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Characterization of a glial cell-specific DNA-protein
complex formed with the human T cell lymphotropic
virus type I (HTLV-I) enhancer
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Human T cell lymphotropic virus type I (HTLV-I) encodes the trans-activator,
Tax, which facilitates viral transcription from three 21 bp repeated elements
within the U3 region of the long terminal repeat (LTR). Electrophoretic
mobility shift (EMS) analyses utilizing double-stranded (ds) oligonucleotides
homologous to each of the 21 bp repeats and nuclear extracts derived from
selected cell lines of lymphocytic, neuronal, and glial origin have demon-
strated the differential binding of cellular factors to each of the three 21 bp
repeats. Specifically, both a glial cell-specific DNA-protein complex (desig-
nated GCS) and 21 bp repeat-specific DNA-protein complexes (designated U1
and Uz2) were detected. The formation of the GCS DNA-protein complex may
involve activating transcription factor (ATF)/cAMP-response element (CRE)
binding protein (CREB) family member(s) while the formation of the U1 and
U2 DNA-protein complexes may involve an Spi-related factor. In addition,
three ATF-CREB-related DNA-protein complexes common to each individual
21 bp repeat (designated C1-C3) were also detected. However, we demon-
strated that the abundance of the C1 and C2 DNA-protein complexes detected
with the individual 21 bp repeats and glial cell nuclear extract was relatively
low compared to that obtained with lymphocyte, monocyte, or neuronal
nuclear extracts. We also have demonstrated that the ATF-CREB factors par-
ticipating in formation of the GCS DNA-protein complex are distinct from
those participating in formation of the C1-C3 DNA-protein complexes. Based
on nucleotide sequence requirements and immunoreactivity, we suggest that
the GCS DNA-protein complex may contain a novel glial cell type specific
ATF-CREB-related factor(s). Furthermore, we demonstrate that the CRE mod-
ulator (CREM) protein in conjunction with the ATF/CREB factor, CREBP1,
interact with each of the three 21 bp repeats to form the C3 DNA-protein
complex. However, the abundance of the C3 DNA-protein complex formed
utilizing the promoter proximal repeat is dramatically lower compared to
either of the other two 21 bp repeat elements. Based on these observations,
we suggest that the differential binding of cellular factors to each of the three
21 bp repeat elements may play a role in basal as well as Tax-mediated LTR-
directed transcription within cell populations of either immune or nervous
system origin.
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Introduction

Human T cell lymphotropic virus type I (HTLV-I)
has been determined to be an etiologic agent of both
adult T cell leukemia (ATL) and a slowly progres-
sive neurologic disorder, tropical spastic parapare-
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sis (TSP) (Popovic et al, 1983; Watanabe et al, 1984;
Gessain ef al, 1985; Wong-Staal and Gallo, 1985;
Bhagavati et al, 1988; Bhigjee et al, 1991; Akagi et
al, 1992; lannone et al, 1992; Kira et al, 1992;
Sodroski, 1992). However, the exact nature of the
viral and host factors involved in determining the
outcome of HTLV-I infection (malignancy versus
neurologic dysfunction) remains unresolved. Any
aspect of the retroviral life cycle including entry,
reverse transcription, integration, transcription, and
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Figure 1 Genomic and HTLV-I LTR structure. The HTLV-I genomic structure and an expanded view of the LTR region is illustrated.
The Tax-responsive 21 bp repeats (collectively designated as the Tax-responsive element 1 or TRE-1) are located within the U3 region
of the LTR at positions — 251 to =231 (promoter distal), 203 to —183 (promoter central), and —103 to —83 (promoter proximal) relative to
the transcriptional start site. Also shown is the Tax-responsive element 2 designated TRE-2 located between the promoter central and
promoter proximal 21 bp repeats located at positions — 117 to —163 relative to the transcriptional start site. A nucleotide sequence com-

parison of the three 21 bp repeats is also shown.

assembly may impact on the oncogenic and/or neu-
ropathogenic processes associated with virus infec-
tion. Furthermore, these processes may be highly
dependent on interactions occurring between retro-
viral-and host cell-specific components. Subsequent
to viral entry, the outcome of HTLV-I infection in a
given cell type within either the immune or nervous
system is critically dependent on cellular factors
that interact with retroviral sequences involved in
transcriptional regulation. While a wealth of infor-
mation exists concerning the regulation of HTLV-I
gene expression in cells of lymphoid origin, very
little is known regarding the neuroglial factors that
may interact with the viral regulatory element, des-
ignated the long terminal repeat (LTR), and conse-
quently modulate viral gene expression within the
central nervous system (CNS).

As with other retroviruses, the integrated HTLV-I
genome is flanked by non-coding LTR sequences
comprised of three regions, U3, R, and U5 (Figure
1), which contain the information essential for the
regulation of integration, transcription, and replica-

tion. Evidence suggests that the LTR sequences of
some retroviruses play a role in tissue- and cell
type-specificity and may also be involved in deter-
mining the course of disease associated with infec-
tion (Chatis et al, 1983; Celander and Haseltine,
1984: Li et al, 1987; Rosen et al, 1985). For exam-
ple, it has been suggested that the in vitro host
range of selected murine leukemia viruses (MuLVs)
is determined by the LTR, specifically the U3 region
(Chatis et al, 1983; Celander and Haseltine, 1984;
Rosen et al, 1985; Li et al, 1987). For several murine
retroviruses, minor variations in the proviral
genome, particularly the LTR or envelope gene,
result in alterations in the cellular tropism of the
retrovirus and, in turn, the pathogenicity (Celander
and Haseltine, 1984: Rosen et al, 1985; Li et al,
1987; Paquette et al, 1989). In addition, the promot-
ers of several retroviruses, including Moloney and
Friend MulVs and human immunodeficiency virus
(HIV), have been implicated in cell-type specific
expression (Chatis et al, 1983; Celander and
Haseltine, 1984; Rosen et al, 1985; Li et al, 1987;
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a A B C
I AGACTAAGGCTOTGACGTCTCICCCCCA
I1 CAGGCTIAGGCICOTGACGTGTCICCCCITG
11 GCCCTOAGGCIGTTGACGACAAICCCCTC
b
pe 7,89 CTG:AAT CAGGCTAGGCICAATACQETGTQCCCCTG

pc 89,10 TGA:ATT CAGGCTAGGCICAATTCETGTQCCCCTG
pe9,10,11 GAC:TTA CAGGCTAGGCI CATTTAGTGTOCCCCTG
pe 10,11,12 ACG:TAT CAGGCTAGGCICQTGTAIITGTQCCCC|TG
pe 11,12,13 CGT:ATA CAGGCTIAGGCCAQTGAATAGTCICCCC[TG
pe 12,13,14 GTG:TAA CAGGCTAGGCCATGACTAATCICCCCITG

