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ABSTRACT Human T cell leukemia virus I (HTLV-I)
causes acute leukemic disease in a low percentage of infected
individuals through obscure mechanisms. Our studies com-
pare two rabbit HTLV-I-infected T cell lines: one, RHyK34,
causes lethal experimental leukemia and the other, RHyK30,
mediates asymptomatic infection. We show herein that the
product of the protooncogene vav is constitutively Tyr-
phosphorylated in RHyK34 but not in RHyK30. A role for the
retrovirus in phosphorylation of Vav was assigned by trans-
fection experiments with molecular clones of HTLV-I derived
from the two lines. The HTLV-I molecular clone from RHy
K30, but not that from RHyK34, down-regulates Vav phos-
phorylation in a Herpesvirus ateles-transformed T cell line.
Use of recombinant virus clones revealed that a pX region
sequence differing by two nucleotides between the two clones
mediates this down-regulation. Because Vav is involved in T
cell signaling and Vav phosphorylation occurs upon activation
of T cells, control of the activation state of Vav by viral
proteins may relate to the leukemogenic potential of certain
HTLV-I-infected cells.

The retrovirus human T cell leukemia virus (HTLV-I) infects
10–20 million persons worldwide. Of those infected, the
majority remain asymptomatic, whereas a small percentage
develop acutely fatal adult T cell leukemiaylymphoma
(ATLL), chronic cutaneous leukemia, the neurologic disorder
HTLV-I-associated myelopathyytropical spastic paraparesis,
or one of several chronic diseases that have been linked to
HTLV-I (1, 2). Mechanisms by which infection with this
retrovirus may result in such diverse outcomes remain obscure.
HTLV-I isolates vary little in primary structure and no asso-
ciations between viral sequence and outcome of infection are
evident.

HTLV-I readily infects certain animals, including monkeys,
rats, and rabbits, and in some specific instances, infection leads
to disease in experimental animals (3). Although the majority
of rabbit cell lines derived by infection with HTLV-I human
lines give rise to chronic asymptomatic infection, administra-
tion of certain HTLV-I-infected T cell lines leads to acutely
fatal or smoldering disease that mimics human ATLL (4–6).
Differences between such lines and those mediating asymp-
tomatic infection can provide clues concerning the variable
pathogenicity of HTLV-I. RHyK30 and RHyK34 are two
HTLV-I-transformed T cell lines; RHyK30 mediates asymp-
tomatic infection and RHyK34 causes a fatal leukemia-like
disease accompanied by thymic depletion via apoptosis (6, 7).
Despite the overwhelming differences in their in vivo behavior,
these two gd T cell lines have only minor differences in
expression of surface markers (8). Although the integrated
proviruses differ by only 18 nucleotides of their 9-kb sequence

(9), molecular clones of the proviruses from these lines show
differences in their ability to give rise to chronic infection both
in vivo and in vitro and in levels of virus production after their
use to transfect susceptible cells (9). Because the virus clones
alone do not have the ability to cause disease in animals, it was
reasoned that the properties of the HTLV-I-infected cells are
critical to the pathogenic processes. Therefore, the RHyK30
and RHyK34 cell lines were examined for clues to their
different in vivo activities.

Recent reports of constitutive phosphorylation of molecules
involved in signaling pathways in HTLV-I lines (10, 11)
prompted consideration of protein phosphorylation patterns
of RHyK30 and RHyK34. Because both lines express high
levels of cell surface CD25 and are interleukin 2 (IL-2)-
independent (8), significant differences in their IL-2-mediated
signaling pathways were not predicted. However, the role of
protein phosphorylation is not limited to IL-2-mediated sig-
naling but is also involved in normal cell proliferation, differ-
entiation, and oncogenic transformation (12, 13). Investiga-
tions of phosphorylated proteins indicated a significant dif-
ference between the two cell lines in that the product of the
protooncogene vav is Tyr-phosphorylated in RHyK34 but not
in RHyK30.

