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Rex protein, the posttranscriptional regulator of hu-
man T-cell leukemia virus type I (HTLV-I), is required
for the control of viral structural protein expression
and virus replication. Rex is a phosphoprotein found
predominantly in the cell nucleolus, whose function is
thought to be regulated by its nucleolar localization
and phosphorylation. Therefore, we investigated the
in vivo phosphorylation of Rex protein in more detail.
Phosphorylation of Rex occurred in all HTLV-I-in-
fected cell lines examined in vivo, primarily at serine
residues and to a very small extent at threonine resi-
dues. Treatment of cells with 12-O-tetradecanoylphor-
bol-13-acetate (TPA) led to significant but transient
enhancement of the incorporation of [*?PJorthophos-
phate into Rex protein. N-terminal truncation of Rex
protein abolished TPA-dependent phosphorylation.
Chymotryptic digestion of phosphorylated Rex yielded
two phosphopeptides. In vivo phosphorylation sites
were identified as serine residues 70 and 177 and
threonine residue 174. Serine 70 was a TPA-depend-
ent phosphorylation site within a regulatory domain.
We have already shown that the protein kinase C in-
hibitor H-7 (1-(5-isoquinolinylsulfonyl)-2-methylpi-
perazine) specifically blocked accumulation of viral
unspliced gag-pol mRNA. Therefore, the phosphoryl-
ation at serine 70 may be involved in the regulation of
Rex function in response to extracellular stimuli.

Protein phosphorylation is believed to be a major general
mechanism by which external physiological stimuli affect
intracellular events in eukaryotic cells (1-3). Studies of the
effect of phosphorylation on protein function have focused
primarily on cell surface receptors and cytoplasmic proteins.
However, it is clear that many nuclear proteins, including
proteins thought to be involved in gene regulation, are also
phosphorylated in vivo (1, 4-8). It therefore appears possible
that the variable phosphorylation of these trans-acting regu-
latory proteins has functional consequences for the regulation
of cellular or viral gene expression and may, in fact, constitute
one mechanism by which nuclear events are modulated by
external stimuli (1, 8).

* This work was supported in part by grants from the Mochida
Memorial Foundation for Medical and Pharmaceutical Research, by
grants-in-aid for scientific and cancer research from the Ministry of
Education, Science and Culture of Japan, and by the National Cancer
Institute, Department of Health and Human Services under Contract
NO1-CO-74101. The costs of publication of this article were defrayed
in part by the payment of page charges. This article must therefore
be hereby marked “advertisement” in accordance with 18 U.S.C.
Section 1734 solely to indicate this fact.

9 To whom correspondence should be addressed.

HTLV-I' is an etiological agent for adult T-cell leukemia
(9, 10). HTLV-I contains a unique regulatory gene, termed
pX, that encodes three proteins, Tax, Rex, and pp21 (11-15).
Tax is known to activate transcription of the virus (16-18)
and several cellular genes (19-21). Rex is a posttranscriptional
regulator that induces the accumulation of unspliced viral
gag-pol mRNA (4, 5, 22, 23). Rex is a phosphoprotein found
predominantly in the cell nucleolus, whose function may be
regulated by its nucleolar localization (24) and phosphoryla-
tion (4, 5). Actually, dephosphorylation of Rex results in the
decrease of accumulation of unspliced viral mRNA (4).

We were therefore interested in investigating in detail the
in vivo phosphorylation of Rex protein. For this purpose, we
isolated *?P-labeled Rex from HTLV-I-infected human T-cell
lines by immunoprecipitation, performed various biochemical
analyses, and determined the phosphorylation sites within
the Rex molecule.

