb31, see (23), gift of P. H. Roméo), were used in upshift assays.
nti-USF2, anti-rat C/EBPb, anti-human NFIL-6, anti-fra 1, anti-c

un and anti-STAT3 polyclonal antibodies (Santa Cruz, Santa Cruz,
alifornia, USA), and anti-GST (Sigma, L’Isle d’Abeau Chesnes,
rance) and anti-huGATA-3 (gift of P. H. Roméo, see 23) polyclonal
ntibodies were used for SPR immunocharacterization.

Preparation of nuclear extracts. CEM T-cells either uninfected
A3.01; 24) or chronically infected with HIV-1LAI (8E5; 25), were
aintained in RPMI medium with glutamax (Gibco BRL Life Tech-
ologies) with 10% fetal calf serum, penicillin (100 U/ml) and strep-
omycin (100 mg/ml). Cells were activated with 50 nM phorbol my-
istate acetate (PMA, Sigma Chemical, L’isle d’Abeau Quesnes,
rance) and 500 nM ionomycin D (Sigma) and aliquots of 2 3 108

ells were frozen 6 h after activation. The cells were thawed and
ysed with two volumes of buffer I (10 mM Tris-HCl pH 7.8, 2 mM

gCl2, 10 mM KCl, 0.1 mM EGTA, 10% sucrose, 20% glycerol, 0.4
M PMSF, 0.5 mM DTT, 0.02% NP40 and 1 mg/ml antipain, apro-

inin, chymostatin ABC, pepstatin A and leupeptin), and nuclei were
ollected by centrifugation at 8,000 rpm (in an Eppendorf centrifuge)
or 80 s at 4°C. Lysis of the nuclei was carried out with one volume
f buffer II (20 mM Tris-HCl pH 7.8, 2 mM MgCl2, 300 mM KCl, 0.2
M EGTA, 25% glycerol, 0.2 mM PMSF, 0.5 mM DTT and 1 mg/ml

ntipain and aprotinin) for 30 min at 4°C. After centrifugation at
7,000 g for 30 min at 4°C, the extracts were dialysed, using a
illipore (Saint-Quentin-en-Yvelines, France) dialysis membrane

VS type), against dialysis buffer (20 mM Tris-HCl pH 7.8, 100 mM
Cl, 0.5 mM EDTA, 20% glycerol, 0.2 mM PMSF, 0.5 mM DTT and
mg/ml aprotinin), and stored at 280°C. Protein concentration was
easured with the “BCA Protein Assay Reagent” kit (Pierce, Rock-

ord, USA).

Electrophoretic mobility shift assays (EMSA). The binding sites
or USF, huGATA-3 and NFIL-6 proteins were created by annealing
ense and anti-sense oligonucleotides. 32P end-labelled (g-ATP, Am-
rsham) ds oligonucleotide (30,000 cpm) was incubated with 2 mg
uclear extract and 200 mg/ml poly(dI-dC)-poly(dI-dC) 600 bp (Phar-
acia Biotech, Saclay, France) in binding buffer (10 mM HEPES pH

.4, 1.5 mM DTT, 150 mM NaCl, 1.6 mM EDTA, 4 mM spermidine,
% glycerol, 0.5 mM ZnCl2) in a final volume of 11 ml, before loading
n a 0.25 3 Tris-borate EDTA native polyacrylamide gel (6%). For
he super shift assays, the antibodies were pre-incubated with the
roteins (under the conditions stated above) before adding the la-
elled probe. For competition experiments, the oligonucleotide com-
etitors (50 fold excess) were also pre-incubated with the nuclear
xtract before adding the labelled probe.

Surface plasmon resonance (SPR): BIAcore (BIACORE AB, Saint-
uentin-en-Yvelines, France). The biotinylated (ds) oligonucleotide

LTR NRE) was immobilized on a streptavidin-coated sensor chip
600 RU). The running buffer (10 mM Hepes, 1.5 mM DTT, 150 mM
aCl, 1.6 mM EDTA, 0.5 mM ZnCl2) was applied at a flow rate of 10
l/min. Proteins were injected in reaction buffer (10 mM Hepes, 1.5
M DTT, 150 mM NaCl, 1.6 mM EDTA, 4 mM spermidine, 0.5 mM
nCl2, 50 mg/ml poly (dIdC)/poly (dIdC), 1 mg/ml CM dextran, 2%
orse serum). At the end of each cycle, the sensor chip was regener-
ted by injecting 6 ml running buffer plus 0.05% SDS. The binding
esponse was determined by measurement of resonance units at
7

00 s after injection. Prior to numerical analysis, data were adjusted
o zero baseline level by subtracting the response recorded immedi-
tely before the injection of analyte. For competition analyses, 6 mg
in 30 ml) of nuclear extracts (A3.01 or 8E5) were injected alone or
ith several competitors (2.5 mM): LTR GATA sites 1 and 3 (mutated

r not), LTR NRE, dE4, NFIL-6 and USF oligonucleotides (see Fig.
B). For antibody experiments, first the nuclear extract was injected
o allow formation of the nucleoproteic complex, and then 30 ml (0.3
g) of the various antibodies were injected to identify the proteins
etained in the complexes.

