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It is well established that cell-free infection with human T-cell leukemia virus type 1 (HTLV-1) is less efficient
than that with other retroviruses, though the specific infectivities of only a limited number of HTLV-1 isolates
have been quantified. Earlier work indicated that a postentry step in the infectious cycle accounted for the poor
cell-free infectivity of HTLV-1. To determine whether variations in the pol gene sequence correlated with virus
infectivity, we sequenced and phenotypically tested pol genes from a variety of HTLV-1 isolates derived from
primary sources, transformed cell lines, and molecular clones. The pol genes and deduced amino acid se-
quences from 23 proviruses were sequenced and compared with 14 previously published sequences, revealing
a limited number of amino acid variations among isolates. The variations appeared to be randomly dispersed
among primary isolates and proviruses from cell lines and molecular clones. In addition, there was no
correlation between reverse transcriptase sequence and the disease phenotype of the original source of the
virus isolate. HTLV-1 pol gene fragments encoding reverse transcriptase were amplified from a variety of
isolates and were subcloned into HTLV-1 vectors for both single-cycle infection and spreading-infection assays.
Vectors carrying pol genes that matched the consensus sequence had the highest titers, and those with the
largest number of variations from the consensus had the lowest titers. The molecular clone from CS-1 cells had
four amino acid differences from the consensus sequence and yielded infectious titers that were approximately
eight times lower than those of vectors encoding a consensus reverse transcriptase.

Human T-cell leukemia virus type 1 (HTLV-1) is an onco-
genic retrovirus directly associated with adult T-cell leukemia
(ATL) and HTLV-associated myelopathy/tropical spastic
paraparesis. An estimated 10 to 20 million people worldwide
are infected with the virus, with endemic foci in southern
Japan, Melanesia, central Africa, the Caribbean, and South
America (2, 31, 56). Like other retroviruses, HTLV-1 depends
upon the activity of its reverse transcriptase (RT) for efficient
replication in target cells. However, unlike other retroviruses,
primate T-cell lymphotropic viruses and the related bovine
leukemia virus are known for their low genetic diversity in vivo.
Interpatient nucleotide sequence variability between isolates is
less than 10% worldwide and usually less than 2% within the
same geographic region, while intrapatient variability is con-
siderably less (54). This extremely low genetic variability is
likely due to provirus expansion by mitotic replication (60).

HTLV-1 does not productively infect established T-cell lines
because of the cytostatic effects of Tax (32, 61). This is para-
doxical, because it is through the action of Tax that HTLV-1
immortalizes primary T cells. Therefore, HTLV-1 isolates are
generally obtained in the form of a provirus in a chronically
infected cell line. HTLV-1-transformed cell lines are obtained
by coculture of peripheral blood mononuclear cells (PBMC) or

cord blood leukocytes with fresh peripheral blood leukocytes
(PBLs) drawn from infected patients, producing mono- or oli-
goclonal cell lines. Although they typically harbor defective
proviruses, these HTLV-1-transformed cell lines are capable of
producing infectious virions. However, the cell-free virus par-
ticles released from these cell lines are poorly infectious. In the
first quantitative study of cell-free HTLV-1 infection, it was
estimated that only 1 in 106 virus particles from MT-2 cells
were infectious (15).

The infectious HTLV-1 molecular clones pCS-HTLV and
pACH were derived from the HTLV-transformed cell lines
CS-1 and CH, respectively (9, 10, 26, 28, 52), and have been
widely used to study HTLV-1 transformation and infectivity in
vitro. The virus particles released by cells transfected with
these provirus clones appear to mimic virions produced by
transformed cell lines (9), but it is unclear whether the poor
replication and infectivity of these viruses are typical of
HTLV-1 in nature. We previously showed that pCS-HTLV-
based vectors were about 1,000-fold less infectious than human
immunodeficiency virus type 1 (HIV-1) when both viruses were
pseudotyped with the same envelope (9). Thus, the difference
in infectivity was at a postentry step, which likely reflected a
difference in viral uncoating or reverse transcription. We have
begun to characterize HTLV-1 RT to determine whether or
not the RT contributes to the low infectious titer of cell-free
HTLV-1 (33).

