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ABSTRACT

We have recently elucidated the nature and function of
transcription factors present in Jurkat, glial and
neuronal cells that interact with modulatory region B,
the nuclear receptor responsive element, in the long
terminal repeat of human immunodeficiency virus type
1 (HIV-1). Considering the key role that the combination
of host cell proteins plays in HIV-1 gene transcription,
it appears essential to characterize proteins interacting
with the adjacent region A. In vitro experiments
revealed that the 5 '-TGATTGGC-3' motif of region A is
the target for at least three distinct proteins, one
belonging to the nuclear factor | family, while two
others are related to the cAMP response element
binding (CREB) protein family. One of these proteins,
present in DNA—protein complex C2, is formed by
distinct polypeptides of relative molecular mass 43 000
and 50 000. We have purified the 43 kDa protein, which
is distinct from CREB-43, and have shown that
renatured p43 is able to specifically interact with site A.
Transient expression experiments with vectors con-
taining wild-type or mutant motif A revealed that basal
HIV-1 gene transcription in Jurkat cells is regulated by
antagonistic effects of the site A binding proteins.

INTRODUCTION

described the nuclear receptor-responsive element (NRRE)
located within the —356/-320 region as representing a site for
complex regulatory interactions among hormone receptors and
orphan receptors, as well as the AP-1 transcription fa&tbp)

We have recently reported that AP-1 is unable to directly bind to
the NRRE sequence but interacts indirectly via nuclear receptors
belonging to the steroid—thyroid—retinoid nuclear receptor super-
family (13-14). Moreover, we have recently reported the role of
retinoic acid receptors and the orphan receptor COUP-TF on
HIV-1 gene transcription in human central nervous system-derived
cell lines (L4). Since recent data have highlighted the importance
of the U3 region of the LTR in determining the pathogenicity of
HIV-1 (15), studies concerning the nature and role of cellular
transcription factors that interact with various elements of the
LTR appear essential.

In this study we have characterized the regulatory element
spanning the —385 to —362 region of the LTR, which is directly
adjacent to the NRRE. This region has previously been footprinted
with nuclear extracts from Jurkat T cells and named site A
(16-17). Our previous studies have revealed that this sequence is
the binding site for nuclear proteins present in a great variety of
cell lines, such as Jurkat, HelLa, astrocytoma, oligodendroglioma
and neuronal cells 8). However, the nature and function of the
nuclear proteins interacting with site A remain elusive. Here we
demonstrate that the TGATTGGC core sequence is the binding
site for at least three distinct proteins present in Jurkat and in HeLa
cells. Byin vitro experiments we have analyzed the nature of the

oteins forming the different DNA—protein complexes. We have

Replication and gene expression of human immunodeficien !
virus type 1 (HIV-1) depend upon multiple sequences present JROWN thz_at one nucl_ear protein belongs to the nuclear factor |
the long terminal repeat (LTR). Transcription is regulated by aNF1) family (18), while other factors are related to the CREB
interplay of viral and cellular host proteins with regulatoryProtein family (for a review se&9). We report here the
elements of the LTR. Key elements such as the TATA, Sp1 aRyrification of a nuclear factor of relative molecular mass 43 000,
NF-B region, present in the proximal part of the LTR (+1 todistinct from CREB-43, which specifically binds to site A.
—112) have been extensively characterized (for reviewsZee Moreover, we provide evidence, by transient expression experi-
The role of the NFB element especially has been investigated€nts, that site A binding proteins play antagonistic roles in the
in a variety of cell types, including lymphocytes, monocytes anpntrol of basal transcription of the HIV-1 genome in Jurkat cells.
central nervous system-derived celis?).

However, transcription control elements present in the —112 MATERIALS AND METHODS
—4_59 modulatqry region of the LTR have been poorly characteri_z kasmid constructs
This region includes regulatory elements that can mediate
transcription in many cell types, under a variety of growth andio construct the 1N/tk-CAT, 1L/Ak-CAT, 1Lm/tk-CATx2L/tk-
differentiation conditions 8). Recently several reports have CAT and X1Lm/tk-CAT vectors, one copy of the 1N, 1L and
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1Lm oligonucleotides and two copies of the 1L and 1Lnautoradiography. We used prestained molecular weight markers
oligonucleotides respectively were subcloned in sense orientati@ioRad).

in the blunt-ende&al site of pBLCAT2, containing the herpes

simplex virus thymidine kinase promoter in front of@#elr gene .