ESULTS AND DISCUSSION

The technical approaches commonly used to study
NA/transcription factor interactions are EMSA and

n vitro (and less frequently in vivo) footprinting anal-
ses. EMSA shows direct visualisation of the different
olecular complexes obtained with a regulatory region

omprising adjacent and overlapping sites, whereas
ootprinting experiments, albeit laborious, may give
seful information, on the DNA sequences within a
romoter that interact with transcription factors. Nev-
rtheless, since the proteins that have interacted with
complex DNA sequence are somehow difficult to iden-

FIG. 1. (A) LTR NRE and transcription factor target sites. The
oncanonical GATA site (shaded box) is located within the overlap-
ing region of two regulatory elements: NFIL-6 and USF. The bHLH
otif of the USF site is represented in bold letters. (B) Oligonucle-

tides used in EMSA and BIAcore assays. The GATA site 3, USF,
nd NFIL-6 used as prototype target sites for the three correspond-
ng factors as well as GATA site 1, LTR NRE (site 2), mutant site 3*,
nd dE4 (GATA tandem). Mutated nucleotides of site 3* are indi-
ated in lowercase and binding sites are in bold letters.
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ify, we employed a SPR method for real-time dynamic
nalysis of the factors interacting with a composite
NA sequence.
The oligonucleotides used for the study of transcrip-

ion factor interaction with LTR NRE regulatory ele-
ents (Fig. 1A) are listed in Fig. 1B. We decided to

tudy, in real time, the interactions between the LTR
RE and these 3 transcriptional factors: USF, GATA-3
nd NFIL-6. For this purpose, we took advantage of the
ranscriptional factor diversity observed during T-cell
ctivation and HIV-1 infection. Among nuclear ex-
racts of several T-cell lines infected or not with HIV-1,
wo extracts were selected (8E5 t0 and A3.01 t6) show-
ng different levels of the three transcription factors as
etermined by EMSA (Fig. 2) in the presence of three
rototype oligonucleotides (USF, site 3 for GATA-3 and
FIL-6; Fig. 1B). Figure 2 shows that the level of USF
nd NFIL-6 factors varies in the 8E5 and A3.01 nu-
lear extracts: USF is higher in 8E5 t0 than in A3.01 t6
xtract and NFIL-6 seems only expressed in 8E5 t0
xtract. In contrast, the level of huGATA-3 is quite
imilar in both extracts. For the three factors, the

FIG. 2. EMSA determination of the level of expression of USF,
xtracts. Labelled USF, site 3 (to detect GATA-3 binding activity) a
nfected) or A3.01 t6 (noninfected) nuclear extracts, prior to or 6 h p
omplexes was verified using specific or irrelevant competitors and
nti-GATA-3, and anti-NFIL-6 antibodies for USF; LTR NRE, site
ntibodies for site 3; LTR NRE and USF oligonucleotides and anti-hu
eft represent the DNA/factors complexes and on the right the super
8

pecificity of DNA/protein interactions was verified af-
er addition of relevant and irrelevant competitors and
ntibodies.

MSA Only Reveals LTR NRE/USF Interaction

As shown in Fig. 3, the profiles obtained with nuclear
xtracts of several CEM T-cell lines (here prior to ac-
ivation: 8E5 t0) did not provide evidence for GATA-3
inding to the LTR NRE DNA sequence. Indeed, for-
ation of DNA/protein complexes with labelled LTR
RE (Fig. 3A, lane 1) was not abrogated with any of

he GATA oligonucleotides used as competitors: i.e.
ith LTR GATA site 1 (lane 2), site 3 (lane 4) or dE4

lane 5). In addition, an anti-huGATA-3 monoclonal
ntibody (lane 10) did not later the complexes and do
ot reveal any upshift. Moreover, the EMSA profiles
btained with labelled LTR NRE (Fig. 3A, lane 1) and
abelled USF (Fig. 3B, lane 1) regulatory element (from
denovirus late promoter) are very similar. Indeed,

hese DNA/protein complexes, observed with the two
abelled oligonucleotides, were totally abolished by

