AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 8, Number 10, 1992
Mary Ann Liebert, Inc., Publishers

Genetic and Functional Analysis of a Set of HIV-1 Envelope
Genes Obtained from Biological Clones with Varying
Syncytium-Inducing Capacities

ARNO C. ANDEWEG,' MARTIJN GROENINK,? PAULA LEEFLANG,' RUUD E.Y. de GOEDE,?
ALBERT D.M.E. OSTERHAUS,! MATTHIJS TERSMETTE,? and MARNIX L. BOSCH'

ABSTRACT

To study HIV-1 envelope-mediated syncytium formation we have amplified, cloned, expressed, and sequenced
individual envelope genes from a set of eight biological HIV-1 clones. These clones were obtained from two
patients and display either a syncytium-inducing (SI) or nonsyncytium-inducing (NSI) phenotype. Upon
expression through recombinant vaccinia virus, individual envelope gene products display heterogeneous
syncytium-inducing capacities which reflect the phenotype of the parental biological HIV-1 clones in all cases.
For the eight biological HIV-1 clones presented here, variation of the envelope gene alone is sufficient to explain
the observed variable syncytium-inducing capacity of the respective parental viruses. In addition we determined
the complete nucleotide sequence of these envelope genes. The predicted amino acid sequence revealed a
considerable amount of variation located mainly in the previously denominated variable regions. In various
regions of envelope genes obtained from the same patient, phenotype associated amino acid variation was found.
This phenotype associated amino acid variation however, is not conserved between the two sets of envelope genes
derived from different patients. Four envelope sequences derived from clones obtained from one patient showed
phenotype-associated amino acid variation in the fusion domain. Sequencing of 12 additional fusion domains
revealed that this same variation is found in four additional clones. However, a functional test performed on
recombinant vaccinia expressing mutant envelope genes showed that this observed fusion domain variation does
not contribute to the variation in syncytium-inducing capacity of the envelope gene product.

INTRODUCTION

SOLATES OF HUMAN IMMUNODEFICIENCY VIRUS type 1
(HIV-1) differ in their in vitro biological properties such as
replication rate, cytotropism, and syncytium-inducing capac-
ity.’ Based on these in vitro properties one can distinguish
syncytium-inducing (SI) isolates which have a high replication
rate in primary cells and are generally able to grow in continuous

" cell lines on the one hand, and nonsyncytium-inducing (NSI)
i« “isolates on the other hand, which have a moderate to low

replication rate in primary cells and do not grow in continuous
cell lings.?

Inan earller longitudinal study, we demonstrated that detec-
tion of SI variants in asymptomatic individuals is strongly
associated with subsequent rapid decline of CD4* T-cell num-
bers and progression to acquired immunodeficiency syndrome
(AIDS), whereas from stable asymptomatic individuals only
slow replicating NSI isolates can be recovered. This suggests
different roles for SI and NSI variants in in vivo pathogenesis.*-3
It has been demonstrated that syncytium formation is mediated
by the envelope glycoproteins of HIV-1 although the exact
mechanism has not been clarified.®” Furthermore, several
studies with pairs of recombinant proviruses have directly
implicated the envelope gene as containing the primary determi-
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nants in controlling biological variation of HIV-1,%!° whereas
only minimal functional variation has been found so far in the
regulatory genes or long terminal repeat (LTR) of HIV-1 isolates
with varying biological properties."'~'* In the present compar-
ative study we analyze a set of envelope genes to elucidate the
genetic basis of the observed variation in syncytium-inducing
capacity.

