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To identify the regions that are important in human T-cell leukemia virus type 1 (HTLV-1) envelope
function, we synthesized 23 kinds of peptides covering the envelope proteins and examined the inhibitory effect
of each peptide on syncytium formation induced by HTLV-1-bearing cells. Of the 23 synthetic peptides, 2,
corresponding to amino acids 197 to 216 on gp46 and 400 to 429 on gp21, inhibited syncytium formation
induced by HTLV-1-bearing cells but did not affect syncytium formation induced by human immunodeficiency
virus type 1-producing cells. The peptide concentrations giving 50% inhibition of syncytium formation for gp46
197 to 216 and gp21 400 to 429 were 14.9 and 6.0 mM, respectively. A syncytium formation assay with
overlapping synthetic peptides containing amino acids 175 to 236 and 391 to 448 of the envelope proteins
showed that syncytium formation was inhibited by peptides that contained the amino acid sequences 197 to 205
(Asp-His-Ile-Leu-Glu-Pro-Ser-Ile-Pro) and 397 to 406 (Gln-Glu-Gln-Cys-Arg-Phe-Pro-Asn-Ile-Thr). These ob-
servations suggest that the two regions corresponding to amino acids 197 to 216 and 400 to 429 are involved
in HTLV-1 envelope function.

Human T-cell lymphotropic virus type 1 (HTLV-1), a type C
retrovirus, is closely associated with adult T-cell leukemia/
lymphoma (9, 30) and some neurologic disorders (3, 13, 25).
HTLV-1 has been implicated as a causative factor in other
diseases, including some cases of polymyositis, polyarthritis,
uveitis, and infectious dermatitis (1). This virus is transmitted
from mother to infant by breast-feeding (8, 17, 23), between
male and female by sexual intercourse (19, 38), and by blood
transfusion (24). In these forms of transmission, HTLV-1 ge-
nome-carrying lymphocytes appear to be responsible for the
infection, since there is no evidence of viral expression in vivo
or HTLV-1 infection as a result of blood transfusion in patients
who receive blood cell components from seropositive donors
(24).
The HTLV-1 envelope glycoprotein is synthesized as a pre-

cursor product of 488 amino acids (34). This glycoprotein is
then cleaved by cellular protease into two mature products, a
surface protein (gp46) of 313 amino acids and a transmem-
brane protein (gp21) which allows anchoring of the gp46-gp21
complex at the cell surface. These HTLV-1 glycoproteins are
suggested to be involved in viral infection by the following
experimental observations: (i) sera from HTLV-1-infected in-
dividuals neutralized the infectivity of a pseudotype virus ex-
pressing HTLV-1 envelope antigen (42); (ii) animals were pro-
tected from HTLV-1 infection by immunization with either
recombinant HTLV-1 envelope antigen (14, 22) or HTLV-1
env gene expressing recombinant vaccinia virus (35); (iii) most
sera from HTLV-1-infected individuals contained antibodies
directed to peptides from the carboxy terminal of gp46 (15, 28,
40); and (iv) linear peptide targets for neutralizing antibodies
were localized around amino acids 88 to 98 (27) and 187 to 198
(12, 16, 39) on gp46. These imply that regions of HTLV-1

envelope glycoproteins play an important role in viral entry
into the target cell, including binding to a specific receptor,
followed by postbinding events leading to fusion of the viral
envelope with the plasma membrane of the target cell.
The purpose of this work is to identify the functional do-

mains on envelope proteins in HTLV-1 infection by using
synthetic peptides covering the envelope protein. In the
present study, we show that two peptides corresponding to
amino acids 197 to 216 on gp46 and amino acids 400 to 429 on
gp21 inhibit syncytium formation induced by HTLV-1-bearing
cells.

MATERIALS AND METHODS

Cells and compounds. The HTLV-1-bearing T-cell lines used were human
T-cell line KT252, established from an adult T-cell leukemia/lymphoma patient in
Kyushu University Hospital, and C91/PL (31). The HTLV-1-negative cell lines
used were the human T-cell line MOLT-4 (37) and feline kidney fibroblast cell
line 8C, transformed by sarcoma virus (5). MOLT-4/HTLV-IIIB cell was the
MOLT-4 cell line persistently infected with the HTLV-IIIB strain of human
immunodeficiency virus type 1 (HIV-1) (20) and used as an HIV-producing cell.
These cell lines were cultured in RPMI 1640 medium supplemented with 10%
fetal calf serum. High-molecular-weight, high-sulfite-containing dextran sulfate
(average molecular weight, 500,000; sulfite content, 17%) was purchased from
Pharmacia, Uppsala, Sweden.
Peptide synthesis. Peptides were synthesized according to the predicted amino