The Vav protein, which was first identified by its transform-
ing activity (14), is expressed only in hematopoietic cells and
trophoblasts (14, 15). Vav plays a role in lymphoid cell
maturation (16, 17). Involvement of Vav in signal transduction
is implied by the fact that Tyr phosphorylation of Vav is
induced by engagement of T cell, B cell, or Fc receptors
(18–20); by interaction of various cytokine and other cell
surface receptors with their ligands (21–23); and by the
impairment of lymphocyte signaling in Vav-deficient mice
(24–26). The Vav oncoprotein contains modular domains
involved in protein–protein and possibly protein–lipid and
protein–DNA interactions. Vav homology domains include
pleckstrin PH, src SH2, SH3, and calponin CH (27–30).
Furthermore, Vav contains a motif characteristic of guanidine
nucleotide releasing factors (14, 31, 32), two Pro-rich domains,
a Cys-rich region homologous to the diacylglycerol binding site
of protein kinase C (16), and a Leu region similar to a
helix–loop–helix (33). Vav is predicted to play an important
role in linking Tyr signaling from activated receptors to the
nucleus by virtue of interactions with other molecules involved
in signal transduction via SH2, SH3, and other domains (34).

The present data indicate that the Vav protein is expressed
in both HTLV-I lines studied but is constitutively Tyr-
phosphorylated only in the RHyK34 cell line, which causes a
fatal leukemia-like disease. A role for virus in this difference
is shown herein by the fact that an HTLV-I molecular clone
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derived from the RHyK30 cell line, which mediates asymp-
tomatic infection, down-regulates Vav phosphorylation in a
Herpesvirus ateles-transformed T cell line after transfection.
Although the virus cloned from RHyK34 causes transient
infection of the cell line, it has little or no effect on the
phosphorylation state of Vav. This difference in activity of the
two viruses was localized to the HTLV-I pX region sequence,
which differs between the two clones by 2 nucleotides. Viral
regulation of the phosphorylation state of Vav may subvert
normal T cell functions and has possible implication in
HTLV-I leukemogenic potential.

MATERIALS AND METHODS

Cell Lines, HTLV-I Clone Construction, and Cell Trans-
fection. RHyK30 and RHyK34 are two rabbit gd T cell lines
transformed in vitro directly or indirectly by HTLV-I virus
from an irradiated human MT-2 T cell line (8). MT-2 cell is a
human T cell line transformed by HTLV-I (35). RL-5 is a
rabbit ab T cell line transformed in vivo with Herpesvirus
ateles (36).

K30p and K34p DNA molecular clones were constructed
from RHyK30 and RHyK34 cells, respectively, by DNA
digestion with EcoRI and cloned into bacteriophage lEMBL4
and subsequently into plasmid vector pSv2-gpt. Chimeric
HTLV-I clones were constructed by digestion of K30p or K34p
clones with combinations of restriction enzymes (NotI, SalI,
and MluI) and then shuffling the segments between K30p and
K34p (37).

RL-5 was transfected by the HTLV-I DNA molecular clones
from RHyK30 or RHyK34 or by the chimeric clones by using
DEAE-dextran as described (37, 38). Cells were maintained in
culture in RPMI 1640 complete medium containing 10% fetal
calf sera (Intergen, Walkersville, MD), 2 mM L-glutamine,
penicillin (100 unitsyml), and streptomycin (100 mgyml; Bio-
Whittaker).

Antibodies and Chemicals. Anti-Vav antibodies, the peptide
used for its preparation, and the anti-phosphotyrosine [Tyr(P)]
monoclonal antibody (4G10) were obtained from Upstate
Biotechnology. Glutathione S-transferase (GST) molecules
containing SH2 and SH3 domains were from Santa Cruz
Biotechnology. Goat anti-rabbit and anti-mouse horseradish
peroxidase-conjugated antibodies were from Bio-Rad. Protein
A-Sepharose, Triton X-100, phenylmethylsulfonyl f luoride,
7-amino-1-chloro-3-tosylamido-2-heptanone, iodoacetamide,
aprotinin, and leupeptin were purchased from Sigma. Louis,
MO). Immobilon P membrane was from Millipore, and the
enhanced chemiluminescence substrate was from Amersham.