The envelope glycoproteins are synthesized as a glycosylated
precursor gpl60, which undergoes several processing steps
including oligosaccharide modification and proteolytic cleavage
into two subunits; gp4l and gpl20.'¢ The transmembrane
glycoprotein gp41 noncovalently anchors the external glycopro-
tein gp120. The mature glycoprotein complex probably forms
tetramers or a mixture of tetramers and dimers on the surface of
the virion and infected cells.!”~'® Several determinants on the
envelope glycoproteins appear to be involved in the process of
membrane fusion which is necessary for the infection of target
cells by HIV-1 and for HIV-I-induced syncytium formation.%-2°
In the first step HIV-1 gp120 binds directly to the CD4 receptor
molecule on target cells.?!*?* Variation in CD4 binding affinities
of the gp120 molecules of different HIV-1 isolates suggests
direct or indirect involvement of the CD4 binding site on gp120
in determining such biological properties of the virus as the
ability to induce syncytia.>>->* As a result of this binding event
the hydrophobic amino terminus of gp41 is exposed probably
through a series of conformational changes.>> Mutational anal-
yses have shown direct involvement of this region to the ensuing
membrane fusion and it is therefore denominated the fusion
domain.26-2° Mutations in the fusion domain of simian immu-
nodeficiency virus (SIV) resulted in either reduction or enhance-
ment of SIV envelope-induced syncytium formation depending
on the hydrophobicity of the introduced amino acid which
indicates that natural variation in this region of HIV-1 may
contribute to determining the biological phenotype of the vi-
rus.?® Other regions of the envelope glycoproteins (e.g., the
hypervariable V3 region) appear also to be involved in the
process of membrane fusion following the gp120-CD4 bind-
ing.3° In addition, variation in the V3 region has been shown to
affect the biological properties of recombinant HIV-1 proviruses
especially with regard to cell tropism.>*!

Here we describe the amplification, cloning, expression and
sequencing of eight complete envelope genes derived from two
sets of biological clones of HIV-1 with different in vitro
biological properties. This approach allows us to correlate the
syncytium-forming capacities of the individual envelope genes
to their respective amino acid sequences and to the syncytium
inducing capacity of the parental HIV-1 clones.

MATERIALS AND METHODS

Subjects

Virus was recovered from seropositive individuals visiting the
outpatient clinic of the Academic Medical Centre, Amsterdam,
or participating in a large cohort study.>?

Clonal virus isolation

To obtain clonal populations of HIV-1 directly from patient
peripheral blood mononuclear cells (MNC), virus isolation was
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performed in 96-well microtiter plates as described previ--
ously.33 Briefly, patient MNC (10,000/well) were cocultivated :
with 100,000 phytohemaglutinin-stimulated MNC from healthy
seronegative blood donors. Under these conditions productive
HIV-1 infection was observed in less than a third of the wells,
indicating clonality according to the Poisson distribution. The
thus obtained biological HIV-1 clones were then characterized
as syncytium-inducing (SI) or nonsyncytium-inducing (NSI)
according to previously published criteria.> Following this
procedure, multiple clones were obtained from MNC of 30
seropositive individuals. For this study four individuals
(HIVach320, HIVams16, HIVams93, and HIVach373 further
referred to as, respectively, #320, #16, #93, and #373) were
selected whose uncloned HIV-1 isolates, obtained as described
previously,? had a SI phenotype. By clonal isolation both NSI
and SI clones could be obtained from MNC of these individuals.
From one individual (#373) in whom over time a transition from
NSI to SI phenotype had been observed,®* HIV-1 clones ob-
tained from two time points (as indicated) were included in this
study.

Polymerase chain reaction (PCR) amplification of
envelope sequences.