acid sequence based on the nucleotide sequence of the env gene of HTLV-1 (34)
and HTLV-2 (36). Peptides were synthesized in a peptide synthesizer (model
431A; Applied Biosystems, Foster City, Calif.) with tert-butoxycarbonyl (t-Boc)
aminoacyl-4-(oxymethyl)-Pam resin as solid support. Protected amino acids were
obtained from The Protein Institute, Osaka, Japan. The a amino groups were
protected with t-Boc. The peptides were cleaved from resins with trifluorometh-
anesulfonic acid as specified by the manufacturer and lyophilized. After being
dissolved in 5% acetic acid, the peptide solution was applied to a Sephadex G-25
column equilibrated with 5% acetic acid and eluted with the same solution. The
purity of individual peptides was examined by reverse-phase high-performance
liquid chromatography with an octadecyl (C18) silicated column. Most of the
peptides were isolated as a single peak and used in this study without further
purification. Five peptides (HTLV-1 gp46 175 to 199, 197 to 216, and gp21 400
to 429, HTLV-2 gp46 194 to 213 and gp21 396 to 425) were sequenced by Edman
degradation on a gas phase sequencer (model 470A; Applied Biosystems). The
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sequences of these peptides were identical with predicted amino acid sequences
based on the nucleotide sequence of the env gene.
Syncytium formation assay. To monitor syncytium formation in suspension,

MOLT-4 cells were routinely used as indicator cells. The assay consisted of a
coculture of 2.5 3 104 KT252 or C91/PL cells together with 105 MOLT-4 cells.
MOLT-4 cells were suspended in RPMI 1640 medium supplemented with 10%
fetal calf serum and 0.5% normal human serum (referred to as RPMI medium)
at 5 3 106 cells per ml. Aliquots (20 ml per well) were added to 155 ml of RPMI
medium containing synthetic peptides or medium alone in each well of a U-
bottom 96-well plate (Cell Wells 25850; Corning Glass Works, Corning, N.Y.).
Then, 25 ml of KT252 or C91/PL cell suspension (106 cells per ml of RPMI
medium) was added to each well. After incubation at 378C for 18 h in a 5% CO2
incubator, coculture medium was gently mixing with the pipette, aliquots (40 ml
of the 200-ml coculture medium) were transferred to 35-mm tissue culture dishes
with a 2-mm grid (Nunc Inc., Naperville, Ill.). Syncytia containing more than five
nuclei were then counted with an inverted microscope. The syncytium formation
assay with KT252 and 8C was described previously (11). Briefly, 8C cells were
seeded into 24-well plastic plates (Nunc Inc., Naperville, Ill.) at 2 3 105 cells per
well in Iscove modified Dulbecco medium (Boehringer, Mannheim, Germany)
containing 10% fetal calf serum and 2 mg of Polybrene per ml (Sigma, St. Louis,
Mo.). After 24 h, IMDM medium containing synthetic peptide or medium alone
was added to the wells containing 8C cells. KT252 cells were then added to each
well at 2 3 105 cells per well. The cells were cocultivated for 3 days. After
removal of the culture medium, the cell monolayer was fixed and stained with
Diff-Quick solution. Syncytia containing more than five nuclei were then counted
under an inverted microscope. The syncytium formation assay for HIV-1 infec-
tion was described previously (6). The assay consisted of a coculture of 5 3 103

MOLT-4/HTLV-IIIB cells together with 2 3 104 MOLT-4 cells. After 48 h of
coculture, syncytia were counted under a microscope after fixation with 5%
formalin. All experiments were performed in triplicate wells.

RESULTS

To determine the regions on the HTLV-1 envelope protein
important for envelope functionality, we synthesized 23 kinds
of peptides (16 to 37 amino acids long), which overlapped by 2
to 5 amino acids and covered the entire envelope proteins.
These peptides were tentatively referred to as protein X, with
X referring to the position of the first amino acid of the peptide
(where Met, the initiation codon of the envelope, is residue 1)
(Table 1). The effect of each peptide in HTLV-1 envelope
function was examined through the inhibition of syncytium

formation induced by HTLV-1-bearing cells. The assay con-
sisted of a coculture of HTLV-1-bearing T-cell line KT252
together with MOLT-4 indicator cells. In this assay, KT252 cells
routinely formed 800 syncytia per 105 indicator cells. Figure 1
shows the activity of each peptide (10 mM) for inhibiting syn-
cytium formation. Two peptides corresponding to amino acids
197 to 216 of gp46 (gp46-197) and amino acids 400 to 429 of