EXPERIMENTAL PROCEDURES

Cells and Metabolic Labeling—HUT-102, MT-2, and TL-Su (25)
are human T-cell lines infected with HTLV-I. TART-1 (26) is an
HTLV-I-infected rat T-cell line. Cell lines CCRF-CEM, Jurkat, and
Molt-4 (25) are uninfected human T-cell lines. Cell lines Raji and K-
562 (25) are human lymphoblast-like cells and erythroleukemia cells,
respectively. All cell lines were routinely maintained in RPMI 1640
medium supplemented with 10% fetal calf serum (heat-inactivated at
56 °C for 30 min) at 37 °C in humidified air with 5% CO,. COS-7 cells
(5) were grown in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal calf serum. Metabolic labeling of cells with [*2P]
orthophosphate (18.5 MBq/ml) was conducted by incubating cells (1
X 10° cells/ml) in phosphate-free medium supplemented with 10%
fetal calf serum dialyzed against Tris-buffered saline (20 mM Tris-
HCI, 0.15 M NaCl, pH 7.5) at 37 °C for 2 h with various stimulations
as previously described (27). At the end of the incubation period, cells
were washed with phosphate-buffered saline (10 mM phosphate, 0.14
M NaCl, pH 7.5).

Antibody Preparation—Rabbits were immunized by injection of
the synthetic peptide NHy-Thr-Ser-Phe-Pro-Pro-Pro-Ser-Pro-Gly-
Pro-Ser-Cys-Pro-Thr-COOH corresponding to the C-terminal region
of HTLV-I Rex in complete Freund’s adjuvant. An immunoglobulin
G (IgG) fraction of antiserum was prepared as described previously
(27) and used in this study.

Immunoblot Analysis—Proteins from each cell extract were sub-
jected to SDS-PAGE on 12.5% polyacrylamide gels according to the
procedure of Laemmli (28). Separated proteins were transferred onto
nitrocellulose membrane and incubated with anti-Rex IgG. The im-

! The abbreviations used are: HTLV-I, human T-cell leukemia
virus type I; TPA, 12-O-tetradecancylphorbol-13-acetate; PAGE,
polyacrylamide gel electrophoresis; TPCK, L-1-p-tosylamino-2-phen-
ylethyl chloromethyl ketone; TLCK, 5-amino-L-tosylaminopentyl
chloromethyl ketone; HPLC, high-pressure liquid chromatography;
db-cAMP, NZ2-2’-O-dibutyryladenosine 3’:5’-cyclic monophosphate;
db-cGMP, N®-2’-0-dibutyrylguanosine 3’:5’-cyclic monophosphate;
kb, kilobase(s); PVDF, polyvinylidene difluoride; HIV-1, human im-
munodeficiency virus type 1.
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munocomplexes were detected by binding with horseradish peroxi-
dase-conjugated protein A as described previously (25).

Immunoprecipitation—Metabolically labeled cells were lysed with
RIPA buffer (50 mM Tris-HCI, 0.15 M NaCl, 4 mm EDTA, 1%
Nonidet P-40, 0.1% sodium deoxycholate, 10 mM Na,P,0;, 10 mMm
NaF, 2 mM Na;VO;, 1 mM phenylmethylsulfonyl fluoride, pH 7.5) at
4 °C for 30 min. After centrifugation at 15,000 rpm (Eppendorf
microcentrifuge) for 10 min, the supernatant was incubated with anti-
Rex IgG at 4 °C for 2 h. The immunocomplexes were precipitated
with protein A-Sepharose CL-4B, then extensively washed with RIPA
buffer and LSW buffer (10 mm Tris-HCI, 10 mM NaCl, pH 7.6) as
described previously (27). The immunoprecipitates were subjected to
SDS-PAGE. After electrophoresis, gels were stained with Coomassie
Brilliant Blue R-250, dried, and subjected to autoradiography using
an intensifying screen.

Phosphoamino Acid Analysis—**P-Labeled Rex protein was eluted
from acrylamide gel sections by TPCK-trypsin digestion (50 ug/ml)
in 50 mM NH,HCO;. Recovered phosphopeptides were hydrolyzed in
6 N HCl at 105 °C for 2 h. Resulting phosphoamino acid samples were
mixed with standards (phosphoserine, phosphothreonine, and phos-
photyrosine; 5 ug each) and applied onto cellulose-coated thin-layer
glass plates (20 X 20 cm). High voltage electrophoresis was performed
in pH 3.5 buffer (pyridine:acetic acid:water, 1:10:189 (v/v)) at 4 °C.
#P-Labeled phosphoamino acids were identified by autoradiography,
and phosphoamino acid standards were identified by spraying the
plates with ninhydrin (27).