(20, a gift of C.Kedinger, Unit INSERM 184, Strashourg, SOuthwestern blotting

France). The 1L-LTR-CAT and 1Lm-LTR-CAT Vectors werey oo hroteins partially purified by heparin-Sepharospdp0
B e AGCrUCECLUS? by DA afnity chvomtography (i) were resoe on a
Clontech). Mutations were controlled by DNA sequgencing 10% SDS—PAGE gel and electrotransferred onto nitrocellulose
: * membranes. The membranes were washed three timesfith 1 h
Cell culture and nuclear extract preparation renaturation buffer (10 mM Tris, pH 7.5, 150 mM NaCl, 10 mM
dithiothreitol, 2.5% Nonidet P-40, 10% glycerol, 3% BSZ)(
Jurkat and HeLa cells were respectively grown in RPMI 1640 aniche membranes were then placed in a heat-sealable pouch in
DMEM medium supplemented with 10% fetal calf serum andbinding buffer (10 mM Tris—HCI, pH 7.5, 40 mM NaCl, 1 mM
10 mM HEPES in the presence of penicillin and streptomyciBTT, 1 mM EDTA, 8% v/v glycerol, 3% BSA, §@ poly(dl-dC),
(100 U/ml). Nuclear extracts were prepared as previously descridednM MgClh, 5 pg/ml 32P-labeled oligonucleotide 1L or 1Lm).
(21). A phosphatase inhibitor, 0.5 mBAglycerophosphate, was After 16 h constant agitation, membranes were washed for 2 h at
added during the preparation of nuclear extracts from Jurkat celisom temperature with 10 mM Tris—HCI, 50 mM NaCl with
several changes and autoradiographed on Kodak X-OMAT film.

Transfections and CAT assays

. Purification of a 43 kDa protein
Jurkat cells (3¢ 1010 cells/transfection) were transfected by

the DEAE—dextran technique with 3 pmol plasmid DNA. AfterAliquots of 25 mg nuclear protein extract, obtained froxni8°
48 h, cells were collected and chloramphenicol acetyltransferafgrkat cells were applied to a 5 ml heparin-Sepharose column
(CAT) assays were performed as described previoZiglyth  equilibrated with buffer Z (20 mM HEPES, pH 7.9, 0.2 mM

20 ug protein extract and a 2 h incubation &tG7 EDTA, 20% glycerol, 1 mM dithiothreitol) containing 50 mM KCI.
. . . Proteins were separated using a step gradient from 0.1 to 1 M KCI
Electrophoretic mobility shift assays in buffer Z. Activity was detected in fractions eluted between 0.3

and 0.4 M KCI by gel mobility shift assay. These fractions were
pooled and dialyzed against buffer Z containing 0.1 M KCI. The
qgol was mixed with salmon sperm DNA (2&ml), incubated

Protein—DNA binding reactions were performed with 5 qud.0
crude nuclear extract as previously descrith€)l For competition
assays, unlabeled oligonucleotides were added at a 50- 'or. ) . ;
200-fold molar excess at the same time as the probe. Wh%# ice for 15 min and loaded onto a 2 ml oligonucleotide 1Lm
purification columns were analyzed, ll0of the fractions were atfinity column eqwhbrated in buffer Z containing 0.1 M KCL.
used. The sequences of the oligonucleotides used as probeg Qﬁ column was washed with _the same SOIUI'On' The_flow—through
competitors are shown in Figurein supershift assays performed Was l0aded onto a 2 mi oligonucleotide 1L affinity column
as previously describeti3), we used antibodies directed agains€duilibrated in buffer Z containing 100 mM KCI. The column was
CREB-1 and ATF-1 and reactive with ATF-1 p35, CREB-1 p4 ashed with the same solution and eluted with a step gradient

- : g . from 0.1 to 1 M KCI in buffer Z. Oligonucleotide 1L binding
\E/lvr(]a?eccixlfr'i\gdl c()ﬁta r\mhctrﬁé E)rlgigicnhngggé)'bgllr;,dI?SgaL?ZCE?SQCtiVity was detected in fractions at 0.5 M KCI. These fractions
Biotechnology). were pooled, dialyzed against buffer Z containing 0.1 M KCl and

recycled on the same column. An aliquotifif each fraction
Methylation interference assays was assayed by gel retardation assay using the oligonucleotide 1L

as probe. The active fractions were also analyzed by 10%
Methylation interference assays were performed with oligonucleSDS—-PAGE. The sequence-specific DNA affinity columns were
tide 1L as described previousiy3j. prepared according to Kadonaga and Tijiaf) (using CNBr-

