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Previously, we and others have demonstrated a relation between the clinical course of human immunode-
ficiency virus type 1 (HIV-1) infection and biological properties of HIV-1 variants such as replication rate,
syncytium-inducing (SI) capacity, and cytotropism. For the molecular analysis of the biological variability in
these properties, we generated a panel of phenotypically distinct yet genetically highly homologous infectious
molecular clones. These clones were derived from HIV-1 isolates, mostly recovered by direct clonal isolation,
from a single individual in whom a transition from non-SI to SI isolates had been identified over time. Of 17
molecular clones tested, 8 were infectious. The clones exhibited differences in SI capacity and T-cell line
tropism. Their phenotypes corresponded to those of their parental isolates, formally demonstrating that
biological variability of HIV-1 isolates can be attributed to single molecular clones. With these clones we
demonstrated that SI capacity and tropism for the H9 T-cell line, almost invariably coupled in primary HIV-1
isolates, are discernible properties. Also different requirements appeared to exist for H9 and Sup Tl cell line
tropism. We obtained evidence that T-cell line tropism is not caused by differences in level of HIV-1 expression
but most probably is restricted at the level of virus entry. Restriction mapping of four clones with divergent
phenotypes revealed a high degree of nucleotide sequence homology (over 96.3%), indicating the usefulness of
these clones for the tracking of genetic variability critical for differences in biological phenotype.

In recent years, increasing attention has been given to the
biological variability of human immunodeficiency virus type
1 (HIV-1) isolates and the possible importance of this
variability for the pathogenesis of AIDS (2, 9, 34). In
previous longitudinal studies, we demonstrated that the
majority of HIV-1 isolates recovered from asymptomatic
individuals are non-syncytium inducing (NSI) in peripheral
blood lymphocyte (PBL) culture and do not replicate in the
H9 T-cell line. In stable asymptomatic persons, only NSI
HIV-1 isolates with low replication rates were found. In
contrast, the emergence of syncytium-inducing (SI), H9-
tropic viruses invariably heralded a rapid loss of CD4+ T
cells and progression to AIDS within 1/2 to 2 years (35, 36).
Recent reports demonstrating a much higher frequency of

infected peripheral blood leukocytes in infected individuals
than estimated previously have made CD4+ T-cell depletion
caused by direct viral killing of CD4+ cells more plausible
(17, 29, 32). Indeed, the in vitro properties of SI variants
(syncytium induction, high infectivity, and broad host range)
all could very well contribute to effective CD4+ T-cell
depletion in vivo. On the other hand, our findings that only
NSI variants are found in stable asymptomatic individuals
and that, compared with SI variants, these viruses are much
more monocytotropic indicate that NSI variants are impor-
tant for the maintenance of HIV-1 infection, putatively
because of an increased capacity to evade the immune
system (30).

Since biological variability of HIV-1 isolates thus may well
be of direct pathogenetic relevance, molecular analysis to
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identify the genomic elements responsible for these variable
biological properties may contribute to a rational design of
both therapeutic approaches and vaccine strategies. For this
analysis, we wanted to obtain a panel of naturally occurring
infectious molecular HIV-1 clones as closely related as
possible yet with different biological phenotypes. Therefore,
we selected an individual who developed AIDS within half a
year after seroconversion and for whom a change in the
biological phenotype of his sequential HIV-1 isolates had
been observed. From sequential isolates from this individ-
ual, mostly obtained by direct clonal isolation, we generated
a panel of full-length molecular clones. Studies of the bio-
logical characteristics of these clones in PBLs and T-cell
lines demonstrated a variety of distinct biological pheno-
types. Restriction mapping and sequence analysis of the tat
gene of four HIV-1 clones with divergent biological proper-
ties demonstrated a high degree of genetic homology.