DNA Transfection—Rex expression vector pPKCR274+40X was con-
structed by inserting a 1.1-kb BamHI/Smal fragment (nucleotides
5095-8308) of pX ¢cDNA from pHA27X (24) into the same sites of
pKCROHS (29). Deletion mutant pKCR21X was constructed by
inserting a Ball fragment (nucleotides 7437-8091) of \AHTLVIC (30)
into an HindlII site of pKCRH2 (31) by using HindIII linkers. COS-
7 cells were transfected with plasmid DNA by the calcium phosphate-
precipitation method (5).

Endoproteinase Digestion and HPLC Separation—TLCK-chymo-
trypsin was used for digestion of *’P-labeled Rex on Immobilon PVDF
membrane (Millipore). Digestions were carried out at 37 °C in 50 mM
NH,HCO; for 4 h followed by overnight incubation with a second
identical dose of proteinase. The sample after digestion was subjected
to reversed-phase HPLC using a C,5 column (0.46 X 15 cm, Separation
Group). The elution was performed by a linear gradient of 0-65%
solvent B for 70 min (solvent A: 0.1% trifluoroacetic acid in water;
solvent B: 0.1% trifluoroacetic acid in acetonitrile).

Radiosequencing—Each phosphopeptide from reversed-phase
HPLC was subjected to sequential Edman degradation in a Beckman
890C automated spinning cup sequenator with 10 nmol of horse
apomyoglobin (Sigma) carrier as described previously (32). Fractions
collected at each cycle of sequential analysis were transferred to
scintillation vials, dried with N, and heat, redissolved in 8 ml of
Aquasure (Du Pont-New England Nuclear), and allowed to equili-
brate in the dark for 2 h, and scintillation was counted.

RESULTS

In Vivo Phosphorylation of HT'LV-I Rex—The Rex protein
encoded by the HTLV-I pX gene open reading frame consists
of 189 amino acids and has a molecular mass of 27 kDa. As
shown in Fig. 1, all of the HTLV-I-infected cell lines that we
tested (HUT-102, MT-2, TL-Su, and TART-1) expressed
nearly the same amount of Rex protein. When the human
hematopoietic cell lines were metabolically labeled with [**P]
orthophosphate for 2 h and subjected to immunoprecipitation,
the radioactive Rex protein was specifically observed in the
HTLV-I-infected cell lines (Fig. 2). In these cell lines, slightly
limited proteolysis or microheterogeneity of labeled Rex was
observed. The incorporation of **P; into the Rex protein was
enhanced approximately 5-fold when the cells were pulsed
with 100 ng/ml TPA for 15 min at the end of **P-labeling
period. Since the radioactivity associated with Rex was sen-
sitive for the alkaline phosphatase treatment (data not
shown), incorporation of the radioactivity was due to protein
phosphorylation, but not ADP-ribosylation.