To determine whether a relationship exists between RT se-
quence variation and infectious titer, we sequenced and phe-
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notypically tested pol genes from a variety of sources in both
single-cycle and spreading-infection assays. We found that iso-
genic molecular clones of HTLV-1 that contained the consen-
sus RT gave titers that were eightfold higher than those of
clones utilizing RT of the original molecular clone, pCS-
HTLV.

MATERIALS AND METHODS

Cells and cell lines. Transfected human kidney (293T), human cervical carci-
noma (HeLa), and fetal rhesus lung (FRhL-B5) (12) cells were maintained in
Dulbecco’s modified minimum essential medium supplemented with 10% fetal
bovine serum, L-glutamine, and antibiotics.

The following HTLV-1-transformed cell lines were obtained through the NIH
AIDS Research and Reference Reagent Program, Division of AIDS, NIAID,
NIH: C10/MJ (catalog no. 4407) from Dean Mann and Miklaus Popovic, MT-2
(catalog no. 237) and MT-4 (catalog no. 120) from Douglas Richman, and C8166
(catalog no. 404) from Robert Gallo (36, 37, 44, 48). Renu Lal and Charlene
Dezzutti (Centers for Disease Control and Prevention, Atlanta, GA) generously
provided the 1657, 3614, 3669, A212, EG, FS, and SP cell lines (7, 13, 16, 23, 47).
The 1657, 3614, 3669, A212, C10/MJ, and C91/PL (44); C8166 and CS-1 (28);
EG, FS, MT-2, MT-4, and HS-1 (30); HuT102 (43); and SP cell lines were
maintained in RPMI 1640 supplemented with 10% fetal bovine serum, L-glu-
tamine, and antibiotics; in addition, the 1657, 3614, A212, SP, FS, and EG
cultures were supplemented with interleukin-2.

Genomic DNA was extracted from the HTLV-transformed cell lines by using
the QIAamp DNA mini or blood kit (QIAGEN). Genomic DNAs were isolated
from PBLs of Japanese ATL patients; the isolates are designated Ptnt1, Ptnt2,
Ptnt4, Ptnt5, PtntAK003, PtntAK004, PtntAK005, and PtntAK006.

Amplification and sequencing of the pol gene. The pol gene was PCR amplified
in two overlapping segments by using HotStarTaq DNA polymerase (QIAGEN).
Nucleotides (nt) 2473 to 3856 (1,384 bp) comprised the 5� segment, and nt 3243
to 4341 (1,099 bp) comprised the 3� segment. At least two independent PCR
amplifications of the target sequence were performed. PCR products were
cloned into the pCR2.1-TOPO vector (Invitrogen), and a minimum of two
insert-containing TOPO vectors from each PCR amplification were sequenced.
In some instances, direct sequencing of the patient sample PCR product was also
performed. The HTLV-1 virus expression vector, pCS-HTLV, was directly se-
quenced as a reference for all constructs currently used in our lab. The pACH
infectious molecular clone was also sequenced for comparison to the published
pol gene sequence of the CH isolate (40, 46). The region between nt 2493 and
4319 of the provirus (1,827 bp) was sequenced in all isolates. In addition, the
region between nt 4319 and 5127 was sequenced in the MT-2 and C10/MJ
isolates.

Phylogenetic analysis. Nucleotide sequences were aligned with the CLUSTAL
W program. Phylogenetic trees were constructed by the neighbor-joining method
and rooted with the pol sequence of the HTLV-1c Mel5 isolate as an outlier. The
reliability of each branch on the neighbor-joining tree was estimated by bootstrap
analysis of 1,000 samplings of the original sequence alignments. Pairwise genetic
distances were estimated on each sampling by the Kimura two-parameter
method.

Plasmids. The cloning and construction of the pCS-HTLV plasmid vector,
which contains a full-length provirus from the CS-1 cell line, has been described
previously (10). The CS-1 cell line was obtained by the cocultivation of cord
blood leukocytes with irradiated HTLV-1-infected HS-1 cells. The PstI-to-SstII
fragment of pCS-HTLV, containing the pX region, was replaced with the ho-
mologous fragment from MT-2 to produce the pX1MT infectious clone (11). The
NotI-to-SphI fragment of pX1MT was replaced with the homologous region of
pCMVHT-1�env (MT-2 RT), described below, to create the pX1MT-M infec-
tious molecular clone. The initial pCMVHT-1�env packaging plasmid was de-
rived from the pCS-HTLV infectious molecular clone by replacing the 5� long
terminal repeat promoter with a cytomegalovirus (CMV) promoter linked to a
fragment (positions 439 to 567) of the R region (9). The infectious molecular
clone pACH was provided by Lee Ratner (26).

