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The primary protein product of the human T-cell leukemia virus type 1 (HTLV-1) env gene, gp6l, is cleaved
to produce both the exterior (gp46) and the transmembrane (gp2l) portions of the HTLV-1 envelope protein.
To compare the reactivity with human antibodies of different regions of this gp6l protein, five plasmids (A, B,
Bi, C, and D) were constructed to express recombinant proteins (RPs) in Escherichia coli. RP-A, RP-B, RP-B1,
and RP-C contain amino acid residues 26 to 165, 166 to 229, 166 to 201, and 229 to 308, respectively, of the
exterior envelope protein gp46. Serum samples from HTLV-1-seropositive subjects were assayed for reactivity
with these RPs by Western immunoblotting. The percentages of positive reactivity with each of the RPs were
as follows: 18.9% (23 of 122) for RP-A, 89.6% (112 of 125) for RP-B, 70.2% (85 of 121) for RP-B1, and 92.9%
(117 of 126) for RP-C. These results indicate that the C-terminal half of gp46 (RP-B plus RP-C) can detect
97.6% (123 of 126) of positive samples, while the N-terminal half of gp46 (RP-A) can only detect 18.9% of the
HTLV-1-positive sera (P < 0.005). Furthermore, RP-A, -B, and -C, which together span the entire length of
gp46 except the first five amino acids at the N terminus and the last four amino acids at the C- terminus,
detected 99.2% (125 of 126) of the HTLV-1-positive subjects. In contrast, RP-D, which contains the HTLV-1
transmembrane envelope protein gp2l minus the first amino acid at the N terminus, had a lower rate of
antibody reactivity at 73.7% (84 of 114) (P < 0.005). The difference in seropositive rates for RP-D between
HTLV-1 carriers (55.6%) and adult T-cell leukemia patients (85.5%) is statistically significant (P < 0.01). This
study therefore indicates that the C-terminal half of gp46, especially the amino acid sequence from 200 to 308,
contains the most reactive epitopes of the HTLV-1 gp6l envelope glycoprotein.

The human T-cell leukemia virus type 1 (HTLV-1) has
been shown to be etiologically associated with human adult
T-cell leukemia and lymphoma (10, 20, 23, 30) and with a
rare neurological disorder called tropical spastic paraparesis
and HTLV-1-associated myelopathy (13, 21). Several lines
of evidence suggest that the HTLV-1 env glycoprotein may
be a critical viral antigen for targeting by the host immune
system. It has been demonstrated that the HTLV-1 env

protein is the first viral antigen recognized by antibodies in
the sera of HTLV-1-infected subjects (8, 18). Also, the
infectivity of pseudotypes of vesicular stomatitis virus bear-
ing the HTLV-1 env protein can be neutralized by antibodies
specific to this protein (4). It is therefore logical to assume
that immune effector mechanisms directed to the HTLV-1
envelope protein represent an important mechanism for
inhibiting infection and/or the spread of the virus (4, 28).

Previous studies on the HTLV-1 env protein have re-
vealed interesting observations about its antibody reactivity
(6, 7, 14, 25, 27). Experiments have shown dramatic varia-
tions in the reactivity of different regions of this protein by
testing antibody reactivities to three synthetic peptides, each
representing 11 to 15 amino acids of gp6l (6). Further
experiments have studied a BamHI-XhoI fragment of the
HTLV-1 env gene cloned into plasmid pkS400 which, upon

induction, expressed a recombinant protein containing the
final four amino acids at the C terminus of gp46 and
two-thirds of the length of gp2l (25). This recombination
protein was able to detect 11 of 11 HTLV-1-positive test
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sera. A comparative study to determine which regions of
gp6l are most reactive with human antibodies has not yet
been described. This information may be useful for both
blood screening and clinical diagnosis.
We therefore designed our study to provide a systematic

exploration of the serologic reactivity of various portions of
the gp6l protein. To that end, we constructed five plasmids
and induced them to express recombinant proteins (RPs).
Each RP represents a specific region of the HTLV-1 env

protein, and together they span the entire length of gp6l.
Serum samples from asymptomatic Japanese HTLV-1 car-
riers and adult T-cell leukemia (ATL) patients were tested
for antibody reactivity to these RPs by Western immunoblot
assay. The results show that the most reactive region of gp6l
is located in the C-terminal half of the HTLV-1 exterior
glycoprotein gp46.

