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Second Conserved Domain of gp120 Is Important 
for HIV Infectivity and Antibody Neutralization 

Rabbit antisera were raised against three overlapping synthetic peptides with sequence 
homology to the second conserved domain of the external envelope glycoprotein 
(gpl20j of the human immunodeficiency virus (HIV). All of the antisera immunopre- 
cipitated the envelope glycoprotein. In particular, an antiserum directed against amino 
acids 254 to 274 of etzv was efficient in neutralizing three different isolates of HIV in 
vitro, without affecting the binding of the virus to CD4-positive cells. Therefore, this 
conserved region of gpl20 appears to be critical in a postbinding event during virus 
penetration and may represent a target for antibody neutralization of HIV. These 
findings may be applicable in the design of a vaccine for the acquired immunodeficien- 
cy syndrome. 

T HE SEQUENCE OF THE env GENE been identified. In the constant domains, 
varies greatly among different iso- sequence conservation is greater than 80% 
lates of the human irnmunodeficien- among different isolates of HIV, whereas in 

cy virus (HIV), but this variation is not the most variable domains, sequence conser- 
randomly distributed throughout the gene 
(1). Instead, a pattern of alternating variable 
and constant regions is observed (2). In the 
external envelope glycoprotein (gp120), 
several constant and variable domains have 
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vation is between 20 and 30%. Conserva. 
tion of sequence within the constant do- 
mains presumably indicates selective pres- 
sure to-maintain those sequences, although 
their functional importance is not under- 
stood. 

The second conserved domain of gpl20 is 
partially homologous to neuroleukin, a fac- 
tor that has both neurotrophic and lympho- 
kine activities (3 ) .  We found earlier that 
gp120 inhibits the neurotrophic action of 
neuroleukin on cultured neurons, and this 
finding may be important for understanding 
the pathogenesis of dementia observed in 

some patients with acquired immunodefi- 
ciency syndrome (AIDS) (4). To determine 
whether the second conserved domain is 
important for HIV infectivity, we prepared 
antisera against synthetic peptides with se- 
quences homologous to that region of 
gp120. We now report that one of these 
antisera is strongly immunoreactive with 
gp120 and is also highly neutralizing for 
diverse isolates of HIV. However, this anti- 
serum does not block the binding of HIV to 
CD4' cells. These findings suggest that one 
particular region, comprising amino acids 
254 to 274 within the second conserved 
domain of gp120, takes part in a postbind- 
ing event during virus penetration and is an 
important target for antibody neutralization 
of HIV. 

Three overlapping oligopeptides-desig- 
nated T19V, C21E, and S19C--were syn- 
thesized in accordance with the amino acid 
sequence of the HTLV-IIIB isolate (1, 5 )  of 
HIV (Fig. 1).  Each peptide was coupled to 
keyhole-limpet hemocyanin (KLH) and 
used to prepare antisera in rabbits. The titer 
and specificity of the three antisera were 
determined by enzyme-linked immunosor- 
bent assay (ELISA). Each of the rabbits had 
a strong antibody response to its immuniz- 
ing peptide but not to a control peptide, 
M20L (Table 1). The antiserum to C21E 
(anti-C21E) also reacted with the peptide 
that overlaps C21E at its amino terminus 
(T19V), but not with the peptide that over- 
laps at its carboxyl terminus (S19C). Anti- 
T19V showed little cross-reactivity with 
C21E; anti-S19C showed no cross-reactiv- 
ity with C21E (Table 1). 

All three of the antisera immunoprecipitat- 
ed proteins of 120 or 160 kD, or both, from 
Molt-I11 cells infected with the HTLV-IIIB 
isolate (Fig. 2, lanes b). These proteins were 
not immunoprecipitated from uninfected 

HlV isolates 0 260 

HTLv- l l l ~  T G ~ ~ T N V S T ~ ~ C T ~ G ~ A ~ V V ~ T Q L ~ ~ N ~ S E E E ~ V V I ~ ~  
HTLV.IllRF ....................................... 
ARV.2 ....................................... 

Peptides 
T19V TGPCTNVSTVQCTHGIRPV 
C21 E CTHGIRPVVSTQLLLNGSLAE 
S19C STQLLLNGSWLEEEVVIRC 

Fig. 1. The amino acid sequences of HTLV-IIIB, 
HTLV-IIIRF, and ARV-2 were obtained (1, 2 ) ,  
and the numbering system was based on that of 
Rauler et al. (I). The conserved regions of gpl20 
are shown in black. A dash indicates identity with 
the HTLV-IIIB sequence, and a dot denotes the 
amino acids that are homologous to neuroleukin 
(3, 4). The three peptides-T19V, C21E, and 
S 1 9 C w e r e  synthesized by Peninsula Labora- 
tories, Inc. (Belmont, California), and correspond 
to the sequence of HTLV-111,; their composition 
was confirmed by amino acid analysis. 
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Molt-ID ails (Fig. 2, lanes a), and thus are 
likdy to be gp120 and its precursor, gp160. 
In addition, sera from the rabbits befbre 
i rnmht ion  (preimmune sera) did not react 
with either gp120 or gp160. 