MATERIALS AND METHODS

Virus isolation. HIV-1 was recovered from cryopreserved,
sequentially obtained peripheral blood mononuclear cells
(PBMCs) from an individual participating in the Amsterdam
cohort study on the natural course of HIV-1 infection (11).
CD4+ T-cell numbers and HIV-1 p24 antigen levels in serum
of this individual were determined as described before (11).
PBMCs of the infected individual were cocultivated with
2-day phytohemagglutinin (PHA)-prestimulated PBLs from
seronegative blood donors and cultured in the presence of
partially purified interleukin 2. Three times a week, the
cultures were observed for syncytium formation (34). Twice
a week, supernatant samples were obtained for testing in an
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TABLE 1. Sequential clinical and virological data for the individual studied

Time point Clinical No. of HIV-1 p24 HIV-1 Syncytia in Transmission to T-cell lines'
(wk after tauaCD4' cells antigen in isolate PBLsb

seroconversion) status (109/liter) serum H9 Sup Ti

1 (0) II 0.2 - 320.1 + + (+)
2 (6) II 0.5 - 320.2 - (+) (+)
2A (9) II NTd NT 320.2A ± NT (+)
3 (12) II 0.3 + 320.3 + (+) +
4 (25) IV.C1 0.2 + 320.4 + + +
5 (30) IV.C1 0.1 + 320.5 + + +
6 (49) IV.C1 0.02 + 320.6 + + +

a Centers for Disease Control classification.
b -, No syncytia observed; +, occasional small syncytia; +, syncytia induced.
' (+), Virus transmissible only upon repeated attempts and prolonged culture; +, virus readily transmissible.
d NT, Not tested.

HIV-1 p24 antigen capture enzyme immunoassay (37). Once
a week, fresh, 2-day PHA-prestimulated PBLs from a sero-
negative blood donor were added to the cultures. Transmis-
sion of these HIV-1 isolates to the H9 and Sup Ti T-cell lines
was attempted by cocultivation with infected PBLs as de-
scribed before (34).
At time point 4 (see Table 1), an (oligo)clonal isolate was

obtained by direct limiting-dilution virus isolation. At time
point 2A, biological clonal or oligoclonal HIV-1 isolates
were recovered by adapting the HIV-1 isolation protocol for
96-well microtiter plates. Ten thousand patient PBLs per
well were cocultivated with 2-day PHA-prestimulated donor
PBLs at a 1:10 ratio in the same medium used for bulk virus
isolation (final volume, 200 ,ul). Once a week, culture super-
natant was harvested for testing in the p24 antigen capture
enzyme immunoassay. Half of the cells were cocultivated in
microtiter plates with Sup Ti cells. Syncytium formation in
the Sup Ti cell assay was scored on days 1 and 3 by two
observers working independently. PBL cultures were kept
for 3 to 4 weeks. PBL cultures containing HIV-1 clones of
interest were cryopreserved after expansion in T25 flasks.
The stability of the biological phenotype of these clones was
established in repeated experiments as described before (34).

Molecular cloning of proviral DNA. Essentially, standard
techniques described by Silhavy et al. were followed (31).
High-molecular-weight genomic DNA was isolated from
HIV-1-infected PBLs, with the exception of isolate 320.3, in
which case high-molecular-weight DNA was obtained from
infected H9 cells. Since the proviral genomes contained no
XbaI restriction endonuclease sites, the high-molecular-
weight DNA was digested to completion with the XbaI
restriction enzyme. After digestion, the XbaI DNA frag-
ments were size fractionated on a linear 10 to 40% sucrose
density gradient. DNA fragments of 10 to 20 kb were pooled
and ligated to XbaI arms of XGEM-11 (Promega), and
packaged in vitro by using Promega's Packagene system.
HIV-1 DNA-containing bacteriophage X plaques were iden-
tified by plaque hybridization with a 32P-labeled HIV-1 DNA
probe, an HIV-lymphadenopathy-associated virus HindIII
fragment (bases 1704 to 8170) in pSP65 (courtesy of M.
Martin, National Institutes of Health, Bethesda, Md.). HIV-
1-positive clones were obtained by repeated plaque purifica-
tion. Insert DNA was subcloned into the XbaI site of pUC19
and propagated in Escherichia coli DH5a (Bethesda Re-
search Laboratories).