In this study, the HTLV-1 proviral DNA sequences re-
ported by Seiki et al. (26) were used as the reference for the
restriction enzyme sites for gene cloning and screening. As
shown in Fig. 1, a 4.2-kilobase (kb) SphI-SphI fragment
containing both the HTLV-1 env gene and the x region was
excised from pMT2 (5) and subcloned into plasmid p806.
Plasmid p806, a derivative of pUC18, contains an EcoRI-
NcoI fragment from plasmid pXVR (9). To ensure that the
inserted env gene was in the same reading frame as the
preceding v-ras' sequence, the DNA sequence in the junc-
tion region of plasmid psphl-envl was analyzed by the
dideoxynucleotide sequencing method (29).
To generate plasmid pS3 containing the distal two-thirds

of the HTLV-1 env gene (nucleotides 5694 to 6665), psphl-
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FIG. 1. Construction of plasmids containing specific regions of the HTLV-1 env gene. Abbreviations: B, BamHI; C, ClaI; E, EcoRI; K,
KpnI; S, SalI; X, XhoI; 'X', x region of the HTLV-1 provirus. Nucleotide numbers are shown in parentheses.

envl DNA was digested with Sall, which cuts at nucleotide
5694 of the env gene and at the SalI sequence in the
polylinker site of the plasmid. The sticky ends of the
linearized plasmid DNA were repaired with Klenow frag-
ment and then fused by blunt-end ligation (Fig. lb). Plasmid
pD (Fig. lc), which contains the gene corresponding to the
HTLV-1 transmembrane protein gp2l (nucleotides 6140 to
6665), was similarly generated by digesting psphl-envl DNA
with KpnI, which cuts at nucleotide 6140 of the env gene and
at the KpnI sequence of the polylinker site. The plasmid
DNA was then religated.
To construct plasmids expressing the middle regions of

gp46, we took plasmid pS3 DNA, which had been isolated
from DNA methylase-free cells (strain JM110), digested it
with either ClaI or XhoI, repaired the ends with Klenow
fragment, and then re-fused them by blunt-end ligation with
an NheI nonsense codon linker, d(CTAGCTAGCTAG)
(New England BioLabs, Beverly, Mass.) (Fig. ld and e).
These new plasmids, called pB and pBl, contained HTLV-1
env gene nucleotide sequences 5694 to 5887 and 5694 to
5799, respectively.
Another expression vector used in this study was pJL6

(17). It contains a bacteriophage A PL promoter and the
N-terminal fragment of the A cII gene, including the ribo-
some-binding site and an ATG start codon. As shown in Fig.
2a, a 422-base-pair (bp) PvuII-SalI fragment (nucleotides
5273 to 5694), obtained from pMT2 and encoding the N-
terminal half of the HTLV-1 envelope exterior glycoprotein

gp46, was fused in-frame by blunt-end ligation of the re-
paired HindIlI cloning site of pJL6 (plasmid pA). Plasmid pC
(Fig. 2b), which encodes the C-terminal region of gp46, was
constructed by force-cloning a 234-bp ClaI-BamHI fragment
(nucleotides 5887 to 6120) from plasmid pMT2 into plasmid

Eco RI

PstI dl laI
Aw l pJL6 HindI

Bam HI

//u7dlfdies // \ C/oIaxd BumHZdiges
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FIG. 2. Construction of plasmids containing specific regions of

the HTLV-1 env gene. Fragments from the HTLV-1 provirus clone
pMT2 are marked (*).
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FIG. 3. Schematic diagram of the hydrophobicity plot, predicted antigenic index, and the positions of predicted cysteine residues and

glycosylation sites of regions contained within specific RPs along the HTLV-1 envelope protein (gp6l). The primary envelope protein gp6l

is proteolytically cleaved at the N terminus (to remove a short leader [L] sequence) and within the gp61 precursor to generate the mature

envelope glycoprotein comprising the gp46 (exterior) and gp2l (transmembrane) proteins. The scale refers to amino acid sequence number.

pJL6, which had been linearized by Clal and BamHl diges-

tion.

RPs containing specific regions (Fig. 3) of HTLV-1 gp6l

were expressed either by vector p806 (pB, pBl, and pD) or

by vector JL6 (pA and pC) in two different bacterial culture

systems. Escherichia ccli X-90 cells (22) carrying plasmids

derived from p806 were induced to express RPs by treatment

with IPTG (isopropyl-p-D-thiogalactopyranoside). E. ccli

DC1148 was used to carry recombinant plasmids derived

from pJL6. This strain is a lysogen that contains a mutant

temperature-sensitive repressor encoded by the phage X

gene c1857 and can be induced to express RPs when exposed

to a temperature shift from 32 to 420C.

