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Dissociation of gp120 from HIV-1 Virions

Induced by Soluble CD4

JOHN P. MOORE,* JANE A. MCKEATING, ROBIN A. WEIss,

QUENTIN J. SATTENTAU

The CD4 antigen is the high affinity cellular receptor for the human immunodeficiency
virus type—1 (HIV-1). Binding of recombinant soluble CD4 (sCD4) or the purified V1
domain of sCD4 to the surface glycoprotein gpl20 on virions resulted in rapid
dissociation of gp120 from its complex with the transmembrane glycoprotein gp41.
This may represent the initial stage in virus-cell and cell-cell fusion. Shedding of gp120
from virions induced by sCD4 may also contribute to the mechanism by which these
soluble receptor molecules neutralize HIV-1.

1 infection, the virus binds to the cell

surface via a high affinity interaction
between gpl20 and the cellular protein
CD4 (1, 2). The gpl20 protein is held on
the virion surface by a noncovalent interac-
tion with gp41 (3). Thus, the initial complex
between virus and cell comprises gp4l-
gpl120-CD4. Subsequently, pH-indepen-
dent fusion of the cellular and viral mem-
branes takes place, which allows entry of the
viral genome into the cytoplasm (4). A
similar process probably occurs during the
fusion of gpl20-gp4l—expressing infected
cells with CD4-expressing uninfected cells.
The precise mechanism by which fusion
takes place is unknown (5), but the fusigenic
domain of the virus has been mapped to the
hydrophobic NH,-terminus of gp41 (6). By
analogy with other enveloped viruses (5),
this region in HIV-1 is probably not ex-
posed until the viral and cell membranes are
in close apposition. This implies the exis-
tence of a mechanism for exposure of the
fusigenic domain at a step in virus infection
subsequent to receptor binding. One such
mechanism would be for the binding of
CD4 to trigger a conformational change in
gpl20 that reveals the fusigenic domain.
Here, we show that binding of purified
recombinant soluble CD4 (sCD4) (7) or the
purified V1 domain of sCD4 (8) to gpl20
causes dissociation of the gp120-gp41 com-
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plex, which we suggest may be the initial
stage in virus-cell fusion and cell-cell fusion.

To analyze the effect of sCD4 on virion-
bound gp120, we devised a method (9) for
the separation of virions from soluble gp120
and soluble core antigen p24 by gel-exclu-
sion chromatography on Sephacryl S-1000
and for the detection of the viral antigens by
enzyme-linked ~ immunosorbent  assay
(ELISA) (9, 10) (Fig. 1). Conventional bio-
chemical methods [for example, SDS—poly-
acrylamide gel electrophoresis and protein
immunoblotting] were insufficiently sensi-
tive for quantitation of the small amounts of
HIV-1 antigens present in the maximum
volume of viral culture supernatant (100 l)
that could be analyzed by chromatography
under viral containment conditions. Prelim-
inary experiments established that infectious
HIV-1 was quantitatively eluted from the
2-ml column in or near the exclusion volume
(0.6 to 1.2 ml), as expected for particles
with a diameter of 100 to 150 nm (11) and
a gel matrix with a particle exclusion limit of
300- to 400-nm diameter. In contrast, re-
combinant gp120 and p24 diluted in serum-
containing culture medium were recovered
quantitatively in broad peaks at an elution
volume of 1.2 to 2.4 ml (12). The precision
with which recovered viral antigens can be
estimated is limited by the accuracy of
ELISA measurements; in a typical experi-
ment the recoveries (mean = SD) from six
separate chromatographic analyses of sam-
ples (50 wl) of the HIV-1 strain HTLV-
Il incubated with and without sCD4
were 244 = 0.22 ng of gpl20 and
36.5 = 4.6 ng of p24. Thus, we could clean-
ly separate virions (10® kD) from soluble
viral antigens (10* to 10° kD) without
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Fig. 1. Chromatography of HIV-1
(HTLV-IIIzg) on Sephacryl S-
1000 after treatment with or with-
out sCD4. Virus (50 pl at a con- r
centration of 107 TCIDs, per mil-
liliter) (TCIDgo is median tissue
culture infectious dose) containing
38 =4 ng (mean * SD) of p24
and 2.4 = 0.2 ng of gpl20 was
incubated for 90 min at 37°C with-
out (A) or with (B) sCD4 (50 pl,
final concentration of 50 pg/ml)
before gel-exclusion chromatogra-
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phy on Sephacryl $-1000 (9). The 0
amount of infectious HIV-1 (A) in
portions of each fraction was deter-

