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= Abstract =

CAAT-binding transcription factor(CTF) proteins are implicated in the expression of multiple
forms and are probably identical to nuclear facfor-1(NF-1). In herpes simplex virus thymidine
kinase gene, CTF is required not only to induce basal transcription of this gene, but also to
stimulate the transcription of this gene by thyroid hormone. Gel mobility shift assays and biotin-
avidin protein-DNA binding assays were performed to investigate if the synthesis of tran-
scription factors which bind to “CCAAT" sequences of the TK promoter(CTF or CTF-like fac-
tors) is stimulated by T; and to kdentify the CCAAT-binding proteins in GH,C; cells having
endogenous thyroid hormone receptors. There are two different sized(31 and 33 kDa) CCAAT-
binding proteins in GH,C, cells having endogenous thyroid hormone receptors. The synthesis
of these CTF-binding proteins were not affected by Ts.

Introduction

Viral infection of mammalian cells entails the re-
gulated induction of viral gene expression. The in-
duction of many viral genes, including the herpes sim-
plex virus(HSV) gene encoding thymidine kinase(TK),
depends on cellular regulatory proteins that act in
trans. Because recognition of the TK promoter by cel-
lular transcription factors is well understood, its trans
induction by regulatory proteins may serve as a useful
model for the regulation of ecukaryotic gene ex-
pression. Jones et al” characterized an # pitro tran-
scription system derived from uninfected HeLa cells
that accurately initiates RNA synthesis at the TK pro-
moter. Analysis of linker-scanning, single-site, and pro-
moter-inversion mutants reveals that the TK upstream
clements previously mapped i vivo are accurately re-

cognized in vitr?®. A protein fraction obtained from
uninfected HeLa cells required for TK transcription in
reconstitution experiments was found to contain mul-
tiple protein species that bind specifically to the TK
promoter. DNase I footprint experiments with wild
type and mutant promoters revealed that the TK
upstream elements contain three distinctive protein
binding sites, two of which(‘"GGGCGG” ; -55/-50
in sense strand and —-98/-103 in antisense strand)
appear to be recognized by the Spl transcription fac-
tor and one(—82/—86 in antisense strand) interacts
with a cellular protein(s), CTF/NF-1 family of factors,
that binds to “CCAAT" sequences(Fig. 1). Optimal ex-
pression of the TK gene appears to require the coor-
dinate interaction of these two types of transcriptional
factors(Spl and CTF/NEF-1) with the three upstream
elements of the promoter(-55/~50, —98/-103,
and - 82/- 86).
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Fig. 1. Schematic illustration of the functional binding
sites for nuclear proteins in the TK promoter. Sp1,
Sp1 transcription factor ; CTF, CCAAT-binding tran-
scription factor ; TFlls, transcription factors for RNA
polymerase 1f ; T;R, thyroid hormone receptors ;
TATA, TATA box ; TRE, thyroid hormone response
element.

We previously found that the TK gene promoter
contains a novel element that can be functionally ac-
tivated by thyroid hormone(T9®. T; stimulation of
the TK gene requires both thyroid hormone respon-
sive clement and an CTF site®. There are two pos-
sibilities to explain these findings. One possibility is
that T; might increase the synthesis of CTF or other
CCAAT box binding factors and these factors would
bind to the CCAAT box and stimulate transcription.
The other is that a direct protein-protein interaction
between the T; receptor and a transcription factor
could stimulate transcription. CTF proteins implicated
in the expression of a variety of genes are composed
of multple forms and are propably identical to nu-
clear factor-1(NE-1)%.

The present study was undertaken to investigate if
the synthesis of those transcription factors which bind
to “CCAAT" sequences of the TK promoter(CTF or
a CTF-like factor) is simulated by T; and to identfy
the CCAAT-binding proteins in GH,C, cells having
endogenous thyroid hormone receptors. For this pur-
pose, gel mobility shift assays and biotin-avidin pro-
tein-DNA binding assays were performed.

Materials and Methods

1. Cell culture

GH,C,, Hela, and COS1 cells were grown in Dul-
becco's Modified Eagle's Medium(Gibco) containing
15mM HEPES, pH 7.5, 0.1mg/ml pyruvate, 50ug/
ml penicillin-G(DHAP medium), and either 5%v/v)
fetal bovine serum(Gibeo) for GH,C, and HeLa cells
or 10%(v/v) calf serum for COS1 cells.

2. Oligonucleotides

A CCAAT box motfliCTTGTCATTGGCGAAT-
TCGAACA ; CTF-23) for CTF or CTF-like tran-
scription factor binding was derived from the native
TK promoter spanning bases — 92 to - 72.

