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The interaction between virus and receptor is a process that mimics physiological lig-
and binding receptors and induces signal transduction. In the investigation of the
interaction between HSV1 (Herpes Simplex virus 1) and human fibroblasts via virus
binding to its receptor complex on cellular membranes, the HTRP (human transcrip-
tion regulator protein), a protein encoded by an immediate-early gene of cellular
response against the specific stimulation of HSV1 binding, was cloned from a cDNA
library established from early gene response mRNA. The localization of HTRP
expressed as a fusion polypeptide with a fluorescent protein in HeLa cells was con-
firmed to be the nucleus. The results of a yeast two-hybrid experiment indicated that
HTRP is indeed involved in the interaction with the SAP (mSin3-associate polypep-
tide) complex via SAP30. A pull-down test and Western blotting in vitro, and immuno-
precipitation in vivo also provided evidence in support of this result. The interaction
of HTRP with SAP30 in its conserved domain implies that this protein family, as the
products of immediate-early genes, comprise functional molecules involved in the
transcriptional regulation of cells, which might be related to the inhibition of some
cell survival genes.

Key words: co-repressor, HDAC, HSV1, HTRP, SAP30, transcription regulation.

Abbreviations: DMEM, Dulbecco’s modified Eagle’s medium; EGFP, enhanced fluorescent protein; FBS, fetal
bovine serum; GST, gluthathione S-transferase; HDAC, histone deacetylase; HSV1, Herpes Simplex virus 1;
HTRP, human transcription regulator protein; N-CoR, nuclear receptor co-repressor; ONPG, o-nitrophenyl β-D-
galactopyranoside; PMSF, phenylmethylsulfonyluoride; SAP30, mSin3-associate polypeptide 30 kDa; SMRT,
silencing mediator of retinoic and thyroid hormone receptors.

The interaction between virus and receptor in the cellu-
lar membrane mimics physiological ligand binding to a
specific receptor, and also activates a specific signal
transduction in cells (1). In fact, such signal activation
could induce a related gene response that would likely
induce an immediate-early gene response and a second
gene response (2–4). Previous studies have indicated that
the virus binding receptor induces various gene activa-
tions (5–7). Herpes Simplex virus 1 (HSV1), as a member
of the Herpesviridae family of viruses, usually initiates
its infection in cells by interaction with receptors via
heparan sulfate moieties and an unidentified molecular
attachment (8, 9). This interaction between HSV1 and
receptors has also been confirmed to induce some genes
to become activated and expressed in cells infected by
HSV1 (10–13). These genes that are activated and
expressed in cells are related to the regulation of cellular
transcription and the cell cycle process (14, 15), and some
identified functional genes and novel genes have been

lasts infected with HSV1, as demonstrated by our previ-
ous work (16–18). The identification of related gene prod-
ucts implies that HSV1 binding to the receptor in the
membrane of human fibroblasts may regulate the tran-
scriptional level of the cellular genome via some oncogene
products and novel protein molecules (14, 15, 18). One
even exhibits the ability to interfere with the pre-mRNA
splicing process of HSV1 in a specific cycle phase (14).
Another shows an interesting characteristic a novel pro-
tein family, the SAND family, that tends to be related to
the transcriptional regulation complex in cells (18). Fur-
ther investigations of novel protein molecules encoded by
genes activated by HSV1 binding to the receptor has led
to the discovery of a protein molecule, the human tran-
scription regulator protein (HTRP), this is involved in the
cellular co-repressor complex of gene transcription, and
induces the death of cells transfected by its gene. As is
known, co-repressor complexes are regulators recruited
by DNA-bound transcriptional silencers that play essen-
tial roles in many pathways, including differentiation,
proliferation, programmed cell death and the cell cycle
(19–21). Until now, a large number of co-repressors in
eukaryotic cells have been identified as interacting with
related transcription factors and mediating gene silenc-
ing. In this interaction and silencing, the activities of his-
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tone deacetylase (HDAC) enzymes are involved in co-
repressor functions (22, 23) and regulated by interactions
with the partners of targeting complexes, e.g., the mSin3-
protein/ SAP-protein complex, nuclear receptor co-
repressor (N-CoR) complex and the silencing mediator of
the retinoic and thyroid hormone receptors (SMRT) com-
plex (20, 24–26). The mSin3-protein comprises mSin3A
and mSin3B, which bind directly to some silencers and
target their activities to these repressors in association
with the SAP complex (27–29). Both N-CoR and the
SMRT complex are important targets of the cell signaling
pathway, and are able to associate with the HDAC activ-
ity providing critical components for the transcriptional
repression of specific genes. Histone deacetylation 06
lysine residues in the N-terminal is known to be corre-
lated activation and repression of genes and is deter-
mined by HDAC activity (30, 31). All these results sug-
gest a mechanism of gene regulation through the
targeting enzyme that alters chromatin structure. In this
case, the interaction of many components in the targeting
complex should be of importance in the transcriptional
regulation of cells. Here, we report that HTRP, as a pro-
tein encoded by an immediate-early gene induced by the
HSV1 binding cellular receptor, was found to interact
with SAP30 associated with the mSin3-complex, and to
induce the death of cells transfected with its gene. The
results suggest that HTRP is involved in the transcrip-
tional regulation of cells, which is probably related to the
termination of the cellular life cycle by an unknown
mechanism. To obtain further understanding of this
interaction between HTRP and SAP30, we focus on the
mechanism by which HTRP interacts with SAP30 associ-
ated with the human histone deacetylase complex in cells.