To analyze the phenotypic effects of HTLV-1 isolate RT variations on viral
genomic replication and infectivity, we replaced portions of the pCMVHT-
1�env pol gene with the homologous region of selected isolates. The 2,366-bp
BglII-to-SphI sequence (nt 2762 to 5127) of pACH was ligated into pCM
VHT-1�env to create pCMVHT-1�env (CH RT). The 1,876-bp KpnI-to-SphI
region (nt 3252 to 5127) of pCMVHT-1�env was replaced with the homolo-
gous regions of C10/MJ and MT-2 to create pCMVHT-1�env (C10/MJ RT)
and pCMVHT-1�env (MT-2 RT), respectively. It is worthwhile to note that

the RT polypeptide sequence encoded by pCMVHT-1�env (C10/MJ RT) is
identical to the MT-2 RT sequence (see Fig. 2). The KpnI-to-XbaI region (nt
3252 to 4081) of pCMVHT-1�env (C10/MJ RT) was replaced with the ho-
mologous fragments from PCR-amplified EG, Ptnt1, and Ptnt4 DNAs to
construct the pCMVHT-1�env (EG RT), pCMVHT-1�env (Ptnt1 RT), and
pCMVHT-1�env (Ptnt4 RT) plasmid vectors. The 1,046-bp XbaI-to-SphI
fragment (nt 4081 to 5127) of pCMVHT-1�env was replaced with the ho-
mologous region of MT-2 to create pCMVHT-1�env (3614 RT). Site-directed
mutagenesis was used to construct pCMVHT-1�env RT Q463R. The se-
quences of all plasmid constructs were confirmed by sequencing.

Single-cycle replication and spreading-infection assays. Infectivity was mea-
sured by means of a single-cycle replication assay that has been described pre-
viously (9). In brief, vesicular stomatitis virus G protein (VSV-G)-pseudotyped
virus-like particles were generated by cotransfection of 293T cells with a
pCMVHT-1�env-derived packaging vector, a VSV-G Env expression vector
(pCMV-VSV-G), and a reporter vector (pHTC-GFPluc). The reporter vector
expresses a surrogate HTLV-1 genomic mRNA containing an internal CMV
promoter and luciferase reporter gene that is packaged into VSV-G-
pseudotyped virions. Virus-containing supernatants were collected 40 h after
transfection and cleared by low-speed centrifugation and filtration through 0.45-
�m-pore-size low-protein-binding filters (Millipore). Gag protein in the virus-
containing supernatants was quantified using an HTLV-1 p19 (MA) enzyme-
linked immunosorbent assay (ELISA) kit (Zeptometrix). The surrogate HTLV
genome, containing the luciferase reporter gene, was transduced into HeLa cells
by infection with 1.0 ml of the virus-containing supernatant supplemented with 5
�g/ml Polybrene. Three days after infection, HeLa cells were lysed in GLO lysis
buffer (Promega). An equal volume of the cleared cell lysate was mixed with
Bright GLO luciferase assay reagent (Promega), and luciferase activity was
measured from triplicate readings on a luminometer. Viral infectivity was mea-
sured as the relative light units per picogram of p19 antigen present in the virus
supernatant used for infection.

Spreading-infection assays were initiated by transfection of FRhL-B5 cells by
calcium phosphate coprecipitation and glycerol shock (15%, vol/vol). Cells were
diluted 1:5 at 3- to 4-day intervals after transfection until the cytopathic effects of
virus infection were observed (12). To measure virus production, cell superna-
tants were collected at each passage for HTLV-1 p19 ELISA.