High-molecular weight DNA from MNC infected with clonal
isolates were subjected to 35 cycles of PCR, using a set of
primers either spanning the complete envelope gene or a 423 bp
subregion of the envelope gene (position 7092-7514, HIV-
HXB2%3). The 423 bp region encodes the carboxy terminal part
of gp120, the envelope cleavage site, and the fusion peptide
located at the amino terminal end of gp41. The primers “FUS1”
and “FUS2” (5'-GGAAAAGCAATGTATGCCCCTCC-3' and
5'-CCAGACTGTGAGTTGCAACAGATGC-3', respectively)
were used to amplify this 423 bp envelope region. To amplify
the complete envelope gene the primers “5000” and “7500”
(5'-GACGTCCCCGGGCAGAAGACAGTGGCAATGA-
GAG-3'and 5'-GCATGCCCCGGGCTTTTTGACCACTTGC-
CACCC-3") were used. The primer “5000” includes the first
seven nucleotides of the envelope open reading frame, fixing
these nucleotides for all amplified envelope genes. Xmal restric-
tion sites (underlined) were incorporated into the primers “5000”
and *7500 to facilitate cloning. PCR conditions were: 35 cycles
of 1'95°C, 1'55°C, and 2.5' 72°C with 0.7 uM primers, 2 mM
Mg?*, and 200 LM dNTP for the complete envelope gene and
35 cycles of 1' 95°C, 1’ 55°C, and 2’ 72°C with 5 wM primers,
4 mM Mg>" and 200 pM dNTP when amplifying the 423 bp
region.

Construction of recombinant vaccinia virus

Envelope genes derived from biological clones obtained from
patient #320 and # 16 were cloned into the Xmal site of plasmid
vector pSC11.%® Hela cells infected with vaccinia virus (strain
WR) were transfected with calcium phosphate-precipitated
pSCl11-env constructs as previously described.>® Upon 5-bro-
modeoxyuridine (BudR) selection in 143 cells, recombinant
virus plaques were visualized by their blue color upon overlay
with 5-bromo-4-chloro-3-indolyl-BD-galactopyranoside (XGal)
due to the coexpression of the lacZ gene derived from the pSCI 1
vector. Independent plaques were plaque-purified three times
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and the recombinant vaccinia viruses were grown to large stocks
in RK13 cells. All recombinant vaccinia viruses were assayed
for HIV-1 envelope expression by radioimmunoprecipitation
(see below). The recombinant vaccinia virus containing the
envelope genes from clones 320.2a.7 and 16.2 failed to express
the expected gp160/gp120 products and these env genes were
subsequently reamplified from the same genomic DNA. Recom-
binant vaccinia virus containing the env genes from this second
PCR now expressed the expected bands and these were used for
all further experiments.

Radioimmunoprecipitation

For radioimmunoprecipitation (RIPA) HeLa cells were met-
abolically labeled for 8 hours with [>°S]methionine and
[>3S]cysteine (JCN Biomedicals) 12 hours after infection with
10 plaque-forming units (PFU) of recombinant vaccinia virus
per cell. Supernatant was collected and cells were lysed 5 hours
after reconstitution of the medium with unlabeled methionine
and cysteine. Subsequent immunoprecipitation was performed
with polyclonal sheep anti-gp120 serum (kindly provided to us
by Dr. M. Page through the MRC AIDS reagent program) as
previously described.?” The precipitated proteins were analyzed
by sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE, 10% acrylamide), according to Laemmli.>®

CD4 binding

Secreted envelope glycoproteins were metabolically labeled
as described for RIPA. Supernatant was incubated with 150 ng
soluble CD4 for 3 h at 4°C and subsequently immunoprecipi-
tated with excess monoclonal antibody to CD4 (OKT4, Ortho
Diagnostic Systems Inc.). The precipitated proteins were ana-
lyzed as described for RIPA.

Syncytium-forming assay

The MNC (3 X 10°) from different donors were infected with

recombinant vaccinia virus or wild-type vaccinia virus (wt) ata -

multiplicity of infection (MOI) of 30. Infections were allowed to
proceed for 48 h, at which time the cultures were assayed for
syncytia. Relative sizes and numbers of syncytia found per well
were scored independently on coded samples by two indepen-
dent researchers.