MATERIALS AND METHODS

Cell Culture and Virus Infection—KMB-17 human
embryo fibroblasts (Institute of Medical Biology, Chinese
Academy of Medical Sciences, Kuming, PR China) were
maintained in DMEM (Dulbecco’s modified Eagle’s
medium, GIBCO) supplemented with 2 mM glutamine
(Sigma) and 10% (v/v) fetal bovine serum (FBS, GIBCO)
in an atmosphere of 5% CO2 at 37°C. HSV1 (Institute of
Virology, Beijing) (lg107.5CCID50/ml) was proliferated in
Hep-2 cells (ATCC) and used to inoculate KMB-17 cells
grown as a monolayer.

Identification and cDNA Cloning of the htrp Gene—A
cDNA library was cloned from the KMB-17 cells inocu-
lated with HSV1 for 2 h. The cDNA for the htrp gene was
isolated by mRNA differential display and confirmed by
sequencing. The sequence was identified in GenBank and
localized in the chromosome with the Human Genome
Project Working Draft website (http://genome.ucsc.edu).
The secondary structure of the protein was predicted by
The Predict Protein Server (http://maple.bioc.colum-
bia.edu/predictprotein), and localized in its sub-cellular
site by the PSORTII server (http://psort.nibb.ac.jp). The
protein subsequence motifs were identified using the net-
work service SMART (http://hsmart.embl-heidelberg.de).
The protein domain homology was compared in Prodom
(http://prodes.toulouse.inra.fr/prodom).

Plasmids Construction—Plasmid pGEX-HTRP was
constructed by inserting the HTRP cDNA into the EcoRI

sites of pGEX-5x-1 (Amersham Pharmacia Biotech) to
express a GST fusion protein. Plasmid pEGFP-HTRP
was constructed by inserting HTRP cDNA into the EcoRI
sites of pEGFP-N1 (Clontech) to express a green fluores-
cent protein (EGFP) fusion protein. Plasmid pGBK-
HTRP expressing Gal4-HTRP, was constructed by insert-
ing the full-length HTRP cDNA into the EcoRI site of
pGBKT7 (Clontech) plasmid. The plasmids pGBK-mtA,
pGBK-mtB, pGBK-mtC, pGBK-mtAB, pGBK-mtBC and
pGBK-mtD were cloned by inserting the DNA fragments
encoding the corresponding peptides from HTRP, namely
residues1–91, 92–225, 226–308, 1–225, 92–308, and 1–
141, respectively, between the EcoRI and the XhoI sites of
pGBKT7. Plasmid pcDNA-HTRP was constructed by
inserting the HTRP cDNA into the EcoRI sites of the
mammalian expression vector, pcDNA3 (Invitrogen). All
plasmid DNA was confirmed by sequence analysis.