Nucleotide sequence accession numbers. The accession numbers of the isolates
used in this study are as follows: 1657, EF076680, AMB66539, and AMB66540; 3614,
EF076681, AMB66541, and AMB66542; 3669, EF076682, AMB66543, and
AMB66544; A212, EF076683, AMB66545, and AMB66546; EG, EF076688,
AMB66555, and AMB66556; FS, EF076689, ABM66557, and ABM66558; SP,
EF076702, ABM66583, and ABM66584; HuT102, EF076691, ABM66561, and
ABM66562; C8166, EF076686, AMB66551, and AMB66552; MT-2, EF076692,
ABM66563, and ABM66564; MT-4, EF076693, ABM66565, and ABM66566; C10/
MJ, EF076684, AMB66547, and AMB66548; C91/PL, EF076685, AMB66549, and
AMB66550; CS-1, EF076687, AMB66553, and AMB66554; HS-1, EF076690,
ABM66559, and ABM66560; Ptnt1, EF076694, ABM66567, and ABM66568; Ptnt2,
EF076695, ABM66569, and ABM66570; Ptnt4, EF076696, ABM66571, and
ABM66572; Ptnt5, EF076697, ABM66573, and ABM66574; PtntAK003, EF076698,
ABM66575, and ABM66576; PtntAK004, EF076699, ABM66577, and ABM66578;
PtntAK005, EF076700, ABM66579, and ABM66580; PtntAK006, EF076701,
ABM66581, and ABM66582; RKI3-Ger, AF042071; SI-1 B, AF139170; WHP,
AF259264; HS-35, D13784; TSP-1, M86840; ATK-1, J02029; RD-1, L10341; Boi,
L36905; EL, S74562; YS, U19949; BRRP, AY563953; BRRP438, AY563954; and
Mel5, L05234. The sequence of HTLV-1CH is not present in GenBank and was
transcribed from reference 46.

RESULTS

Nucleotide sequence analysis. Proviral pol gene sequences
were amplified and sequenced from genomic DNAs isolated
from 14 HTLV-1-transformed cell lines and from PBLs of
eight ATL patients. The pol regions of the infectious molecular
clones pCS-HTLV and pACH were also sequenced. HTLV-1
pol gene sequences available in GenBank were included in the
sequence analysis; these previously published isolates were
from primary sources (Boi, RKI3-Ger, YS, ATK-1, BRRP,
BRRP438, WHP, and Mel5) (4, 6, 14, 50, 51) and cell cultures
(SI-1 B, HS-35, CH, RD-1, EL, Mel5, and TSP-1) (1, 19, 22, 24,
39, 50, 59). The WHP, BRRP, and BRRP438 sequences are
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presumed to be from uncultured isolates, but this information
was not specified in their GenBank entries. In addition, uncul-
tured PBMC, cultured PBMC, and a transformed T-cell line
are all listed as sources of Mel5 genomic DNA, but it is not
clear which source provided the template for pol sequencing.
The published Mel5 pol gene includes two missense mutations
as well as a premature stop codon in the pol reading frame,
which would clearly result in the synthesis of a defective RT.
These mutations could represent sequencing errors or could
reflect somatic or reverse transcription errors.

The pol gene sequence of pCS-HTLV was identical to the
homologous provirus sequence in CS-1 and HS-1 cells (Fig. 1).
The CS-1 cell line was derived by coculture of cord blood
lymphocytes with HS-1 cells (28). Likewise, the pACH pol
sequence was identical to the previously published sequence of
the pCH molecular clone (46) from which it was derived (26),
indicating that no mutations of this sequence occurred during
construction of the clones. No genetic differences were ob-
served when we compared the pol sequence of HuT102 with
that of C8166, both of which originated from the same patient.

The HuT102 T-lymphoblast cell line was established in 1977
from the tumor cells of an ATL patient (16, 42). Two years
later, PBLs from this patient were used to establish the HTLV-
transformed cell line, CTCL-3 (42, 43), and a clone of cells,
CR-M2, isolated from CTCL-3 cells was cocultivated with cord
blood leukocytes to establish C8166 (also called C63/CRII-2 or
C81-66-45) (48). Together, these results agree with other ob-
servations of low sequence diversity between HTLV-1 isolates
separated in time by in vivo passage (17).