Sequence analysis

Sequence analysis of eight complete envelope genes was

-performed: four were sequenced by the dideoxynucleotide chain -

“ termination method®® using T7 polymerase (Amersham) and
four others were sequenced on an Applied Biosystems Inc.
automated DNA sequencer by the Central European Facility for
HIV genome analysis (Georg-Speyer-Haus, Frankfurt, Ger-

many). The amplified 423 bp fragments were analyzed by direct

DNA sequencing. For direct sequencing the PCR products were
purified by Centricon 30 (Amicon) filtration, denatured with

NaOH and ethanol precipitated after primer annealing (FUS1 or -

FUS2). The precipitated DNA was then sequenced using a
modified T7 polymerase according to the protocol provided by
the manufacturer (U.S. Biochemical). From each isolate unam-

. biguous DNA sequences were obtained, even in the hypervari-
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able regions,*° confirming the clonality of these isolates. The
sequence data were analyzed using the Lasergene (DNAstar)
computer programs. All sequence comparisons were performed
with the gap penalty set to zero.

Site-directed mutagenesis

Oligonucleotide-directed mutagenesis was performed on two
envelope genes cloned in the filamentous phage M13 by the
method described by Kunkel et al.*' using supplies from
Bio-Rad. Oligonucleotides 5'-CATAGCTCCTATCGTTC-
CCACTGCTC-3' 4nd 5'CATAGCTCCTATCATTCCCACT-
GCTC-3' were used for mutating the fourth codon of gp4l
coding region of the envelope gene of biological clones #16.1
and #16.3 from ATG to ACG and from ACG to ATG,
respectively. The mutagenesis reaction changed the fourth
amino acid residue of the fusion domain from methionine to
threonine and reverse. The mutant envelope genes were partially
resequenced for examination of the desired mutation.

RESULTS

Construction of recombinant vaccinia viruses that
express env genes derived from biological HIV-1
clones

To examine the role and function of the envelope glycopro-
teins in determining the varying syncytium-inducing capacity of
HIV-1, we constructed a collection of eight recombinant vac-
cinia viruses expressing the envelope genes of a set of biological
HIV-1 clones. These biological HIV-1 clones were obtained
from two patients; selected clones show similar replication rates
in MNC (data not shown) but differ in their capacity to induce
syncytia in MNC cultures (Table 1). The complete envelope
genes of these eight clones were amplified by PCR using a set of
primers introducing Xmal sites to facilitate cloning of the
envelope genes downstream the P7.5 promoter of the vaccinia
expression vector pSC11.%2

Expression of HIV-1 envelope glycoproteins

Recombinant vaccinia virus-mediated expression of the
HIV-1 envelope glycoproteins was demonstrated by RIPA.
HeLa cells infected with recombinant vaccinia virus or wild-
type vaccinia virus, were radiolabeled and the proteins were
analyzed by immunoprecipitation followed by SDS-PAGE and
autoradiography. Figure 1, panel A shows the recombinant
vaccinia virus induced expression of gp160. Only in the lysates
or recombinant vaccinia virus infected cells the precursor glyco-
protein gpl160 was precipitated by polyclonal sheep serum
directed to the HIV-1 envelope protein. Under these labeling
conditions the cleaved gpl20 was also demonstrated in the
lysates of most of the infected cell cultures (Fig. 1, panel A), and
could easily be detected in the supernatants of all the recombi-
nant vaccinia virus infected cell cultures (Fig. 1, panel B). In
order to demonstrate the receptor-binding capacity of the ex-
pressed envelope proteins, gp120 present in supernatant was
also coprecipitated with soluble CD4 (sCD4). Coprecipitation of
gp120 by the monoclonal antibody OKT4 (directed to CD4)
after incubation with sCD4, demonstrated that the eight ex-
pressed envelope proteins were all able to bind CD4 (results not
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TABLE 1. SYNCYTIUM-INDUCING CAPACITY OF RECOMBINANT
.. "VACCINIA VIRUS EXPRESSED [ENVELOPE GENE PRODUCTS
- ' INRELATION TO THE PHBNOTYPE OF THE PARENTAL "

. BIOLOGICAL CLONES -~ ‘

* Parental biological
HIV-1 clones

..corresponding env genes

Clone #*  Phenotype® expressed by rVV
320.2a.5 SI +++4+¢

7 SI C ekt

3 NS -

6 NS -

16.1 SI. ' I o o

2 st +4++++

3 NSI .

4 NSI +

2The origin of each clone (and/or the corresponding recombi-
nant vaccinia virus expressed envelope gene) is indicated as
#xx.yy.z (or xx.z) where xx indicates patient code, yy the
number of the particular isolate (if applicable), and z represents
the clone number.

bSyncytium-inducing capacity of the parental biological
HIV-31 clones is determined in MNC according to Tersmette
etal.