Physical mapping and DNA sequence analysis. Physical
maps were constructed by multiple endonuclease digestion
and a partial endonuclease digestion method described pre-

viously (3). Analysis of nucleotide sequence variation among
HIV-1 clones was performed according to the method of
Saag et al. (26). The sequence analysis of the HIV-1 tat gene
was performed by the dideoxynucleotide chain termination
method (28).
DNA transfections and growth characteristics of cloned

HIV-1 proviruses. To evaluate the biological activity and
characteristics of the HIV-1 clones, purified supercoiled
plasmid DNA was transfected into PBLs and the H9 and Sup
Ti T-cell lines by electroporation as described previously
(6). Briefly, coded samples (5 ,ug) of plasmid DNA were
transfected in duplicate into 3-day PHA-prestimulated PBLs
(5 x 106) or H9 or Sup Ti cells (3 x 106). After transfection,
the cells were washed once. Transfection efficiencies were
determined by cotransfecting a chloramphenicol acetyltrans-
ferase gene expression vector. Chloramphenicol acetyltrans-
ferase enzyme activity was measured as described before
(23).

Transfected PBLs were cocultivated with 5 x 106 PHA-
stimulated PBLs. The cultures were kept at a cell concen-
tration of 1 x 106/ml (PBLs) or 0.5 x 106/ml (cell lines).
Fresh PHA blasts were added to the PBL cultures each week
as described before (34). Three times a week, the cultures
were examined for syncytium formation by two observers
working independently. Every 5 days, supernatant samples
were tested in the p24 antigen capture assay. Transmission
of virus from PBLs to the H9 and Sup Ti cell lines was
attempted by both cocultivation and cell-free transmission
(34). Inoculated T-cell line cultures were monitored for
syncytium formation and p24 production. The rescue of
virus isolates in PBL culture upon transfection in H9 or Sup
Ti cells was studied by cocultivation of irradiated (5,000
rads) H9 or Sup Ti cells with PHA blasts on day 3 after
transfection. All transfection and transmission experiments
were performed at least twice.

RESULTS

Recovery and molecular cloning of HIV-1 isolates. HIV-1
isolates were obtained from an individual whose clinical
characteristics have been described before (patient 6 in
reference 13). At the time of seroconversion, this patient
also had serologic evidence of recent hepatitis B virus and
Treponema pallidum infection, and the patient developed
AIDS within half a year after seroconversion. Clinical data
for this patient and the biological phenotypes of the recov-
ered HIV-1 isolates are shown in Table 1. The isolate
recovered at the time of seroconversion was of the SI
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TABLE 2. Biological phenotypes of HIV-1 isolates used for
molecular cloning

Transmission to T-cell lines
Biolog- Syncytium H9 Sup Ti

Isolate ical induction up 1
clone in PBLsa Replica- Syncytium Replica- Syncytium

tionb induction tion induction

320.2A 1 +
2 - - _ + _
3 - - _ _ _
4 + + + + +

320.3 + + + + +
320.4 3 + + + + +
320.5 + + + + +

a -, No syncytia observed; +, syncytia induced.
b -, Not transmissible; +, transmissible.

phenotype. The HIV-1 isolate obtained 6 weeks after sero-
conversion was NSI but could be transmitted to the H9 and
Sup Ti cell lines by repeated attempts and prolonged cocul-
ture (up to 40 days). From 9 weeks after seroconversion
onward, a gradual increase in SI capacity and transmissibil-
ity to T-cell lines of the HIV-1 isolates was observed and was
followed by extremely rapid progression to AIDS 6 months
after seroconversion.

In a subsequent experiment from time point 2A (week 9
after seroconversion), direct biological clonal or oligoclonal
viral isolates were obtained from patient PBMCs by isolation
in microtiter plates. From 94 microtiter well cultures, 37
HIV-1 isolates were obtained, indicating that these isolates
were clonal or oligoclonal at tnost. These clonal isolates
exhibited differences in their SI capacity and their ability to
replicate in the T-cell lines H9 and Sup Ti. From these 37
clones, 4 biological clones with discrete biological pheno-
types were selected.
The four biological clones from time point 2A, together

with the isolate obtained at time point 3 (week 12), a
biological clone obtained by limiting-dilution virus isolation
at time point 4 (week 25), and the isolate obtained at time
point 5 (week 30), were used as starting material for the
molecular cloning. The biological phenotypes of these seven
isolates are shown in Table 2. The estimated frequency of
HIV-1-containing phages in the libraries generated from
infected PBL ranged from 0.25 to 7 per 106 screened plaques.
The library from H9 cells infected with isolate 320.3 con-
tained 40 HIV-1-positive phages per 106 plaques.