FIG. 1. Inhibitory effect of synthetic peptides on syncytium formation. The
assay consisted of a coculture of 2.53 104 KT252 cells together with 105 MOLT-4
cells. In each case, 10 mM synthetic peptide was added to the triplicate wells and
syncytia were scored after 18 h of coculture. Each value was estimated in com-
parison with syncytia in a coculture without synthetic peptide. Amino acid se-
quences of p19 100–130 and B19 VP2 325–345 are PPPPSSPTHDPDSDPP
QIPPPYVEPTAPQVL and RISLRPGPVSQPYHHWDTDKY, respectively.

TABLE 1. Synthetic peptides used in this study

Peptidea Peptide code Amino acid sequence Mw

env gp46
1–25 gp46-1 MGKFLATLIL FFQFCPLIFG DTSPS 2,856
20–49 gp46-20 GDYSPSCCTL TIGVSSYHSK PCNPAQPVCS 3,102
46–70 gp46-46 PVCSWTLDLL ALSADQALQP PCPNL 2,666
68–92 gp46-68 PNLVSYSSYH ATYSLYLFPH WTKKP 3,000
89–115 gp46-89 TKKPNRNGGG YYSLSYSDPC SLKCPYL 2,996
111–138 gp46-111 KCPYLGCQSW TCPYTGAVSS PYWKFQHD 3,254
136–161 gp46-136 QHDVNFTQEV SRLNINLHFS KCGFPF 3,078
159–183 gp46-159 FPFSLLVDAP GYDPIWFLNT EPSQL 2,867
175–199 gp46-175 FLNTEPSQLP PTAPPLLPHS NLDHI 2,749
197–216 gp46-197 DHILEPSIPW KSKLLTLVQL 2,331
213–236 gp46-213 LVQLTLQSTN YTCIVCIDRA SLST 2,643
235–254 gp46-235 STWHVLYSPN VSVPSSSSTP 2,132
253–282 gp46-253 TPLLYPSLAL PAPHLTLPFN WTHCFDPQIQ 3,432
277–292 gp46-277 FDPQIQAIVS SPCHNS 1,743
288–317 gp46-288 PCHNSLILPP FSLSPVPTLG SRSRRAVPVA 3,170

env gp21
313–333 gp21-313 AVPVAVWLVS ALAMGAGVAG G 1,896
332–352 gp21-332 GGITGSMSLA SGKSLLHEVD K 2,087
350–386 gp21-350 VDKDISQLTQ AIVKNHKNLL KIAQYAAQNR RGLDLLF 4,237
382–403 gp21-382 LDLLFWEQGG LCKALQEQCR FP 2,595
400–429 gp21-400 CRFPNITNSH VPILQERPPL ENRVLTGWGL 3,458
426–448 gp21-426 GWGLNWDLGL SQWAREALQT GIT 2,573
445–462 gp21-445 TGITLVALLL LVILAGPC 1,780
458–488 gp21-458 LAGPCILRQL RHLPSRVRYP HYSLIKPESS L 3,601

a The numbers represent amino acid positions counting from the Met corresponding to the initiation codon of the envelope.
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gp21 (gp21-400) inhibited syncytium formation strongly. gp46-
197 and gp21-400 (10 mM each) inhibited syncytium formation
by 45 and 97%, respectively. When serially diluted peptides
were added to the syncytium assay system, the mean number of
syncytia decreased linearly depending on the peptide concen-
tration (Fig. 2). The peptide concentrations causing a 50%
inhibition of syncytium formation (ID50) for gp46-197 and
gp21-400 were 14.9 and 6.0 mM, respectively. We also observed
a weak activity with the peptides corresponding to the region
from amino acids 46 to 161 on gp46 (gp46-46, gp46-89, and
gp46-111). The other synthetic peptides had no apparent ac-
tivity; nor did control peptides, which correspond to immuno-
dominant regions on HTLV-1 p19 (p19 100 to 130) (15) and
human parvovirus B19 VP2 (VP2 325 to 345) (32).
To clarify the specificity of the peptide inhibitory effect for