Immunoprecipitation and Western Blotting. Cell lines (107

cells per ml) were washed in PBS and treated with lysis buffer
(10 mM TriszHCl, pH 7.5y150 mM NaCly1% Triton X-100y
0.02% NaN3y1 mM phenylmethylsulfonyl f luoridey10 mM
7-amino-1-chloro-3-tosylamido-2-heptanoney5 mM iodoacet-
amidey2 mM aprotininy2 mM leupeptin). For Vav immuno-
precipitation, samples were precleared with normal rabbit
serum and protein A-Sepharose and incubated overnight with
either normal rabbit IgG or anti-Vav antibodies, then the
complex was precipitated with protein A-Sepharose for 1 hr,
and washed three times with lysis buffer and once with 10 mM
TriszHCl buffer. Before separation, samples were mixed with
100 ml of Laemmli sample buffer and heated at 100°C for 3
min, and 10-ml aliquots (equivalent to 106 cells) were separated
by SDSyPAGE and then transferred to an Immobilon P
membrane. Blots were developed with anti-Vav or anti-Tyr(P)
4G10 antibodies and with peroxidase-labeled goat anti-Ig
antibodies, by using the enhanced chemiluminescence sub-
strate. For Tyr(P) immunoprecipitations, samples were pre-
cleared with normal mice serum and reacted with agarose-
conjugated anti-Tyr(P) 4G10 antibody; washing and subse-
quent steps were as described above.

For precipitations with GST containing SH2 and SH3
domains, cell lysates (107 cells) were first precleared with
GST-glutathione-agarose conjugate and then precipitated
with agarose-immobilized GST containing different SH2
(Grb2, Ras-Gap, PLCg1, SH-PTP2, LCK, Fyn, and PI3) and
SH3 (Grb2 N and C, Ras-Gap, Lck, Fyn, and PLCg1) domains.
Samples were washed as described and separated by SDSy
PAGE (10% gel). Separated proteins were transferred onto an
Immobilon P membrane and developed with rabbit anti-Vav
antibody, followed by peroxidase-labeled goat anti-rabbit Ig.

Developed films were scanned by using the PDSI transmis-
sion densitometer (Molecular Dynamics).

RESULTS

The pattern of Tyr phosphorylation of proteins was investi-
gated in two HTLV-I-infected cell lines, RHyK30 and RHy
K34, that exhibit differences in their ability to mediate leuke-
mia-like disease. Lysates of the two cell lines were precipitated
with anti-Tyr(P) and analyzed by immunoblots for overall
differences in proteins containing Tyr(P). Differences in the
distribution of high and low molecular weight proteins between
the cells was observed (Fig. 1A). One of the differentially
phosphorylated molecules was identified as the product of the
protooncogene vav by immunoprecipitation with anti-Vav
antibody. Despite the fact that the two cell lines express similar
levels of Vav, this molecule was Tyr-phosphorylated only in the
RHyK34 cell line (Fig. 1B). Precipitation with anti-Vav re-
moved all detectable phosphorylated Vav from lysates (data
not shown), and the specificity of the reaction with anti-Vav
was confirmed by depletion of reactivity with lysates from both
cells in the presence of the peptide used to produce the
antibody (Fig. 1C). These data demonstrate that Vav is present
in both cell lines, but Vav is phosphorylated only in RHyK34.

Vav is predicted to play an important role in linking Tyr
signaling from activated receptors to the nucleus by virtue of
interactions with other molecules involved in signal transduc-
tion via SH2, SH3, and other domains (34). To test the ability
of Vav from RHyK30 and RHyK34 to associate with other
signaling molecules, we analyzed in vitro the interaction of cell
lysates with immobilized GST molecules containing SH2 do-
mains from Grb2, Ras-Gap, PLCg1, SH-PTP2, LCK, Fyn, and
PI3 and containing SH3 domains from Grb2, Ras-Gap, PLCg1,
LCK, and Fyn. As expected, associations were observed be-
tween the phosphorylated Vav in RHyK34 and certain SH2
domains including Grb2, N-terminal (but not C-terminal)
Ras-Gap, and the PLCg1 C-terminal (but not N-terminal)
SH2; in addition, strong reactivity with the Fyn SH2 domain
was observed (Fig. 2A). Use of GST molecules with SH3
domains, which interact with Pro-rich domains, revealed quan-
titative differences between the amounts of protein precipi-
tated with different SH3 domains. In most cases, greater
amounts of RHyK34 Vav were precipitated by the SH3
domains than by RHyK30 Vav (Fig. 2B). In addition, it was
observed that interaction with the Ras-Gap SH3 domain
occurred only with Tyr-phosphorylated Vav from the cell line
RHyK34.