L . activated Sepharose 4B (Pharmacia).
UV cross-linking analysis

Crude nuclear extract (].I.m) from Jurkat cells and partially Denaturation and renaturation experiments
purified proteins (1Qug) of a 0.4 M KCI fraction from the

heparin—Sepharose column were incubated for 15 min on ice wiactions (2Qug) containing peak activity after heparin—-Sepharose
the B-end-labeled 1L probe substituted with bromodeoxyuridinehromatography were subjected to a preparative SDS-10%
under standard mobility shift assay conditions. Followind?AGE gel. After electrophoresis, the gel was cut horizontally into
electrophoresis, the gel was irradiated for 12 min using a UY mm slices between 40 and 70 kDa. The proteins were eluted
transilluminator (254 nm; Bioblock Scientific). Radioactivefrom these slices as described by Hager and Burg@s#tter
bands corresponding to complexed and free DNA identified bglution, proteins were precipitated with acetone and resuspended
autoradiography were excised and incubated j dénaturing in buffer H (50 mM HEPES, pH 7.9, 0.5 mM EDTA, 0.05%
buffer (62 mM Tris—HCI, pH 6.7, 2% SDS, 10% glycerol, 50 mMNonidet P-40, 20% glycerol, 1 mM dithiothreitol, 0.5 mM
dithiothreitol) and heated at 100 for 5 min. The gel slices and phenylmethylsulfonyl fluoride, 0.1 M NaCl andug/ml leupeptin

the denaturing buffer were loaded on a 10% SDS—polyacrylamidad pepstatin) containing 6 M guanidine—HCI for 20 min. The
gel. The gel was fixed, dried under vacuum and the proteigenaturing agent was diluted 50-fold with buffer H and renaturation
directly involved in the DNA interaction were identified by was allowed for 4 h at°£. Activity of renatured proteins was
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Analysis of complex C1

a 1N -287 —GC‘I‘ACI‘I‘CCCH’I’L‘GGCAGMCT&C— -362
1L - GCTACTTCCCTGNTTGACAGAACTAC- Identification of the proteins binding to site A was first achieved
1m ~GCTACTTCCCTAATTCATAGAACTAC using competition gel shift experiments. A close inspection of the
BRE; S -COGGICEICTOCIGRCATCNGRARAT - 3 ! 1IN oligonucleotide revealed the sequence TGGCA, which
O 3 COMETOEIERCCASMCTCIRAMAY - 2. . corresponds to the consensus binding site of proteins of the
g, = SRR TR CTF/NFI family (L8). We therefore used as a probe the mutant
; e : | s ' oligonucleotide 1L containing the TGACA 1 bp mutation;
- = s & interestingly this mutation abolished formation of complex C1
Competitor T 43¢ 1 — — _ TN ILiLmCRECRICR (lane 4). When oligonucleotide 1L was used in a 50-fold molar
s R . excess as a competitor of the 1N probe, formation of complex C1
was unaffected, while formation of complexes C2—-C4 was
cl - i b - abolished (lane 7). To further assess that the protein forming
= - L s - complex C1 belongs to the NFI family, we used as a competitor
Ci > oligonucleotide CR, previously shown to be the binding site of the

NFI protein in the promoter of the human transferrin géag (
As expected, in the presence of a 50-fold molar excess of CR
competitor, formation of complex C1 was specifically prevented
(lane 11). As a control, the mutant oligonucleotide 1Lm, which
contains 4 bp mutations, was unable to give any specific complex
when used as a probe (lane 5) or to compete for formation of any
complex in competition experiments (lane 8). A recent report
E i — described that transcription factor YB-1, a member of the NFI
12 — family, is able to interact with site A of the HIV-1 LTRE].
A% 8 el N e However, supershift experiments with antibodies directed against
YB-1 did not alter formation of complex C1 (results not shown).
Figure 1. Gel mobility shift analysis of nuclear proteins from HeLa and Jurkat Tgken together, these results suggest that complex C1 is formed

cells binding to region A of the HIV-1 LTRA} Sequences of wild-type and . . ‘g
mutant oligonucleotides 1N, 1L and 1Lm, corresponding to the LTR region A,by a member of the NFI protein famlly’ distinct from YB-1.

and of oligonucleotides CRE, CRI and CR. The bold type represents mutant

oligonucleotides &) Gel retardation assays were carried out by incubating 10 Analysis of complexes C2—C4

ug nuclear extract from HelLa or Jurkat cells with probes 1N, 1L and 1Lm.