syncytium formation, we examined the effect of peptides on
syncytium formation in other fusion assays performed with a
coculture of other HTLV-1-bearing cells (C91/PL) or HIV-
producing cells (MOLT-4/HTLV-IIIB) together with indicator
cells (MOLT-4 or 8C) (Fig. 3). The two peptides (gp46-197
and gp21-400) inhibited syncytium formation induced by
HTLV-1-bearing cells (C91/PL and KT252), whereas the pep-
tides had no activity for syncytium formation induced by HIV-
1-producing cells (MOLT-4/HTLV-IIIB). The peptide p19
100–130 had no activity for inhibition of syncytium formation
in any of the three assays. These results suggest that the inhib-
itory effect of the peptide for syncytium formation is specific.
To obtain the fine map of the functional domains on these

two peptides (gp46 197–216 and gp21 400–429), we synthesized
a series of overlapping 10- and 12-mer peptides spanning
amino acids 194 to 220 of gp46 (gp46 194–205, 197–208, 200–
211, 203–214, 206–217, 209–220, and 213–236) and 391 to 448
of gp21 (gp21 391–400, 397–406, 403–412, 409–418, 415–424,
421–430, and 426–448) (Fig. 4) and examined the inhibitory
effect of each peptide on syncytium formation. In a series of
peptides derived from gp46 197–216, syncytium formation was
inhibited with peptide gp46 194–205 and gp46 197–208 (Fig.
5A). This implies that the amino acid sequence 197 to 205
(Asp-His-Ile-Leu-Glu-Pro-Ser-Ile-Pro) is essential for inhibit-
ing syncytium formation by gp46 197–216. HTLV-2 peptide
(amino acids 194 to 216 of the HTLV-2 Env protein) corre-
sponding to HTLV-1 gp46 197–216 also inhibited syncytium
formation, comparable to gp46 197–216. In the essential amino
acid sequence of HTLV-2 peptide, amino acid substitution

occurred at Asp-179 (to Glu), Ile-199 (to Val), Glu-201 (to
Thr), Ile-204 to Thr, and Pro-205 to Ser. This shows that these
amino acid substitutions do not affect the inhibiting activity of
gp46 197–216 on syncytium formation. On the other hand, in a
series of fragment peptides of gp21 400–429, syncytium forma-
tion was inhibited by peptides gp21 391–400, 397–406, and
403–412 (Fig. 5B). This implies that the amino acid sequence
between 397 and 406 (Gln-Glu-Gln-Cys-Arg-Phe-Pro-Asn-Ile-
Thr) is essential for inhibition of syncytium formation by gp21
400–429. In recent studies, the variation of amino acid se-
quence in the near-essential sequence of this peptide (amino
acids 397 to 412) has been shown in isolates from different
geographical origins (4, 26, 33, 43). These amino acid substi-
tutions occurred at Arg-401 (to Cys or Tyr), Pro-403 (to Leu),
Pro-411 (to Ser), and Ile-412 (to Met). The peptides with
amino acid substitutions at these positions (gp21 397–406/M-1,
397–406/M-2, and 397–114/M-3) have the same activity as
HTLV-1 gp21 397–406. Furthermore, HTLV-2 peptide (amino
acids 396 to 425 of the HTLV-2 Env protein) with amino acid
substitutions at Arg-401 (to Cys), Pro-403 (to Leu), Thr-406
(to Ser), Ser-408 (to Thr), Pro-411 (to Ser), and Ile-412 (to
Val), also inhibited syncytium formation as did HTLV-1 gp21
400–429. Taken together, these results show that these amino
acid substitutions do not affect the inhibition of syncytium
formation.

DISCUSSION

In the present study, we synthesized 23 kinds of peptides
covering the HTLV-1 envelope proteins and examined the
effect of each peptide on syncytium formation induced by
HTLV-1-bearing cells. We found that two peptides corre-
sponding to amino acids 197 to 216 on the gp46 surface protein
and amino acids 400 to 429 on the gp21 transmembrane pro-
tein inhibited syncytium formation induced by HTLV-1-bear-
ing cells, whereas three peptides had no effect on syncytium
formation induced by HIV-1-producing cells. Furthermore,

FIG. 2. Inhibitory effect of gp46 197–216 and gp21 400–429 on syncytium
formation. The mean number of syncytia was plotted against the peptide con-
centration. Symbols: E, gp46 197–216; F, gp21 400–429.