Effects of Drugs on Phosphorylation of Rex—To explore
which protein kinases are involved in the phosphorylation of
Rex in vivo, we examined the effects of various drugs on its
phosphorylation. The phorbol ester TPA and the calcium
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FiG. 1. Detection of Rex in HTLV-I-infected human T-cells.
Cell extracts (120 ug of protein in every case) were analyzed by SDS-
PAGE followed by immunoblotting with antibody to the C terminus
of Rex as described under “Experimental Procedures.” Lane 1, HUT-
102; lane 2, MT-2; lane 3, Jurkat; lane 4, Molt-4; lane 5, TL-Su; lane
6, TART-1; lane 7, Raji; lane 8, K-562. Molecular size standards (in
kilodaltons) are indicated on the left.
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FiG. 2. In vivo phosphorylation of Rex. Cells were metaboli-
cally labeled with [*’PJorthophosphate, lysed, and subjected to im-
munoprecipitation with anti-Rex IgG as described under “Experi-
mental Procedures.” The cell lines examined were CCRF-CEM (lanes
1 and 2), HUT-102 (lanes 3 and 4), Molt-4 (lanes 5 and 6), MT-2
(lanes 7 and 8), Jurkat (lanes 9 and 10), TL-Su (lanes 11 and 12),
Raji (lanes 13 and 14), TART-1 (lanes 15 and 16), and K-562 (lanes
17 and 18). Samples in even-numbered lanes were pulsed with 100
ng/ml TPA for 15 min after 2 h of labeling. Samples in odd-numbered
lanes were not subjected to TPA treatment. Autoradiography was
carried out for 24 h. Molecular size standards (in kilodaltons) are
indicated on the left.

ionophore Au;5; are known to activate cellular protein kinase
C (1, 33). Forskolin and db-cAMP are activators of adenylate
cyclase and protein kinase A (27), respectively. Protein kinase
G is known to be activated by db-cGMP (27). The HTLV-I-
infected cell lines TL-Su and HUT-102 were pulsed with 100
ng/ml TPA, 10 uM forskolin, 0.5 mM db-cAMP, or 0.5 mM
db-cGMP for 15 min at the end of the **P-labeling period,
and **P-labeled Rex was immunoprecipitated. As shown in
Fig. 3, the incorporation of **P; into Rex was preferentially
and rapidly augmented by TPA-treatment but not by treat-
ment with any other drugs. By contrast, no increased synthe-
sis of Rex protein was observed during 15-min drug treatment
(data not shown). Quantification of the resultant autoradi-
ograms by densitometric scanning revealed an approximate
5-fold increase of Rex phosphorylation in the TPA-treated
cultures relative to the control or to other treatments.

Effect of Down-regulation of Protein Kinase C on Rex Phos-
phorylation—Stimulation of cells with TPA appears to result
in rapid translocation of protein kinase C from the cytosol to
sites within the membrane. However, this activated mem-
brane-associated protein kinase C is rapidly degraded by
nonlysosomal proteolysis, leading to a subsequent rapid de-
cline in kinase activity (down-regulation) (34, 35). In order to
confirm the possible involvement of protein kinase C on Rex
phosphorylation, we caused the down-regulation of cellular
protein kinase C by long-term exposure to TPA and moni-
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FiG. 3. Effect of drugs on phosphorylation of Rex. Cells were
labeled with [**P]orthophosphate for 2 h, then incubated with various
drugs at optimum concentrations for 15 min as described under
“Experimental Procedures.” Cell extracts were immunoprecipitated
with anti-Rex IgG and analyzed by SDS-PAGE followed by autora-
diography. The cell lines examined were TL-Su (4) and HUT-102
(B). Lane 1, no stimulation; lane 2, 100 ng/ml TPA; lane 3, 10 uM
Augisn lane 4, 10 uM forskolin; lane 5, 0.5 mM db-cAMP; lane 6, 0.5
mM db-cGMP. Molecular size standards (in kilodalton) are indicated
on the left.
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F1G. 4. Effect of down-regulation of protein kinase C on
phosphorylation of Rex. Cell lines HUT-102 (A) and TL-Su (B)
were preincubated overnight in the absence (lanes 1 and 2) or pres-
ence (lanes 3 and 4) of 200 ng/ml TPA, then incubated with [**P]
orthophosphate for 2 h as described under “Experimental Proce-
dures.” In lanes 2 and 4, samples were incubated with 100 ng/ml TPA
for 15 min after the labeling period. In lanes I and 3, samples were
labeled without TPA treatment. Cell extracts were immunoprecipi-
tated with anti-Rex IgG and analyzed by SDS-PAGE followed by
autoradiography. Molecular size standards (in kilodaltons) are indi-
cated on the left.

tored the phosphorylation of Rex after retreatment with TPA.
TPA-dependent enhancement of Rex phosphorylation was
observed in the absence of pretreatment with TPA (Fig. 4A,
lanes 1 and 2). By contrast, the phosphorylation of Rex was
no longer dependent on TPA after extensive pretreatment
with TPA (lanes 3 and 4). However, TPA-independent and
basal phosphorylation of Rex, which corresponds to the con-
trol, was still detectable. Similar results were also observed in
another HTLV-I-infected cell lines, TL-Su (Fig. 4B). Thus,
a part of Rex phosphorylation was closely related to the
activation of protein kinase C.