Northern Blot Analysis—Total mRNA from KMB-17
human embryo fibroblasts pre-induced and induced by
HSV1, and from human multiple tissues, was used for
Northern blot hybridization by the probes specific for
htrp and β-actin, respectively. The probes were generated
by the Klenow fragment of DNA polymerase I and
[α-32P]dCTP in the Prime-a-Gene® labeling system
(Promega). The Northern blots were pre-made with Poly
(A) + RNA from 6 human tissues (Promega). The DNA
template for the htrp probe (a 500 bp fragment, nucle-
otides 121–621 of htrp) was a fragment that was not
homologous to other sequences. The hybridization proce-
dure followed the manufacturer’s protocol. The blots was
washed and exposed to X-ray film at –70°C with an inten-
sifying screen.

Intracellular Localization of HTRP—HeLa cells plated
in 6-well plates at 90% confluence in DMEM supple-
mented with 10% FBS were transiently transfected with
control plasmid pEGFP-N1 and expression plasmids
pEGFP-HTRP using Lipofectamine Plus reagent (Invit-
rogen). All cell samples were viewed under a fluorescence
microscope 36 h after transfection .

Yeast Two-Hybrid Screen and β-Galactosidase Assay—
A full-length cDNA of HTRP was cloned into pGBKT7 as
a Gal4-DNA–binding domain fusion. This construction
was used to screen a pretransformed human Liver cDNA
library (BD Biosciences Clontech). Approximately 104

transformants were screened according to the manufac-
turer’s protocol. Colonies were replated on minimal
medium without leucine, tryptophan, histidine and ade-
nine. pACT2 plasmid DNA was isolated from the yeast
clones, amplified in E. coli and retransfected into AH 109
cells together with pGBKT7-HTRP or a negative control,
pGBKT7-LaminC (Clontech).Clones expressing proteins
and interacting specially with HTRP were isolated and
sequenced. Analysis of the intrinsic regions of HTRP
interacting with positive protein was done by the liquid
β-galactosidase assay according to manufacturer’s proto-
col (Yeast Handbook, BD Biosciences Clontech). In brief,
6 HTRP mutants were constructed and reacted with
their interacting proteins in a yeast two-hybrid system.
Using o-nitrophenyl β-D-galactopyranoside (ONPG,
Sigma) as a substrate, a liquid assay was used to com-
pare the relative strengths of protein-protein interac-
tions observed in selected transformants. Transactiva-
tion activity was revealed in different β-galactosidase
J. Biochem.
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units calculated based on optical absorption value at 420
nm.

Cytometry of Human Fibroblasts Ttransfected with the
htrp Gene—KMB-17 cells plated in 6-well plates at 90–
95% confluence in DMEM supplemented with 10% FBS,
were transiently transfected with control plasmid
pcDNA3 and expression plasmid pcDNA-HTRP with
Lipofectamine Plus reagent (Invitrogen). At 12 h, 24 h,
36 h, 48 h, 60 h and 72 h post-transfection, cells were
trypsinized, washed in PBS, and fixed in 70% ethanol at
4°C for 30 min. Apoptotic nuclei were detected by the
TUNEL-labeling reaction according to the manufac-
turer’s instructions (Roche Molecular Biochemicals). The
cells were then washed and analyzed by flow cytometry.
Each experiment was repeated at least three times.

GST Fusion Proteins Pull-Down Assay—GST and GST-
HTRP were expressed in Escherichia coli BL21 and puri-
fied according to standard protocols. The GST and the
GST-HTRP fusion proteins were incubated overnight at
4°C with a KMB-17 cell extract pre-labeled with
[35S]methionine (prepared in lysis buffer (50 mM Tris-
HCl, pH 8.0, 150 mM NaCl, 1% Nonidet P-40, 1 mM
EDTA, 0.5% Na deoxycholate, and 0.1% SDS) containing
phenylmethylsulfonyluoride (PMSF, Sigma), and conju-
gated further with glutathione-Sepharose 4B beads in a
total volume of 500 µl of incubation buffer (20 mM Tris,
pH 7.5, 75 mM KCl, 50 mM NaCl, 1 mM EDTA, 0.1%
Nonidet P-40, 10% glycerol, 1 mM dithiothreitol, and
PMSF. After centrifugation, the beads were washed five
times with incubation buffer and resuspended in PBS
buffer, boiled for 5 min, and centrifuged. The supernatant
was subjected to electrophoresis in 12% SDS-polyacryla-

mide gels. After drying, the gels were subjected to autora-
diography.