Biological properties of infectious molecular HIV-1 clones.
A total of 32 plaque-purified molecular HIV-1 clones was
obtained from the six X phage libraries (8 clones from time
point 2A, 16 from time point 3, 6 from time point 4, and 2
from time point 5).
The biological activities and phenotypes of 17 of these

molecular clones were evaluated by transfection of 3-day
PHA-stimulated PBLs (Table 3). Cotransfection experi-
ments with a chloramphenicol acetyltransferase expression
vector revealed no significant differences in transfection
efficiency between molecular HIV-1 clones (data not
shown). Eight of 17 molecular clones (47%) appeared to be
infectious, as evidenced by persistent p24 production in PBL
culture and infection of fresh PBL cultures with cell-free
supernatants of transfected PBL cultures. Analysis of the
host DNA flanking sequences demonstrated that these
clones all were derived from different proviruses (38).
Of the eight infectious clones, six were SI in PBLs,

TABLE 3. Infectivity and biological properties of 17 molecular
HIV-1 clones

IsoleMolecular Properties in PBL culture Tcansmission
clone

Infectivityb SI capacityc H9 Sup Ti

320.2A 1.1 + + - -
1.2 + (+) - -
1.3 -
1.4 -
2.1 + - - +
3.1 -
3.2 -
4.1 -

320.3 1 + + + +
320.3 2 + + + +
320.3 3 + + + -
320.3 4 -
320.3 5 + + + -

6 _
320.4 3.1 -

3.2 -
320.5 1 + + + +

a -, Not transmissible; +, readily transmissible.
-, Not infectious; +, infectious.
c, No syncytia observed; (+), reduced SI capacity; +, syncytia induced.

including clone 320.2A 1.1 and all infectious clones obtained
at time points 3 and 5. As for the two remaining infectious
clones (both obtained at time point 2A, the point of transition
from NSI to SI phenotype), clone 320.2A 1.2 reproducibly
exhibited a reduced SI capacity, and clone 320.2A 2.1 was
not able to induce syncytia in PBL culture at all (Table 3).
This difference in SI capacity was not due to differences in
replication rate, since all infectious clones exhibited similar
infection kinetics (Fig. 1). When infected cells or virus-
containing supernatants were used to infect fresh PBL
cultures, the kinetics of infection and the ability to induce
syncytia paralleled those seen previously (data not shown).

Transfected PBL cultures at the time of maximal virus
production (day 11 to 14 after transfection) were used to
attempt virus transmission to the H9 and Sup Ti cell lines.
H9 and Sup Ti cells were cocultivated with infected PBLs or
infected with cell-free culture supernatants. In agreement

p24 PRODUCTION (O.D. units)
1.2

0.8r

0.4-

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
DAY OF CULTURE

FIG. 1. Equal replication rates of four biologically distinct mo-
lecular HIV-1 clones derived from isolates 320.2A and 320.3. PBL
cultures were infected with equal amounts (5 jig) of purified plasmid
DNA. Results from a representative experiment are shown. Similar
results were obtained with the other infectious clones. Symbols:*,
320.2A 1.1; +, 320.2A 1.2; *, 320.2A 2.1; O, 320.3 1.

J. VIROL.
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TABLE 4. Expression of T-cell line-tropic and non-T-cell line-tropic molecular HIV-1 clones upon transfection in T-cell lines

Transmission Transfection in T-cell lines Virus rescue by cocultivation
from PBLs to: of transfected H9 or Sup Ti

Isolate Molecular from PBLs to: H9 Sup Ti cells with PBLs
clone

H9 Sup Ti Replicationa Syncytium Syncytium Syncytiuminduction' Replication' induction' Replication induction'

320.2A 1.1 - - - - - (+) + +
1.2 - - - - - (+) + (+)
2.1 - + - - + - +

320.3 3 + + + + - (+) + +
1 + + + + + + + +

320.5 1 + + + + + + + +

a -, Only transient p24 production; +, productive infection.
b -, No syncytia observed; (+), transient single-cell cytopathic changes; +, syncytia induced.
+, Productive infection.

d -, No syncytia observed; (+), reduced SI capacity; +, syncytia induced.

with previous observations of primary HIV-1 isolates, the SI
clones from time points 3 and 5 all were able to replicate in
the H9 cell line (34). As expected, the NSI clone 320.2A 2.1
did not replicate in the H9 cell line. Like their parental
isolate, clone 320.2A 1.1, which induced syncytia indistin-
guishable from those induced by the clones from time points
3 and 5, and the clone with reduced SI capacity (320.2A 1.2)
did not replicate in H9 cells (Table 3).