The characteristics of the RPs expressed by these plas-

mids are summarized in Table 1. In general, the RPs were

initially identified by staining sodium dodecyl sulfate-poly-

acrylamide (SDS-PA) gels containing both controls and the

induced clones with Coomassie blue. Reactivity of the RPs

was then confirmed by Western blot with high-titer HTLV-

1-positive sera for all of the RPs and goat anti-v-raSH

antiserum for the fusion proteins expressed by pB, pBl, and

pD. As shown in Fig. 4, the observed molecular masses of

the RPs corresponded to the predicted values.

In the case of RP-D there were two bands, one with a

molecular mass of 32 kilodaltons (kDa) and the other of 30

kDa, which reacted by Western blot with most of the

HTLV-1-positive sera (Fig. 4) and with a rabbit anti-gp2l

antiserum (data not shown).

We initially tried and failed to induce plasmid psphl-envl

to express the full length or plasmid pS3 to express two-

thirds of the length of gp6l. Several possibilities may be

considered to explain this phenomenon: message instability,

codon usage preference, a toxic effect of the expressed

proteins on the bacterial cells (1), and metabolic instability of

the protein itself (2). Nevertheless, after the gene fragments

were shortened for cloning, all the RPs were expressed at

levels high enough to allow direct detection by Coomassie

blue staining. The RPs, which ranged from 15 to 32 kDa,

constituted approximately 98% of the HTLV-1 env precur-

sor complex, as shown in Fig. 3. While both bacterial

systems produced adequate quantities of the RP products,

the pJL6 system produced them in greater quantities than

did the p806 system. The reason for this difference is not

clear, although the two systems are not identical; protein

expression with the pJL6 vector is induced by temperature

shift, while that of the p806 system is induced by chemical

treatment with IPTG.

Serum samples from two groups of Japanese HTLV-

1-positive subjects, healthy carriers, and ATL patients were

used to study the prevalence of antibodies to each of the

TABLE 1. Characteristics of HTLV-1 envelope RPs

Plasmid ~Expression gp6l amino acid Region of HTLV-1 Observed massb Approx amt of proteinPlasmid ~ vector sequence envelope gp6la (kDa) synthesized ()

pA pJL6 26-165 N-gp46 18 10
pB p806 166-229 M 25 2
pBl p806 166-201 M 23 5
PC pJL6 229-308 C-gp46 15 8
pD p806 313-488 gp2l 32, 30 5
a N, N terminus; M, middle region; and C, C terminus of gp46, the exterior domain of gp6l; gp2l, the transmembrane domain of gp6l.
b In most instances, the observed mass deviates slightly from the predicted mass, which is an intrinsic property of the input gene sequence.
Values are rough estimates of the relative quantities of recombinant proteins expressed against a background of total bacterial proteins as observed in

Coomassie blue-stained SDS-PA gels.
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FIG. 4. Western blotting assay of the five recombinant proteins
(arrows) detected by HTLV-1-positive sera (lanes 2, 4, 6, 8, and 10).
Control sera are in lanes 1, 3, 5, 7, and 9. Sizes (in kilodaltons) are
labeled at the left side of each of the reaction pairs. RP preparations
from partial purification (19) were run on a 15% SDS-PA gel (16).
After electrophoresis, the proteins were transferred to nitrocellulose
membranes (Schleicher & Schuell, Keene, N.H.) and assayed by
the method described previously (3).

specific RPs. Initial screening for HTLV-1 seropositivity
was standardized by using both the particle agglutination test
and the immunofluorescence test (12). All samples were then
confirmed as positive by both a Western blot assay (3) with
MJ cell (24) lysates and a radioimmunoprecipitation assay
with [35S]cysteine-labeled MT-2 (20) antigens. As shown in
Table 2, the results of the studies assaying for antibody
reactivity to the RPs were as follows: 22.2% (10 of 45) of
samples from the carriers and 16.9% (13 of 77) of samples
from the ATL patients were reactive to RP-A; 80% (36 of 45)
of samples from the carriers and 95% (76 of 80) of samples
from the ATL patients were reactive to RP-B; 72.7% (32 of
44) of samples from the carriers and 68.8% (53 of 77) of
samples from the ATL patients were reactive to RP-B1; and
91.1% (41 of 45) of samples from the carriers and 93.8% (76
of 81) of samples from the ATL patients were reactive to
RP-C.