mined (9), and the remainder of each fraction was inactivated with 1%
Empigen detergent before assay of gp120 (@) and p24 (M) by ELISA (9,
10). Total recoveries of viral antigens from the columns were (A) 37 ng of

systematic loss of either gp120 or p24 (vir-
ion or recombinant) during chromatogra-
phy. We have been unable to adapt our
methodology successfully for the detection
of gp41 in fractions eluted from the S-1000
columns.

When a high-titer stock of HTLV-IIIgg
was analyzed by S-1000 column chromatog-
raphy, 89% of the p24 and 90% of the
gp120 present in the culture were recovered
in the infectious virus peak (Fig. 1A). How-
ever, after treatment of HTLV-IIlz with
sCD4 (50 wg/ml) for 90 min at 37°C, 87%
of the p24 but only 15% of the gp120 were
present in the virus peak and no infectious
virus could be detected (Fig. 1B). The
gpl20 that was lost from the virus was
recovered in the soluble antigen fraction
(Fig. 1B), where it was present as a complex
with sCD4 (12). Treatment with sCD4
therefore caused 83% of the gpl20 (but
none of the p24 core antigen) initially pre-
sent on the virions to dissociate from gp41
into the medium. Prior incubation of sCD4
with a tenfold excess of the OKT4A mono-
clonal antibody (MAb) to CD4—which
blocks HIV-1 infection (1) and gpl20-
sCD4 binding (8, 13)—inhibited gpl120
shedding substantially (Table 1). A specific
sCD4-gpl120 interaction was therefore re-
quired for initiation of gpl20 dissociation
from gp41.

The rate of shedding of gpl20 from
HIV-1 was biphasic; most dissociated with-
in 10 min of sCD4 addition, but additional
gp120 was slowly lost from the virions over
a 2-hour period (Fig. 2A). An sCD4 con-
centration of 0.3 wg/ml (7 nM) was suffi-
cient to cause significant gp120 loss from
HIV-1 at 37°C (Fig. 2B), and half-maximal
reduction of bound gp120 and inhibition of
viral infectivity both occurred at an sCD4
concentration of ~1 ug/ml. Thus, loss of
virion gp120 may contribute to the neutral-
izing action of sCD4, and inhibition by this
mechanism is essentially irreversible. Com-
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experiments.

petitive inhibition by sCD4 of the virus-cell
interaction (14, 15) is not, however, exclud-
ed by our data; some gp120 remains on the
virus particle even after extensive treatment
with sCD4, and we can also detect (by
ELISA) sCD4 in the virus peak fractions
(12).

Detailed measurements of both the bind-
ing of sCD4 to virions at 37°C and the
consequent loss of gpl120-sCD4 complexes
indicate that the extent of sCD4 binding at
each sCD4 concentration is regulated by the
chemical association constant for the inter-
action between monomeric gpl20 and
sCD4 molecules (12), which is of the order
of 1 X 10° M~ (7, 13, 15). This supports
the conclusion reached by Layne et al. (15)
from mathematical analyses of quantitative
infectivity assays. A large proportion
(>50%) of the gpl20 molecules on the
virions must be occupied by sCD4 before
there is significant dissociation of gpl20
from gp41 (12). This may suggest that each
of the individual molecules of a gp120 oli-
gomer (16, 17) must be bound by sCD4 for
dissociation of the entire oligomer from the
virion. At 4°C there was no significant loss
of gpl20 from virions within 2 hours of
addition of saturating sCD4 concentrations
(50 pg/ml) (12). Both this observation and
the slowness with which gp120 dissociates
from virions at 37°C (Fig. 2A) are probably
attributable to a requirement for thermal
energy to drive conformational changes in-
volved in breaking the noncovalent associa-
tion between gp120 and gp41.