In studies with primary HIV-1 isolates, we observed that
as a rule SI isolates replicate in the Sup Ti cell line as well
as some fast NSI variants, particularly when they are
derived from patients progressing to AIDS (17a). The trans-
missibility to Sup Ti cells of two SI clones from time point
3, the SI clone from time point 5, and the NSI clone 320.2A
2.1 is compatible with these findings. However, the SI clones
from time point 2A and three of the SI clones from time point
3 did not replicate in Sup Ti cells (Table 3).

T-cell line tropism of HIV-1 clones is not determined at the
level of virus expression. To confirm the results of the T-cell
line transmission experiments and to determine the stage of
the virus replication cycle during which restriction of repli-
cation occurs, we proceeded to investigate the effects of
transfection directly into the T-cell lines (Table 4). Produc-
tive infection of either H9 or Sup Ti cultures was observed
only with those clones whose progeny in PBLs was also able
to infect these cell lines in the transmission experiments
described above. With the other clones, only transient p24
production was observed. These clones also induced some
abortive, single-cell cytopathic changes in the Sup Ti cell
line.
To find out whether these transfected cultures produced

virus able to infect PBLs, we cocultivated PBLs with
irradiated Sup Ti or H9 cells harvested 3 days after trans-
fection. In all cases productive infection of the PBL cultures,
as evidenced by persistent p24 production, was observed.
Moreover, cell-free supernatants from these PBL cultures
were able to infect fresh PBL cultures. These experiments
indicate that non-T-cell line-tropic HIV-1 clones are prop-
erly expressed upon transfection in T-cell lines and that the
inability of these variants to productively infect T-cell line
cultures is due to a block early in the replication cycle, most
probably at the level of entry. The phenotype in PBL culture
of the clones passaged through the Sup Ti and H9 cell lines
was indistinguishable from the phenotype observed after
direct transfection into PBLs (Table 4).

Physical mapping and sequence analysis of the tat gene of
four HIV-1 clones with divergent biological phenotypes.

Among the clones tested for their biological characteristics,
the three molecular HIV-1 clones derived from time point 2A
(1.1, 1.2, and 2.1) and clone 320.3 1 exhibited the most
divergent biological properties. These four clones were
analyzed by restriction endonuclease mapping (Fig. 2). The
physical maps showed that the four clones were genomically
highly related. With the exception of an additional NcoI site
present in clone 320.2A 1.1, the restriction fragment patterns
of 320.2A 1.1 and 320.2A 1.2 appeared to be indistinguish-
able. Compared with clone 320.2A 1.2, clone 320.2A 2.1
lacked a second EcoRV site in the long terminal repeat, an
internal SstI site, and three HindIII sites. However, clone
320.2A 2.1 did contain an additional HindlIl site in the env
gene. Compared with clone 320.2A 1.2, clone 320.3 1 lacked
the first EcoRV site in the long terminal repeat and a HindIII
site in the pol gene. Clone 320.3 1 contained an additional
KpnI site and HindIII site in the env gene. To estimate the
overall nucleotide sequence variability, a pairwise compari-
son of the percentages of restriction site differences between
each of the four proviral genomes was performed (26). This
approach revealed a maximum estimated nucleotide se-
quence variability of 3.7% (Table 5). In addition, the nucle-
otide sequence of the tat gene of the four clones was