Binding reactions were performed either in the absence of competitor (lanes €Dligonucleotide 1L contains the TGAC half-site consensus
or in the presence of a 50-fold molar excess of unlabeled 1N, 1L or CRsequence of the cAMP response element (CRE), in direct repeat

oligonucleotide or a 200-fold molar excess of unlabeled CRE or CRI_ . .

oligonucleotide, as indicated on top. DNA—protein complexes C1-C4 and théNlth the sequence TGAT, which varies by onelbase from th_e CRE

free probe (F) are indicated. consensuslQ). We therefore performed gel shift assays, using as
a competitor in 200-fold excess a CRE oligonucleotide containing

B ) ) .the consensus palindromic sequence TGACGTCA. Formation of
tested by gel mobility shift assay in the absence of non-specifigmplexes C2 and C4 was totally abolished (lane 9). As a control,

competitors. a mutant CRI oligonucleotide containing mutations in the CRE
site did not affect formation of complexes C1 and C2 (lane 10).

RESULTS Similarly, when oligonucleotide TRE containing the TGACTCA
binding site for proteins of the AP-1 family was used as a

MIL\J}TTIETEOQ nuclear factors bind to the site A of the competitor, the pattern was unaffected (results not shown). These

results suggest that the protein forming complex C2 is related to
The sequence spanning the —385/-362 distal region of the HI\tlle ATF/CRE binding protein family. We therefore performed
LTR has previously been footprinted with nuclear extracts frorshift assays in the presence of antibodies directed against CREB-1
different cell types and named site 23(16,17). A number of (27) or ATF-1 8). All the complexes were unaffected (results
studies have shown that the adjacent region B is the binding sitt shown), indicating that the CRE-binding protein(s) in
of proteins belonging to the nuclear receptor superfamilgomplex C2 is (are) different from CREB-1 and ATF-1.
(11-13). In order to analyze the nuclear proteins interacting with We next tested whether a truncated CREB-1 protein, containing
site A, we performed DNA mobility shift assays using oligo-the binding and dimerization domain, was able to bind to
nucleotides 1N, 1L and 1Lm (FitA). The 1N sequence, which oligonucleotides 1L and 1N (Fig). Interestingly, with the 1N
corresponds to site A, gave rise to four DNA—protein complexegrobe CREB-1 was able to form a weak retarded complex. With
C1-C4, with extracts from HelLa cells (FidB, lane 1) and to the 1L probe, containing a TGAC site, and with the CRE probe,
three complexes, C1, C2 and C4, with extracts from Jurkat cetientaining the palindromic TGACGTCA site, CREB-1 gave a
(lane 3). Specificity of binding was ascertained by competitiomore intense retarded complex. This result demonstrates that
experiments using a 50-fold molar excess of unlabeled homologdDREB proteins are able to interact with the 1L sequence and with
1N oligonucleotide. The formation of complexes C1, C2 and C8 weaker affinity with the 1N sequence. Taken together, these
was specifically competed by oligonucleotide 1N (lanes 2 and 6gsults indicate that complex C2 is formed by a protein distinct
Under similar conditions the formation of complex C4 appearedlom CREB-1 and ATF-1 and related to proteins of the
less specific, since half of the complex was still detected (lanesCREB/ATF family. In Hela cells, the additional complex C3 had
and 6). a behavior similar to that of complex C2 (results not shown),
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Prebs 1N 1L _CRE Strand coding not coding
CREBbLZIP a b ab abec F C2C3C4 F C2 C3C4

372 . -

.
CREB &= -* =376 « s
f "k B -7

Figure 2. Binding activity of CREB-1 bZIP. Gel retardation assays were
performed by incubating different amounts of protein CREB-1 bZIP (from
Santa Cruz Biotechnology) with probes 1N, 1L and CRE. Lanes a, b and ¢
correspond to 100, 500 and 10 ng protein respectively.