Phosphoamino Acid Analysis of Rex—To identify the phos-
phorylated amino acids present in Rex, *P-labeled Rex pro-
teins from various HTLV-I-infected cells and drug-treated
cells were eluted from gel sections and subjected to acid
hydrolysis. Phosphoamino acids were separated by electro-
phoresis and detected by autoradiography. As shown in Fig.
5, in all HTLV-I-infected cells (A) and all drug treatments
(B), the Rex protein was phosphorylated mainly at the serine
residue with trace amounts of phosphothreonine in vivo.
However, phosphotyrosine was not detectable in any of the
cells and treatments examined.

Phosphorylation of Truncated Rex, pp21—The objectives of
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FiG. 5. Phosphoamino acid analysis of Rex. A, *’P-labeled Rex
protein from various HTLV-I-infected human T-cells was immuno-
precipitated, eluted from gels, and hydrolyzed in 6 N HCI at 105 °C
for 2 h. Phosphoamino acids were separated by high voltage electro-
phoresis and subjected bo autoradiography. Rex proteins were isolated
from MT-2 (lanes 1 and 2), HUT-102 (lanes 3 and 4), TL-Su (lanes
5 and 6), and TART-1 (lanes 7 and 8). Samples in lanes 2, 4, 6, and
8 were treated with TPA for 15 min after the labeling period. Samples
in lanes 1, 3, 5, and 7 were labeled without TPA treatment. B, *P-
labeled Rex proteins from drug-treated HUT-102 (lanes 1-6) and
TL-Su (lanes 7-12) were subjected to phosphoamino acid analysis as
described above. Lanes I and 7, no treatment; lanes 2 and 8, 100 ng/
ml TPA; lanes 3 and 9, 10 uM Auys7; lanes 4 and 10, 10 uM forskolin;
Lanes 5 and 11, 0.5 mM db-cAMP; lanes 6 and 12, 0.5 mM db-cGMP.
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FiG. 6. Schematic presentation of Rex expression plasmid
and deletion mutant. pKCR27+40X in which pX ¢cDNA was in-
serted downstream of the simian virus 40 early promoter, encodes
full-size Rex. The exon and intron sequences of the rabbit 3-globin
gene are indicated by solid boxes. pKCR21X, which produces pp21,
was constructed by deleting the first 78 amino acids of Rex. pKCRH?2
is the original vector used for construction of the above plasmids.

—Rex
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Fic. 7. Phosphorylation of Rex and pp21 in transfected
COS-17 cells. The products of Rex expression vector (D KCR27+40X:
lanes 1 and 2), deletion mutant (pKCR21X: lanes 3 and 4), and
negative control (pKCRH2: lanes 5 and 6) were immunoprecipitated
from *’P-labeled cell lysates after parallel DNA-transfection. Samples
in lanes 2, 4, and 6 were incubated with TPA for 15 min after 2 h of
labeling. Samples in lanes 1, 3, and 5 were labeled without TPA
treatment. Molecular size standards (in kilodaltons) are indicated on
the left.
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FiG. 8. Purification of chymotryptic phosphopeptides by
Cis reversed-phase HPLC. **P-Labeled Rex was prepared by im-
munoprecipitation and SDS-PAGE, then digested with TLCK-chy-
motrypsin as described under “Experimental Procedures.” The re-
sulting peptides were applied onto a C;s column (0.46 X 15 cm). The
phosphopeptides were separated at a flow rate of 1.0 ml/min with a
linear gradient of 0-65% acetonitrile in 0.1% trifluoroacetic acid as
shown by the dashed line. The radioactivity in each fraction was
monitored by Cerenkov counting.
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Fic. 9. Radiosequence analysis. Each chymotryptic phospho-
peptide from reversed-phase HPLC was subjected to automated Ed-
man degradation as described under “Experimental Procedures.” The
amounts of **P radioactivity released during each cycle are shown. A,
peak 1 in Fig. 8; B, peak 2 in the same figure.