Together, the antibody reactivity rates for all the serum
samples, as assayed by Western blot, were as follows: 18.9%
(23 of 122) reacted with RP-A, 89.6% (112 of 125) reacted
with RP-B, 70.2% (85 of 121) reacted with RP-B1, and 92.9%
(117 of 126) reacted with RP-C. These results indicate that
the C-terminal half of gp46 (RP-B plus RP-C) detected 97.6%
(123 of 126) of the HTLV-1-positive sera, a percentage which
is significantly higher (P < 0.005) than that detected by the
N-terminal half of gp46 (RP-A). RP-A, RP-B, and RP-C,
which together span the entire length of gp46 except the first
five amino acids at the N terminus and the last four amino
acids at the C terminus, detected 99.2% (125 of 126) of the
HTLV-1-positive subjects. Interestingly, this same combi-
nation of RPs detected every ATL patient in this study. In
contrast, RP-D, which contains the transmembrane enve-
lope protein gp2l minus the first amino acid at the N
terminus, had only a 73.7% (84 of 114) reactivity rate. The
difference in the rates of antibody response between gp46

(RP-A plus RP-B plus RP-C) and gp2l (RP-D) is statistically
significant (P < 0.005).
The results of the Western blot assay shown in Fig. 4 and

the serological data summarized in Table 2 indicate that
many antigenic determinants of the gp6l protein retain their
antibody-binding specificities in the denatured forms of the
RPs. Indeed, all of the RPs, with the exception of RP-A,
were able to react with over 70% of the HTLV-1-positive
sera.
RP-A, on the other hand, detected a much smaller per-

centage of the HTLV-1-positive sera, although it does con-
tain many potentially reactive epitopes (see antigenic index
of HTLV-1 envelope protein in Fig. 3c). It is possible that
many epitopes residing on the N terminus of gp46 may be
hindered by interactions between gp46 and other molecules
such as gp21. Such a scenario was in fact considered in an
analysis of the human immunodeficiency virus type 1 (HIV-
1) external glycoprotein (15). For this study, Kowalski et al.
(15) constructed a panel of HIV-1 envelope mutants and
analyzed the phenotypic changes corresponding to each
genetic mutation. Their results indicated that among the
regions tested, those responsible for the association of
HIV-1 gp120 with HIV-1 gp41 (analogous to HTLV-1 gp46
and gp21, respectively) are clustered at the N-terminal half
of the gp120 molecule.

Conformational epitopes may also play an important role
in determining the relative immunogenicity of the N-terminal
half of gp46. Thus, when the proteins are not in their natural
configurations, they may not be recognized by the same
antibodies which react with the native protein. As shown in
Fig. 3d, there are 10 cysteine residues in the N-terminal half
of gp46, but only 4 in the C-terminal half. It is therefore
possible that disulfide bonds between these cysteine residues
might be especially significant to the tertiary structure of the
gp46 protein at its N terminus. Since all the RPs used for the
Western blot assays were solubilized in either a 3 or 8 M
urea-Tris hydrochloride buffer solution, their conforma-
tional epitopes were denatured and could not be studied by
the assay.

Nevertheless, when comparing the relative antibody reac-
tivities of the various regions of HTLV-1 gp61 by using
denatured RPs in Western blot assays (Table 2), we found
that the C-terminal half of gp46 (RP-B plus RP-C) was the
most immunogenic region of the protein. This region reacted
with over 95% of the HTLV-1-positive sera, whereas the
N-terminal half of gp46 (RP-A) had a much lower reaction
rate. Perhaps more interesting still is the fact that RP-B1,
which contains only 36 amino acids from the middle region
of HTLV-1 gp46, reacted with 70% of the HTLV-1-positive
sera. If one examines antibody reactivity as a function of
relative polypeptide length, RP-B1 may be considered a

highly reactive domain in the HTLV-1 envelope protein. As
illustrated in Fig. 3c, RP-B1 did have a rather high antigenic
index in its predicted peptide sequence. This index was

calculated by summing several weighted measures of sec-

TABLE 2. Rates of antibody positivity for various groups of HTLV-1-positive subjects to RPs of the HTLV-1 envelope protein
Reactivitya [no. positive/no. tested (% positive)] with:

Serum source
RP-A RP-B RP-B1 RP-C RP-D RP-B + RP-C RP-A + RP-B + RP-C

HTLV-1 carriers 10/45 (22.2) 36/45 (80.0) 32/44 (72.7) 41/45 (91.1) 25/45 (55.6) 43/45 (95.6) 44/45 (97.8)
ATL patients 13/77 (16.9) 76/80 (95.0) 53/7 (68.8) 76/81 (93.8) 59/69 (85.5) 80/81 (98.8) 81/81 (100)