suggesting that proteins forming complex C3 are also related to
the CREB/ATF family.
In order to precisely identify the binding site of proteins forming el - -365

complex C2, compared with proteins forming complexes C3 and . i

C4, we performed methylation interference experiments using ¢ . -387 GCTACTTCCCTGATTGACAGAACTAC -362

the 1L probe and nuclear extracts from Hela cells. Figure CGATGAAGGGACTAACTGTCTTGATG

shows that methylation at the guanine residues at positions —372 387 GCTACTTCCCTCATTGACAGAACTAC 362

and —376 on the coding strand and at position —370 on the €= ~CATGAAGGGACTAACTGTCTTGATG

non-coding strand resulted in a strong interference with methylation. v T

In addition to a strong interference with methylation of these = ¢4~ -37 GCTACTTCCCTGATTGACAGARCTAC -362

guanine residues, methylation of the G residues at —378, —379, CGATGAAGGGACTAACTGTCTTGATG

—380 and -383 of the non-coding strand slightly decreased

binding in complex C3. In complex C4, only weak interferencerigure 3. Methylation interference pattern of DNA—protein complexes C2—-C4

with methylation was observed. These results indicate that all thHe&med with the 1L probe. Oligonucleotide 1L was labeled at taadof one

G residues in the TGATTGAC motif on both strands are criticaptrand. Guanine residues were partially methylated with dimethylsulfate. The

in formation of complex C2. Similar results were obtained foroligonucleotide was used in a gel shift assay with nuclear proteins from Hela
. cells. The DNA—protein complexes C2—C4 and free DNA were eluted from a

complexes C2 and C4 formed .W'th nuclear extracts from_‘]urk%rand shift gel and cleaved at methylated guanine residues with piperidine. The

cells (results not shown). The importance of these G residuesggtein-bound DNA was compared with free DNA on a sequencing gel.

further confirmed by the results of the gel shift assays presentw)ttom) Summary of the pattern obtained with complexes C2—C4. Closed and

in Figure1 (lane 5): with the 1Lm probe, which contains point open circles indicate strong and weak interference of binding respectively.

mutations of the critical G residues, no complex C2 was detected.

; : ; sl ina i Interestingly, the CAT activity of the 1N/tk-CAT construct was

\I;Ltjjrr?g{ocrgﬁ!mportance of the site A binding proteins in reduced, when compared with that of 1L/tk-CAT, which could
suggest mutual inhibition between proteins forming complexes

To evaluate the functional effect of the different proteins interactifgl and C2. Another explanation could be that complex C1
with site A of the LTR, we constructed a series of pBLCATZontains a protein(s) that acts as an inhibitor of site A promoter
reporter plasmids containing one copy of either oligonucleotidectivity and that is overwhelmed by the positive activity of
1N, 1L or 1Lm or two copies of 1L or 1Lm in front of the herpegroteins forming complexes C2 and C4.
simplex virus thymidine kinase promoter upstream ofGA& To examine the effect of mutagenesis of site A in the context of
gene. These vectors were transfected into Jurkat cells and CiNE intact LTR, we have constructed 1L-LTR-CAT and 1Lm-LTR-
activities were determined (Fid). Interestingly, the activity of CAT vectors, by site-directed mutagenesis with the 1L and the
all the vectors was higher than that of the control pBLCATZLm oligonucleotides respectively (Fi). With the 1L-LTR-CAT
vector. Transfection of the 1Lm/tk-CAT anck12m/tk-CAT  vector, where binding of the protein forming complex C1 is
vectors resulted in 1.8- and 4.0-fold stimulation of CAT activityprevented, CAT activity was increased 1.4-fold, suggesting that
respectively, reflecting the positive action of the protein(sthis protein acts as a weak inhibitor of LTR-driven transcription.
forming complex C4. Transfection of the 1L/tk-CAT andCAT activity of the 1Lm-LTR-CAT vector was stimulated 2-fold,
2x1L/tk-CAT constructs led to 3.2- and 6.2-fold transcriptionabuggesting that binding of proteins forming complexes C1 and C2
activation respectively, indicating that proteins forming complexeshibits LTR transcription. This observation indicates that in the
C2 and C4 are able to optimally stimulate transcriptioncontext of both the tk and LTR promoters the protein forming
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Figure 4.Functional effect of site A in the tk-CAT reporter vectors. Jurkat cells
were transfected with pBLCAT2 reporter plasmids containing one or two copies
of oligonucleotides 1N, 1L or 1Lm (shown in the right panel). After 48 h, CAT
activities were determined as described in Materials and Methods. Values on th
right are the mea# SE for at least three independent experiments performed
in duplicate and are expressed relative to the CAT activity of pBLCAT2, set at
1. An autoradiogram of one typical CAT assay is shown on the right.