3. Preparation of nuclear extracts

Nuclear extracts were prepared according to the
method of both Digman et al” and Ye and Samuels®
with modifications. In brief, cells were pelleted by cen-
trifugation, washed in phosphate-buffered saline,
resuspended in STM-Triton buffer(20mM Tris-HCI,
pH 7.8, 1.1mM MgCl, 250mM sucrose, and 0.2%
Triton X-100) and homogenized. Nuclei were pel-
leted and extracted with buffer containing 400mM
KCl in GTME buffer(15% glycerol, 25mM Tris-HCI,
pH 7.8, 0.05% Triton X-100, 10mM 2-mercap-
toethanol, 0.5mM EDTA, and 0.5% phenylmethylsul-
fonyl fluoride). Insoluble debris was removed by cen-
trifugation, and the supernatant was dialyzed against
100mM KCl in GTME buffer. The nuclear extracts
were stored in small aliquots at - 807, and freshly
thawed material was used in each experiment.

4. Whole cell labeling with L-**S-methionine

At the time of labeling, cells were washed once
with L-methionine- and L-leucine-free(met leu”)
Ham's F-10 medium(Gibco) and then incubated for
25min at 37T in the same medium. The cells were la-
beled by incubation for 2 h at 37C with Ham's F-
10(met"leu”) supplemented with 10%(v/v) calf serum,
13pg/ml L-leucine, and 0.2pM L-*S-methionine(New
England Nuclear ; 700- 1000Ci/mmol). The cells
were chilled to 4C and washed three times with sa-
line. Nuclear extracts were prepared as described on
the above. The extracts were stored frozen at — 80T
undl use. Trichloroacetic acid precipitate counts per
min present in the nuclear extracts were measured.

5. Gel mobility shift assays

*P-labeled oligonucleotides(30,000cpm) were in-
cubated with 10pg of nuclear extracts in the presence
of 10ug poly(dIdC) in a final volume of 25ul. In-
cubations were carried out at room temparature for
30min. All binding reactions contained 25mM Tris-
HCI, pH 7.8, 0.5mM EDTA, 100 ng aprotinin, 3pg
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ovalbumin, 10mM 2-mercaptoethanol, 0.05% Triton
X-100(v/v), 10% glycerol(v/v), and 75mM KCl. The
samples were chilled on ice and then loaded onto a 5%
nondenaturing polyacrylamide gel in low ionic
strength buffer(10mM Tris base, 7.5mM acetic acid, 0.
04mM EDTA, pH 7.8). The electrophoresis was per-
formed at 47C at voltage gradient of about 15 V/cm
with rapid buffer circulation. The gel was dried and
autoradiographed at ~80C for 12—-24 h using Ko-
dak X-Omat film.

6. Biotin-avidin protein-DNA binding assays

For the biotin-avidin assay, end-labeled biotinylated
oligonucleotides were generated by filling in the ends
with the Klenow fragment of E. Coli DNA po-
lymerase. The reaction mix contained, per nmol DNA,
10 nmol bio-11-dUTP(Sigma), 50 nmol each of
dATP, dCTP, and dGTIP. After biotinylation, un-
incorporated nucleotides were removed by chro-
matography on DEAE-cellulose. The biotinylated oli-
gonucleotides were quantitated using a Hoefer TKO
Mini-fluorometer(Hoefer), following the directions of
the manufacturer. Biotin-avidin protein-DNA binding
assay was performed as follows. *S-labeled nuclear pro-
teins(5x 10°cpm) were incubated with 5 pmol
biotinylated oligonucleotide in a 1501l volume con-
taining 16pg poly(dIdCYPharmacia) and 75mM KCl
in GTME buffer. After 2 30min incubation at 257,
the samples were incubated on ice for 10min. Protein-
biotinylated DNA complexes were isolated by in-
culation with 20l of a 50%(v/v) solution of strep-
tavidin-agarosc(Bethesda Research Laboratories) at 4°C
for 10min. Pellets were washed three times with
GTIME buffer-75mM KCl and boiled in sodium do-
decyl sulfate-polyacrylamide gel electrophoresis(SDS-
PAGE) sample buffer, and the supernatants were run
in 10% SDS gels with *C-labeled molecular mass stan-
dards(Sigma). Labeled proteins were visualized using
flaorography with EN°HANCE(New England Nuclear)
and exposure at — 80C using Kodak X-Omat film.