C
Spl GATCGATCGGGGCGGGGCGATC
CRE GATTGGCTGACGTCAGAGAGCT

Figure 2 Sequence of the oligonucleotides utilized in these
studies. (a) Sequence of the oligonucleotides corresponding to
the three 21 bp repeats flanked by native HTLV-I LTR sequences.
21 bp repeat I corresponds to nucleotides —251 to —231 (promoter
distal), 21 bp repeat II corresponds to nucleotides —203 to —183
(promoter central), and 21 bp repeat III corresponds to
nucleotides —103 to —83 (promoter proximal) with respect to the
HTLV-I transcriptional start site. (b) Sequence of the Sp1 and
CREB binding site oligonucleotides utilized in the competition
EMS analyses in Figure 4. Underlined nucleotides represent the
CRE or Sp1 binding site. (c) Sequence of the promoter central
repeat mutated oligonucleotides. Oligonucleotide designations
refer to the promoter central (pc) repeat and the positions of the
mutated nucleotides from the first nucleotide of the 21 bp repeat
followed by the individual nucleotides native to the promoter
central repeat and the mutated nucleatides inserted into the
sequence of the promoter central repeat. In all cases only the
sense strand is shown.

Corboy et al, 1992). For example, when transgenic
mice were generated utilizing the LTRs from either
CNS- or T cell-tropic HIV strains, expression of the
reporter gene within the nervous system was detect-
ed only in mice transgenic for LTRs derived from
the CNS of infected individuals with neurologic
damage (Corboy et al, 1992). In addition, comple-
mentary studies performed to address the role of the
retroviral LTR in cell type-specific viral gene
expression have utilized transgenic mice containing
a B-galactosidases transgene driven by an HTLV-I
LTR isolated from a patient with TSP with the
resultant LTR-directed expression occurring primar-
ily within the CNS (Gonzalez-Dunia et al, 1992). In
a parallel line of investigation, several HTLV-I
proviruses isolated from ATL or TSP patients as
well as HTLV-I-infected asymptomatic individuals
have been isolated and sequenced (Malik et al,
1988; Daenke et al, 1990; Komurian et al, 1991;
Sherman et al, 1992). At the nucleotide sequence
level, although there is 95% homology between iso-
lates, a number of the differences in nucleotide
sequence between isolates lie in and around the U3
region (Daenke et al, 1990; Komurian et al, 1991).
Although some evidence has been accumulated sug-
gesting that nucleotide sequence variation within

the LTR may not yet correlate in an obvious manner
with disease phenotype (Gonzalez-Dunia et al,
1992), the precise interactions of cellular factors,
the HTLV-I-encoded trans-activator protein, Tax,
and specific LTR sequences that play a role in deter-
mining the pathogenic course after infection are not
yet conclusive.

HTLV-I LTR-driven expression is dependent on
cis-acting enhancer sequences comprised of three
21 bp imperfectly repeated elements collectively
designed as the Tax-responsive element 1 (TRE-1)
located within the U3 region of the LTR at positions
-251 to -231 (promoter distal), -203 to -183 (promot-
er central), and -103 to -83 (promoter proximal) rel-
ative to the transcriptional start site (Figure 1)
(Rosen et al, 1985; Paskalis et al, 1986; Shimotohno
et al, 1986; Park et al, 1988). In addition, HTLV-I
transcription is also dependent on a second
enhancer element designated as the Tax-responsive
element 2 (TRE-2) located between the promoter
central and promoter proximal 21 bp repeat ele-
ments (Sodroski, 1992). Basal HTLV-I transcription
is greatly enhanced by the virus-encoded regulatory
protein, Tax, which mediates trans-activation of the
HTLV-I LTR by interaction with the 21 bp repeat
elements and TRE-2 (Sodroski et al, 1984; Felber et
al, 1985; Seiki et al, 1986; Rosen ef al, 1987;
Nakamura et al, 1989; Sodroski, 1992). Since Tax
has not been demonstrated to bind DNA directly
(Niki et al, 1992), it has been suggested that the
viral transactivator protein interacts with the HTLV-
[ LTR indirectly utilizing cellular intermediaries
(Sodroski ef al, 1984; Park el al, 1988; Giam and Xu,
1989; Fujisawa et al, 1991; Suzuki et al, 1993).
While the interaction between Tax and selected
transcription factors has been shown to play a criti-
cal role in both productive infection and malignant
transformation, basal levels of transcription may be
critical for initiation of Tax-mediated transcription.
In fact, since HTLV-1 does not package any
detectable levels of Tax, basal transcription is solely
responsible for the initial events leading to Tax-
mediated transcription during productive infection
and during activation of the latent proviral genome.
Therefore, the characterization of the basal tran-
scription factors interacting with the individual 21
bp repeat elements is by itself an important experi-
mental pursuit. A number of cellular proteins
which interact with the 21 bp repeat region have
been identified and include ATF-CREB family
members, AP-1, AP2, and Sp1 (for review see
Matthews et al, 1992, Nyborg and Dynan, 1990; and
Sodroski, 1992). For the most part, the proteins pre-
viously shown to interact with this essential viral
regulatory region were isolated from cells derived
from sources other than the nervous system (lym-
phocytes or Hela cells). Consequently, the identifi-
cation and characterization of neuroglial cell factors
which interact with the 21 bp repeats and possibly
other regions of the LTR is essential to understand-
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Figure 3 Identification of a glial cell-specific DNA-protein complex. Standard EMS reaction mixtures containing 9 pg of (a) lympho-
cytic (Jurkat), monocytic (U937), neuronal (IMR-32) or (b) glial (U-373 MG and Hs683) cell-derived nuclear extracts, 2 pg poly [d(I-C)],
and 50,000 cpm of the radiolabeled 21 bp repeat I (promoter distal), II (promoter central), or III (promoter proximal) were incubated for
30 min at 30°C and subjected to electrophoresis in a 4% high-ionic-strength native polyacrylamide gel (pre-run for 1.5 h at 100 V) at 30
mA. Effect of Tax on C3 DNA-protein complex formation (c). Standard EMS reaction mixtures containing 9 ug of U-373 MG nuclear
extract, 2 pg poly [d(I-C)], 50,000 cpm of the radiolabeled 21 bp repeat III (promoter proximal), and 0.5 or 1.0 ug Tax were incubated
for 30 min at 30°C and subjected to electrophoresis as described. Also shown are reactions in which 9 pg of U-373 MG nuclear extract,
2 ug poly [d(I-C)], 50,000 cpm of the radiolabeled 21 bp repeat III (promoter proximal), and 0.5 or 1.0 pug Tax were incubated for 30 min
at 30°C. Control or Tax antisera was added, and the reactions were incubated for an additional 30 min at 30°C and subjected to elec-
trophoresis as described. In all cases free radiolabeled DNA probe is not shown in the actual figure. The free probe remained at an
equal abundance and was present at saturating amounts at all levels of competitor DNA.

ing the molecular mechanisms involved in HTLV-I
LTR-directed transcription during viral infection of
glial elements within the nervous system.