Figure 6. UV cross-linking analysis of Jurkat nuclear proteins forming
%omplex C2. 1(Qug Jurkat crude nuclear extract (CE) apgyuclear proteins
eluted at 0.4 M KCI from a heparin—Sepharose column (HS) were incubated
with a32P-labeled bromodeoxyuridine-substituted 1L probe. After separation
on a 6% polyacrylamide gel and UV cross-linking, complex C2 was excised
and analyzed on a SDS-10% polyacrylamide gel. Arrows indicate the two
oligonucleotide—protein complexes of 67 and 60 kDa. Since the molecular mass

Relative CAT of oligonucleotide 1L alone is 17 kDa, the molecular mass of the two proteins
Region A NRRE NF.KB Spl TATA activity forming complex C2 is estimated as %®B] and 43% 5) kDa.
LTR-CAT ; :
1L-LTR-CAT iL  iLm
kDa kDa
1Lm-LTR-CAT |
i —118
= =mm — 65
Figure 5. Functional significance of site A within the HIV-1 LTR. Jurkat cells 49 o | - — — 45

were transfected with the wild-type LTR-CAT and mutant 1L-LTR-CAT and
1Lm-LTR-CAT vectors. CAT activities were determined as in Figure 4 and are
expressed relative to that of LTR-CAT.

. . . . Figure 7.Southwestern blots of partially purified Jurkat proteins binding to site
complex C4 acts as an activator, while the protein forming of the LTR. Aliquots (2Qug) of Jurkat proteins eluted from a heparin-Sepharose
complex C1 acts as an inhibitor. Proteins forming complex C2 acblumn were analyzed by Southwestern blotting as described in Materials and
as activators in the context of the tk promoter and function a@ﬁ.‘hotdz- Thet b'OITV;’]aslpgo?eg W&T?'abe'ed °“9°“‘|?°'e(;’tgdes 1t'- °:j.1'-m’ o
L . icated on top. The labeled proteins were visualized by autoradiography.
inhibitors in the context of the LTR promoter. These C_iat,a stre olecular weight markers are shown on the right. The left arrow indicates the
both the promoter-dependent activity and the antagonistic effecis kpa protein.

of the site A binding proteins.

Analysis and purification of a protein present in complex C2 proteins were probeql with radioactively labeled oligonucleotide
1L, three major protein bands of 43, 62 and 66 kDa were detected.

To estimate the apparent molecular mass of the protein(s) presertontrast, when we used the 1L m probe, the 43 kDa protein was
in the major complex C2, we performed UV cross-linkingpoorly detected, while the 62 and 66 kDa proteins were labeled
experiments. Gel shift assays were carried out with bromodeoxyith a similar intensity as with the 1L probe. A control TRE probe
uridine-substitute@?P-labeled 1L probe in the presence of eithefailed to bind to any of the three major species (results not shown).
crude nuclear extract from Jurkat cells or with partially purified’hese data confirm that the 43 kDa protein is likely to correspond
proteins eluted from a heparin—Sepharose column. After electito-one of the proteins forming complex C2. They also suggest that
phoresis, the native gel was UV irradiated and the bartte 50 kDa protein is not easily renatured. Since complex C4 is
corresponding to complex C2 was excised and subjected detected with both the 1L and 1Lm probes in gel shift assays
SDS-10% PAGE. As shown in Figetwo oligonucleotide— (Fig. 1), the 62 or the 66 kDa species may correspond to the
protein complexes were detected with apparent molecular maspestein forming complex C4.
of 67 and 60 kDa. As a control, similar experiments performed In order to further characterize the proteins forming complex
with the C4 complex revealed a unique band migrating in the 80 kX2, we developed the following purification strategy. Throughout
range (results not shown). These results suggest that the t@& purification procedure, 1L binding activity was monitored by
complex is composed of two proteins, with apparent moleculgel shift assay (Fi®A). Crude nuclear extract from Jurkat cells
masses of43 (& 5) and 50£ 5) kDa, while the C4 complex is was first loaded onto a heparin—Sepharose column and proteins
formed of one protein di60—66 kDa. were eluted with a step gradient of 0.1 to 1.0 M KCl in buffer Z.
The molecular mass of the protein(s) able to specifically binBomplexes C2 and C4 were detected in fractions eluted at 0.4 M
to the 1L sequence was further confirmed with the Southwestdfi€l. The pooled fractions were loaded onto a DNA affinity
technique. This experiment was carried out with crude nucleaolumn containing multimers of oligonucleotide 1Lm, to remove
extracts and with partially purified proteins eluted at 0.4 M KCimost of the proteins forming complex C4. The flow-through
from a heparin—Sepharose column (Fig.When the renatured fraction, which contained the proteins involved in formation of
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A CE HS A A2 Frobe L
Fractions - O&ll}J W 05 05 ! |
(KO, M) R CE Compatior - - 1L