0- tat-
vif vpu nef

pol = a env
5'1tr g98a vpr 3'ltr

Q0- rev-0J

VVPBSHSHP H B HV P K KP NENSHHK UBPB XKBVVPBSH
320.2A 1.1 if'ii((iK 11 t

H

320.2A 1.2 II lil II I II

320.2A 2.1 11 1111 11 II

320.3 1 111111I I

11 1111 I I 1111 1111

H

* AKH
11 1111 1I1 11 III 1111

0 1 2 3 4 5 6 7 8 9 10

kilobase

FIG. 2. Physical maps of four biologically distinct molecular
HIV-1 clones derived from isolates 320.2A and 320.3. Restriction
enzyme cleavage sites: B, BglII; E, EcoRI; V, EcoRV; H, HindIII;
K, KpnI; N, NcoI; P, PvuII; S, SstI; U, StuI; X, XhoI. Asterisks
indicate restriction sites not present in all proviruses. BamHI and
Sall cleavage sites were not found in any of the four clones.
Abbreviation: Itr, long terminal repeat.
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TABLE 5. Overall estimated nucleotide sequence differences
among four phenotypically divergent HIV-1 molecular clones

% Sequence difference in comparison with clone:
Clone

320.2A 1.1 320.2A 1.2 320.2A 2.1 320.3 1

320.2A 1.1
320.2A 1.2 0.5
320.2A 2.1 3.7 3.2
320.3 1 2.5 2.1 3.2

determined. The tat gene nucleotide sequence alignment and
the Tat protein amino acid sequence alignment are shown in
Fig. 3. The four sequences were different from all other tat
gene sequences of HIV-1 clones published to date (20, 22). A
pairwise comparison of the nucleotide sequences of the tat
genes of the four biologically distinct HIV-1 variants re-
vealed a maximum nucleotide sequence variation of 3.3%
(data not shown), in accordance with the maximum esti-
mated overall nucleotide sequence variation. Moreover, the
four Tat proteins were completely homologous in the N-ter-
minal region and the cysteine-rich region (amino acids 1 to
37); the region containing amino acid residues 38 to 48, a

possible activating domain; and the nucleolar localization
signal and putative nucleic acid-binding region (amino acids
48 to 56), regions of the tat gene product critical for its
function (14, 16, 24).

DISCUSSION

This article describes the generation and biological char-
acterization of a panel of phenotypically heterogeneous
infectious molecular HIV-1 clones derived from a single
individual. HIV-1 is notorious for the degree of sequence
variability among its different isolates (1, 5). Any attempt to
ascribe biological properties to specific genomic regions will
be considerably hampered by this extensive background
variability. Genetic variation has been shown to be less
dramatic among HIV-1 clones derived from the same indi-
vidual, in particular when the clones are obtained at the
same time point (26). Therefore, for our molecular cloning
studies we selected an individual from whom sequential
isolates with divergent biological phenotypes were previ-
ously recovered over a short period.

Previously, we demonstrated that in an individual a tran-
sition from NSI to SI isolates may occur, preceding progres-
sion to AIDS (35). The individual selected for this study was
remarkable in two respects. First, he had a very rapid course
of infection, progressing from seroconversion to AIDS
within half a year. Second, along with the NSI-to-SI conver-
sion mentioned above, with this individual the reverse
phenomenon was observed: at seroconversion an SI isolate
was recovered, whereas 6 weeks later an NSI phenotype
was observed. Such a suppression of a more virulent HIV-1
phenotype, only temporary in this individual, has recently
been described for two infants infected via their mothers (4,
25) and may reflect clearance of SI clones by the still
uncompromised anti-HIV-1 immune response (21). The
rapid progression of this individual to AIDS may be caused
by his apparent inability to persistently suppress the virulent
HIV-1 strain with which he had been infected. With this
patient, serologic evidence was obtained for hepatitis B virus
infection and syphilis at about the time of HIV-1 infection
(13), and it is tempting to speculate that these concomitant

infections contributed to this patient's rapid clinical deteri-
oration.
To generate HIV-1 clones corresponding as closely as

possible to clones occurring in vivo and to avoid selection of
clones by PBL bulk culture or transmission to cell lines, we
performed molecular cloning of full-length proviral genomes
with high-molecular-weight DNA from clonally infected
PBL cultures, with the exception of isolate 320.3, which was
cloned after transmission to the H9 cell line. Also, the use of
oligoclonal isolates with divergent phenotypes increased the
chance of obtaining homologous infectious clones with the
desired spectrum of biological phenotype. The approxi-
mately 10- to 100-fold-higher cloning efficiency from infected
H9 cells compared with infected PBLs most probably was
due to the higher frequency of infected cells, the higher
proviral copy number per cell in the H9 cell line, or both.
As a rule, the phenotypes of the molecular clones matched