Sera h m  persons infected with HIV or 
an animal immunized with gp120 were test- 
ed by ELISA for immunoreactivity with 
T19V, C21E, and S19C (Fig. 3). N o d  

human sera did not react with these pep- 
tides. Most of the HIV-positive human sera 
were uweactive, and none were strongly 
reactive. Furthermore, serum h m  a rabbit 
immunized with purified gp120 (6) did not 
react significantly with the peptides. This 
antiserum had no immunoreactivity with 
T19V or C21E in ELISA, it had a titer of 
1 : 250 with S19C. 

Tabk 1. Titer and spcaficity of rabbit antisera raised against synthetic peptides with partial sequence 
homology to HIV. The peptides were conjugated to IUH through cystcine residues with the use of m- 
malcimidobenzoic acid N-hydroxymabhide ester. The amount of peptide bound to the carrier was 
d~edbyaminoacid~kandwasgcneallyO2to0.4mgofpeptideper~ofIUH. 
Female New Zealand White rabbits wae immunized dvec times at 2-week intervals with 500 ~g of the 
conjugate cmulsied in F m d ' s  compkte adjuvant for the primary immunization and in Freund's 
incomplete adjuvant for the secondary immunizations. For the ELISA, fkxible polyvinyl chloride 
microtiter plates were coated overnight at 8°C with 100 4 ofpeptide per well at a c o n c e n h n  of 5 
pglml in 150 mM sodium borate buffcrrd atpH 9.6. The wells were then blocked by incubation with 
3% bovine serum alburnin in phosphate-buffered saline h r  1 hour at room temperature and then 
incubated overnight with d dilutions of the rabbit sera diluted in 10% horse serum, 20% goat 
serum, and 0.1% Triton X-100 in phosphate-bu&red saline. Bound rabbit immunoglobulin was 
detected with a Vcctastain kit (Vector Laboratories) that contained biotinylated goat antibody to rabbit 
immunoglobulin, avidin, and biotinylated horseradish peroxidase. Color development was achieved 
with o-phenylenediamine and hydrogen peroxide, and the ELISA was read on a dual-wavelength 
miaoplate specnophotometer at 450 nm. The titas shown are the dilution of rabbit antiserum that 
gave ~alf-m&mal ;lor development (maximum optical density usually 1.3). A control peptide, M20L., 
has the scquence MIPCDFLIPVQTQHPIRKGL (1 1 ) . 

Rabbit sera T19V C21E S19C M20L 

R1 preimmune 0 0 0 0 
R1 anti-Tl9V 1:5600 1: 630- 0 0 
R2 pxhmune 0 0 0 0 
R2 anti-C21E 1:1400 1:SOOO 0 0 
R3 preimmune 0 0 0 0 
R3 anti-S19C 0 0 1:900 0 

Tablo 2 HIV neualiwng titers and HlV bin- inhibitory activities of rabbit antisera raised against 
synthetic peptides with p a r d  sequence homology to HIV. Neualiz;ltion assays were pcrf;ormcd 
against thm diverse HIV isola~HTLV-IIIB, HTLV-IIIRP, and ARV-%-as described (7), acept 
the supernatant p24 antigen was assayed instead ofparticulate reverse uanscripmc activity. Neutraliza- 
tion was defined as >90% reduction in both syncytia formation and supematant p24 antigen compared 
to cmpol cultures. HlV binding inhibition studies were pufbrmed according to the protocol of 
Md)ougal ct al. (9). The virus stock uscd in the assays was prrpvcd as follows. Supernatant fluid from 
HTLV-IIIrinfccted Molt-III cells were prrdeami by sequential centdigation (3008 for 7 minupcs, 
followed by 15% for 20 minutes) and then concentrated 1000-fold by uhraccnwon (90,0008 
for 90 minutes). Ten microlitm of this HIV pxparation were treated with 10 p.l of tcst sera for 30 
minutes at room temperature before incubation with C8166 cdls (5 x Id, 30 minutes at 37°C). 
Subsequently, the cells were washed and rcsuspcnded in 25 pl of a 1 : 50 dilution of human anti-HIV 
conjugated to f i u o d .  After 30 minutes at 4'C, the & were then washed, fkkd in 1% 
parafonnaldehyde, and analyzed by flow cytometry. 