While each of the 21 bp repeats have three strict-
ly conserved domains, termed a, b, and ¢ (Sodroski

et al, 1984; Figure 1), these domains comprise only
13 of the 21 bp. Previous electrophoretic mobility
shift (EMS) analyses utilizing double-stranded (ds)
oligonucleotides homologous to each of the 21 bp
repeats (Figure 2) and nuclear extracts derived from
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selected cell lines of lymphocytic, neuronal, and
glial origin have demonstrated differential binding
of cellular factors to each of the three 21 bp repeats
(Tillmann et al, 1994; Tillmann and Wigdahl, 1994).
Specifically, both 21 bp repeat-specific DNA-pro-
tein complexes (designated U1 and U2) and a glial
cell-specific DNA-protein complex (designated
GCS) were detected, the formation of which may
involve an Sp1-related factor and an activating tran-
scription factor (ATF)/cAMP-response element
(CRE) binding protein (CREB) family member(s),
respectively. Therefore, the differential binding of
cellular factors to the enhancer elements may in
turn play a role in both basal and Tax-mediated
LTR-directed transcription within cell populations
of immune and/or nervous system origin. To this
end, we have initiated studies to characterize the
specific proteins involved in formation of the GCS
DNA-protein complex. In conjunction with these
studies, we have also examined the nucleotide
sequence requirements for formation of the GCS
DNA-protein complex utilizing site-directed muta-
genesis in concert with EMS analyses.

Results

Formation of a glial-cell specific DNA-protein
complex

EMS analyses performed with each individual 21
bp repeat and lymphocytic and glial cell nuclear
extracts have resulted in the detection of 21 bp
repeat-specific DNA-protein complexes as well as a
DNA-protein complex specific to glial cell nuclear
extracts (Tillmann et al, 1994; Tillmann and
Wigdahl, 1994). As shown in Figure 3, EMS analy-
ses were performed with radiolabeled oligonu-
cleotides homologous to each of the individual 21
bp repeats in conjunction with nuclear extracts
derived from established cell lines of (Figure 3a)
lymphocytic (Jurkat), monocytic (U-937), neuronal
(IMR-32), and (Figure 3b) glial cell (U-373 MG and
Hs683) origin. When the 21 bp repeats were reacted
with Jurkat, U-937, and IMR-32 nuclear extracts,
four DNA-protein complexes common to each indi-
vidual 21 bp repeat designated C1, C2, C3, and C4
were detected (Figure 3). In addition, a DNA-pro-
tein complex unique to the promoter proximal (III)
repeat designated U1l was also detected with each
nuclear extract. However, cognate DNA competition
EMS analyses and EMS analyses performed in the
presence of a non-specific DNA such as poly[d(I-C)]
have demonstrated that the C4 DNA-protein com-
plex is non-specific in nature (Tillmann et al, 1994;
Tillmann and Wigdahl, 1994). When the 21 bp
repeats were reacted with the nuclear extracts
derived from the glial cell lines (U-373 MG and
Hs683), the C3 and C4 DNA-protein complexes
common to each individual 21 bp repeat were read-
ily detected while the G1 and C2 DNA-protein com-

plexes were not readily detectable. However, EMS
analyses utilizing higher nuclear extract concentra-
tions and longer autoradiographic exposure times
have clearly demonstrated the presence of the C1
and C2 DNA-protein complexes when the 21 bp
repeats were reacted with glial cell nuclear extracts
(Tillmann et al, 1994). In addition, a glial cell type-
specific DNA-protein complex designated as GCS,
with an electrophoretic mobility between that of the
C2 and C3 DNA-protein complexes, was detected
when the promoter central (II) 21 bp repeat was
reacted with either glial cell nuclear extract.
Collectively, these data are consistent with previ-
ously reported results (Tillmann et al, 1994;
Tillmann and Wigdahl, 1994) and demonstrate the
formation of a cell type-specific DNA-protein com-
plex between glial cell nuclear factors and the
HTLV-I promoter central (II) 21 bp repeat.

To examine the interaction of Tax with the isolat-
ed 21 bp repeat elements, we have performed EMS
reactions in conjunction with purified Tax protein
and Tax-specific antisera (Figure 3¢). These data
have indicated that Tax preferentially interacts with
the promoter proximal repeat element to affect
DNA-protein complex formation. As demonstrated,
in EMS analyses utilizing purified Tax, U-373 MG
nuclear extract, and the promoter proximal repeat,
the mobility of the C3 complex was altered while
the formation of the C1, C2, and U1 DNA-protein
complexes appeared unaffected. Specifically, the
mobility of the C3 DNA-protein complex detected
with the promoter proximal 21 bp repeat element
was decreased, most likely due to the interaction of
Tax with the factors participating in C3 formation.
Additionally, the C3 DNA-protein complex detected
with the promoter proximal repeat possessing an
altered mobility appeared more abundant. This con-
trasted the results obtained in similar reactions con-
taining the promoter distal and central repeats in
which the effect of Tax on the abundance and elec-
trophoretic mobility of the C3 DNA-protein com-
plex was minimal. In supershift analyses containing
the promoter proximal repeat, U-373 MG nuclear
extract, purified Tax, and Tax antisera, the decrease
in mobility and increase in abundance of the C3
DNA-protein complex due to purified Tax in the
reactions was blocked by the addition of Tax antis-
era. These data suggest that Tax may alter the affini-
ty of ATF-CREB factors for the promoter proximal
repeat as previously described (Paca-Uccaralertuken
et al, 1994).

Characterization of the protein components
involved in formation of the GCS DNA-protein
complex

As shown in Figure 3 and as previously reported
(Tillmann et al, 1994), EMS analyses have demon-
strated that the U1 and GCS DNA-protein complex-
es possess similar electrophoretic mobilities.
However, competition EMS analyses utilizing unla-
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Figure 4 Competition EMS analyses with unlabeled CRE or Sp1 binding site oligonucleotides and Jurkat or U-373 MG nuclear
extracts. Competition EMS reactions containing 9 ug of Jurkat (a and c) or U-373 MG (b and d) nuclear extract, 2 ug poly[d(I-C)], 50,000
cpm of the radiolabeled promoter central and promoter proximal 21 bp repeats and a 10-, 50-, or 150-fold molar excess of unlabeled
CRE (a and b) or Sp1 (c and d) binding site competitor DNA were incubated for 30 min at 30°C and subjected to electrophoresis as

described in Figure 3.