FIG. 3. Peptide effect on syncytium formation induced by C91/PL and
MOLT-4/HTLV-IIIB cells. These assays were performed as described in Mate-
rials and Methods. In these assays, the mean number of syncytia was 820 in a
coculture of C91/PL and MOLT-4, 360 in a coculture of KT252 and 8C, and 110
in a coculture of MOLT-4/HTLV-IIIB and MOLT-4. Dextran sulfate was used
at 10 mg/ml.
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amino acid substitutions around the inhibitory peptide regions
did not affect the inhibition of syncytium formation by these
two peptides. These results suggest that the peptide inhibitory
effect for syncytium formation is specific on HTLV-1 infection
and general phenomena in spite of the kinds of HTLV-1 target
cell lines.
We show that the peptide corresponding to amino acids 400

to 429 on the gp21 transmembrane protein profoundly affected
syncytium formation, indicating that the central region on gp21

is important for envelope function. In HTLV-1, the gp21 trans-
membrane protein is bound to the gp46 surface protein and
would ensure the anchorage of the envelope protein at the
membrane. It is believed that gp21 may also be responsible for
fusion between the virus and target cell membrane, as well as
for syncytium formation between infected and receptor-bear-
ing cells (10, 21). Analysis of the HTLV-1 envelope protein
sequence indeed showed that the putative amino-terminal part
of gp21 bears a 29-amino-acid hydrophobic stretch which has

FIG. 4. Amino acid sequence of the synthetic peptide for mapping the functional domain. Amino acid sequences of the peptides gp21 397–406/M-1, 397–406/M-2,
and 397–406/M-3 were obtained from isolates in Japan (35), the Caribbean (33), and North America (26), respectively. Asterisks (p) indicate identical amino acid
residues.

FIG. 5. Mapping of inhibitory domains on gp46 197–216 and gp21 400–429 for syncytium formation. The assay consisted of a coculture of 2.5 3 104 KT252 cells
together with 105 MOLT-4 cells. In each case, 10 mM synthetic peptide was added to the triplicate wells and syncytia were scored after 18 h of coculture. Each value
was estimated in comparison with the syncytium count in a coculture without synthetic peptide. (A) gp46 197–216. (B) gp21 400–429.
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characteristics of a fusion peptide (41); the anchorage domain
would correspond to a hydrophobic sequence (amino acids 446
to 465) located near the carboxyl terminus of gp21. Peptide
gp21 400–429, which profoundly affects syncytium formation,
corresponds to the site between the anchorage domain and the
fusion domain of gp21. Syncytium formation induced by virus-
bearing cells requires several steps, including binding to the
virus receptor and folding of the envelope, leading to exposure
of the fusion domain and membrane fusion. The inhibitory
peptide region might directly affect binding or act on a subse-
quent step of the fusion process required for syncytium forma-
tion.
The peptide corresponding to amino acids 197 to 216 of

gp46 clearly inhibited syncytium formation. The gp46 surface
protein is believed to be responsible for the interaction of the
envelope with an undefined target receptor. When HTLV-1
envelope protein is aligned with murine or feline retrovirus
envelope protein, analogy to the attachment site for cell rec-
ognition is found in a region between amino acids 138 and 202
of the HTLV-1 envelope (7). The study with site-directed mu-
tagenesis showed that the region corresponding to amino acids
195 and 205 on gp46 is important for envelope-dependent
syncytium formation. Furthermore, linear peptide targets for
neutralizing antibody have been found near amino acids 188 to
197 on gp46 (16, 39). Our results support the view that the
central region of gp46 is important for envelope function.
Taken together, these results imply that the region around
amino acids 197 to 203 on gp46 might be the receptor-binding
site.
In the present study, we observed a weak inhibitory activity

on syncytium formation by the peptides corresponding to the
region of amino acids 46 to 161 on gp46. Parker et al. (27) have
shown that a peptide corresponding to amino acids 88 to 98 of
gp46 was capable of neutralizing syncytium formation. Del-
amarre et al. (2) showed that the region between amino acids
75 and 101 of gp46 was important for syncytium formation.
Our results support their findings and suggest that the region
containing amino acids 46 to 161 on gp46 plays a certain role
in envelope-dependent syncytium formation. However, it is
unclear how each functional region on the envelope proteins,
including the above two functional regions, is involved in the
process which disturbs syncytium formation.
Delamarre et al. (2) previously showed that Asp-197 is an

essential amino acid for syncytium formation and that a mutant
with Asp changed to Glu had remarkably diminished envelope
functionality for syncytium formation. We showed here that
the HTLV-2 peptide, which Glu-197, has the same activity as
HTLV-1 peptide gp46-197. This discrepancy might be due to
the cell type dependency of the effect of this domain on enve-
lope function, as observed in the intracytoplasmic domain in
envelope intracellular maturation (29).