°Syncytium-inducing capaci.y of the recombinant vaccinia
virus expressed gene products are determined in MNC.

4Symbols: —, no syncytia; +, <20 small syncytia per well;
++++ -, >200large syncytia per well.

shown). This coprecipitation of gp120 was dependent on addi-
tion of soluble CD4, showing the specificity of the reaction.

Biological activity of the expressed envelope proteins

To determine the syncytium-forming capacity of the envelope
proteins, human MNCs were infected with recombinant vac-
cinia virus or wild-type vaccir..a virus. Formation of syncytia
was assayed 48 h after infecifon. Syncytium induction by
envelope genes expressed in M. {Cs through recombinant vac-
cinia viruses is shown in Figure 2. The results are summarized in
Table 1. The syncytium-forming capacity of individual HIV-1
envelope genes expressed by recombinant vaccinia virus corre-
sponds to that of the HIV-1 clones from which the envelope
genes were derived. The syncytium-forming capacity of each
envelope glycoprotein expressed in MNCs obtained from differ-
ent donors yielded no significant differences.

Envelope gene sequence analysis

In order to define the genetic determinants of the syncytium-
inducing property of HIV-1, the complete nucleotide sequence
of the eight expressed envelope genes was determined. Figure 3
shows the predicted amino acid sequencgs of the amplified
envelope genes with their origin (patient and biological clone)
and the in vitro determined phenotype (SI or NSI). Comparison
of these sequences revealed a substantial amount of amino acid
variation located mostly in the hypervariable regions V1 through
V5.4 In these regions mutations as well as sequence length
variations were observed. The overall conservation is 74.8%:
653 of the 873 predicted amino acid residues of the

’123456789

Syncytium-inducing capacity® of
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FIG.1. Expression of HIV-1 envelope gene products by HeLa
cells infected with recombinant vaccinia virus (or wt vaccinia
virus). Metabolically labeled proteins from infected cell lysates
(panel A) or from supernatant (culture medium) of infected cells
(panel B) were immunoprecipitated with sheep polyclonal an-
tiserum to gp120 and analyzed by SDS-PAGE. Lane 1, wt; lane
2, 320.2a.5; lane 3, 320.2a.7; lane 4, 320.2a.3; lane 5,
320.2a.6; lane 6, 16.1; lane 7, 16.2; lane 8, 16.3; lane 9, 16.4.
See legend to Table 1 for description of the expressed envelope
genes. Arrows indicate the precursor glycoprotein and the
surface glycoprotein gpl20 (panel A) or gpl120 shed in the
medium (panel B), respectively.

envelope glycoprotein are identical for all eight clones, mean
amino acid homology is 88.9%. Envelope genes derived from
biological clones obtained from the same patient display a higher
degree of conservation: 90.2% en 95.0% for patients #320 and
#16, respectively. Table 2 shows the percentage amino acid
homology for all single pairs of envelope sequences. Envelope
genes obtained from the same patient and displaying the same
phenotype upon expression, show the highest degree of se-
quence homology; 95.6-99.0%.