beled CRE and Sp1 binding site oligonucleotides
have demonstrated that the two DNA-protein com-
plexes are in fact comprised of distinct protein com-
ponents (Tillmann et al, 1994). As demonstrated in
Figure 4a, when Jurkat nuclear extract was reacted
with the radiolabeled promoter central (II) or pro-
moter proximal (III) 21 bp repeat element and 10-,
50-, or 150-fold molar excess of CRE competitor
DNA, formation of the C1-C3 DNA-protein com-
plexes was completely abrogated at less than 50-
fold molar excess competitor DNA when the pro-
moter central (II) repeat was used as the radiola-
beled probe and at less than 10-fold molar excess

competitor DNA when the promoter proximal (III)
repeat was used as probe. This result is similar to
that observed with competition EMS analyses uti-
lizing U-373 MG nuclear extract and CRE competi-
tor DNA (Figure 4b) and is consistent with previ-
ously reported studies (Tillmann ef al, 1994).
Although formation of the GCS DNA-protein com-
plex detected with the promoter central (II) repeat
was also inhibited by increasing amounts of CRE
competitor DNA, it was necessary to utilize at least
150-fold molar excess CRE competitor DNA to
obtain a comparable level of GCS DNA-protein com-
plex abrogation. This observation suggests that the
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formation of the C3 and GCS DNA-protein complex-
es may involve different members of the ATF-CREB
family. In addition, as shown in Figure 4a and b, the
U1 DNA-protein complex formed utilizing either
Jurkat or U-373 MG nuclear extract is refractile to
increasing amounts of CRE competitor. In similar

d Jurkat b
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Figure 5 Supershift EMS analyses utilizing the radiolabeled
promoter central or promoter distal 21 bp repeat, Jurkat or U-373
MG nuclear extract, and CREBP1 or CREM antisera. Standard
EMS rections containing 9 pg Jurkat (a) or U-373 MG (b) nuclear
extract, 2 pg poly[d(I-C)], and 50,000 cpm of the radiolabeled
promoter central and promoter distal 21 bp repeats were incubat-
ed for 30 min at 30°C. Control sera, CREBP1, or CREM antisera
was added, and the reactions were incubated for an additional 30
min at 30°C and subjected to electrophoresis as described in
Figure 3. Arrows designate location of supershifted DNA-protein
complexes.

competition EMS analyses performed utilizing
Jurkat or U-373 MG nuclear extract, radiolabeled
promoter central (II) or promoter proximal (III) 21
bp repeat, and 10-, 50-, or 150-fold molar excess
unlabeled Sp1 binding site oligonucleotide, the for-
mation of the C1-C3 DNA-protein complexes was
unaffected by increasing amounts of the Sp1 com-
petitor DNA indicating that a Sp1-related factor
does not participate in the formation of these DNA-
protein complexes. In contrast, when the radiola-
beled promoter proximal (III) 21 bp repeat element
was reacted with either Jurkat or U-373 MG nuclear
extract and 10-, 50-, and 150-fold molar excess Sp1
competitor DNA, formation of the U1 DNA-protein
complex was efficiently abrogated by increasing
amounts of Sp1 competitor DNA. These data clearly
demonstrate that although the GCS and U1 DNA-
protein complexes have similar electrophoretic
mobilities they are most likely comprised of differ-
ent protein constituents.

Immunochemical analyses of the GCS DNA-protein
complex

Competition EMS analyses have demonstrated that
the GCS and C3 DNA-protein complexes are both
comprised of ATF-CREB-related factors. However,
the formation of the two DNA-protein complexes
may involve different family members. Since the
GCS and C3 DNA-protein complexes have been
shown to exhibit similar electrophoretic mobilities
but different CRE competitor DNA profiles, we per-
formed supershift EMS analyses utilizing antisera
directed against selected ATF-CREB factors to fur-
ther characterize the physical nature of the two
DNA-protein complexes. Given the complexity of
the ATF-CREB family, any of a number of members
may be components of the GCS and C3 DNA-pro-
tein complexes (Hai et al, 1989; Foulkes et al, 1991;
Brindle and Montminy, 1992; Delmas et al, 1992;
Laoide et al, 1993). Since cell type-specific ATF-
CREB factors have been described (Lee, 1992), it is
plausible that a glial cell-specific ATF-CREB fac-
tor(s) may be involved in GCS formation. As
demonstrated utilizing the promoter central (II) or
proximal (IIT) 21 bp repeat, Jurkat nuclear extract,
and antisera directed against CREBP1, an ATF-
CREB family member previously demonstrated to
interact with the 21 bp repeats (Zhao and Giam,
1991), the electrophoretic mobility and relative
abundance of the C1 and G2 DNA-protein complex-
es were unaltered (Figure 5a). In contrast, formation
of the C3 DNA-protein complex was partially abro-
gated when utilizing the promoter central (II) repeat
with a small fraction of the DNA-protein complex
supershifted to a mobility less than that of the C1
DNA-protein complex (indicated by arrow) or com-
pletely abrogated when utilizing the promoter prox-
imal (III) repeat. Utilizing either of the two repeats
as radiolabeled probes in conjunction with increas-
ing autoradiographic exposure times, it was appar-



ent that the abundance of the C1 and G2 DNA-pro-
tein complexes was increased. The observed
increase is most likely due to additional supershift-
ed DNA-protein complexes of similar mobilities or
to an increased availability of target DNA as a result
of abrogation of the C3 DNA-protein complex. In
parallel analyses utilizing U-373 MG nuclear extract
(Figure 5b), the CREBP1 antisera had no effect on
GCS DNA-protein complex formation while similar
results were observed for the C1-C3 DNA-protein
complexes. These data indicate that CREBP1 partic-
ipates in formation of the C3 DNA-protein complex
with both lymphocytic and glial cell nuclear
extracts but is not involved in formation of the GCS
DNA-protein complex.

A CREB-related family, the CRE modulator
(CREM) proteins consisting of numerous isoforms
obtained by alternative splicing (Foulkes et al,
1991; Delmas et al, 1992; Laoide et al, 1993), has
been demonstrated to interact with the HTLV-T 21
bp repeats (Suzuki et al, 1993). Since the CNS is a
primary site of CREM expression (Foulkes et al,
1991; Delmas ef al, 1992; Laoide et al, 1993), it was
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proposed that selected protein isoforms may partici-
pate in GCS DNA-protein complex formation. To
examine this possibility, supershift EMS analyses
were performed with a CREM antisera previously
reported to specifically recognize only CREM iso-
forms (Delmas et al, 1992). As demonstrated utiliz-
ing CREM antisera and Jurkat nuclear extract
(Figure 5c¢), the abundance of the C3 DNA-protein
complex was decreased when the promoter central
(I1) 21 bp repeat was utilized as probe DNA or com-
pletely abrogated when the promoter proximal (I1I)
repeat was utilized as probe DNA while the abun-
dance of the C1 and C2 DNA-protein complexes
was increased. This is most likely due to either an
increased availability of target DNA as a conse-
quence of C3 abrogation by the CREM antisera or
the presence of a supershifted DNA-protein com-
plex of a similar electrophoretic mobility to that of
C1 and C2. In parallel supershift EMS analyses uti-
lizing U-373 MG nuclear extract, the CREM antisera
had no effect on the formation of the GCS DNA-pro-
tein complex while similar results with respect to
the abrogation of the C3 DNA-protein complex and