Demonstration of these differences in the state of Vav
phosphorylation and Vav reactivity between RHyK30 and
RHyK34 raises the question of whether this difference is
controlled by variations in the HTLV-I genomes present in the
two cell lines. It remains possible that the protein phosphor-
ylation patterns were an inherent property of the cells that was
retained upon infection and transformation with HTLV-I and
was not influenced by differences in the structure of the
HTLV-I provirus. To test this possibility, two cell lines, a rabbit
T cell line, RL-5, which is transformed with Herpesvirus ateles
(36), and the HTLV-I transformed human cell line MT-2 were
assessed for the presence of phosphorylated Vav and com-
pared with the two lines, RHyK30 and RHyK34. Only RL-5
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and RHyK34 contained Tyr-phosphorylated Vav (Fig. 3 A and
B). Vav was present, but not phosphorylated, in the human
HTLV-I cell line MT-2 that was used for derivation of both
rabbit cell lines, RHyK30 and RHyK34 (8).

Experiments to directly link the virus to the phosphorylation
differences were carried out with molecular HTLV-I clones
derived from the RHyK30 and RHyK34 cell lines; the clones
are designated K30p and K34p, respectively (Fig. 4A). The
clones, which differ by 18 nucleotides over the length of the

virus, were transfected into the RL-5 cell line, which contains
constitutively phosphorylated Vav. Although HTLV-I virions
are produced in RL-5 cells upon transfection with either K30p
or K34p (37, 38), transfection with K30p led to the nearly
complete down-regulation of Vav phosphorylation (Fig. 4B).
By contrast, transfections with K34p had a lesser or no effect
on the phosphorylation state of Vav in RL-5 cells (Fig. 4). The
alteration of the Vav phosphorylation state by introduction of
the K30p clone into a T cell suggests an active role for the virus
in determination of the phosphorylation state of this cell
protein.

To specify viral genes responsible for the down-regulation of
Vav phosphorylation, chimeric molecular HTLV-I clones were
constructed by shuffling regions containing sequence differ-
ences between K30p and K34p proviruses (37, 38). Clones
chosen for these experiments (Fig. 4A) differed in their long
terminal repeat and pX region sequences. RL-5 cells were
transfected and tested for the presence of phosphorylated Vav.
Data indicated that Vav phosphorylation was unchanged in
RL-5 cells transfected with recombinant clones containing
substitutions characteristic of the pX region of K34p. By
contrast, Vav phosphorylation was down-regulated in RL-5
cells transfected with clones having the K30p sequence. Dif-
ferences in the long terminal regions had no effect (Fig. 4B).
These results localized HTLV-I genes involved in down-
regulation of Vav phosphorylation in transfected cells to the
pX region, which encodes the proteins Rex, Tax (p40), p12,
p13, and p30. The two clones used herein encode identical Tax
and p12 proteins. The region involved in the down-regulation
event contains two nucleotide substitutions between K30p and
K34p; these substitutions result in differences in Rex, p13, and
p30 (Fig. 4C). It appears from the data in Fig. 4 that both of
the K30p substitutions are required for the down-regulation
event; clones with a single pX region substitution did not alter
the state of Vav phosphorylation.

FIG. 2. In vitro association of Vav with SH2 and SH3 domains from
different molecules involved in signal transduction. (A) RHyK30 and
RHyK34 cell lysates (107 cells) were precleared with GST-glutathione-
agarose conjugate, then precipitated with agarose-immobilized GST
containing different SH2 domains corresponding to Grb2, Ras-Gap,
PLCg1, SH-PTP2, LCK, Fyn, and PI3, separated by SDSyPAGE (10%
gel), transferred onto an Immobilon P membrane, and developed with
rabbit anti-Vav antibody and peroxidase-labeled goat anti-rabbit Ig.
(B) Precleared cell lysates were precipitated with agarose-immobilized
GST containing different SH3 domains corresponding to Grb2, N and
C Ras-Gap, Lck, Fyn, and PLCg1 and processed as in A.