Fusion domain variation

We have demonstrated previously that mutations in the SIV
envelope fusion domain that affect the hydrophobicity of this
region influence the syncytium forming capacity of the SIV
envelope glycoproteins.2® The predicted amino acid sequences
of the four envelope glycoproteins obtained from patient #16
display a phenotype associated sequence variation at position
number four of the fusion domain (Fig. 3). The SI envelope
proteins share a methionine at this position (the fourth N-termi-
nal amino acid residue of gp41, the fusion domain) whereas the
NSI biological clone-derived envelope genes have a threonine at
the same position. To examine if this mutation, which affects the
hydrophobic character of the fusion domain, prevails in more
HIV-1 isolates, we amplified and sequenced specifically an
envelope gene fragment around the fusion domain of twelve
additional biological clones. Figure 4 shows the predicted amino
acid sequences with their origin (patient and isolate) and in
vitro-determined phenotype of the parental biological clone (SI
or NSI). This extended sequence analysis of the fusion domain
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FIG.3. Predicted amino acid sequence of eight envelope proteins. Sequences were obtained from PCR-amplified envelope genes
derived from biological HIV-1 clones (codes as indicated in Table 1). The amino acid sequence is presented in the 1-letter amino acid
code and alignment was performed using Clustal. In the top line a consensus sequence derived from these clones is given. Identity
with the consensus sequence is indicated by (.), (—) indicates the absence of an amino acid residue at the particular position. The
symbol * in the consensus sequence indicates that no consensus amino acid residue could be assigned for that position. Amino acid
numbers are indicated as well as the signal peptide, the hypervariable regions V1 through V35, the gp120-gp41 cleavage site, and the
fusion domain. Sequences obtained from NSI clone derived envelope genes are bold printed.
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TABLE 2. SIMILARITY MATRIX OF EIGHT PREDICTED ENVELOPE AMINO ACID SEQUENCES

320.2a.5° 100% 4 -

320.22.7 990 | 100

320.2a.3° 861 867 .| 100

320.20.6 86,1 866 | 969 | 100

16.1 86.6 87.1 851 86.1 100

16.2 86.2 86.6 85.0 86.2 956 | 100

16.3 86.1 86.5 84.8 86.3 935 94,5 100

16.4 86.5 86.9 84.6 86.4 193.2 93.9 "99.0 100
320. 320. 320. 320. 16.1 16.2 16.3 16.4
2a.5 2a.7 2a.3 2a.6

*Origin of envelope sequences as indicated in the legend of Table 1
>Numbers represent percentage amino acid homology between each pair of sequences according to alignment of Figure 3 with gap

penalty set to zero.

“Bold print is the observed amino acid variation occurring between HIV-1 biological clone envelope sequences displaying the
same syncytium-inducing capacity.

9Shaded area represents observed amino acid variation between amino acid sequences obtained from the same patient.
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Predicted amino acid sequences of the fusion domain contammg N-terminal region of the transmembrane glycoprotein

gp41 of 20 biological HIV-1 clones. In the top line a consensus sequence derived from these 20 clones is given. Codes indicate the
blologlcal HIV-1 clones from which the envelope sequences ‘are obtained (see legend of Table 1). Identity with the consensus
sequence is indicated by (.), (—) indicates the absence of an amino acid residue at that particular position. The symbol * in the
consensus sequence indicates that no consensus amino acid residue could be assigned for that position. The phenotype of the clones

s 1nd1cated +: SI and NSI Phenotype assocxated (SI vs. NSI) ammo ac;d variations are boxed
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W # | parental | ’fUSIOI’I domam amino acid sequence éynéYtidrﬁ‘fﬁ I
‘phenotype : (f:rst 11 res:dues) “inducing - |-
B capacity - |
61 | .8l | «N-AIa-Val-Gly’-Met-Ile'-Gl_y-Ala-Met-Phe-LeU-Gly— R
16.3 NSI . N-Ala-Val-Gly-Thr-lle-Gly-Ala-Met-Phe-Leu-Gly- -
mutant 16.1 "SI“?»V 'A‘_ N-Ala-Val-Gly-Thr-lie-Gly-Ala-Met-Phe-Leu-Gly- b
mutant 16.3 C"NSI" N-Ala-Val-Gly-Met-lle-Gly-Ala-Met-Phe-Leu-Gly- C e