GATA-3, and NFIL-6 transcription factors in two different nuclear
NFIL-6 oligonucleotides were incubated with either 8E5 t0 (HIV-1
cellular activation, respectively. The specificity of the DNA/protein
ibodies: LTR NRE, dE4, and USF oligonucleotides and anti-USF2,
and dE4 oligonucleotides and anti-HIV-1 vpr and anti-huGATA-3
n-NFIL-6 and anti-rat C/EBPb antibodies for NFIL-6. Arrows on the
ft DNA complexes.
hu
nd
ost
ant
3,

ma
shi
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TR NRE and USF oligonucleotides (lanes 3 and 7) as
ell as partially inhibited by the anti-USF2 polyclonal
ntibodies (both lanes 9), but were unaltered by an

FIG. 3. EMSA profiles of either LTR NRE or USF oligonucleotides
ith 8E5 t0 nuclear extract. Labelled LTR NRE (A) or USF (B) oligo-
ucleotides were incubated with 2 mg of 8E5 t0 nuclear extract either
lone (lane 1) or with 50-fold excess of LTR GATA site 1 (lane 2), LTR
RE (lane 3), site 3 (lane 4), dE4 (lane 5), NFIL-6 (lane 6), USF (lane 7)

ligonucleotides as well as irrelevant anti-HIV-1 vpr protein (lane 8),
nti-USF2 protein (lane 9), anti-huGATA-3 monoclonal antibody (lane
0), and anti-human NFIL-6 polyclonal antibody (lane 11).

FIG. 4. Sensorgram depicting in real-time the interaction of A
ligonucleotide. Six micrograms (in 30 ml) of both nuclear extracts (A
TR NRE oligonucleotide (600 RU).
9

rrelevant anti-vpr polyclonal antibody (lanes 8). Fi-
ally, the protein complex formation of both labelled
TR NRE and USF oligonucleotides (lanes 6) was par-
ially inhibited by the NFIL-6 oligonucleotide, used as
ompetitor although no alteration and no upshift was
bserved with anti-NFIL-6 antibody (lanes 11). There-
ore, huGATA-3 does not appear to interact with LTR
RE oligonucleotide under EMSA conditions.

n Interaction between LTR NRE and huGATA-3,
as Well as USF, Is Observed by SPR

EMSA profiles of LTR NRE and USF oligonucleo-
ides are very similar and no GATA-3/LTR NRE inter-
ction was revealed by EMSA although previously re-
orted by in vitro footprinting (22). For SPR assays, the
iotinylated LTR NRE oligonucleotide was immobi-
ized (600 RU) onto a BIAcore streptavidin covered
ensor chip surface. Thirty microliters (6 mg) of each
uclear extract were first injected alone on the LTR
RE, immobilized on the sensor chip. The binding

bserved 200 s after injection was higher with 8E5 t0
236 RU), expressing higher level of factors, than that
bserved with A3.01 t6 (186 RU, see Fig. 4).
After injection of nuclear extracts, the proteins in-

eracting with the oligonucleotide were recovered by
lution and subjected to SDS PAGE, Western-blotting
nd EMSA, as we previously described (26). After bind-
ng to immobilized LTR NRE, neither USF nor

t6 or 8E5 t0 nuclear extract proteins on immobilized LTR NRE
1 or 8E5) was injected at a flow rate of 10 ml/min onto immobilized
3.01
3.0
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uGATA-3 could be detected in the eluted fractions.
PR competition assays were therefore employed to

dentify the protein(s) interacting with LTR NRE. The
wo nuclear extracts were injected alone (Fig. 4) or
ith specific competitors (2.5 mM). In Fig. 5, the results
re expressed, for both nuclear extracts, as an inhibi-
ion percentage of interaction observed without com-
etitor.
When the different GATA oligonucleotides were used

s single competitors, binding between the immobi-
ized LTR NRE and the factors present in the nuclear
xtracts was inhibited by 7 to 42%. In contrast, site 3*
ligonucleotide, mutated in the GATA sequence (Fig.
B), was unable to out compete the complex. These
esults suggest that, under real-time conditions,
uGATA-3 probably interacts with the LTR NRE. Sur-
risingly, with the A3.01 t6 extract, the most efficient
ompetitor was the canonical dE4 oligonucleotide (30%
f inhibition), followed by site 3 (20%) and finally by
TR NRE itself (7%). This result is in good agreement
ith the higher level of huGATA-3 compared to that of
SF in this extract (USF being practically absent, Fig.
). Moreover, the magnitude of inhibition appeared to
e correlated with the affinity of the GATA-3 transcrip-
ion factor for the different oligonucleotides; i.e. a