FIG. 1. Analysis of Tyr phosphorylation profiles of HTLV-I-transformed cell lines RHyK30 and RHyK34 and identification of phosphorylated
Vav in RHyK34. (A) Rabbit HTLV-I-transformed T cell lines RHyK30 (3) and RHyK34 (9) (107 cells) were washed in PBS and treated with lysis
buffer. Lysates were precleared with normal mouse serum and immunoprecipitated with agarose conjugated anti-Tyr(P) 4G10 antibody. Samples
were mixed with 100 ml of Laemmli sample buffer, 10-ml aliquots were separated by SDSyPAGE on a 14% gel and transferred onto Immobilon
P membrane, and blots were developed with peroxidase-labeled 4G10 antibody, using the enhanced chemiluminescence substrate. Numbers to the
left of the blot indicate migration of molecular size standards from a Kaleidoscope (Bio-Rad) standard. (B) RHyK30 and RHyK34 cells (107 cells)
were washed then lysed, precleared with normal rabbit serum, immunoprecipitated with normal rabbit Ig or with rabbit anti-Vav antibody, separated
by SDSyPAGE (8% gel), and transferred, and blots were developed with anti-Vav antibody or with anti-Tyr(P) 4G10 antibody and corresponding
peroxidase-labeled antibody. (C) Precleared RHyK30 and RHyK34 cell lysates (107 cells) were immunoprecipitated with anti-Vav antibody in
presence or in absence of specific peptide (20 mgyml) corresponding to amino acid residues 523–547 of Vav, separated by SDSyPAGE (10% gel),
transferred, and blotted with 4G10 antibody.
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DISCUSSION

Identification of differences between HTLV-I cell lines that
cause leukemia-like disease and those mediating asymptom-
atic infection provides a means to understand mechanisms by
which infection with this virus can give rise to diverse patho-
logical consequences. The present study identifies differences
in the Vav oncoprotein that is phosphorylated in the RHyK34
cell line, which causes leukemia-like disease, but not in RHy
K30, which mediates asymptomatic infection. The active role
of virus in the down-regulation of Vav phosphorylation was
demonstrated and the region of the viral genome responsible
for this event was narrowed to two substitutions in the pX
region.

The viral sequence implicated in Vav dephosphorylation has
two mutations resulting in two amino acid replacements, Leu
3 Ser at position 32 and Ser3 Leu at position 78 in the Rex
proteins of K30 and K34, respectively. The two clones used
herein encode identical Tax and p12 proteins. The pX region
sequence (see Fig. 4C) also encodes the less-well-characterized
proteins p13 and p30, which derive from transcripts of differ-
ent lengths in the same reading frame. One substitution results
in a Trp3 Arg replacement at position 17 of p13 and position
171 of p30, whereas the second gives rise to a premature
in-frame stop codon resulting in truncation of both K34
proteins at position 63 of p13 and position 217 of p30. Results
with the chimeric constructs indicate that both substitutions
are needed for control of Vav phosphorylation. Determination
of precise mechanisms by which these proteins control phos-
phorylation awaits further characterization of the activities of
Rex and p13y30.

Interaction of phosphorylated Vav from RHyK34 in vitro
with different SH2 domains (Grb2, Ras-Gap, PLCg1, and Fyn)
can provide insight into the activated signaling pathways
present in the leukemogenic cell but absent in RHyK30. More
limited differences in the reactivity of RHyK30 and RHyK34
Vav with SH3 domains was seen; notably, only Vav from the
RHyK34 cell binds the Ras-Gap CH3 domain. This confirms
reports that only phosphorylated Vav can function as a gua-
nidine nucleotide releasing factor for one or more members of
the Ras-like family of small GTP-binding proteins (39, 40).
The quantitative differences in SH3 reactivity with Vav from
both cell lines may be related to the possibility that interaction
with the SH3 domain is influenced by the state of Vav

phosphorylation. The regulation and association of Vav with
Zap-70 described by different groups was not observed in our
system (41–43). Immunoprecipitations using several different
anti-Zap 70 antibodies indicated that both the RHyK30 and
RHyK34 cell lines were negative for phosphorylated Zap
(W.M., unpublished results).

The precise role of Vav phosphorylation in the determina-
tion of the leukemic cell phenotype is not known, but there is
presumptive evidence for involvement of Vav in related phe-
nomena. Vav increases GTP binding to Ras after Tyr phos-
phorylation or by its binding to diglycerides (39, 44); both
pathways are involved in cell activation (45, 46) and apoptosis
induction (47). Furthermore, it has been reported that only
phosphorylated Vav can catalyze GDPyGTP exchange on
Rac-1, a protein implicated in cell proliferation and cytoskel-
etal organization (40). These properties associated with Vav
activation may be used by a leukemogenic cell to persist and
induce its pathological effect. More recently, it was reported
that Vav is constitutively phosphorylated in autoimmune mice
(MRL lprylpr) and that cells from these mice are refractory to
various stimuli (48); this autoimmune syndrome shares certain
similarities with autoimmunity linked to HTLV-I (49).