Immunoprecipitation of HTRP in Human Fibroblast—
Immunoprecipitation of the HTRP protein was per-
formed according to the standard protocol. KMB-17 cells
were grown in DMEM with 5% of FBS to 80–90% conflu-
ence at 37°C, and then incubated in methionine-free
MEM at 37°C for 1 h. Labeling was performed with the
same media containing [35S]methionine at 37°C for 2 h.
One hour after virus inoculation, the cells were rinsed
twice with PBS and scraped in 100 µl of RIPA buffer (150
mmol/liter NaCl, 1% NP-40, 0.5% deoxycholic acid, 0.1%
SDS, 50 mmol/liter Tris-HCl pH 7.5), and freeze-thawed
3 times. After centrifugation at 12,500 rpm for 10 min at
4°C, the supernatant was incubated with an anti-HTRP
polyclonal antibody described previously (16) or with an
anti-SAP30 polyclonal antibody purchased from Upstate
Biotechnology in RIPA buffer at 37°C for 1 h; the A pro-
tein-Sepharose 4B (Sigma) was added for further incuba-
tion at 4°C for 1 h. After washing 3 times with RIPA
buffer and centrifugation as above, the A protein–Sepha-
rose 4B absorbed immune complex pullet was incubated
in SDS sample buffer (2% SDS, 62.5 mmol/liter Tris, 10%
glycerol, 2% 2-mercaptoethanol pH 6.8) at 100°C for
5 min. The supernatant was subjected to SDS-PAGE fol-
lowed by centrifugation as above. Finally, the gel was
dried and exposed to X-film.

Western Blotting Analysis—Proteins extracted from
KMB-17 cells by GST-HTRP or the anti-HTRP antibody
were fractionated in 10% polyacrylamide gels and trans-
ferred onto nitrocellulose membranes according to stand-
ard methods. The primary antibody for Western blotting
was the anti-SAP30 antibody at 1 µg/ml dilution. Signals

Fig. 1. Identification and character-
ization of htrp cDNA and its
deduced amino acid sequence. A:
htrp cDNA and its deduced amino acid
sequence. Amino acids are shown by
their one letter code above the corre-
sponding nucleotide sequence. An in
frame 5′ start codon and the termina-
tion stop codon are in bold letters. A
bipartite nuclear location signal at resi-
dues 141–157 is underlined, and a
motif at residues 131–138 similar to N-
CoR proteins is boxed. A conserved
domain at residues 92–175 is in italic
letters. B: Conserved domain homo-
logue comparison analysis. The con-
served domain (residues 92–175) of
HTRP and its homologue region from
proteins in Drosophila, Arabidopsis
thaliana and Fission yeast (Swiss-prot
accession numbers Q9V563, Q9LP63
and Q10069, respectively) was ana-
lyzed by Vector NTI suite. The homo-
logue region is shown in shadow.
Vol. 136, No. 2, 2004
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were detected by the ECL system (Pierce) according to
the manufacturer’s instructions.

RESULTS

Cloning of htrp cDNA and Its Deduced Amino Acid
Sequence—Gene activation by a virus binding receptor is,
in fact, a physiological response similar to that caused by
ligand binding. This enables viruses to influence the cel-
lular physiological processes and to establish a new cellu-
lar microenvironment, in which the components of the
virus will likely be affected by the protein molecules
induced in this process. Upon the analysis of the gene
response induced by HSV1 binding to human fibroblasts,
a cDNA gene, named htrp, was cloned from the cDNA
library estabilished from the cells bound by HSV1 for 2 h
(Fig. 1A) (GenBank accession number AF450482) (16). As
a protein encoded by an immediate-early gene, HTRP
was hypothesized to be involved in the transcriptional
regulation of cells infected by the HSV1. In its deduced
amino acid sequence, a bipartite nuclear signal—
RKIKEGMDMNYIIQRKK is localized in residues 141–
157, and a motif—L-X-X-X-I-X-X-L similar to that in the
nuclear receptor co-repressor (N-CoR) protein comprises
residues 131–138, indicating a possible function of this
protein in the nucleus. Further structural comparison
suggested that this protein has a homologue of a con-
served domain in Drosophila, Arabidopsis thaliana and
Fission yeast (Fig. 1B), but no data about the function of
this homologue has been reported up to now.