C

FIG. 5. Panel A: Syncytium-inducing capacity of parental and mutated envelope gene products. The first eleven amino acid
residues at the amino terminus of gp41 are shown. Codes and symbols as indicated in table 1. Panel B: Syncytia induced in MNC
upon infection with recombinant vaccinia virus expressing an envelope gene with a mutated fusion domain as indicated in panel A.
Panel C: Expression of HIV-1 mutated envelope gene products by HeLa cells infected with recombinant vaccinia virus.
Metabolically labeled proteins from infected cell lysates (lanes 1 and 2) or from supernatant (culture medium) of infected cells (lanes
3 and 4) were immunoprecipitated with sheep polyclonal antiserum to gp120 and analyzed by SDS-PAGE. Lane 1, mutant 16.1; lane
2, mutant 16.3; lane 3, mutant 16.1; lane 4, mutant 16.3. Arrows indicate the precursor glycoprotein and the surface glycoprotein

gp120, respectively.

revealed that the in patient # 16 observed phenotype associated
sequence variation also occurred in patient #93 but not in
patients #320 and #373 (both isolates). -

Functional study of the observed phenotype-associated
Sfusion domain variation

To assess the functional contribution of the observed pheno-
type associated fusion domain variation to the phenotype of
HIV-1 isolates, the methlonme/threomng. mutation was in-
versely introduced in the envelope glycoproteins originally
derived from biological clones #16.1 and #16.3 as shown in
Figure 5 panel A. When expressed through recombinant vac-
cinia virus, these mutated envelope genes did not display an
altered syncytium-forming capacity (Fig. 5 panels A and B).
Figure 5, panel C shows that these mutated envelope glycopro-
teins were expressed properly. A coprecipitation with sCD4
demonstrated that these mutated gp120 molecules were still able
to bind the CD4 receptor (results not shown).

DISCUSSION

In this study we determined the syncytium-inducing capacity
and the nucleotide sequence of envelope genes derived from a
set of phenotypically well-characterized biological HIV-1
clones obtained from two patients.

The envelope gene product of lab-adapted syncytium-inducing
HIV-1 isolates like HIV-1 [IIB has been shown to induce syncytia
when expressed in heterologous expression systems which demon-
strates that the envelope glycoproteins of HIV-1 are by themselves
sufficient to induce syncytia.®” It is not known whether the lack of
syncytium-inducing capacity of NSI field isolates must be attrib-
uted to functional differences between the envelope proteins of SI
and NSI isolates or whether determinants located outside the
envelope gene (e.g., regulatory genes, LTR, or otherwise) modu-
late this syncytium-inducing capacity. A limited number of studies
using recombinant HIV-1 proviruses have implicated the envelope
gene products as the major culprit in determining biological
variation of HIV-1,%° although evidence pointing to other viral

genes has also been presented. !+
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We have expressed the complete envelope genes of eight
biological clones of HIV-1 (4 SI and 4 NSI clones) to determine
their SI capacity in activated human MNC. The results show that
only the envelope gene products obtained from SI clones readily
induce large syncytia when expressed by recombinant vaccinia
virus whereas those obtained from NSI clones did not, despite
the fact that they are functionally intact as demonstrated by their
ability to bind sCD4. Only the NSI clone 16.4-derived gene
product induced some small syncytia in MNC culture but always
much less than was observed for the SI clone derived envelope
genes (Table 1). This observation formally proves that envelope
gene variation alone is sufficient to explain variable syncytium
inducing capacities of HIV-1 isolates. For the eight HIV-1 clones
presented here genetic variation outside the envelope gene need not
to be invoked to explain the viral phenotypic variation.