Phylogenetic analyses have been useful for studying world-
wide dissemination of the virus and categorizing HTLV-1 iso-
lates into the three major lineages: Cosmopolitan (HTLV-1a),
Central African (HTLV-1b), and Melanesian (HTLV-1c) (3, 5,
18, 19, 29, 34, 35, 49, 57). In addition, the Cosmopolitan group
has been further subdivided into five currently accepted sub-
groups: Transcontinental (A), Japanese (B), West African/
Caribbean (C), North African (D), and Black Peruvian (E) (38,
54, 58). Although the level of nucleotide sequence diversity
among the HTLV-1 pol genes used in our analysis was typically
low, it was sufficient to construct a phylogenetic tree capable of
resolving subgroups within the Cosmopolitan lineage. Our
phylogenetic analysis of pol nucleotide sequences from the
aforementioned isolates showed that they all belonged to
the Cosmopolitan lineage (HTLV-1a). Within this lineage, the
transformed cell line isolates 1657, 3614, A212, C10/MJ, C91/
PL, EG, FS, HS-1/CS-1, and HuT102/C8166 and patient sam-
ple isolates Ptnt2 and PtntAK004 belonged to the Transconti-
nental subgroup (HTLV-1aA), while the HTLV-1 provirus of
the 3669 cell line and patient isolates Ptnt1, Ptnt4, Ptnt5,
PtntAK003, PtntAK005, and PtntAK006 belonged to the Jap-
anese subgroup (HTLV-1aB).

All of the Cosmopolitan nucleotide sequences analyzed (in-
cluding those already available in GenBank) were very similar
to one another in the RT-coding region, differing from one
another by less than 2.5%. There were 140 sites of variation
among the Cosmopolitan isolates, with 55 positions variable in
more than one isolate; i.e., 85 variations were unique to one
HTLV-1a isolate. Nucleotide variations favored transitions be-
tween guanine (G) and adenine (A) (39%) about as much as
between cytosine (C) and thymidine (T) (39%). These are
consistent with the previously noted error bias of HTLV-1 RT
(6, 8, 27). The sequence context of these substitutions does not
immediately suggest the activity of any known host restriction
factor, such as APOBEC3G. Most of the observed genetic
changes were synonymous substitutions, which suggests that
positive selection of the Pol amino acid sequence occurs.

Deduced RT amino acid sequences. The consensus HTLV-1a
RT amino acid sequence was generated from 23 Transcontinental
isolates, 10 Japanese isolates, and 1 West African/Caribbean iso-
late, which gave it a Transcontinental character. No amino acid
variations specific to either cell culture or primary HTLV-1 iso-
lates were observed. As noted in previous studies that examined
the env or LTR sequences, there was no correlation between
isolate genotype and specific HTLV-associated pathologies (27).
Instead, sequence similarity is generally seen between isolates of
a common geographical origin, regardless of the patient’s clinical
status.

The most common variation from the consensus sequence
was exclusive to Japanese subgroup isolates, which could be
distinguished from Transcontinental isolates by the presence

FIG. 1. Phylogenetic tree of HTLV-1 pol. The phylogenetic tree
was constructed by the neighbor-joining method, based on the
1,827-bp RT-encoding regions of the pol gene. The tree was rooted by
assuming the pol gene sequence of the HTLV-1c Mel5 isolate as the
outgroup. The bootstrap test of phylogeny was used to determine tree
branch reliability; values are indicated at each node.
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of a glutamine at position 472 of RT (Fig. 2). Of the less
frequently seen variations, a histidine residue at position 378 in
place of the consensus glutamine and an isoleucine at position
509 instead of leucine were variations observed in HS-1/CS-1
(United States) and 3614 (Peru). Likewise, a threonine in
place of the consensus isoleucine at amino acid residue 197 was
present in U.S. isolates SI-1 B and HuT102/C8166. Several
other variations were seen in more than one Cosmopolitan
subgroup. A few Transcontinental and Japanese isolates, be-
sides those sequenced here, have arginine at position 100 of
RT (45, 46), though lysine is the consensus residue at this
position. A glutamine at residue 463 of RT was prevalent in
HTLV-1aA isolates from the Caribbean region and South
America (BRRP, BRRP438, 3614, EG, and HS-35) but was
also observed in Japanese subgroup isolate 3669 and in the
HTLV-1c isolate Mel5 (not shown). The threonine residue
variation at position 429 of RT was seen in SI-1 B and HuT102/
C8166 of the Transcontinental subgroup, as well as in the
HTLV-1aC subgroup isolate HS-35.