U-373 MG Jurkat
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Figure 6 Effect of the mutated promoter central 21 bp repeats on DNA-protein complex formation in EMS analyses utilizing Jurkat or
U-373 MG nuclear extract. Standard EMS reactions containing 9 pg of Jurkat or U-373 MG nuclear extract, 2 pg poly[d(I-C)], and
50,000 cpm of the radiolabeled mutated promoter central 21 bp repeats (Figure 2) or native 21 bp repeats were incubated for 30 min at

30°C and subjected to electrophoresis as described in Figure 3.
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increase in abundance of the C1 and C2 DNA-pro-
tein complexes were observed. Collectively, these
data demonstrate a novel interaction between the
ATF-CREB family members CREM and CREBP1
with the HTLV-I 21 bp repeats in the formation of
the C3 DNA-protein complex. Although the C1 and
C2 DNA-protein complexes were not supershifted
by CREBP1 or CREM antisera, similar supershift
EMS analyses utilizing specific antisera demonstrat-
ed that these DNA-protein complexes are comprised
of the transcription factors ATF-1 and ATF-2
(Wessner et al, 1995, manuscript in preparation).
Although the GCS DNA-protein complex is com-
prised of factors that recognize the CRE binding site
consensus sequence, supershift analyses have indi-
cated that the ATF-CREB factors CREBP1 and CREM
(Figure 5), CREB2 (data not shown) as well as ATF-
1 and ATF-2 (Wessner et al, 1995, manuscript in
preparation) are not involved in the formation of
this DNA-protein complex. In addition, supershift
EMS analyses utilizing antisera directed against AP-
1 or its respective components (Fos/Jun), factors
which recognize a core consensus sequence highly

homologous to the CRE binding site, demonstrated
that these factors are also not involved in the forma-
tion of the GCS DNA-protein complex (Wessner et
al, 1995, manuscript in preparation).

Nucleotide sequence requirements for formation of
the GCS DNA-protein complex

As determined by oligonucleotide competition EMS
analyses, the factor(s) participating in GCS DNA-
protein complex formation have been demonstrated
to have a lower affinity for the CRE consensus
sequence than those participating in C1-C3 forma-
tion. Consequently, to determine the precise
nucleotide sequence requirements for formation of
the GCS and C1-C3 DNA-protein complexes, site-
directed mutagenesis in which overlapping sets of
three nucleotides replacing selected nucleotides of
the CRE binding site in the promoter central repeat
(Figure 2b) were performed. When the mutated pro-
moter central (pc) repeat pc7,8,9 CTG-AAT, in
which the first three nucleotides (CTG) of the CRE
binding site (at nucleotides numbered 7, 8, and 9
beginning from the first nucleotide of the promoter
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Figure 7 EMS analyses utilizing pc14,15,16 GTG:TAA and nuclear extracts derived from selected cell lines of T cell of glial cell ori-
gin. Standard EMS reactions containing 9 ug of Jurkat, H9, U-373 MG, Hs683, or U-118 nuclear extract, 2 pg poly [d(I-C)], and 50,000
cpm of pc14,15,16 GTG:TAA or native 21 bp repeats were incubated for 30 min at 30°C and subjected to electrophresis as described in

Figure 3.



central repeat) were mutated to ATT, was reacted
with U-373 MG or Jurkat nuclear extract, formation
of the C1 and C2 and GCS DNA-protein complexes
was completely abrogated (Figure 6). Initial EMS
analyses utilizing pc7,8,9 CTG:AAT resulted in the
formation of a DNA-protein complex with an elec-
trophoretic mobility similar to that of the C3 DNA-
protein complex. However, competition EMS analy-
ses utilizing CRE binding site competitor DNA had
no effect on the formation of this DNA-protein com-
plex suggesting that the DNA-protein complex
detected with pc7,8,9 CTG:AAT was not related to
the C3 DNA-protein complex (data not shown).
Additionally, formation of a DNA-protein complex
with a mobility greater than the C3 DNA-protein
complex but less than the C4 DNA-protein complex
was detected when pc7,8,9 CTG:AAT was reacted
with U-373 MG nuclear extract. The nature of these
novel DNA-protein complexes detected with
pc7.,8,9 CTG:AAT is currently under investigation.
However, inspection of the pc7,8,9 CTG:AAT
sequence revealed the presence of a binding site for
CAAT-related factors indicating that this DNA-pro-
tein complex may be due to an interaction of the
mutated target sequence with a CAAT-related pro-
tein. When pc8,9,10 TGA:AAT, pc9,10,11
GAC:TTA, pc10,11,12 ACG:TAT, and pc11,12,13
CGT:ATA were reacted with U-373 MG or Jurkat
nuclear extract, formation of the GCS and C1-C3
DNA-protein complexes was completely abrogated
(Figure 6). In contrast, when pc12,13,14 GTG:TAA
was reacted with U-373 MG nuclear extract, forma-
tion of a DNA-protein complex with similar elec-
trophoretic mobility to the GCS complex was
detected while formation of the C1-C3 DNA-protein
complexes was completely abrogated. The DNA-
protein complex detected with pc12,13,14
GTG:TAA and U-373 MG nuclear extract was not
the C3 DNA-protein complex since its formation
was not detected in reactions utilizing Jurkat
nuclear extract. As expected, when each of the
mutated central (IT) 21 bp repeats were utilized in
EMS analyses with Jurkat or U-373 MG nuclear
extract, formation of the non-specific C4 DNA-pro-
tein complex was unaffected, a result similar to that
previously reported with site-directed mutagenesis
of the promoter proximal (III) repeat (Wessner et al,
1995, submitted for publication). To ensure that the
results obtained with olignucleotide pc12,13,14
GTG:TAA and U-373 MG nuclear extract was repre-
sentative of other glial cell lines and not specific to
the U-373 MG cell line, EMS analyses utilizing
nuclear extracts derived from selected T cell (Jurkat
and H9) and glial cell (U-373 MG, Hs683, and U-
118) lines and pc12,13,14 GTG:TAA were per-
formed (Figure 7). As shown, results similar to
those obtained utilizing U-373 MG nuclear extract
were observed when pc 12,13,14 GTG:TAA was
reacted with nuclear extracts derived from two
independent glial cell lines (Hs683 and U-118).
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Furthermore, results similar to those obtained uti-
lizing Jurkat nuclear extract were observed when pc
12,13,14 GTG:TAA was reacted with nuclear extract
from an additional lymphocyte cell line (H9). These
data further substantiate the glial cell-specific
nature of the DNA-protein complex detected with
pc 12,13,14 GTG:TAA.