Dissociation of gp120 induced by sCD4
was also observed with the HTLV-III and
HTLV-III,,y, isolates of HIV-1 (Table 1).
We have noted, however, that in general,
the greater the spontaneous dissociation of
gpl20 from virions (18), the smaller (pro-
portionately) the dissociation induced by
sCD4. A minor proportion (10 to 20%) of
the gp120 molecules on the HIV-1 strains
we have studied may be resistant to sponta-
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p24 and 2.2 ng of gp120 and (B) 36 ng of p24 and 3.0 ng of gp120. The
data shown are from paired column elutions and are typical of many such

neous (slow) dissociation and to sCD4-
mediated (rapid) dissociation from gp4l.
The reason for this gp120 heterogeneity is
not known, and we cannot determine with
our methodology whether a proportion of
the virion population is completely resistant
to sCD4 or whether each virion contains
resistant gp120 molecules. Analysis by elec-
tron microscopy (19) suggests, however,

Table 1. Effect of antibodies on sCD4-induced
gp120 shedding from HIV-1. Viruses [HTLV-
IIge (RF), HTLV-IIIg (IIIB), and HTLV-
I (MN)] were incubated for 90 min at 37°C
with the reagents indicated before S-1000 chro-
matography (9). The amounts of gp120 and p24
in the infectious virus and soluble antigen peaks
were summed and the percentages of virion-
bound gpl120 and p24 determined (9, 10). Con-
centrations were as follows: sCD4, 10 pg/ml (100
ug/ml for MN); V1 domain of sCD4 (V1-sCD4)
(8), 2.5 pg/ml (molar equivalent of sCD4 at 10
ug/ml); MAb OKT4A (1), 100 pg/ml; MAb 536
(22), 10 pg/ml; MAb Q425, (23), 100 ug/ml; and
MADb 110.5 (24), 1:10 dilution of ascites fluid.
Each set of data is from an experiment on a single
virus stock; similar data were obtained with other
stocks (12). Where shown, SD values are for n
equals 3 or 4.

Virion-bound Virion-bound

Treatment 2p120 (%) p24 (%)
RF 81=+3 86 +3
RF + sCD4 17+ 3 86+ 3
RF + sCD4 64 88

+ OKT4A
RF + sCD4 20 85

+ Q425
RF + V1-sCD4 11+4 86 +1
RF + 536 77 85
111B 68 83
IIIB + sCD4 24 82
IIIB + sCD4 27 81

+ Q425
IIIB + sCD4 27 76

+ 110.5
IIIB + 110.5 64 77
MN 41 49
MN + sCD4 21 48
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that the latter is true. The resistant gp120
moieties may be present on the virion sur-
face as uncleaved gpl60 or as disulfide-
linked gp120-gp41 complexes; however, we
have been unable to detect gpl60 in our
virion preparations, and others have also
described the absence of gp160 from virions
(17, 20).

The V1 domain of sCD4 (8), which con-
tains the gp120 binding site (21), was suffi-
cient to dissociate the gpl120-gp41 complex
(Table 1); regions of sCD4 outside the V1
domain therefore do not participate in this
process. No significant shedding of gp120
from HTLV-IIlgg was induced by binding
of the MAb 536 (22) to a region of gpl20
implicated in CD4 binding (2). This anti-
body competitively inhibits the sCD4-
gpl20 interaction (13, 22) and neutralizes
infectivity (22); therefore, the binding of a
macromolecule close to the “CD4 binding
site” is not sufficient to trigger the confor-
mational change necessary for dissociation
of gp120 from gp41. Similarly, MAbs Q425
(to the third domain of CD4) (23) and
110.5 (to the V3 loop of gp120) (24), both
of which neutralize HIV-1 at a stage subse-
quent to CD4 binding, did not inhibit
sCD4-induced shedding. Nor did MAb
110.5 binding to HTLV-III} virions cause
gp120 to dissociate (Table 1).