this study were to explore the possibility of phosphorylation
in a highly basic N-terminal sequence, MPKTRRRPRRSQ-
RKRPPTPWP, which is the nucleolar targeting signal of Rex
(24), and to estimate the TPA-dependent phosphorylation
site(s), roughly. For this purpose, we constructed the expres-
sion vectors pKCR27440X (for full-size Rex) and pKCR21X
(for pp21, by deletion of the 78 N-terminal amino acid residues
of Rex) (Fig. 6). After DNA transfection of these expression
vectors into COS-7 cells, the cells were metabolically labeled
with *P; in the absence or presence of TPA and analyzed by
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Fi16. 10. In vivo phosphorylation sites of HTLV-I Rex. Ar-
rows mark the sites of efficient chymotryptic cleavage. Brackets
indicate chymotryptic phosphopeptides, identified by the numbering
system of Fig. 8. Circled residues are phosphorylated in vivo. The
consensus sequence of the site phosphorylated by protein kinase C is
marked with a wavy underline. The antigenic sequence of the antibody
used in this study is underlined.

immunoprecipitation followed by SDS-PAGE and autoradi-
ography. As shown in Fig. 7, the Rex protein expressed by
pKCR27+40X was phosphorylated in vivo, and TPA-depend-
ent phosphorylation was also observed in COS-7 cells. The
deletion of the first 78 amino acid residues of Rex caused a
significant disappearance of TPA-dependent phosphoryla-
tion. However, phosphorylation of pp21, which corresponds
to the basal level of TPA-independent phosphorylation was
still observed. Hence, TPA-dependent site(s) are located in
the 78 N-terminal amino acid residues, and another site(s) is
located in residues 79~189 of Rex.

Identification of in Vivo Phosphorylation Sites of Rex—In
order to determine the precise location of the phosphorylated
serine(s) and threonine(s), we prepared *P-labeled Rex by
metabolic labeling followed by immunoprecipitation. After
extensive digestion with TLCK-chymotrypsin, the resulting
peptides were separated by HPLC (Fig. 8). Two **P-labeled
phosphopeptides were isolated. Since the phosphopeptide in
peak 2 was immunoreactive with antibody against a synthetic
peptide that represented the 14 C-terminal amino acid resi-
dues of Rex (data not shown), it was identified as the C-
terminal chymotryptic peptide, SACTSTSFPPPSPGPSCPT
(residues 171-189). This and the results obtained with the N-
terminally truncated Rex (Fig. 7) permitted us to postulate
that peak 1 should be the chymotryptic peptide containing
TPA-dependent phosphorylation site(s) within the 78 N-
terminal residues. Each *?P-labeled chymotryptic phospho-
peptide was mixed with myoglobin as carrier protein and
subjected to automated Edman degradation in a spinning cup
sequenator. Successive degradation and the sequence cycle
number were monitored by analysis of phenylthiohydantoin
amino acids of carrier protein released at cycles 2 and 11. The
amount of radioactivity released during each cycle was mon-
itored by scintillation counting to determine the position(s)
of phosphorylated amino acids relative to the amino end of
the peptides (Fig. 9). *’P radioactivity was released during the
sixth cycle of peak 1 (Fig. 94). Only one predicted chymo-
tryptic peptide (residues 65-82) contains a serine in this
position. Moreover, Ser-70 coincides with the consensus se-
quence of phosphorylation sites of protein kinase C (Fig. 10).
A similar analysis was used to identify the phosphorylation
site(s) of the C-terminal chymotryptic peptide (peak 2 in Fig.
8). In this case, 3°P radioactivity was released at the fourth
and seventh cycles (Fig. 9B). These positions of the chymo-
tryptic peptide (residues 171-189) (Fig. 10) corresponded to
Thr-174 and Ser-177, respectively.