Characterization of the components participating in
formation of the DNA-protein complex detected
with pc 12,13,14 GTG:TAA and glial cell nuclear
extract

To further demonstrate that the DNA-protein com-
plex detected with pc 12,13,14 GTG:TAA is related
to the GCS DNA-protein complex, competition EMS
analyses were performed utilizing radiolabeled pc
12,13,14 GTG:TAA, U-373 MG or Hs683 nuclear
extract, and 10-, 50-, and 150-fold molar excess of
unlabeled CRE binding site DNA. Since the Sp1-
associated U1l DNA-protein complex detected with
the promoter proximal (III) repeat has a similar elec-
trophoretic mobility to the GCS DNA-protein com-
plex and the DNA-protein complex detected with
pc 12, 13,14 GTG:TAA, competition EMS analyses
utilizing radiolabeled pc 12,13,14 GTG:TAA, U-373
MG or Hs683 nuclear extract, and a 10-, 50-, and
150-fold molar excess of unlabeled CRE and Sp1
binding site oligonucleotide were also performed to
ensure that the DNA-protein complex detected with
pc 12, 13, 14 GTG:TAA was not the U1 DNA-pro-
tein complex. As demonstrated in Figure 8, forma-
tion of the DNA-protein complex detected with pc
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Figure 8 Competition EMS analyses with utilizing radiolabeled
pcl4,15,16 GTG:TAA, U-373 MG or Hs683 nuclear extract, and
unlabeled CRE or Sp1 binding site oligonucleotides. Competition
EMS reactions containing 9 pg of U-373 MG or Hs683 nuclear
extract, 2 pg poly[d(I-C)], 50,000 cpm of pc 14,15,16 GTG:TAA,
and a 10-, 50-, or 150-fold molar excess of unlabeled CRE or Sp1
binding site oligonucleotide for 30 min at 30° and subjected to
electrophoresis as described in Figure 3.
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12,13,14 GTG:TAA and U-373 MG or Hs683 nuclear
extract was abrogated by increasing amounts of CRE
binding site DNA. In contrast, increasing amounts
of Sp1 binding site DNA had no effect on formation
of the DNA-protein complex detected with pc
12,13,14 GTG:TAA and U-373 MG or Hs683 nuclear
extract. These results further substantiate the glial
cell-specific nature of the DNA-protein complex
detected with the mutated promoter central (II) 21
bp repeat element pc 12,13,14 GTG:TAA since ATF-
CREB-related factors and not Spi-related factors
participate in the formation of this DNA-protein
complex.

Discussion

Regulation of transcription in a wide variety of
eukaryotic cell populations during development,
organ- and cell type-specific gene expression, and
oncogenic transformation and tumorigenesis
involves intricate interactions between a large num-
ber of transcription factor families. The inherent
complexity of these interactions is magnified during
infection of a host cell with any of a number of
human viruses. The retroviral life cycle may
involve one or more pathways that include produc-
tive viral replication leading to host cell death, viral
latency or persistence, and neoplastic transforma-
tion. With respect to HTLV-I infection, viral tran-
scription is critically dependent on the host cell
transcriptional machinery for initiation of viral gene
expression subsequent to entry into the target cell
and during the early stages of virus activation from
latency. In addition, subsequent steps in the viral
life cycle leading to productive infection or neo-
plastic transformation may involve critical interac-
tions between defined sets of transcription factors
with the potent viral transactivator protein, Tax.
The absence or presence of selected transcription
factors, either individually or in combination, in a
given cell type may impact on the overall level of
viral genomic expression in that specific cell popu-
lation. Furthermore, the transcription factor reper-
toire within given cell populations may also have
direct bearing on Tax-mediated upregulation of cel-
lular genes that may impact on conversion of the
host cell from a normal to malignant phenotype or
on cellular processes that may be involved either
directly or indirectly in neurologic dysfunction. To
begin systematic characterization of the cellular
transcription factors that may be involved in the
initial stages of productive viral replication subse-
quent to virus entry or activation of an endogenous
infection in either the immune or nervous system,
we have performed EMS analyses in which the
HTLV-I individual 21 bp repeats were reacted with
nuclear extracts derived from cells of lymphocytic
and neuroglial cell origin. These studies have now
provided the foundation for future studies to identi-
fy and characterize the immune or neuroglial fac-

tors that may interact with the HTLV-I Tax protein
to boost viral gene expression or perturbate cellular
function. These studies have resulted in the detec-
tion of several groups of DNA-protein complexes
comprised of a number of different members of sev-
eral transcription factor families. The first group
consists of a series of DNA-protein complexes, des-
ignated C1-C3, which are comprised of members of
the ATF-CREB transcription factor family and are
common to each cell type examined and can be
detected with each of the three isolated 21 bp repeat
elements. The second group consists of two DNA-
protein complexes, designated U1 and U2, which
are also common to each cell type examined but are
comprised of members of the Sp1 family of tran-
scription factors and can only be detected with the
promoter proximal (III) 21 bp repeat. The third
group of DNA-protein complexes is represented by
the GCS DNA-protein complex which specifically
forms with glial cell nuclear extract and the promot-
er central (II) 21 bp repeat and is comprised of ATF-
CREB family members which differ from those com-
prising the C1-C3 DNA-protein complexes.

Since the C1-C3 DNA-protein complexes detect-
ed with the individual repeats and both lymphocyte
and glial cell nuclear extracts migrate with identical
electrophoretic mobilities, similar proteins capable
of interacting with the CRE binding site of the 21 bp
repeats to form the C1-C3 DNA-protein complexes
appeared to be present in the two cell types. In this
regard, we present evidence that the ATF-CREB-
related factors participating in the formation of the
C1-C3 DNA-protein complexes detected with glial
cell nuclear extract are indeed identical or highly
related to those detected with lymphocyte nuclear
extract and further substantiate the glial cell type-
specific nature of the ATF-CREB-related factors par-
ticipating in formation of the GCS DNA-protein
complex. Based on supershift EMS analyses, the C3
DNA-protein complex contains the CREBP1 protein
which has previously been shown to interact with
the 21 bp repeats (Zhao and Giam, 1991). In addi-
tion, an isoform of the newly characterized ATF-
CREB subgroup, the cyclic AMP response element
modulator (CREM), a protein, also interacts with
each of the individual 21 bp repeats to participate
in formation of the C3 DNA-protein complex.