We assessed whether gpl20 dissociation
from gp41l in response to sCD4 binding
could occur on the cell surface as well as on
virions. When sCD4 was added to H9 cells
chronically infected with HTLV-IIIg, to
8ES5 cells (25) containing a defective HTLV-
IIlg provirus, or to CHO cells expressing
gpl20-gp4l, gpl20 was slowly secreted
into the medium (Fig. 3). The shedding of
gp120 from the cells was unaffected by 10
mM sodium azide, suggesting that metabol-
ic activity was not required. The rate of
sCD4-induced gpl20 shedding from the
cell surface was slower than from virions,
and higher sCD4 concentrations were re-
quired (Fig. 3). One possible explanation
for this is that sCD4 may efficiently disrupt
the gp120-gp41 association only on mature
virions. Consistent with this interpretation
is the observation that a greater concentra-
tion of sCD4 was required to induce shed-
ding of gpl20 from transfected CHO cells
(which do not contain viral particles) than
from H9 and 8E5 cells. Maturation of the
HIV virion may, therefore, partially desta-
bilize the gpl20-gp41 complex (18). The
existence of differences between the mecha-
nisms of virus-cell and cell-cell fusion is
implied by recent data from Camerini and
Seed (26). The observation that gpl20-
gp41 dissociation induced by sCD4 occurs
much more slowly and requires higher
sCD4 concentrations on the cell surface than
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Fig. 2. Shedding of gp120 from virions induced
by sCD4. (A) HIV-1 (HTLV-III;) was incubat-
ed at 37°C for the times indicated with sCD4
(100 pg/ml) before chromatography on Sepha-
cryl §-1000 (9). The peaks corresponding to
infectious virus (0.6 to 1.2 ml) and soluble anti-
gen (1.2 to 2.4 ml) were collected and assayed for
gp120 and p24 (9, 10). The percentages of the
total recovered gpl20 (@, M) and p24 (O, O)
that were present in the virus peak are shown. The
total recoveries of gpl20 and p24 from each
column varied by £50%. Data from two experi-
ments on the same virus stock are shown, and
were similar to those derived from several exper-
iments carried out with other virus stocks
(HTLV-III; and HTLV-IlIzg). (B) HIV-1
(HTLV-IIIx) was incubated for 90 min at 37°C
with sCD4 at the concentrations indicated before
determination of the percentages of gp120 (@, W)
and p24 (O, O) that were virion bound. Data
from two experiments with the same virus stock
are shown, in one of which the amount of in-
fectious HIV-1 present at each sCD4 concentra-
tion was also determined (9) (A). The TCIDg,
values for 50-pl samples corresponding to the data
points were 1057, 1056, 10*7, 102, 1022, 10*2,
and 10" and the data are plotted as percentages of
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the infectivity (1057 = 100%) without sCD4. Similar data were also obtained with other virus stocks
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(HTLV-II, and HTLV-Ilgy).
Fig. 3. Shedding of gp120 from cell 0.6,240
surfaces induced by sCD4. CHO & . .o
cells expressing recombinant gp120- 8 7
gp4l (HTLV-IIIg) (@) 8E5 cells 2 04,160f
containing a pol-defective HIV-1 vi- £ 03 1201
rus (25) (M), and HY cells infected &
with HIV-1 (HTLV-1II;) (A) were & 0280}
incubated at a density of 10”7 cells/ml 3 0140
for 2 hours at 37°C with the sCD4 @ ™"
0,0t

concentrations indicated. The super-
natant media were treated with 1%
Empigen to disrupt and inactivate
virions (13) and then assayed for
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gp120 by ELISA (9, 10). The right-hand abscissa (0 to 240) refers to H9 cells, the left-hand (0 to 0.6)
to CHO cells and 8E5 cells. (Inset) 8ES cells were incubated at 37°C with (@) or without (O) sCD4
(5 wg/ml) for the times indicated before assay of the supernatant medium for gp120. The data shown
are from experiments representative of several of similar design.

on the virion surface may be relevant to
these differences.