Distribution of htrp Gene in Tissues—Previous studies
have indicated that the role of immediate-early gene
response is to regulate the expression of functional genes
in cells receiving a stimulation signal (5, 6, 8–12). Our
previous data suggest that the binding of HSV1 to
human fibroblasts induces a remarkable change in the
expression of some transcriptional regulators, such as
0N-myc, C-fos etc. (14, 15). To obtain an understanding of
the physiological expression of htrp in tissues and the
relationship between its expression and HSV1 binding,
northern blotting was performed. The results show that
the enhanced expression of htrp with a size of 1,350 nt is

specific to human embryo fibroblasts bound to HSV1 and
nonspecific in some tissues (Fig. 2), implying the involve-
ment of htrp expression in an unknown physiological
function in these tissues.

Localization of HTRP from HeLa Cells—In the struc-
tural analysis of HTRP, a bipartite nuclear localization
signal was noticed, and an HTRP involved in transcrip-
tional regulation was hypothesized. To confirm this
hypothesis, the localization of HTRP was investigated.
The fluorescent vector carrying the htrp gene was trans-
fected into HeLa cells for the dynamic observation of
HTRP. The results indicated that HTRP expressed in
HeLa cells localizes in the nucleus (Fig. 3), which indi-
cates that it functions in nucleus.

Expression of HTRP Induces Human Fibroblasts
Death—Although the physiological function of HTRP in
fibroblasts has not been investigated, some phenotypic
changes of fibroblasts transfected with the htrp gene

Fig. 2. Northern blotting of htrp expression in human
embryo fibroblasts bound to HSV1 and 6 tissues. KMB-17
cells were mock infected or infected with HSV1 (M.O.I. = 1), and
total mRNA was isolated for Northern blotting. The pre-transferred
PVDF membranes of poly(A) + RNA of 6 human tissues were used
to detect the HTRP transcript in human tissues. The HTRP-specific
transcript was detected by using a probe for htrp (a fragment of 500
nt, nucleotides 121–621 of htrp). The β-actin mRNA was detected as
a control by a 491 nt probe. Lane 1: human embryo fibroblast con-
trol; Lane 2: human embryo fibroblast bound to HSV1 for 2 h; Lane
3: brain; Lane 4: heart; Lane 5: liver; Lane 6: lung; Lane 7: spleen;
Lane 8: kidney.

Fig. 3. Subcellular localization of HTRP in HeLa cells. The
subcellular localization of GFP–HTRP was analyzed in transfected
HeLa cells in the presence of control vector. Fluorescence was
observed in live cells at 36 h after transfection (magnification,
×400). A: HeLa cells were transfected with pEGFP-N1 control plas-
mid, the EGFP protein was expressed and distributed in the
nucleus and plasma. B: HeLa cells were transfected with pEGFP-
HTRP, the HTRP-EGFP fusion protein was mainly distributed in
the nucleus.

Fig. 4. Quantitative analysis of HTRP-induced cell death.
KMB-17 cells were transfected with pcDNA3-HTRP plasmid or the
control plasmid pcDNA3. At different times after transfection, the
cells were labeled by TUNEL. Flow cytometry was performed on an
EPIC-XL (Coulter). Wincycle 2.0 software was used to determine
the percentage of death cells. The mean percentage and standard
deviation of triplicate samples are shown.
J. Biochem.
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were observed in this work. The quantitative analysis by
flow cytometry of fibroblasts at different time points after
transfection with HTRP indicated that the expression of
HTRP induces cell death compared with control cells
transfected with the expression vector pcDNA-3 (Fig. 4).
Certainly, no data are presently available to address
whether this observation is related the inhibition of spe-
cific gene transcription and expression. However, these
data imply that the function of HTRP, might involve the
repression of some gene related to cell survival.