Although the C1-C3 DNA-protein complexes are
common to each cell type examined, the relative
abundance of these DNA-protein complexes was
strikingly different between selected cell popula-
tions. Therefore, the transcription factor repertoire
within given cell populations may lead to cell type-
specific interactions with the isolated 21 bp repeats
which may have significant impact on control of
viral transcription. Specifically, with each glial cell
line examined, the abundance of the C1-C2 DNA-
protein complexes was much lower than the abun-
dance of these complexes detected with lymphocyt-
ic, monocytic, or neuronal nuclear extracts while



the abundance of the C3 DNA-protein complex
remained relatively constant with respect to all
nuclear extracts examined. Supershift EMS analyses
have demonstrated that the C1 DNA-protein com-
plex contains ATF-1 and ATF-2 while the C2 DNA-
protein complex contains ATF-2 and Jun (Wessner
et al, 1995, manuscript in preparation). Since Tax
has been demonstrated to enhance the binding
activity of selected ATF-CREB family members
including ATF-1 and ATF-2 (Armstrong ef al, 1993),
Tax trans-activation of HTLV-I transcription may be
mediated, in part, through the increased binding of
these factors to the 21 bp repeat elements.
Therefore, it is possible that the reduced abundance
of the C1-C3 DNA-protein complex and associated
transcription factors observed with glial cell nuclear
extracts may be linked in some manner to less pro-
ductive HTLV-I replication in neuroglial cell popu-
lations.

In addition to variations in abundance of DNA-
protein complex formation between the cell types
examined, variations in abundance of the C3 DNA-
protein complex common to all cell type examined
occurs between the individual 21 bp repeats. We
demonstrate that, although the C3 DNA-protein
complex forms with each individual 21 bp repeat,
the abundance of the C3 DNA-protein complex
detected with the promoter proximal (III) repeat is
greatly reduced as compared to the abundance of
the C3 DNA-protein complexes detected with the
promoter distal (I) and central (II) repeats. It is inter-
esting to note that two 21 bp repeat-specific DNA-
protein complexes, designated U1 and U2, also
form with the promoter proximal (III) repeat and
contain the transcription factor Sp1 (Tillmann et al,
1994; Wessner et al, 1995, submitted for publica-
tion). Similar site-directed mutagenesis performed
with the promoter proximal (III) repeat demonstrat-
ed that a competitive interaction between the fac-
tors comprising the U1l and U2 DNA-protein com-
plex and the factors comprising the C1-C3 DNA-
protein complexes since mutations that increase the
abundance of one type of DNA-protein complex
reduce the abundance of the other and vice versa
(Wessner et al, 1995, submitted for publication).
Therefore, the complex interaction between ATF-
CREB-related factors and Sp1 with the promoter
proximal (II) repeat may lead to a differential func-
tional activity of the promoter proximal (III) repeat
as compared to the promoter distal (I) and central
(II) repeats.

As outlined above, we have demonstrated that
the C3 DNA-protein complex is comprised of at
least the ATF-CREB family members, CREBP1 and
CREM. The CREM gene can encode both activators
and repressors of cAMP-induced transcription
based on patterns of alternative splicing. To date,
approximately seven CREM isoforms have been
identified (Delmas et al, 1992). Each isoform pos-
sesses different structural domains generated by

Glial cell-specific factors and the HTLV-I enhancer
R Wessner et al

exon shuffling to produce protein products capable
of interaction with CRE binding sites and het-
erodimerization with other ATF-CREB family mem-
bers. Although the antisera utilized in these studies
specifically recognizes CREM proteins from other
ATF-CREB factors, it cannot discern between CREM
isoforms (Delmas et al, 1992). Tt is possible that a
CREM activator or repressor (or activator-repressor
combinations) may interact with CREBP1 to partici-
pate in the formation of the C3 DNA-protein com-
plex and subsequently modulate transcription.
Recent evidence demonstrates that both CREM acti-
vators and repressors homodimerize and readily
heterodimerize with other CREM isoforms and ATF-
CREB factors (Laoide et al, 1993). In addition, it
appears that the CREM repressor proteins exert
their negative effects on transcription through the
formation of antagonistic dimers with ATF-CREB
factors and CREM activator proteins (Laoide ef al,
1993). Since the CREM antisera utilized in these
studies cannot discern between CREM activators or
repressors, it is not possible to discern which CREM
isoform may interact with CREBP1 to participate in
the formation of the C3 DNA-protein complex. It is
interesting to speculate about the role of CREM in
HTLV-I transcription mediated through the 21 bp
repeats. Recent evidence suggests that Tax can
interact with a CREM isoform and participate in
DNA-protein complex formation in EMS analyses
utilizing five tandem copies of the promoter central
(IT) repeat (Suzuki et al, 1993). Therefore, if the
CREM isoform participating in formation of the C3-
DNA-protein complex detected with each individ-
ual 21 bp repeat is an activator of transcription, Tax
may interact with the CREM protein to facilitate
viral transcription from the 21 bp enhancer region.
Conversely, the CREM isoform participating in for-
mation of the C3 DNA-protein complex may be a
repressor of transcription and through an interac-
tion with Tax act to sequester the viral transactiva-
tor protein and limit its frans-activating potential.
In support of this hypothesis, we have generated
evidence that suggests that the promoter proximal
(IT1) 21 bp repeat is more transcriptionally active
with respect to Tax-mediated trans-activation of the
LTR and that purified Tax protein preferentially
interacts with the promoter proximal (III) repeat
(Figure 3, Wessner and Wigdahl unpublished data).
Since the C3 DNA-protein complex is always
detected at a lower abundance than those detected
with the promoter distal (I) and central (II) repeats,
one could speculate that the increased activity of
the promoter proximal (III) repeat may be due to a
lower abundance of a CREM repressor protein inter-
acting with the promoter proximal (III) repeat.
Although most, if not all, of the ATF-CREB relat-
ed factors participating in formation of the C1-C3
DNA-protein complexes have been ascertained, the
identity of the ATF-CREB-related factors participat-
ing in the formation of the GCS DNA-protein com-
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plex have yet to be identified. As we have shown,
the major glial cell-specific difference in DNA-pro-
tein complex formation with the individual 21 bp
repeats is the formation of the GCS DNA-protein
complex detected with the promoter central (II) 21
bp repeat. Since the CRE consensus sequence is
highly homologous to the consensus sequence for
AP-1 and its associated factors, Fos and Jun, and
since ATF-CREB and AP-1 factors occasionally
interact with overlapping binding sites within pro-
moter elements, the GCS DNA-protein complex may
be comprised of AP-1-related factors. To this end,
supershift EMS analyses were performed utilizing
AP-1 specific antisera (data not shown). As with the
supershift analyses utilizing the selected ATF-CREB
antisera, formation of the GCS DNA-protein com-
plex was unaffected by AP-1, Fos, or Jun antisera.
Since a wide variety of ATF-CREB-related factors
(CREBP1, CREB2, CREM, ATF-1, and ATF-2) and
AP-1 factors (AP-1, Fos and Jun) can be ruled out as
participants in GCS DNA-protein complex forma-
tion, it appears that a novel transcription factor may
be present in glial cells that is capable of interaction
with the promoter central (II) 21 bp repeat.
Furthermore, we performed mixing experiments
with glial cell and lymphocyte nuclear extracts in
which one extract was kept at a constant protein
concentration while the other was added in increas-
ing amounts well over the constant concentration of
the other to address the statement concerning the
possibility of the presence of a repressor in the lym-
phocyte nuclear extract and an activator in the glial
cell nuclear extract (data not shown). These experi-
ments demonstrated that the GCS DNA-protein
complex readily formed in the presence of large
amounts of lymphocyte nuclear extract (data not
shown). These data suggest that formation of the
GCS DNA-protein complex is not due to the
absence of an activating protein necessary for
recruitment of the factors into GCS DNA-protein
complex formation in lymphocyte nuclear extract
which is present in glial cell nuclear extract or to
the presence of a repressor protein inhibiting GCS
DNA-protein complex formation in lymphocyte
nuclear extract which is absent in glial cell nuclear
extract (data not shown). Site-directed mutagenesis
of the promoter proximal (III) repeat has demon-
strated that the DNA-binding specificity of the ATF-
CREB related factors participating in formation of
the GCS DNA-protein complex for the CRE binding
site in the promoter central (II) repeat are distinct
from those participating in formation of the C1-C3
DNA-protein complexes further indicating the
unique nature of this ATF-CREB-related factor.
Specifically, the mutated promoter central (II)
repeat pc12,13,14 GTG:TAA, when reacted with
glial cell nuclear extract, resulted in the selective
formation of the GCS DNA-complex and the specif-
ic abrogation of the C1-C3 DNA-protein complexes.
Utilization of a multimerized form of this oligonu-