Phenotypic effects of variation on viral infectivity. To deter-
mine whether certain amino acid variations in RT correlated
with virus infectivity, we used a sensitive, quantitative single-
cycle infection assay to measure reporter gene transduction
(9). To ensure a similar viral context in which to compare the
effects of RT variations, the pol gene in the CS-1-derived

vector pCMVHT-1�env (9) was replaced with pol gene frag-
ments from the MT-2, C10/MJ, CH, 3614, Ptnt1, Ptnt4, and
EG proviruses. These isolates were selected because they ei-
ther encoded the consensus RT sequence (MT-2 and C10/MJ),
encoded the RT of the other common HTLV-1 infectious
molecular clone (CH), represented the consensus Japanese
subgroup RT (Ptnt1) or a variant thereof (Ptnt4), or clustered
with CS-1 on the phylogenetic tree (3614 and EG).

Vectors encoding an RT that closely matched the consensus
RT sequence, such as MT-2, C10/MJ, and the prototypical
Japanese subgroup sequence Ptnt1, displayed the highest titers
in a single-cycle infection assay (Table 1). In general, variations
from the consensus sequence resulted in decreased viral rep-
lication. The presence of a glutamate at amino acid 283 of the
Ptnt4 RT significantly decreased viral replication in compari-
son to the activity of either the Ptnt1 or consensus RT. One or
both of the consensus sequence variations present in the CH
isolate, Tyr154 and Lys533, reduced viral infectivity nearly
threefold relative to the consensus RT. The variations seen in
a cluster of U.S., Caribbean, and South American isolates had
a significant effect on viral replication. The relative infectivity
of these isolates decreased from 36% (EG) to almost 14%
(CS-1) of that of the MT-2 RT isolate activity as a result of
variations at a combination of positions in the connection and
RNase H domains. A derivative of CS-1, where the glutamine

FIG. 2. Amino acid variations in the RTs of HTLV-1a isolates are mostly random. An alignment of RT amino acid sequences from various
HTLV-1a isolates is shown. Each column indicates a site of amino acid variation. The HTLV-1a consensus amino acid is shown at the top of the
column, and isolates with variations are presented underneath. Numbering is based on Gly166 of the pro open reading frame as the N-terminal
residue of RT (20) and Leu583 as the approximate C-terminal residue (33). The locations of restriction endonuclease sites in the pol gene used
for cloning and the junction between the polymerase and RNase H domain are indicated relative to the sites of variation. The sequence of the FS
isolate was not included because it contains three stop codons. Isolates are organized by their Cosmopolitan lineage subgroup: Transcontinental
(A), Japanese (B), and West African/Caribbean (C).
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at position 463 was mutated to the consensus arginine
(Q463R), had a twofold-higher relative infectivity than the
CS-1 clone, in agreement with our observation that RT se-
quences closer to the consensus sequence generally display a
higher infectivity.

The difference in replication between virus with the consen-
sus sequence RT, represented by MT-2, and the CS-1 variant
was further confirmed in a spreading-infection assay. FRhL-B5
cells were transfected with pX1MT or pX1MT-M, encoding
the CS-1 and MT-2 RT sequences, respectively, and virus pro-
duction was monitored by p19 ELISA. As seen in Fig. 3, virus
production in cell cultures transfected with pX1MT typically
peaked at around 3 weeks after transfection, while peak virus
production in cultures transfected with pX1MT-M consistently
occurred after only 2 weeks.

DISCUSSION

To determine if the low infectivity of HTLV-1 virions in vitro
is strictly a feature of viruses produced by HTLV-transformed
cell lines and the infectious molecular clones derived from
these cell lines, we performed a genotypic and phenotypic
comparison of the HTLV-1 pol genes from primary isolates,
transformed cells, and molecular clones. A phylogenetic anal-
ysis of these isolates showed that they belonged to the Cosmo-
politan lineage and varied from other HTLV-1a isolates by less
than 2.5%. A few of these nucleotide sequence variations also
translated into changes in the amino acid sequence of RT,
suggesting positive selection for RT function. Some variations
from the consensus sequence were shared among several iso-
lates, most notably the glutamine at position 472 in all Japa-
nese subgroup isolates, but most of the variations were unique
to a single HTLV-1 isolate. Amino acid variations did not
correlate with virus isolates from transformed cell lines versus
primary sources, nor did variations correlate with disease sta-
tus. Finally, no mutations in the pol gene sequence occurred
during construction of the molecular clones. Therefore, the pol
gene sequences of HTLV-transformed cell lines and infectious
molecular clones appear to accurately represent primary
HTLV-1 isolates.