FIG. 5. SPR assays with either A3.01 t6 or 8E5 t0 nuclear e
ompetitors: single or in combination. Several GATA sites, LTR NRE
s well as NFIL-6 and USF oligonucleotides were used as competito
E5 t0 (6 mg in 30 ml) onto the immobilized LTR NRE oligonucleotid
easured at 200 s of the binding without competitor (A3.01 t6: 186
10
reater affinity for dE4 than for site 3, which was in
urn greater than for LTR NRE (site 2) as determined
y EMSA and BIAcore experiments (26). The very low
nhibition driven by the LTR NRE site 2 might be due
o the non-canonical GATA sequence since this se-
uence was reported to be protected in DNAse I pro-
ection assays (22). With the 8E5 t0 extract and the
ame competitors, the magnitude of inhibition was
imilar (approximately 12%) for the two canonical
ATA oligonucleotides (site 3 and dE4) and higher for
TR NRE (over 40%). This is in accordance with the
igh level of both USF and huGATA-3 proteins in this
xtract suggesting that LTR NRE would be able to
ompete for both USF and huGATA-3. In addition,
everal antibodies were injected over the proteins of
he 8E5 t0 nuclear extract bound to the immobilized
TR NRE (600 RU), to confirm the interaction with the
ATA-3. An enlarged view of the post-injection phase,

ollowing antibody injection, is presented in Fig. 6. The
aseline has been adjusted to zero after injection (300
) of the 8E5 t0 extract in order to visualize the addi-
ional binding response induced by the antibodies.
nti-huGATA-3 showed an additional binding re-
ponse, when compared to irrelevant sera (anti-GST,
nti-fra-1 and anti-c-jun polyclonal antibodies) and

acts alone or in the presence of several oligonucleotides used as
ite 2), LTR GATA site 3, its mutated counterpart (site 3*) and dE4
.5 mM) and injected alone or in combination with either A3.01 t6 or
600 RU). The results are expressed as the percentages of inhibition
; 8E5 t0: 236 RU of Fig. 4).
xtr
(s

r (2
e (
RU
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ontrol pre-immune rabbit anti-serum. Thus, taken to-
ether, the results of competition and antibody exper-
ments indicate that huGATA-3 binds to the LTR NRE
ligonucleotide under SPR conditions. These data are
n agreement with the report of Yang et al. (22) sug-
esting the involvement of the different LTR GATA
ites in the regulation of HIV-1 transcription. Indeed,
ang et al. have shown that: 1) in vitro footprinting
nalysis revealed 6 GATA target sequences in the LTR
3 region, 2) in Hela cells, huGATA-3 stimulated the
IV LTR driven transcription as much as 10 fold and
) mutation of all GATA sites led to the abrogation of
he GATA-3 mediated stimulation and, to a marked
eduction of transcription in Jurkat cells.

Naturally, as previously shown by EMSA (Fig. 3),
PR competition experiments revealed interaction be-
ween USF and the LTR NRE. Indeed, the USF oligo-
ucleotide (2.5 mM) can competitively inhibit LTR
RE/protein interactions (Fig. 5). This competitor,
owever, is more efficient in inhibiting the interaction
f LTR NRE with the 8E5 t0 extract (35%) than with
he A3.01 t6 extract (10%), in agreement with the

FIG. 6. SPR assays with several antibodies injected onto the 8E
xtract was previously injected at a flow rate of 10 ml/min onto immo
o zero before antibody injection. Thirty microliters (0.3 mg) of seve
BP, anti-transcription factors (i.e., anti-fra-1, anti-cjun and anti-ST
ontrol antibodies—was then injected onto complexes formed with L
ensorgram is presented in the inset.
11
igher level of USF proteins in the 8E5 t0 extract.
dditionally, the anti-USF2 antibody increased the
inding response of the LTR NRE/8E5 t0 interaction
Fig. 6).

nalysis of LTR NRE/NFIL-6 Interaction by SPR

In contrast to USF and huGATA-3, NFIL-6 appeared
o be present only in the 8E5 t0 extract (Fig. 2). The
pecificity of interaction was verified, as for both USF
nd GATA-3, by competition experiments with LTR
RE and several oligonucleotides, and with two anti-
odies against human NFIL-6 and rat C/EBP. More-
ver, both anti-human NFIL-6 and anti-rat C/EBPb
ere unable to bind substantially to the complexes in
IAcore assays (Fig. 6). Hence, neither EMSA nor SPR
ssays can demonstrate a conclusive interaction be-
ween NFIL-6 factor(s) and LTR NRE.