cleotide to probe a glial cell-derived cDNA expres-
sion library will facilitate the characterization and
cloning of the glial cell-specific factors participating
in GCS formation while eliminating potential diffi-
culties which may arise when using a radiolabeled
native promoter central (II) repeat which forms both
the GCS and C1-C3 DNA-protein complexes. Based
on the absence of immunoreactivity of a number of
antisera directed against known transcription fac-
tors with the GCS DNA-protein complex, it is likely
that complex is derived of a potentially novel tran-
scription factor(s) specifically expressed in neu-
roglial cell populations. The subsequent cloning
and characterization of this factor will permit the
examination of the functional contribution of this
factor to Tax-mediated HTLV-I expression and gain
insight to the differential viral regulation observed
between cell types of immune and nervous system
origin.

Materials and methods

Cell culture

Human T cell lymphocytic cell lines utilized in
these studies include Jurkat (ATCC No. TIB 152)
and H9 (National Institutes of Health AIDS
Research and Reference Reagent Program). Both T
cell lines and the U-937 monocytic cell line (ATCC
CRL 1593) were cultured and maintained at 37°C in
5% CO, in RPMI 1640 medium (Gibco BRL, MD).
Human glial cell lines utilized in these studies
include U-373 MG (ATCC No. HTB 17), Hs683
(ATCC No. HTB 138), and U-118 (ATCC No. HTB
15). All glial cell lines and the human neuronal cell
line IMR-32 (ATCC CCL 127) were cultured and
maintained at 37°C in Eagle minimal essential
medium (Gibco BRL, MD). All media formulations
were supplemented with 10% heat-inactivated fetal
calf serum, 100 U ml* penicillin, 100 ug ml* strep-
tomycin, 2mM L-glutamine, and 0.075% NaHCO.,.

Nuclear extracts

Nuclear extracts of all cell lines were prepared as
described in Dignam et al, 1983 with minor modifi-
cations. Briefly, cells were collected from cultures
during logarithmic growth and nuclei were isolated
utilizing hypotonic buffer (10 mM HEPES [pH 7.9,
4°C], 1.5 mM MgCl,, 10 mM KCl, 0.2 mM PMSF, 0.5
mM DTT) and a Dounce homogenizer (type B)
(Bellco, NJ) at 4°C. Nuclear proteins were extracted
at 4°C utilizing high-salt buffer (20 mM HEPES [pH
7.9, 4°C], 25% glycerol, 1.5 mM MgCl,, 700 mM
KCI, 0.2 mM EDTA, 0.2 mM PMSF, 0.5 mM DTT)
and dialyzed against 50 volumes of dialysis buffer
(20 mM HEPES [pH 7.9, 4°C], 20% glycerol, 100
mM KCI, 0.2 mM EDTA, 0.2 mM PMSF, 0.5 mM
DTT) for 5 h at 4°C. Precipitated proteins and cellu-
lar debris were removed by centrifugation at 21,000
x g for 30 min at 4°C. Protein quantitation of the



nuclear extracts was performed utilizing the Bio-
Rad protein assay which is based on the Bradford
dye-binding procedure (Bradford, 1976). The
nuclear extracts were frozen in liquid nitrogen and
stored at —80°C at a concentration of 3 mg ml-".

Oligonucleotide synthesis and radiolabeling
Complementary single-stranded oligonucleotides
with native HTLV-I LTR flanking sequences corre-
sponding to each of the three individual 21 bp
repeat elements and the mutated promoter central
(I) repeat elements were synthesized with 5’-exten-
sions. Single-stranded complementary oligonu-
cleotides were annealed by heating for 10 min at
90°C and cooling to room temperature. CREB and
Sp1 binding site oligonucleotides utilized in com-
petition EMS analyses were obtained from
Stratagene. The sequences of all oligonucleotides
utilized in these studies are illustrated in Figure 2.
The double-stranded (ds) oligonucleotides with 5’
extensions were labeled utilizing [¢-*?P]-dCTP and
the Klenow fragment of DNA polymerase L.

EMS analyses

Standard EMS analyses were performed essentially
as described by Garner and Revzin (1981).
Approximately 50,000 cpm of radiolabeled ds-
oligonucleotide (0.1-1.0 ng) was reacted with 6 to 9
ug of protein and 2 pg of poly[d(I-C)] in a total reac-
tion volume of 15 pl for 30 min at 30°C. Following
incubation, 2 ul of loading buffer (50% glycerol, 0.1
M EDTA [pH 8.0], 0.1% bromophenol blue, and
0.1% xylene cyanol) was added and each reaction
was subjected to electrophoresis in a 4% high-ionic-
strength native polyacrylamide gel (pre-run for 1.5
h at 100 V) at 30 mA. The polyacrylamide gels were
dried under vacuum at 80°C for 1.5 h prior to
autoradiography. In EMS analyses containing puri-
fied Tax, 0.5 or 1.0 pg of Tax (kindly provided by Dr
Chou-Zen Giam, Case Western Reserve University)
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