ACKNOWLEDGMENTS

We thank K. Okochi and H. Sato for stimulating discussions during
the course of this work. We also thank J. W. McCaull for critical
reading of the manuscript.

REFERENCES

1. Blattner, W. A. 1989. Retroviruses in viral infection of human epidemiology
and control, p. 545–592. In A. S. Evans (ed.), Retroviruses. Plenum Press,
New York.

2. Delamarre, L., C. Pique, D. Pham, J. Tursz, and M. C. Dokhelar. 1994.
Identification of functional regions in the human T-cell leukemia virus type
I SU glycoprotein. J. Virol. 68:3544–3549.

3. Gessain, A., F. Barin, J. C. Vernent, O. Gout, L. Maurs, A. Calender, and G.
de-The. 1985. Antibodies to human T-lymphotropic virus type I in patients
with tropical spastic paraparesis. Lancet ii:407–410.

4. Gessain, A., E. Boeri, R. Yanagihara, R. C. Gallo, and G. Franchini. 1993.
Complete nucleotide sequence of a highly divergent human T-cell leukemia
(lymphotropic) virus type I (HTLV-I) variant from Melanesia: genetic and
phylogenetic relationship to HTLV-I strains from other geographical re-
gions. J. Virol. 67:1015–1023.

5. Fischinger, P. J., P. R. Peeble, S. Nomura, and D. K. Haapala. 1973. Isola-
tion of RD-114-like oncornavirus from a cat cell line. J. Virol. 11:978–985.

6. Handa, A., H. Hoshino, K. Nakajima, M. Adachi, K. Ikeda, K. Achiwa, T. Ito,
and Y. Suzuki. 1991. Inhibition of infection with human immunodeficiency
virus type I by sulfated gangliosides. Biochem. Biophys. Res. Commun.
175:1–9.

7. Haseltine, W. A., J. G. Sodroski, and R. Patarca. 1985. Structure and func-
tion of the genome of HTLV. Curr. Top. Microbiol. Immunol. 115:177–209.

8. Hino, S., K. Yamaguchi, S. Katamine, H. Sugihara, T. Amagasaki, K. Ki-
noshita, Y. Yoshida, H. Doi, Y. Tsuji, and T. Miyamoto. 1985. Mother-to-
child transmission of human T-cell leukemia virus type-I. Jpn. J. Cancer Res.
76:474–480.

9. Hinuma, Y., K. Nagata, M. Hanaoka, T. Matsumoti, K. Kinoshita, S.
Shirakawa, and I. Miyoshi. 1981. Adult T-cell leukemia: antigen in an ATL
cell line and detection of antibodies to the antigen in human sera. Proc. Natl.
Acad. Sci. USA 78:6476–6480.

10. Hoshino, H., H. Esumi, M. Miwa, M. Shimoyama, K. Minato, K. Tobinai, M.
Hirose, S. Watanabe, N. Inada, K. Kinoshita, S. Kamihira, M. Ichimaru,
and T. Sugimura. 1983. Establishment and characterization of 10 cell lines
derived from patients with adult T-cell leukemia. Proc. Natl. Acad. Sci. USA
80:6061–6065.

11. Hoshino, H., M. Shimoyama, M. Miwa, and T. Sugimura. 1983. Detection of
lymphocytes producing a human retrovirus associated with adult T-cell leu-
kemia by syncytia induction assay. Proc. Natl. Acad. Sci. USA 80:7337–7341.

12. Inoue, Y., N. Kuroda, H. Shiraki, H. Sato, and Y. Maeda. 1992. Neutralizing
activity of human antibodies against the structural protein of human T-cell
lymphotropic virus type I. Int. J. Cancer 52:877–880.

13. Jacobson, S., C. S. Raine, E. S. Mingiolio, and D. E. McFarlin. 1988. Isola-
tion of an HTLV-I-like retrovirus from patients with tropical spastic para-
paresis. Nature (London) 331:540–543.

14. Kiyokawa, T., H. Yoshikura, S. Hattori, M. Seiki, and M. Yoshida. 1984.
Envelope proteins of human T-cell leukemia virus: expression in Escherichia
coli and its application to studies of env gene functions. Proc. Natl. Acad. Sci.
USA 81:6202–6206.

15. Kuroda, N., Y. Washitani, H. Shiraki, H. Kiyokawa, M. Ohno, H. Sato, and
Y. Maeda. 1990. Detection of antibodies to human T-lymphotropic virus type
I by using synthetic peptides. Int. J. Cancer 45:865–868.