Vav has transformation potential, either alone or in coop-
eration with other oncogene products (14, 50); the significance
of this to the present situation is uncertain, because all HTLV-I
cells are transformed. Despite the fact that Tax and p12 have
been reported as transforming elements of HTLV-I (51–53),
their identity in the K30p and K34p clones (9) precludes a
direct role for them in control of Vav phosphorylation. Con-
stitutive Vav phosphorylation was observed in certain HTLV-
I-transformed cell lines. Vav is not phosphorylated in MT-2
cells, which were used to derive both rabbit T cell lines studied
herein. MT-2, a human cell line derived in vitro by coculture
with a patient blood sample, contains at least eight genomic
copies of HTLV-I provirus (35). The presence of these virus
elements may cause Vav to be dephosphorylated. Finally, Vav
phosphorylation in the HTLV-I transformed cell line RHyK34
and in the Herpesvirus ateles-transformed T cell line RL-5
suggests that Vav may be targeted by diverse potential onco-
genes and its activation may play some part in the cell
transformation. A possible role for interaction of Vav with
members of the Herpesvirus family is supported by our

FIG. 3. Vav phosphorylation in different T cell lines. (A) Precleared cell lysates (107 cells) from RHyK30, RHyK34, RL-5, and MT-2 cell lines
(designated as lanes 1–4, respectively) were immunoprecipitated with normal rabbit Ig (Ig con) or anti-Vav, transferred onto Immobilon P
membranes, and immunoblotted with anti-Tyr(P) or with rabbit anti-Vav antibodies. (B) Densitometric analysis of the blot obtained with
anti-Tyr(P) in A by using arbitrary densitometry units. Identity of cell line is shown.
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observation that Epstein–Barr virus-transformed B cell lines
also have phosphorylated Vav (W.M., unpublished results).

Although assignment of causality in leukemia-like disease
mediated by RHyK34 to the observed difference in Vav
phosphorylation is premature, it is reasonable to suggest that
cell activation state is linked to leukemogenic potential. Fur-
thermore, it is known that virus production by cells from

human leukemia patients is often low or undetectable. Our
previous studies with K30p and K34p HTLV-I chimeric clones
implicated the same pX region substitutions identified herein
in Vav activation as important to the control of the level of
virus production, both in vitro and in vivo (37). The RHyK34
cell line and transfectants (including RL-5 transfectants) made
with clones containing the K34p pX sequence, produce sig-
nificantly less virus than do RHyK30 cells and transfectants
made with clones containing K30p pX sequences (37). Control
of activation state and viral production levels by rex andyor
p13y30 genes is consistent with a role for these genes in
pathogenicity. Any hypothesis must take into account the fact
that virus from the cell giving rise to asymptomatic infection
mediates high levels of virion production and has the ability to
down-regulate Vav phosphorylation, at least in the RHyK30
and RL-5 rabbit T cell lines.

To ascribe leukemogenic potential to the control of Vav
phosphorylation alone remains an oversimplification, in light
of the complexity of the human HTLV-I leukemogenic process
and experimental observations with the rabbit infection model.
Such complexity is demonstrated in HTLV-I-infected individ-
uals by the long incubation period for ATLL, by the fact that
the acutely fatal disease mediated by RHyK34 cells is not
caused by inoculation with K34-transfected RL-5 cells that
have phosphorylated Vav, or by inoculation with the K34p
molecular clone as naked DNA (37). Nonetheless, observa-
tions of thymic atrophy in ATLL patients (54) and in rabbits
experimentally infected with the RHyK34 line (5, 6) argue
strongly that T cell activation and apoptotic processes are
influenced in HTLV-I-associated leukemia. The present data
suggest a role for viral genes in control of these processes and
provide evidence for relevant differences between an HTLV-
I-infected line giving rise to asymptomatic infection and one
causing acute disease.

We thank Dr. Paul Naccache for his contributions to this manu-
script.
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noblotted with anti-Vav. (C) Schematic representation of HTLV-I
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