HTRP Interacting with SAP30 of the mSin3-Protein
Complex—In the process of cellular transcriptional regu-
lation, related regulators usually form complexes to bind

DNA (32, 33). To investigate the possible function of
HTRP, a yeast two-hybrid experiment was performed to
explore HTRP-interacting proteins in the cDNA library
of human liver tissue. The results suggest that four pro-
tein molecules interact with HTRP in cells (Table 1). Of
these protein molecules, SAP30 is one component of the
human histone deacetylase complex that includes mSin3-
protein family members HDAC1 and HDAC2. The other
three interacting proteins are unknown, but their genes
were identified as being located in human chromosome 4,
7, 12 by the Human Genome Project Working Draft, sug-
gesting that HTRP interacts with SAP30 specifically in
the yeast two-hybrid system. In the investigation of the
mechanism of the interaction between HTRP and SAP30,
6 deletion mutants of HTRP were produced and reacted
with SAP30 in the yeast two-hybrid system (Fig. 5A).
Analysis of β-gal activity revealed that HTRP interacts
with SAP30 through a domain in the N-terminal region
before the 225th amino acid (Fig. 5B), a region containing
a conserved sequence showing high homology (53%) with
other members of this HTRP protein family. This binding
activity reveals that the HTRP molecular interacts with
SAP30 in a specific way.

HTRP Interacting with SAP30 and Other Proteins In
Vitro and In Vivo—Since the yeast two-hybrid test sug-
gested that HTRP is potentially involved with the co-
repressors of the SAP30-mSin3-HDAC complex as
described above, a GST pull-down test and Western blot-
ting of the anti-SAP30 antibody were performed to inves-
tigate the interaction between HTRP and SAP30 in vitro.
The result of GST pull-down indicated that three pro-
teins with molecular masses of 60 kDa, 49 kDa and 30
kDa in labeled human embryo fibroblasts are aggregated
by GST-HTRP beads but not by GST beads (Fig. 6A),
demonstrating that at least three protein molecules are
able to interact with HTRP in cells. Further Western
blotting indicated that the 30 kDa band was recognized
by the anti-SAP30 antibody (Fig. 6B) as confirmed by the
interaction of HTRP with SAP30 in cells in the yeast two-

Table 1. HTRP interactions with related proteins in a yeast
two-hybrid system.a

aPlasmids in column 1 and column 2 were co-transfected into yeast
strain AH109 as pairs. Diploids were assayed by selecting for
growth in the absence of leucine, tryptophan, histidine, and ade-
nine, and for expression of the LacZ promoter by β-gal activity
according to the manufacturer’s protocol (Clontech). Plasmids
pACT-X1, pACT-X2, pACT-X3 indicate unknown proteins in the pre-
transfected human liver cDNA library (BD Biosciences Clontech).
pGBK-HTRP and pACT2 containing the Gal4 active domain were
used to rule out the possibility that HTRP could turn on the LacZ
promoter by itself. pGBKT7-LaminC and pACT-SAP30 were also
used to rule out the possibility that SAP30 could turn on the LacZ
promoter by itself; pGBKT7-p53 and pGADT7-T were used as posi-
tive controls; pGBKT7 and pACT2 were used as negative controls.
Yeast colony color was observed after incubation for a standard
period of time.

DNA binding hybrid Activation hybrid Colony color
pGBKT7 (no insert) pACT2 no colony
pGBK-HTRP pACT-X1 blue
pGBK-HTRP pACT-X2 blue
pGBK-HTRP pACT-X3 blue
pGBK-HTRP pACT-SAP30 blue
pGBK-HTRP pACT2 (no insert) no colony
pGBKT7-LaminC pACT-SAP30 no colony
pGBKT7-p53 pGADT7-T blue

Fig. 5. Analysis of intrin-
sic regions of HTRP that
interact with SAP30. A:
Schematic drawing of
HTRP and its deletion mu-
tants. The plasmids pGBK-
mtA, pGBK-mtB, pGBK-
mtC, pGBK-mtAB, pGBK-
mtBC and pGBK-mtD were
cloned by inserting DNA
fragments encoding the cor-
responding peptides from
HTRP between the EcoRI
and XhoI sites of pGBKT7.
Grey boxes indicate the
DNA-binding domains; mtA