DISCUSSION

In this study, we examined the in vivo phosphorylation of
the HTLV-I posttranscriptional regulator, Rex. Phosphoryl-
ation of Rex was observed in all human T-cell lines bearing
HTLV-I proviruses (HUT-102, MT-2, TL-Su, and TART-1;



Phosphorylation of HTLV-I Rex

Fig. 2) tested and in COS-7 cells transfected by the Rex
expression vector (Fig. 7, lanes 1 and 2). In every case, the
major phosphoamino acids of phosphorylated Rex were phos-
phoserine with a trace amount of phosphothreonine. Tyrosine
kinase was not involved, since phosphotyrosine was not de-
tected in any of the HTLV-I-infected cells with or without
drug treatment. The level of Rex phosphorylation was en-
hanced by the treatment of cells with TPA alone, a specific
activator of cellular protein kinase C (1, 33). Moreover, the
pretreatment of cells with TPA caused down-regulation of
cellular protein kinase C, resulting in no augmentation of
TPA-dependent Rex phosphorylation after retreatment with
TPA. These results closely mirror the previously reported
effect of TPA on protein kinase C activation in cultured cells
(1, 33-36).

The in vivo phosphorylation sites of Rex were identified as
Ser-70, Ser-177, and Thr-174 by radiosequencing. As the
deletion of the first 78 amino acid residues of Rex caused a
significant disappearance of TPA-dependent phosphoryla-
tion, Ser-70 was identified as a TPA-dependent phosphoryl-
ation site. This is supported by inspection of its surrounding
sequences. Ser-70 fits an apparent consensus sequence of the
phosphorylation site by protein kinase C, Ser’/Thr'-X-Arg/
Lys (37). A wide range of in vivo protein kinase C substrate
proteins has been reported. However, very few of these pro-
teins are localized predominantly in the nuclei, especially in
the nucleolus (1, 38). Indeed, it has been reported that only
low levels of protein kinase C activity are associated with the
nuclei (1, 39). Therefore, TPA-dependent phosphorylation of
Rex may (i) be directly mediated by protein kinase C in the
cytoplasm and the phosphorylated Rex is translocated into
the nucleolus, or (ii) reflect an additional step of signal
transduction, resulting in activation of a nuclear kinase, such
as the human immunodeficiency virus type 1 (HIV-1) Rev
kinase (39).

Recent studies have revealed that (i) the first 77 N-terminal
amino acids of Rex constitutes a domain with RNA-binding
activity (40), (ii) a region between residues 55 and 132 is
required for Rex-mediated trans activation (41), and (iii) an
effector domain (residues 66-118) is essential for Rex function
(42). In this study, we identified that the TPA-dependent
phosphorylation site, Ser-70 is located within these functional
regions. Protein phosphorylation has been recognized as a
major posttranslational regulatory mechanism and is thought
to play an important role in the control of cell growth,
differentiation, and tumorigenicity (1, 2). Hence, it is possible
that phosphorylation at Ser-70 is necessary for the activation
of Rex function. We have demonstrated that the protein
kinase inhibitor H-7 blocks accumulation of viral unspliced
gag-pol mRNA corresponding with the decreased in vivo phos-
phorylation of Rex (4). It has been reported that TPA is an
inducer of viral gene expression and replication of HTLV-I
or HIV-1 in infected human T-cells (43, 44) and enhances
Rev phosphorylation in vivo (45). Thus, retroviruses such as
HTLV-I and HIV-1 that encode their own trans-regulator
proteins would be able to adapt if they could also respond to
regulatory signals by extracellular stimuli. One way by which
this effect could be accomplished would be having the function
of Rex be dependent on phosphorylation.
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