Total 23/122 (18.9) 112/125 (89.6) 85/121 (70.2) 117/126 (92.9) 84/114 (73.7) 123/126 (97.6) 125/126 (99.2)
a Rates of reactivity to RP-D versus RP-B plus RP-C were statistically significant (P < 0.005).
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TABLE 3. Patterns of antibody reactivity to different regions
of the HTLV-1 envelope protein in HTLV-1

carriers and ATL patients

Reactivity with: No. (%) of samples with pattern
Pattern RP-A RP-B + RP-C RP-D ATL HTLV-1

(N-gp46) (C-gp46) (gp2l) patients carriers Total

1 - + - 8 (24.2) 13 (28.9) 21 (26.9)
2 - + + 20 (60.6) 21 (46.7) 41 (52.6)
3 + + - 0 2 (4.4) 2 (2.6)
4 + + + 4 (12.1) 7 (15.6) 11 (14.1)
5 + - - 1 (3.0) 1 (2.2) 2 (2.6)
6 - - - 0 1 (2.2) 1 (1.3)

ondary structure, including the hydrophobicity, the surface
probability, the flexibility, the Chou-Fasman structure, and
the Robson-Garnier structure (11). It was used in this paper
for reference, but we do not imply that our analysis is in any
way meant to test the validity of this model.

Seropositivity rates for RP-D (HTLV-1 gp2l) were signif-
icantly lower than those for RP-B or RP-C (C terminus of
gp46) in the HTLV-1 carrier and ATL patient groups and in
the two groups combined (P < 0.005). In an earlier report,
workers in one of our laboratories described a higher degree
of reactivity for a recombinant polypeptide representing
HTLV-1 gp2l (pKS400; see Introduction and reference 25).
However, this study was based on the analysis of a relatively
small panel of HTLV-1-positive serum samples, and the
recombinant protein expressed by pKS400 contains several
amino acids from the gp46 C-terminal region, whereas RP-D
represents sequences from gp2l only.
Of further interest in the present study was the difference

in rates of RP-D seroreactivity between HTLV-1 carriers
(55.6%) and ATL patients (85%) (P < 0.01). Whether this
difference bears any direct relationship to disease develop-
ment cannot be determined from the current studies.
As controls, 50 serum samples from HTLV-1 antibody-

negative Japanese people living in the same HTLV-1-en-
demic region were tested for their reactivities to the various
RPs. None of the control sera reacted with any of the
HTLV-1 env RPs.
Table 3 provides an analysis of antibody reactivity pat-

terns found in sera from HTLV-1 carriers and ATL patients.
The regions of HTLV-1 gp6l, as expressed in E. coli, are

defined as RP-A for the N-terminal half of gp46 (N-gp46),
RP-B plus RP-C for the C-terminal half of gp46 (C-gp46), and
RP-D for the gp2l transmembrane protein. In the most
common serological pattern, pattern 2, there was a negative
reaction to N-gp46 and a positive reaction to both C-gp46
and gp2l. However, 24.2% to 28.9% of HTLV-1-positive
serum samples showed antibodies to C-gp46 only (pattern 1).
Eleven of 78 (14.1%) of the HTLV-1-positive serum samples
had antibodies to all regions of gp6l represented by the RPs
(pattern 4). Surprisingly, two cases (one an ATL patient, and
the other a healthy carrier) had antibodies only to N-gp46,
which according to the results of this study is the least
reactive region of the entire HTLV-1 envelope protein.
The serum of one HTLV-1 carrier was also found to show

no antibody reactivity to any of the RPs tested. However,
both the Western blot assay and radioimmunoprecipitation
showed that this patient's serum had antibodies to HTLV-1
p19 and p24 gag gene proteins (group-specific antigens). It is
possible that this person was actually infected with an

HTLV-1-related virus or that antibodies to gp46, gp6l,
and/or the RPs may be detected by techniques other than

Western blotting. It may even be possible to observe dif-
ferent seropositivity rates when the same RPs are tested by
different immunoassay procedures. Indeed, since this study
was a comparative analysis of the relative reactivity of
HTLV-1 envelope peptides expressed in a bacterial system,
it is possible that different results would be obtained with
analogous regions of the molecule expressed in nonbacterial
(e.g., vaccinia virus) systems.

Since RP-A, RP-B, and RP-C, together spanning the
length of gp46, can detect over 99% of HTLV-1-positive
subjects, a recombinant protein or a cocktail containing
various proteins representing this region may be a logical
candidate for use in blood-screening and epidemiological
studies. Such an antigen preparation would probably provide
greater specificity than current diagnostic assays based on

disrupted whole virus and/or infected-cell antigen prepara-
tions. Furthermore, since the rate of in vitro production for
HTLV-1 is quite low, the use of bacterially expressed RPs as

antigens may in fact provide a more economical and abun-
dant source of well-defined envelope proteins for the assay
systems currently in use.
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