However, NFIL-6 has been shown to play a signifi-
ant role in the fine tuning of HIV-1 regulation of
ranscription, either positive in U937 promonocytic cell
ine (27, 28) or negative in brain-derived cells) (29). The

/LTR NRE complexes. Six micrograms (in 30 ml) of 8E5 t0 nuclear
ized LTR NRE oligonucleotide (600 RU). The baseline was adjusted
antibodies—anti-USF2, anti-huGATA-3, anti-huNFIL-6, anti-ratC/
3), anti-GST polyclonal antibodies, and rabbit preimmune serum as

NRE. Here is an enlarged view of the postinjection phases of the
5 t0
bil

ral
AT
TR
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iological relevance of HIV-1 C/EBP is suggested by
he fact that the C/EBP sites appear to be conserved in
rimary isolates from AIDS patients over several years
30). Moreover, these sites are functional in the pro-
uction of negative strand RNA transcripts from a
ovel HIV-1 promoter (39 LTR, Ref. 31). Furthermore,
IV-1 isolates carrying linker mutations of the HIV-1
/EBP at 2174/2166 have an enhanced infectivity

32), suggesting a negative role for the HIV-1 C/EBP
equence in vivo. It is likely that, in spite of our results,
FIL-6 interacts with the LTR NRE region.
In our experiments, the partial inhibition mediated

y the NFIL-6 oligonucleotide in EMSA (Fig. 3, lane 6)
lthough less efficient than with USF oligonucleotide
lane 7) and in SPR competition experiments (Fig. 5)
ight be due to shared interaction of USF and NFIL-6

egulatory elements for USF protein. In SPR experi-
ent, under real-time conditions (Fig. 5), NFIL-6 oli-

onucleotide was capable, as USF oligonucleotide, of
nhibiting LTR NRE/8E5 t0 or A301 t6 interactions.
he maximal level (over 50%) was reached when USF
r NFIL-6 oligonucleotides were used in combination
ith the canonical LTR GATA site 3 and the 8E5 t0
xtract, where both GATA-3 and USF transcription
actors are efficiently expressed when compared to 30–
5% inhibition observed with A3.01 t6 extract. Finally,
he CACPuNTG site present in the NFIL-6 oligonucle-
tide (Fig. 7) could mimic a bHLH motif, as described
n yeast (33), and bind USF protein, thus competing
ut USF binding to the LTR NRE or USF oligonucleo-
ides (Fig. 3). In contrast, the Ad2 USF oligonucleotide
lthough a strong inhibitor of LTR NRE/USF interac-
ion as it does not possess a C/EBP-like sequence (Fig.
) did not succeed in out-competing the binding of the
FIL-6 protein to labelled NFIL-6 oligonucleotide

Fig. 2).
Finally, the lack of substantial interaction between

TR NRE oligonucleotide and NFIL-6 protein of the
E5 t0 extract could be explained by the hindrance of
his interaction by the USF factor. Indeed, the 12 nu-
leotide long USF binding element of the LTR NRE,

FIG. 7. Binding sites shared by C/EBP, USF, and NF-IL6 oligo-
ucleotides. The sequence of each oligonucleotide is presented with

ts C/EBP binding site (shaded square) and the bHLH site (open
quare). The C/EBP and bHLH consensus motifs are represented at
econd and bottom line, respectively. The oligonucleotide used by
uocco et al. (34) is also seen at the top.
12
omprising the CACGTG central helix-loop-helix
eucine zipper (bHLH) consensus motif, target for USF,
verlaps the (A/C)TTNCNN(A/C)A consensus sequence
f the C/EBP family (Fig. 1A). A similar DNA sequence
shaded box of Fig. 7) lacking the 39 end of the USF site
resent in the LTR NRE was shown by Ruocco et al.
34) to be capable of interacting with over expressed
/EBPb or C/EBPd proteins in non T-cell lines (i.e.
ithout GATA-3 expression).
Actually, efficient binding of USF to the LTR NRE
ay inhibit NFIL-6 interaction. Therefore, in absence

f USF, NFIL-6 might be able to interact with the LTR
RE, since expression of USF factor is decreased dur-

ng T-cell activation, while GATA-3 expression is quite
table and NFIL-6 is induced. Hence the 3 overlapping
egulatory targets might govern the regulation of tran-
cription, according to the diversity of transcription
actors (35) that varied with the cellular context (lym-
hocytes versus macrophages) or with the adaptive
ontext during the differentiation and activation pro-
ess of the cells.
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