those of their parental isolates very well. From isolate
320.2A both NSI and SI molecular HIV-1 clones were
obtained. The SI clones from this isolate showed no tropism
for the H9 cell line, although syncytium induction and H9
cell line tropism are two biological properties almost invari-
ably coupled in field isolates (34, 35). The phenotypic
heterogeneity among the molecular clones derived from
isolate 320.2A reflected the NSI-to-SI transition occurring at
the time point at which this isolate was obtained, which may
also account for the presence of SI clones that could not be
transmitted to T-cell lines. The finding of SI molecular
clones with a host range restricted to PBLs formally dem-
onstrates that SI capacity and H9 tropism are distinct
properties.
From isolate 320.3 two SI clones which could be transmit-

ted to the H9 cell line but not to the Sup Ti cell line were
obtained. In contrast, the NSI clone 320.2A 2.1 could be
transmitted to Sup Ti, but not to H9. These findings dem-
onstrate that different requirements exist for H9 and Sup Ti
cell line tropism, indicating that there is not a single set of
attributes that determines tropism for T-cell lines.
The Tat proteins of four biologically divergent molecular

HIV-1 clones did not show amino acid changes in regions
which are critical for their function (14, 16, 24). This result is
compatible with the finding that in this set of molecular
clones, significant differences in replication rate were not
observed. This may be related to the fact that the clinical
course of HIV-1 infection in this individual lacked a true
stable asymptomatic period characterized by the presence of
HIV-1 isolates with low replication rates (35).

T-cell line transfection studies confirmed the results ob-
tained by transmission of the clones to the H9 and Sup Ti
cell lines. The inability of non-T-cell line-tropic clones to
productively infect T-cell line cultures even after direct
transfection and the similarity of the biological properties of
the clones in PBLs upon passage through T-cell lines dem-
onstrate the phenotypic stability of this panel of HIV-1
clones. Moreover, these experiments provided evidence that
T-cell line tropism is not regulated by differential HIV-1
expression but is most likely determined at the level of virus
entry, suggesting involvement of the env gene.

This study demonstrates that differences in biological
phenotype observed among primary HIV-1 isolates can be
reduced to single molecular clones. Previous studies have
demonstrated the existence of phenotypically heterogeneous
HIV-1 clones within one isolate. Fisher et al. observed
differences in cytotropism among a panel of hybrid full-
length HIV-1 clones which were constructed by insertion of
various HIV-1 genome fragments containing the whole env
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A

HIV-1 HXB2
HIV-1 MN
320.2A 1.1
320.2A 1.2
320.2A 2.1
320.3 1
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EXON 1
ATGGAGCCAGTAGATCCTAGACTAGAGCCCTGGAAGCATCCAGGAAGTCAGCCTAAAACT
---------A------__------------------------------------G---
-------------------A---------A--------------------------G---

1973

-------------------A------------------------------------G---
-------------------A------------------------------------G---

HIV-1 HXB2 GCTTGTACCAATTGCTATTGTAAAAAGTGTTGCTTTCATTGCCAAGTTTGTTTCATAACA
HIV-1 MN ----------C--------------------------------------------C--A-
320.2A 1.1 -------A-----------------------------------------------C--A-
320.2A 1.2 -------A-----------------------------------------------C--A-
320.2A 2.1 -------A-----------------------------------------------C--A-
320.3 1 -------A-----------------------------------------------C--A-

HIV-1 HXB2 AAAGCCTTAGGCATCTCCTATGGCAGGAAGAAGCGGAGACAGCGACGAAGAGCTCATCAG
HIV-1 MN -------------------------------------------------------C-G-A
320.2A 1.1 ----G----------------------------------------A---------C-C-A
320.2A 1.2 ----G----------------------------------------A---------C-C-A
320.2A 2.1 ----G--------------------------------------------------C-C-A
320.3 1 ----G----------------------------------------A---------C-C-A