Results

Three different cell lines used in this study were
GH.C, cells having endogenous T; recpetors and

Hela and COS1 cells having no endogenous T; re-
ceptors. To study if the synthesis of CTF transcription
factors which bind to the TK promoter is stimulated
by Ts, gel mobility shift assays were performed using a
#P-CTF binding motifl CCAAT box : CTF-23). The
intensity of the specific bands of CTF-like tran-
scription factors from GH,C,; nuclear extracts cultured
in either hormone-depleted(CONT) or Ts-sup-
plimented(Ty) media were the same(Fig. 2). CTF or
CTF-like factors from Hela and COSI nuclear ex-
tracts are also shown in Fig. 2, and they migrated to a
similar position as the upper specific band from GH.C,
nuclear extracts. Even though the mobility of the pro-
tein-CCAAT box complex from the three different

Extroct CONT Ts Helo casy

Competitor  —
Y,

Freg ——a

Fig. 2. Binding of nuclear proteins to the CTF-binding
motif.
A gel mobility shift assay was performed as des-
cribed in Materials and Methods. All reactions con-
tained 30,000cpm(4.5 fmol) of *P-labeled CTF-23
oligonucleotide. The specific complexes are in-
dicated by arrows. Free oligonucleotide is seen
near the bottom of the gel. CONT, GH,C, nuclear
extract prepared from cells cultured in hormone-de-
pleted media doe 48 h before extraction ; T;, GH
+Ci neclear extract prepared from cells cultured in
5nM T,-supplimented media for 48 h before ex-
traction ; —, No competitor ; +, Addition of a 100-
fold molar excess of unlabeled CTF-23 oli-
gonucleotide.
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Fig. 3. CCAAT box binding proteins in GH.C; cells.

A biotin-avidin protein-DNA binding assays was
performed as described in Materials and Methods.
*S-labeled GH,C, nuclear proteins incubated with
no DNA or with the CTF-23 oligonucleotide and
separated in a SDS-polyacrylamide gel, and flu-
orographed. Molecular mass standards are shown
on the left. CONT, GH,C; nuclear extract prepared
from cells cultured in hormone-depleted media
doe 48 h before extraction ; T,, GH,C, neclear ex-
tract prepared from cells cultured in 5nM Ts-sup-
plimented media for 48 h before extraction; ~,
No DNA ; +, CTF-23 oligonucleotide.

cell lines are similar, it is not clear that they are the
same protein or different members of a protein family
because of the multplicity of CCAAT box binding
proteins®®. To confirm the result from the gel mo-
bility shift assays and to identify the size of CCAAT-
box binding protein(s) present in GH,C, cells, biotin-
avidin protein-DNA binding assay was performed. A
biotin-avidin protein-DNA binding assay was used in
which *S-methionine-labeled nuclear proteins were in-
cubated with an excess of biotinylated CTF-23. This
technique identified highly labeled proteins, extracted
from the nucleus in a high salt buffer, which bound
to the CTF-23 without additional promoter elements.
Fig. 3 shows that two nuclear proteins(31 and 33
kDa) were bound to CTF-23 and the intensity of the

two proteins from GH,C, nuclear extracts cultured in
cither hormone-deplited(CONT) or Ts-supplimented
(T media were the same(Fig. 3). Thus, it appears
that synthesis of the two CTF-binding proteins(31
and 33 kDa) are not affected by Ts.

Discussion

The herpes simplex virus TK promoter has been ex-
tensively analyzed as a model for gene regulation by
transcriptional regulators. The functional importance
of the binding motifs for CTF/NF-1 are generally
found in mammalian cells with multiple forms, the
TK promoter has been used as a heterologous pro-
moter to analyze the functional activity of a varety of
cis-acting elements, including hormone receptor
response elements™”. The findings that both thyroid
hormone response element and an CTF site are re-
quired for hormone stimulation and that thyroid hor-
mone receptor are reminiscent of the findings that glu-
cocorticoid hormone stimulation of the MTV-long ter-
minal repeat requires both glucocorticoid response ele-
ment and an NF-1 site'”. There are two different siz-
ed(31 and 33 kDa) CCAAT-binding proteins in GH
sC, cells having endogenous thyroid hormone re-
ceptors(Fig. 3). Since the synthesis of transcription fac-
tors bound to the CCAAT box motif in GH,C, cells
was not increased by T; incubation(Fig. 2, 3), it is pos-
sible that direct protein-protein interactions between a
transcription factor and the receptor is involved in
stimulation of transcription. Another possibilities re-
ported by Martinez et al'® was that synergistic tran-
scriptional activation by CTF/NF-1 and the estrogen
receptor was proposed to result from the enhanced
binding of a common target transcription factor by
the activation domains of estrogen receptor and CTE/
NF-1, rather than by a direct interaction by the two
proteins. Further studies are required to identify the
mechanisms involved in the synergistic activation of
transcription by two activators, the thyroid hormone
receptor and CTF/NF-1 family of proteins factor.
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