In addition to the phenotype we also determined the nucle-
otide sequence and thus the predicted amino acid sequence of the
eight expressed envelope genes. The predicted protein se-
quences exhibited considerable amino acid variation which is
mainly located in the previously denominated variable regions.
Mean amino acid homology is 88.9% (range 84.6—99.0%; Table
2). Mean amino acid variation of envelope sequences obtained
from the same individual was less, 90.2% and 95.0% homology
for patient #320 and #16, respectively. Envelope glycoprotein
sequences derived from biological clones obtained from the
same individual with the same phenotype with regard to syncy-
tium induction, exhibited the least variation (95.6%—99.0%

.homology; Table 2). This is a reflection of the presence of many
amino acid positions displaying phenotype-associated variation
between sequences with different phenotypes but obtained from
the same patient. This phenotype-associated amino acid varia-
tion can be found throughout the whole sequence (e.g., inthe V1
and V2 regions, in the V3 region which plays arole in the fusion
process and which is the major determinant in HIV-1 neutraliza-
tion, in the CD4 binding region, in the fusion domain, and in the
external region of gp41). None of these variations appear to be
conserved between the biological clones from the two patients
(#16 and #320), at least not with regard to the exact sequences.
At one position in the V3 region (amino acid 21), however, we
observe consistent variation concerning charged amino acids.
This change in particular could have functional consequences
based on observations by others that charge density of the V3
. region be important for fusion.***> These and other mutations
that could induce structural changes in gp120 or gp41 are of
particular interest for further studies, since the lack of exact
sequence conservation could mean that structure of individual
regions of the envelope protein is more important than sequence,
at least in determining biological properties. Alternatively, it
might indicate that in different sets of envelope genes different
determinants control biological variation. It is presently unclear
whether in different viral populations (e.g., obtained from
"different patients) the biological variation of HIV-1 is controlled

* by the same determinants. In addition, much of the phenotype- -

associated amino acid variation may be the result of the presence
of different viral populations distinguished by phenotypic prop-
_erties other than their syncytium inducing capacity alone (e.g.,
cytotropism). Such shared or linked phenotypic properties will

~ complicate the elucidation of the genetic basis of the separate

phenotypic properties (e.g., the syncytium-inducing Capa(:lty in
the present comparative study).
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The 23 cysteine residues appeared to be highly conserved
throughout these eight expressed envelope glycoproteins. Only
the envelope gene obtained from clone 320.2a.5 codes for a
phenylalanine at position #233 and the envelope gene of clone
16.4 codes for a tyrosine at position #854, whereas all other
genes code for a cysteine at these positions (Fig. 3). The cysteine
at position #854 of gp41, however, is not conserved over other
known HIV-1 envelope sequences, a tyrosine at this position is
frequently found.*® In contrast to the cysteine at position #854,
the cysteine at position #233 appeared to be highly conserved
among HIV-1 sequences.*® Interestingly the envelope gene
product of clone 320.2a.5 which does not contain this cysteine
residue does induce syncytia. Reexamination of this region by
direct sequencing of a PCR-derived envelope gene fragment
could not confirm the presence of this phenylalanine in the
genomic DNA of MNC infected with HIV-1 clone 320.2a.5
(data not shown) which implies that it may have arisen during the
envelope cloning procedure (e.g., during PCR amplification).
This amino acid switch however, does not abolish CD4 binding
or the syncytium-inducing capacity of the envelope glycopro-
tein, illustrating that the cysteine at position #233 is not crucial
for these biological properties of the envelope protein.

Eight out of 20 analyzed envelope genes show amino acid
variation at two positions in the fusion domain. The variation at
position #531 affects the hydrophobic character of the fusion
domain whereas the variation at position #535 does not (Fig. 4).
Mutational studies with SIV .. indicated that changing the
hydrophobicity of the fusion domain could significantly modu-
late the fusogenic potential of the envelope protein.?® Although
the sequence analysis of the extended set of envelope genes
revealed only phenotype-associated amino acid variation in
some of the envelope genes, we assessed the functional contri-
bution of this variation by inversely introducing the methionine/
threonine mutation. When expressed by recombinant vaccinia
virus, these mutated envelope genes do not display an altered
syncytium-forming capacity, showing that this fusion domain
variation does not contribute to the variation in the syncytium-
inducing capacities of this subset of studied envelope genes.

The expression of chimeras of the here studied genetically
highly related genes, together with site-directed mutagenesis
studies, should allow the identification of the specific domains
within the envelope protein that control the variable syncytium-
inducing capacity of HIV-1.
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