The relationship between Pol amino acid sequence and
HTLV-1 infectious titer was examined by inserting pol gene
sequences from different virus isolates into the packaging plas-
mid pCMVHT-1�env for single-cycle infection assays or into
the infectious molecular clone pX1MT for spreading infec-
tions. Recombinant viruses whose pol genes most closely
matched the consensus sequences, such as MT-2, C10/MJ, and
Ptnt1, gave the highest titers. Viral titers decreased roughly in
proportion to the number of amino acid variations from the
consensus sequence that were present. These data suggest that
it is unlikely that a very-high-titer variant of HTLV-1 with a
unique pol gene exists, analogous to the high-titer beta strain
of RSV (55). The differences in titers for HTLV-1 clones with
variant pol genes is reminiscent of the difference in viral titers
observed for highly pathogenic SIVmne027 and slow-replicat-
ing SIVmneCl8, which differ functionally as the result of a
single K412E mutation in the connection domain of RT (25,
41; Jason Kimata, personal communication).

There have been only two reports that made an attempt to

TABLE 1. Single-cycle infection assay of HTLV-1 vectors encoding various RTs

Isolatea
Amino acid variation from consensus RT sequence: Relative infectivity

(%)b
H-154 Q-283 Q-378 R-463 H-472 L-509 R-523 R-533

MT-2 100
C10/MJ 84
Ptnt1 Q 135
Ptnt4 E Q 37
CH Y K 42
EG Q I 36
3614 H Q I 37
CS-1 (Q463R) H I Q 24
CS-1 H Q I Q 13

a The RT-encoding pol region of the indicated HTLV-1 isolates and the CS-1 Q463R mutant were cloned into pCMVHT-1�env.
b Normalized to MT-2. The mean of results from duplicate infections was determined for each isolate. CS-1 and MT-2 were tested 10 times. Most other isolates were

tested a minimum of three times.

FIG. 3. Replication kinetics in spreading-infection assays correlate
with RT sequence. A comparison of the virus infection kinetics be-
tween the HTLV-1 infectious molecular clones encoding the CS-1 and
MT-2 isolate RT sequences is shown. For each experiment, infections
were initiated in duplicate by transfection of FRhL-B5 cells with
cloned provirus. Cells were passaged at a 1:5 dilution every 3 to 4 days.
At each passage, virus expression was monitored by HTLV-1 p19
ELISA of the culture supernatant. The clone containing MT-2 RT
consistently achieved peak virus production two passages before the
CS-1 RT clone.
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quantify infectious titers for cell–free HTLV–1 particles. In the
first, Fan et al. used virions produced from MT–2 cells, and
measured infection by PCR of nascent reverse transcription
products (minus–strand strong–stop DNA) (15). Those au-
thors calculated that one in 106 particles were infectious, a
value that is at least 1,000-fold lower than the specific infec-
tivity of HIV-1 particles. However, the specific infectivity for
HTLV-1 that is based on MT-2 virions is likely to underesti-
mate the actual value by about 100-fold, because MT-2 cells
contain seven defective proviruses and one full-length provi-
rus. Thus, assuming that all proviruses are expressed and pack-
aged, which appears to be likely from RNA analyses (21, 53),
only one in 64 particles would contain a dimer of full-length
genomic RNA. This would put the actual specific infectivity of
HTLV-1 particles at closer to one in 104. In a later study, we
used VSV-G-pseudotyped viral vectors to show that HTLV-1
particles gave about 1,000-fold-lower titers than HIV-1 parti-
cles (9). These calculations were based on HTLV-1 vectors
that contain the CS-1 RT sequence, which give about 10-fold-
lower titers than the vectors containing a consensus RT. Cal-
culations based on results from the latter HTLV-1 vectors
indicate that HTLV-1 particles are only 100-fold less infectious
than HIV-1 particles in cell-free infection experiments. These
data indicate that the lower relative titers for pseudotyped
HTLV-1 particles are manifested at a postentry step and are
consistent with the results of Fan et al. (15), which suggested
that this reflects a difference in reverse transcription. The data
presented here suggest that cell-free infection in vitro with
HTLV-1 is not as low as previously thought. The new HTLV-1
vectors, which encode a consensus RT, increase the sensitivity
of in vitro infection assays by 10 times, and this should signif-
icantly enhance future studies with HTLV-1 particles contain-
ing HTLV-1 Env.
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