16. Kuroki, M., M. Nakamura, Y. Itoyama, Y. Tanaka, H. Shiraki, E. Baba, T.
Esaki, T. Tatumoto, S. Nagafuchi, S. Nakano, and Y. Niho. 1992. Identifi-
cation of new epitopes recognized by human monoclonal antibodies with
neutralizing and antibody-dependent cellular cytotoxicity activities specific
for human T cell leukemia virus type I. J. Immunol. 149:940–948.

17. Kusuhara, K., S. Sonoda, K. Takahashi, K. Tokunaga, J. Fukushige, and K.
Ueda. 1987. Mother-to-child transmission of human T-cell leukemia virus
type-I (HTLV-I): a fifteen-year follow-up study in Okinawa, Japan. Int. J.
Cancer 40:755–757.

18. Malik, K. T. A., J. Even, and A. Karpas. 1988. Molecular cloning and
complete nucleotide sequence of an adult T cell leukemia virus/human T cell
leukemia virus type I (ATLV/HTLV-I) isolate of Caribbean origin: relation-
ship to other members of the ATLV/HTLV-I subgroup. J. Gen. Virol.
69:1695–1710.

19. Murphy, E. L., J. P. Figueroa, and W. N. Gibbs. 1989. Sexual transmission of
human T-lymphotropic virus type-I. Ann. Intern. Med. 111:555–560.

20. Nagumo, T., and H. Hoshino. 1988. Heparin inhibits infectuvity of human
immunodeficiency virus in vitro. Jpn. J. Cancer Res. 79:9–11.

21. Nagy, K., P. Clapham, R. Cheingsons-Popov, and R. Weiss. 1983. Human
T-cell leukemia virus type I: induction of syncytia and inhibition by patient’s
sera. Int. J. Cancer 32:321–328.

22. Nakamura, H., M. Hayami, Y. Ohta, K. Ishikawa, H. Tsujimoto, T.
Kiyokawa, M. Yoshida, A. Sasagawa, and S. Honjo. 1987. Protection of
cynomolgus monkeys against infection by human T-cell leukemia virus type-I
by immunization with viral env gene products produced in Escherichia coli.
Int. J. Cancer 40:403–407.

23. Nakano, S., T. Ando, K. Saito, I. Moriyama, M. Ichijo, T. Toyama, K.
Sugamura, J. Imai, and Y. Hinuma. 1986. Primary infection of Japanese
infants with adult T-cell leukemia-associated retrovirus (ATLV): evidence
for virus transmission from mother to children. J. Infect. Dis. 12:205–212.

24. Okochi, K., H. Sato, and Y. Hinuma. 1984. A retrospective study on trans-
mission of adult T-cell leukemia virus by blood transfusion: seroconversion
in recipients. Vox Sang. 46:245–253.

25. Osame, M., K. Usuku, S. Izumo, N. Ijuchi, H. Amitani, A. Igata, M. Mat-
sumoto, and M. Tata. 1986. HTLV-I associated myelopathy, a new clinical
entity. Lancet i:1031–1032.

26. Paine, E., J. Garcia, T. C. Philpott, G. Shaw, and L. Ratner. 1991. Limited
sequence variation in human T-lymphotropic virus type I isolates from North
American patients. Virology 182:111–123.

27. Parker, T. J., E. R. Riggs, D. E. Spagion, A. J. Muir, R. M. Scearce, R. R.

1568 SAGARA ET AL. J. VIROL.



Randall, M. W. McAdams, A. McKnight, P. R. Clapham, R. A. Weiss, and
B. F. Hynes. 1992. Mapping of homologous amino terminal neutralizing
regions of human T-cell lymphotropic virus type I and II gp46 envelope
glycoproteins. J. Virol. 66:5879–5899.

28. Parker, T. J., M. E. Tanner, R. M. Scearce, R. D. Streilein, M. E. Clark, and
B. F. Haynes. 1989. Mapping of immunogenic regions of human T cell
leukemia virus type I (HTLV-I) gp46 and gp21 envelope glycoproteins with
env-encoded synthetic peptides and a monoclonal antibody. J. Immunol.
142:971–978.

29. Pique, C., D. Pham, T. Tursz, and M. C. Dokhelar. 1993. The cytoplasmic
domain of the human T-cell leukemia virus type I envelope can moderate
envelope function in a cell type-dependent manner. J. Virol. 67:557–561.