(residues 1–91), mtB (residues 92–225), mtC (residues 226–308), mtAB (residues 1–225), mtBC (residues 92–308) and mtD (residues 1–141):
6 deletion mutants of HTRP. B:Transactivation activity of β-Galactosidase when HTRP mutants interact with SAP30. Plasmid pGBKT7
fused each of 6 deletion mutants of HTRP were co-transfected with pACT-SAP30 into yeast AH109 strain. After a freeze-thaw cycle, the
yeast cell walls were lysed, and reaction buffer and substrate (ONPG) were added as described. Plasmids pGBKT7-LaminC and pGADT7-T
were used as negative controls. Plamids pGBKT7-P53 and pGADT7-T were used as positive controls. The transactivation activity of β-galac-
tosidase was measured at 420 nm, and the β-galactosidase units were calculated according to a standard protocol (Yeast handbook, BD Bio-
sciences Clontech): β-galactosidase units = 1,000 × OD 420 nm/(t × V × OD 600 nm), where t = elapsed time (in min) of incubation, V = 0.1 ×
concentration factor, OD 600 nm = A 600 nm of 1 ml of culture. The values represented the averages of three experiments with variabilities
shown by the error bars.
Vol. 136, No. 2, 2004
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hybrid test. However, there are sufficient data to inter-
pret whether the other two bands aggregated by the GST-
HTRP beads are other components of a possible HTRP
complex. They seem to be unknown protein molecules
that could be related to transcriptional regulation, espe-
cially of a repressors complex based on their interactions
with SAP30. Meanwhile, the immunoprecipitation of the
anti-HTRP antibody showed that HTRP combines with
several protein molecules in vivo when expressed in
fibroblasts bound to HSV1 (Fig. 7A). These proteins that
interact with HTRP were transferred to the NC mem-
brane and Western blotting with the anti-SAP30 anti-
body was performed, indicating that the SAP30 is
included among these proteins (Fig. 7B ).

DISCUSSION

Studies on the interaction between virus and receptor
suggest that the essence of this interaction actually is a
process that mimics the physiological ligand binding
receptor and induces signal transduction (1, 3, 5). With
the ability to bind receptors of heparen sulfate moieties
and other unidentified membrane proteins, HSV1 is con-
firmed to be able to induce specific gene responses as it
attaches to cells (8, 9). Data from our previous work indi-
cate that the main protein molecules encoded by genes
that respond in cells infected with HSV1 are transcrip-
tional regulators (14, 18). As a protein encoded by an
immediate-early gene induced in cells bound by HSV1,

HTRP was predicted to be related to the transcriptional
regulation process through its phosphorylation site, con-
served nuclear receptor corepressor motif and a bipartite
nuclear localization signal (35). Previous analysis of the
N-CoR/SMRT complex revealed that a critical motif
sequence, L-X-X-X-I-X-X-X-I/L, must form an extended α-
helix in the co-repressor in order to fit in the charge
clamp of its receptor DNA-binding domain (20). This con-
served motif is also present in HTRP indicating that
HTRP may form a co-repressor complex to repress the
DNA-binding domain of some transcriptional activators,
or directly inhibit this DNA-binding domain. In fact,
HTRP expressed in a fusion polypeptide with a fluores-
cent protein in HeLa cells was confirmed to localize in the
nucleus; also, HTRP was found to be expressed in KMB-
17 cells stimulated with HSV1 in our previous work (16).
Although we do not have detailed data at present to
address the precise physiological function of HTRP in
cells, the quantitative cytometric analysis of fibroblasts
transfected with the htrp gene convinced us to some
extent that HTRP might be involved in the repression of
some genes related to cell survival. The yeast two-hybrid
experiment showed that HTRP is indeed involved in an
interaction with the SAP complex via SAP30. The pull-
down test and Western blotting also provided evidence to