Protgins 43 B0 62 65 CE 43 43
L - -

c2 -
c g - o o

c > ‘
B c 12 34 &5 & 7
CE HS Al A2 Figure 9. Renaturation of the SDS—PAGE gel-purified 43 kDa protein. An
Fractio e . 1 . ] aliquot (20ug) of the 0.4 M KCI hepaljln—Sepharose fraction was fracthnated
(KC1, M) o™ e U8 i - by SDS-PAGE. After electrophoresis, half of the gel was silver stained to
kDa visualize the proteins. The other half was used to excise 1 mm slices; after
118 — = elution, samples containing 43, 50, 62 and 66 kDa proteins were denatured,
9 - g renatured and assayed for their ability to bind to the 1L probe in a gel shift assay.
8 e Complex C2, formed with crude nuclear proteins (CE), and complex C, formed

after renaturation of p43, are indicated. The binding of renatured p43 was tested
in the absence or presence of a 50-fold molar excess of 1L competitor

45 oligonucleotide (lanes 6 and 7).

20 —

activity of the proteins was examined by gel shift assay gFig.

Only the sample containing p43 was able to form a retarded
Figure 8. Analysis of the purification steps of p43 by gel shift assay, complex C with the 1L probe (lanes 1-4). Interestingly, complex
SDS-PAGE and Southwestern blottinl) Gel retardation analysis of crude  C migrated faster than complex C2 formed with crude nuclear

nuclear extract from Jurkat cells (CE,u§) and fractions eluted from a F — i
heparin—-Sepharose column (HS) and an oligonucleotide 1L affinity columnpmtelns (Iane 5)’ conflrmlng that p43 Is one component of the

(A1 and A2). The binding activity of fractions eluted at 0.1 M KCI, after Neterodimer present in complex C2. The binding specificity of
washing with 0.1 M KCI (w) and at 0.5 M KCl is shown. Retarded complexes purified p43 was further demonstrated by competition assay: with
C2 and C4 are indicate®)(SDS-10% PAGE analysis of crude nuclear extract an excess of unlabeled oligonucleotide 1L, formation of complex
gCEt'_Zal(gk){ g)”daiia“fi_a”g’{’Efif;ff?d_tlf’mtlei”tg %’?8-4 'V('ijC' heparin-Sepharose  C was completely abolished (lanes 6 and 7). A similar experiment
raction , 3ug first 1L affinity eluate and flg secon affinity ; - - :

eluate (A2). Protein bands were stained with Coomassie blue (lanes CE and Hg?rfqrmed with the Wl|d-type N O“gonUCIeOtld_e showed that
or silver stained (lanes Al and A2). The molecular weight markers are show43 IS also able to form a retarded complex C with the 1N probe
on the left. €) Southwestern blot of the 1L affinity eluate. An aliquqigBof (results not shown). We tried, with no success, to restore

the 1L affinity eluate (A1, 0.5 M KCI) was analyzed on 10% SDS-PAGE andformation of complex C2 by complementation experiments with

processed for Southwestern blottin_g as described in Materials and MethOd?enatured p43 and proteins eluted from gel slices.
The arrow shows the 43 kDa protein.