30. Poiesz, B. J., F. W. Ruscetti, A. F. Gazdar, P. A. Bunn, J. D. Minna, and R. C.
Gallo. 1980. Detection and isolation of type C retrovirus particles from fresh
and cultured lymphocytes of a patient with cutaneous T-cell lymphoma.
Proc. Natl. Acad. Sci. USA 77:7415–7419.

31. Popovic, M., P. S. Sarin, M. Robert-Guroff, V. S. Kalyanaraman, D. Mann,
J. Minowada, and R. C. Gallo. 1983. Isolation and transmission of human
retrovirus (human T-cell leukemia virus). Science 219:856–859.

32. Sato, H., J. Hirata, M. Furukawa, N. Kuroda, H. Shiraki, Y. Maeda, and K.
Okochi. 1991. Identification of the region including the epitope for a mono-
clonal antibody which can neutralize human parvovirus B19. J. Virol. 65:
1667–1672.

33. Schulz, T. F., M. L. Calabro, J. G. Hoad, C. V. Carrington, E. Matutes, D.
Catovsky, and R. A. Weiss. 1991. HTLV-I envelope sequences from Brazil,
the Caribbean, and Romania: clustering of sequence according to geo-
graphic origin and variability in an antibody epitope. Virology 184:483–491.

34. Seiki, M., S. Hattori, Y. Hirayama, and M. Yoshida. 1983. Human adult
T-cell leukemia virus: complete nucleotide sequence of the provirus genome
integrated in leukemia cell DNA. Proc. Natl. Acad. Sci. USA 80:3618–3622.

35. Shida, H., T. Tochikura, T. Sato, T. Konno, K. Hirayoshi, M. Seiki, Y. Ito, M.
Hatanaka, Y. Hinuma, M. Sugimoto, F. Takahashi-Nishimaki, T. Ma-
ruyama, K. Miki, K. Suzuki, H. Morita, H. Sakiyama, and M. Hayami. 1987.

Effect of the recombinant vaccinia viruses that expressed HTLV-I envelope
gene on HTLV-I infection. EMBO J. 6:3379–3384.

36. Shimotohno, K., Y. Takahashi, N. Shimizu, T. Gojobori, D. W. Golde, I. S. K.
Chen, M. Miwa, and T. Sugimura. 1985. Complete nucleotide sequence of
an infectious clone of human T-cell leukemia virus type II: an open reading
frame for the protease gene. Proc. Natl. Acad. Sci. USA 82:3101–3105.

37. Srivastava, B. I., and J. Minowada. 1978. Terminal deoxynucleotidyl trans-
ferase activity in a cell line (Molt-4) derived from the peripheral blood of a
patient with acute lymphoblastic leukemia. Biochem. Biophys. Res. Com-
mun. 51:529–535.

38. Tajima, K., T. Tominaga, T. Suchi, T. Kawagoe, H. Tomoda, Y. Hinuma, T.
Oda, and K. Fujita. 1982. Epidemiological analysis of the distribution of
antibody to adult T-cell leukemia virus. Jpn. J. Cancer Res. 73:893–901.

39. Tanaka, Y., Z. Lee, H. Shiraki, H. Shida, and H. Tozawa. 1991. Identification
of a neutralizing epitope on the envelope gp46 antigen of human T-cell
leukemia virus type I and induction of neutralizing antibody by peptide
immunization. J. Immunol. 146:354–360.

40. Washitani, Y., N. Kuroda, H. Shiraki, Y. Itoyama, H. Sato, K. Ohshima, H.
Kiyokawa, and Y. Maeda. 1992. Linear antigenic regions of the structural
proteins of human T-cell lymphotropic virus type I by enzyme-linked immu-
nosorbent assay using synthetic peptides as antigens. J. Clin. Microbiol.
30:287–290.

41. Weiss, R. A. 1993. Cellular receptors and viral glycoproteins involved in
retrovirus entry, p. 1–108. In J. A. Levy (ed.), The Retroviridae, vol. 2.
Plenum Press, New York.

42. Weiss, R. A., P. Clapham, K. Nagy, and H. Hoshino. 1985. Envelope prop-
erties of human T-cell leukemia viruses. Curr. Top. Microbiol. Immunol.
115:235–246.

43. Yanagihara, R., V. R. Nerukar, and A. B. Ajdukiewicz. 1991. Comparison
between strains of human T lymphotropic virus type I isolated from inhab-
itants of the Solomon Island and Papua New Guinea. J. Infect. Dis. 164:
443–448.

VOL. 70, 1996 FUNCTIONAL DOMAINS ON HTLV-1 ENVELOPE PROTEINS 1569