sera 

R e c i p d  of HIV 
MU- titer 

Inhibition of 
HIV binding 

(%) 

HTLV-IIIB HTLV-III, ARV-2 HILV-IIIB 

Rllbbitnnr 
Rl preimmune <4 <4 <4 0 
R1 anti-T19V 8 8 16 0 
R2 preimmune <4 <4 <4 1 
& anti-C21E 128 64 256 2 
R3 prehmune <4 <4 <4 3 
R3 anti-S19C 16 16 32 0 
R, anti-1-110 32 32 64 3 

Cartmlsnrr 
Human, seronegative (n = 6) <4 <4 <4 0-5 
Human, seropositive (n = 18) 20 18 25 93-100 
Human, P982 32 32 64 99 
Goat, anti-gpl20 32 <4 4 94 

We then tested the rabbit preimmune and 
immune sera for HIV neutralizing activity 
by using an assay described earlier (7). Brief- 
ly, 50 TCIDw (50% tissue culture infective 
doses) of HIV were incubated with serial 
dilutions of the test serum for 1 hour at 
37°C before inoculation onto 2 X lo6 H9 
(5) cells. Viral expression was subsequently 
determined on day 7 of culture, and neutral- 
ization was defined as >90% reduction both 
in syncytia formation and in the amount of 
p24 antigen in supernatant, as compared to 
controls (Table 2). The preimmune sera had 
no HIV-neutralking activity. Anti-T19V 
and anti-S19C showed low neutralizing ti- 
ters of 1 : 8 and 1 : 16, respectively, against 
HTLV-IDB, the isolate whose sequence was 
used in preparing the peptides. S i  titers 
(1 : 8 to 1 : 32) were obtained against isolates 
HTLV-III, (2) and ARV-2 (8). Strongest 
neutralization was observed with anti- 
C21E, which neutraked the three diverse 
isolates at dilutions ranging h m  1 : 64 to 
1: 256. At 1:64 dilution, this antiserum 
completely neutralized all three HIV isolates 
based on the supernatant p24 antigen deter- 
minations pertbrmed on days 7,10, and 14 
of culture. The neutralizing titer of anti- 
C21E was severaltbld higher than the mean 
titer of sera from HIV seropositive persons 
(Table 2). In particular, although human 
serum P982 was more reactive with gp160 
and a 1 2 0  by radioimmunoprecipitation 
(Fig. 2), anti-C21E was fourfbd more neu- 
tralizing than P982 against HTLV-IIIB and 
ARV-2. Furthermore, anti-C21E also com- 
p x d  favorably with sera h m  goats, 

a b a b a b a b  

Fig. 2 Immunoprccipitation of exuacts fiom 
IF1Zv-III- cells with antisera to syn- 
thetic peptides (aT19V, aC21E, and aS19C) 
from HlV mv. Uninfarrd (a lanes) and infcctod 
(b I?IKS) Molt-111 cells were metabolically labeled 
for 4 hours with [35S]cysteine and [35S]methb 
nine (100 pcilml). The radioimmunoprecipita- 
tion and SDS-polyacrylamide (10%) gel elecao- 
phoresis were perfbrmed as described (20). F982 
is a serum sample fipm an asymptomatic homo- 
sexual man, and p55 is thegag precursor protein. 
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Fig. 3. Immunoreactivity of human sera with 
T19V, C21E, and S19C as determined by 
ELISA. Details of the ELISA were as described in 
the legend to Table 1, except that the human sera 
were diluted 1:200 in a mixture of 20% goat 
serum, 10% fetal calfserum, and 0.5% Tween 20 
in 20 m M  tris-buffered saline (pH 7.5), and the 
ELISA was developed with a Vectastain kit for 
human immunoglobulin. The mean optical densi- 
ty for HIV seronegative controls (0; n = 9) did 
not differ significantly with the three peptides. 
Samples from HIV seropositive persons (a; 
n = 42) were scored as positive in the ELISA if 
the optical density was greater than three times 
background (dashed lines) for the controls. 

horses, or rabbits immunized with gp120 
purified from the HTLV-IIIB isolate. In 
contrast to the broad neutralizing activity of 
anti-CZ,lE, Matthews et d. (6) and Robey et 
d. (6) reported that these animal antisera to 
gp120 neutralized only the HTLV-IIIB iso- 
late (titers of 1 : 20 to 1 : 60) but not diverse 
isolates (Table 2). 