complex C2, was loaded onto an oligonucleotide 1L affinityp|SCUSSION

column (Al). The 1L binding activity was eluted at 0.5 M KCI

and these proteins were recycled on the same column (A2). Recent studies have revealed the increasing importance of the
The fractions containing the 1L binding activity were analyzedhodulatory region of the LTR in regulation of HIV-1 gene

by SDS-PAGE and proteins were visualized by Coomassie blagpression. The —356/—320 NRRE is the site of interaction of

or silver staining (FigBB). A silver stained gel of proteins presenttranscription factors of the nuclear receptor superfamily which

in the 0.5 M KCl fraction A1 showed an enriched band of 43 kDaggulate transcription in a cell-type specific manfhér14,16).

which became the predominant protein present in the 0.5 M KElowever, the nature and role of nuclear host proteins which

fraction A2. The 1L-specific binding activity of the purified interact with the previously describeil3(16,17) —385/-362

protein was controlled by Southwestern blotting. Fig8@e adjacent region A remain to be investigated.

shows that p43 present in the 0.5 M KCI Al fraction was Here we describe a preliminary characterization of the nature

recognized by the 1L probe. and functional role of nuclear proteins present in HeLa and Jurkat
In order to further ascertain that p43 possessed 1L bindinglls which interact with region A. Our studies reveal the

activity, proteins purified through heparin—Sepharose wereomplexity of the interactions, since multiple distinct protein

separated by SDS—-PAGE and 1 mm slices were excised. Aftgrecies have the ability to interact with this distal region. In Jurkat

elution, denaturation and renaturation of each sample, the bindiagd HeLa cells respectively three and four distinct DNA—protein
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complexes were formed in gel mobility shift assays witldetermine in future which member of the dimer possesses the
oligonucleotide 1N, corresponding to site A. CRE binding activity.

Our gel retardation competition experiments suggest that theDNA affinity chromatography, using concatemers of oligonucleo-
protein forming complex C1 belongs to the NFI family oftide 1L and 1L m, was a convenient method to purify a protein of
proteins. Moreover, our data indicate that the proteins forming thelative molecular mass 43 000 which was recognized by the 1L
specific complex C2 in HeLa and Jurkat cells and complex C3 probe on a Southwestern blot. After elution and renaturation, p43
Hela cells interact with the core sequenc@ GATTGGC-3.  was able to specifically bind to the 1L probe and to form a
The importance of this core sequence for binding of the distinBtNA—protein complex C of faster mobility than complex C2
proteins was revealed both by methylation interference and by gefmed with crude nuclear proteins, which is consistent with our
mobility shift data obtained with the 1 nt mutated oligonucleotid&V cross-linking data.
1L, containing the modified sequence TGATTGAC. While this Protein p43 appears to be a novel nuclear factor, since a search
mutation abolished formation of complex C1, it increased thier homologous N-terminal amino acid sequences in protein
binding ability of proteins forming complexes C2 and C3databanks did not reveal any homology with a known protein
Interestingly, the core sequence corresponds to a direct repeaf’\dfH.Metz-Boutigue; C.Schwartz, D.Aunis and E.Schaeffer,
a mutant TGAC half-site of the consensus CRE, TGACGTCAInpublished results). To definitely resolve the question of
(19). Our competition data with the CRE and mutant oligonucleowhether p43 or p50 are related to the CREB/ATF family, it will
tides raise the possibility that proteins forming complexes C2 afé necessary to carry out comparative studies using cloned
C3 may be related to the CREB/ATF family. However, our dataDNAs. Therefore, cloning of the corresponding cDNA represents
show that CREB-1 and ATF-1 are not present in complexes @2 essential step for complete identification of this protein and for
and C3. It is known that many proteins are able toihimitroto  elucidation of its role in modulation of HIV-1 gene transcription.
CRE-related elements and that members of the ATF/CREBterestingly, region A is a binding site for proteins of lymphoid
family form cross-family heterodimers with members of theand non-lymphoid cells; future studies are necessary to investigate
AP-1 family 9). In that respect it is worth noting that proteinsprecisely the nature as well as the role of the cellular site A
forming complexes C2 and C3 were not able to interact with th#nding proteins in different cell types infected by HIV-1.
related TRE binding site of proteins of the AP-1 family.

Interestingly, our data show that although the 1L sequenggCKNOWLEDGEMENTS
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