We and others (19) have shown that
sCD4 binding dissociates gp120 from gp41
on virions and HIV-1-infected cells. We
suggest that a similar reaction takes place
when HIV-1 binds to CD4 on the cell
surface and that the dissociation of the
gpl20-gp41 complex exposes the fusigenic
domain on gp41. In the context of the cell
surface, however, other processes preceding
or subsequent to this reaction may also be
necessary: the freedom of gp120 to dissoci-
ate from gp41 may be greater when sCD4
binds in solution to the virion than when the
ternary complex of CD4-gp120-gp41 forms
between the viral and cell membranes. It is
at this point in the fusion process that the
small population of virion gpl120 molecules
that do not dissociate from gp41 on CD4
binding may have a role: we speculate that it
is through these molecules that the virion
remains attached to the cell surface as the
fusion reaction takes place.

The sCD4-induced shedding of gp120 is
likely to increase the exposure of the gp41
fusigenic domain on the virus surface, al-
though we have no direct evidence for this.
A priori, this might be expected to increase
the fusion potential of HIV-1, but we sug-
gest that premature exposure of the fusi-
genic domain inactivates the fusion mecha-
nism. An analogous situation has been
demonstrated with many pH-dependent en-
veloped viruses, whose ability to fuse with
host cells is rapidly and irreversibly inacti-
vated by treatment with acid medium before
the virus-cell interaction (27). Alternatively,
virions with an exposed fusigenic domain
may indeed have increased infectivity but we
are unable to detect this because of the
competitive inhibition by sCD4 of HIV-1
binding to the cell surface via its residual
gp120 molecules. It may be that increased
exposure of the fusigenic domain by sCD4 is
responsible for the observation that sCD4
increases the infectivity of simian immuno-
deficiency virus for some human cell lines
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(28). Finally, it will be interesting to ascer-
tain whether the mechanism of removal of
viral ligands by soluble forms of cell surface
receptors is also operative for other viruses,
such as for rhinoviruses treated with the
soluble intercellular adhesion molecule-1
(ICAM-1) receptor (29).
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Contributions of Two Types of Calcium Channels to
Synaptic Transmission and Plasticity

BriaN EDMONDS,* MARC KLEIN,T NICHOLAS DALE, T

Eric R. KANDEL

In Aplysia sensory and motor neurons in culture, the contributions of the major classes
of calcium current can be selectively examined while transmitter release and its
modulation are examined. A slowly inactivating, dihydropyridine-sensitive calcium
current does not contribute either to normal synaptic transmission or to any of three
different forms of plasticity: presynaptic inhibition, homosynaptic depression, and
presynaptic facilitation. This current does contribute, however, to a fourth form of
plasticity—modulation of transmitter release by tonic depolarization of the sensory
neuron. By contrast, a second calcium current, which is rapidly inactivating and
dihydropyridine-insensitive, contributes to release elicited by the transient depolariza-
tion of an action potential and to the other three forms of plasticity.

ALCIUM HAS AN UNUSUAL ROLE IN

nerve and muscle cells in that it is

both a carrier of positive charge that
contributes to excitability and an intracellu-
lar second messenger for a variety of cellular
responses, including contraction and secre-
tion (7). Calcium influx into most neurons
occurs through at least two of three classes
of voltage-dependent channels (2-6): an
L-type channel that inactivates slowly (7)
and is modulated by dihydropyridine com-
pounds; and at least one of two dihydropy-
ridine-insensitive channels, an N type that is
activated by strong depolarization, or a T
type activated by weak depolarization. What
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role does each of these channels have in the
release of chemical transmitter and in synap-
tic plasticity?

In rat sympathetic neurons, the release of
norepinephrine is primarily dependent on
the N-type Ca®>* channel and does not
appear to require the L-type channel (8, 9).
By contrast, in dorsal root ganglion neurons
from chicks, L-type channels contribute to
the release of substance P (8, 10). However,
in studies of vertebrate cells, transmitter
release could not be initiated physiologically
by action potentials, because dihydropyri-
dine antagonists of L-type channels are only
effective in tonically depolarized cells (3, 10,
11). As a result, release was elicited by
prolonged depolarization of cells with a
solution containing elevated concentrations
of K*. Moreover, release was monitored not
by recording discrete postsynaptic potentials
(PSPs) in a follower neuron but by deter-
mining the amount of labeled transmitter
that accumulated in the bathing solution. As
a result, the normal (fast) kinetics of release
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