To explore the mechanism of neutraliza- 
tion, we also assayed the rabbit antisera, by 
the method of McDougal et d. (9), for their 
ability to inhibit the binding of HIV to 
CD4+ cells. Test sera were incubated with a 
concentrated preparation of HIV for 30 
minutes at room temperature before expo- 
sure to C8166 cells (lo), a cell line that is 
highly positive for the CD4 molecule. Then, 
HIV bound to the T cells was detected and 
quantitated by fluorescein isothiocyanate- 
conjugated human antibody to HIV and 
flow cytometry. Neither preimrnune nor 
immune rabbit sera inhibited HIV binding. 
In particular, anti-C21E, despite its high 
HIV-neutralizing activity, showed no inhi- 
bition of binding (Table 2). In contrast, 
human seropositive sera and goat antisera to 
gp120 were very efficient in blocking HIV 
binding (9) (Table 2). 

Taken together, our findings show that 
the second conserved domain of gp120, 
particularly the region partially homologous 
to neuroleukin and represented by C21E, is 
important for HIV infectivity but not HIV 
binding. This conclusion is supported by 
our studies of a rabbit antiserum direa- 
ed against a synthetic peptide designated 
1-110 (amino acids 249 to 262; VSTV- 
QCTHGIRPW) (11) that overlaps with 

C21E. This antiserum reacted strongly with 
both peptide 1-110 and C21E by ELISA 
and also recognized gp120 and gp160 by 
radioimmunoprecipitation. It too neutral- 
ized diverse isolates of HIV without affect- 
ing their binding to CD4" cells (Table 2). 
In addition, our results are consistent with 
those obtained in mutagenesis studies by 
Willey et al. (12), who found that substitut- 
ing a glutamine residue for asparagine at 
amino acid 269 (contained in C21E) pro- 
duced a noninfectious mutant, although 
gp120 of this mutant still bound to CD4 
normally. This mutation removed a poten- 
tial N-linked glycosylation site; however, 
two other mutants ( L ~ U ' ~ ~  4 Asp and 
~l~~~~ 4 Asp), which left the potential gly- 
cosylation site intact, were also noninfec- 
tious. Thus, our studies with an antiserum 
specific for amino acids 254 to 274 of 
gp120 and the analysis of Willey et al. (12) 
on mutations of amino acids 268 to 270 
reached the same conclusion-namely, the 
second conserved domain of gp120 is im- 
portant for HIV infectivity but is not re- 
quired for HIV binding to the CD4 recep- 
tor. This finding is consistent with recent 
demonstrations that the CD4-binding do- 
main is located within the carboxyl portion 
of gpl20 (13). 

After the specific interaction of gp120 
with CD4, the C21E domain may mediate 
an appropriate conformational change with- 
in the gp120-gp41 complex. In analogy to 
the situation observed with the influenza 
virus hemagglutinin (14), this structural al- 
teration may result in the unveiling of the 
putative fusion domain on the amino termi- 
nus of gp41 (13, 15), which would then 
mediate fusion and thus allow virus penetra- 
tion. Alternatively, the C21E domain may 
bind to or interact with another molecule on 
the cell surface to facilitate HIV entry. 

Our results also suggest that the C21E 
domain may be an important site to consider 
when designing an AIDS vaccine. This re- 
gion is we1 conserved among HIV isolates 
(1,2) and induces high titers of neutralizing 
antibodies against strains that differ signifi- 
cantly in their gp120 amino acid sequence. 
Anti-C21E blocks a critical step in HIV 
infection that occurs after virus binding. 
This action is similar to the major mecha- 
nism of antibody neutralization for several 
enveloped viruses (16). The potential im- 
portance of the C21E domain in vaccine 
design is strengthened by our finding that 
anti-C2lE can also mediate antibody-de- 
pendent cellular cytotoxicity against HIV- 
coated T cells (1 7 ) .  \ ,  

Our results suggest that when the second 
conserved domain is presented to the im- 
mune system in the context of a larger 
molecule (such as gp120), it is minimally 

immunogenic. In contrast, peptides contain- 
ing the carboxyl terminus of gp120 (18) or 
one specific domain of gp41-(amino acids 
600 to 611) (19) are almost universally 
recognized in immunoassays of sera from 
HIV-infected individuals. The C21E do- 
main is relatively "immunosilent" when it is 
part of gpl20; yet by itself it is immunogen- 
ic and induces an antibody response capable 
of efficiently neutralizing a number of HIV 
isolates. This result suggests the need to 
reconsider vaccine strategies that are solely 
based on the use of gpl20 or gp160. Studies 
to define precisely the env domains impor- 
tant for antibody neutralization should be 
pursued. A small well-defined oligopeptide 
may be a more effective vaccine than a large 
all-inclusive polypeptide if it can specifically 
direct the immune response against a bio- 
logically important domain that is conserved 
in d strains of HIV. 
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