Fig. 6. Analysis of the interactions of HTRP with SAP30 and
other cellular proteins by in vitro pull-down assay. A: Detec-
tion of HTRP interactions with SAP30 and other cellular proteins.
In vitro, 35S-labeled KMB-17 cellular proteins were incubated with
equal amounts of GST or GST-HTRP fusion proteins and then
immobilized on glutathione–Sepharose 4B beads. Bound proteins
were eluted from the beads and separated by 10% SDS-PAGE and
analyzed by autoradiography. Lane 1: binding to beads containing
GST protein only. Lane 2: labeled KMB-17 cellular extract input
GST-HTRP was loaded onto the gel. B: Western blotting Analysis of
SAP30 pulled down by the GST-HTRP fusion protein. KMB-17 cel-
lular proteins were incubated with equal amounts of GST or GST-
HTRP fusion proteins and then immobilized on glutathione-Sepha-
rose 4B beads. Bound proteins were eluted from the beads and elec-
trophoresed by 10% SDS-PAGE, transferred onto nitrocellulose
membranes, and used for Western blotting analysis with an anti-
SAP30 polyclonal antibody (Upstate Biotechnology) specific for the
designated protein at 1 µg/ml dilution. Signals were detected by an
ECL system (Pierce). Lane 1 shows binding to beads containing
GST protein only. Lane 2: KMB17 cellular extract input GST-HTRP
was loaded onto the gel.

Fig. 7. The interaction between HTRP and SAP30 in vivo. A:
Immunoprecipitation of HTRP from KMB-17 cells bound to HSV1
with anti-HTRP antibody and anti-SAP30 antibody. KMB-17 cells
were bound to HSV1 and incubated in [35S]methionine labeling
medium, and lysed in RIPA. Immunoprecipitations with antibodies
anti-HTRP and anti-SAP30 were performed separately. Then, the
conjugated complex was absorbed to A protein-Sepharose 4B. After
washing with RIPA, the samples were eluted in sample buffer and
subjected to SDS-PAGE. Lane 1 shows negative control with normal
mice IgG; Lane 2 shows the complex immunoprecipitated by the
anti-HTRP antibody; Lane 3 shows the complex immunoprecipi-
tated by the anti-SAP30 antibody. B: SAP30 was associated with
the complex immunoprecipitated by the anti-HTRP antibody. The
immunoprecipitated complex aggregated by the anti-HTRP anti-
body from KMB-17 cells bound to HSV1 as described above was
transferred to an NC membrane. Western blotting with anti-SAP30
antibody was performed as described above. Lane 1 shows the spe-
cific interaction between the complexes immunoprecipitated by the
anti-HTRP antibody and anti-SAP30 antibody; Lane 2 shows the
negative control with normal mice IgG.
J. Biochem.
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support this result. The immunoprecipitation of HTRP in
vivo further confirmed its interaction with SAP30. All
data suggest that HTRP is a possible component of a co-
repressor of transcriptional regulation. However, since
HTRP does not contain a DNA-binding sequence, it could
interact indirectly with DNA. As far as we know, co-
repressors of transcriptional regulation form several
complexes and function in a systematic way, and the
SAP30 is able to interact directly with histone deacety-
lase HDAC1 in its associated function. This ability
depends upon protein-protein interactions of multi-com-
ponents in co-repressor complexes (28–30). The observa-
tion of mSin3-HDAC-SAP complexes from different labo-
ratories with different compositions implies that the
different compositions are probably due to requirements
for various regulatory functions (36), e.g., in TRK2 gene
expression, SAP30 is absent from the HDAC/Rpd3 com-
plex (37). The interaction between the SAP30 and HTRP
induced by the HSV1 binding receptor in the membranes
of human embryo fibroblasts suggests a specific func-
tional requirement for signal transduction. In this case,
HTRP would likely be a regulator component in a co-
repressor complex required for a transcriptional regula-
tory function, which might be involved in an unknown
mechanism to suppress a cellular survival gene.

Some studies have reported composition models of the
co-repressor complex (36, 38) depending upon the specific
gene expression that is the focus of the research. In the
work described here, the HTRP protein induced by the
HSV1 binding receptor was found to interact with
SAP30, suggesting another possible co-repressor for
transcription regulated by a signal activated by the
receptor of HSV1 in human embryo fibroblasts. However,
this co-repressor is probably part of an unknown mecha-
nism to suppress some cellular survival gene. The fact
that HTRP interacts with SAP30 in its conserved domain
implies that this protein family, as the product of an
immediate-early gene, functions in transcriptional regu-
lation in cells. However, the details of the mechanism for
this cellular transcriptional regulation require more
investigation.

Nucleotide sequence date are available in the DDBJ/EMBL/
GenBank databases under the accession number AF450482.
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Program of Higher Education (SRSDP) (No. 20020023053)
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