EXON 2
HIV-1 HXB2 AACAGTCAGACTCATCAAGCTTCTCTATCAAAGCAACCCACCTCCCAATCCCGAGGGGAC
HIV-1 MN G------------------T-------C-----------G--C----G-T----------
320.2A 1.1 G--------------------------------------G-------GC--A--------
320.2A 1.2 G--------------------------------------G-------GC--A--------
320.2A 2.1 G------------------T-------------------G-------GC-----------
320.3 1 G--------------------------------------T-------GC-----------

*

HIV-1 HXB2 CCGACAGGCCCGAAGGAATAGAAGAAGAAGGTGGAGAGAGAGACAGAGACAGATCCATTC
HIV-1 MN -------------------C-------------------------------C----GG--
320.2A 1.1 -------------C----CC------------------------------------G-AC
320.2A 1.2 -------------C----CC------------------------------------G-AC
320.2A 2.1 -------------------C------------------------------------GG-C
320.3 1 T------------C-----C------------------------------------G-AC

HIV-1 HXB2 GATTAG
HIV-1 MN ------

320.2A 1.1 ------
320.2A 1.2 ------
320.2A 2.1 ------
320.3 1 ------

B
EXON 1

HIV-1 HXB2 MEPVDPRLEPWKHPGSQPKTACTNCYCKKCCFHCQVCFITKALGISYGRKKRRQRRRAHQ
HIV-1 MN -----------------------T-TK------------------PE
320.2A 1.1 ------K---------------N---------------TK-G----------------P-
320.2A 1.2 ------K---------------N---------------TK-G----------------P-
320.2A 2.1 ------K---------------N---------------TK-G---------------SP-
320.3 1 ------K---------------N---------------TK-G----------------P-

EXON 2
HIV-1 HXB2 NSQTHQASLSKQ PTSQSRGDPTGPKE
HIV-1 MN D-----V--P-- -AP-F---------SKKKVERETETHPVD
320.2A 1.1 D----------- -A--P-------T-P----------D-Y-
320.2A 1.2 D----------- -A--P-------T-P----------D-Y-
320.2A 2.1 D-E---V----- -A--P--------------------D---
320.3 1 D----------- -S--P---S---T-P----------D-Y-

FIG. 3. Alignment of the nucleotide sequences of the tat genes (A) and the amino acid sequences of the Tat proteins (B) of the molecular
HIV-1 clones 320.2A 1.1, 320.2A 1.2, 320.2A 2.1, and 320.3 1. The nucleotide and amino acid sequences of the molecular clones HIV-1 HXB2
and HIV-1 MN are shown for comparison. The predicted amino acid sequence is presented in the one-letter amino acid code. Dashes indicate
nucleotide or amino acid identity. The asterisk indicates a premature stop codon present in HIV-1 HXB2.

gene in a biologically active molecular clone (12). The
infectivity of these hybrid HIV-1 clones, however, was not
formally proven by virus transmission experiments. Pheno-
typic variation among infectious molecular HIV-1 clones
that were isolated simultaneously from an individual was
also reported by Sakai et al. (27). However, in that study,
molecular clones were generated from an isolate after pas-
sage to and extensive propagation in T-cell lines, thereby
excluding the possibility of obtaining clones of non-T-cell
line-tropic HIV-1 variants. Similarly, in a study of an atten-
uated HIV-2 isolate, molecular clones were generated only
after passage to the Sup Ti cell line (18).

Earlier studies have indicated that SI capacity is deter-
mined primarily by the env gene (15, 19, 33). Likewise, the

results of our experiments seem to point to the env gene as
the principal determinant of T-cell line tropism (7, 8). Previ-
ously, a number of studies investigating the effects of in vitro
mutagenesis of the env gene on the biological phenotype of
prototype HIV isolates were performed (10, 39). By using
this approach, several mutations in the env gene that result
in changes of biological properties have been identified.
From these studies, it also became apparent that similar
phenotypic changes may result from mutations at quite
different positions in the env gene. However, since these
mutations have been artificially induced, it is not clear
whether these variants also would prevail in vivo in the
presence of the host immune response. Therefore, the avail-
ability of this panel of highly homologous molecular clones
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with stable, distinct biological properties, directly derived
from their in vivo environment, provides a useful alternative
for the analysis of the in vivo genetic variability responsible
for differences in biological phenotype.
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