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ABSTRACT 

The binding of HIV-1 envelope glycoprotein, gp120, to the CD4 
receptor is an important step in productive infection. The 
development of agents which interrupt this binding phenomenon should 
be of therapeutic interest. The present study characterizes a whole 
cell gp120/CD4 radioligandbinding assay (radioligandbinding assay) 
modified for use in a high volume screening format. Modifications 
include the use of human CD4 receptor stably expressed in a Chinese 
hamster ovary cell line and the gentle fixation (paraformaldehyde) 
of the CD4 receptor just prior to assay. Binding of [1251]gp120 to 
fixed CD4 was of high affinity (K, = 6 nM), saturable, reversible, 
and specific. The kinetics of binding were identical to those of 
viable (non-fixed) CD4 receptor. [ Iz5I] gp120 binding was inhibited 
by unlabeled recombinant gp120, soluble CD4, and the anti-CD4 
monoclonals OKT4A and LEU3A. A number of compounds reported to 
inhibit gp120 binding and/or gp120 induced syncytium formation were 
also active in this assay. This modified radioligand binding assay 
was developed to initiate a rational and extensive screening program 
to assist in the identification of potential chemotherapeutic agents 
based on their ability to inhibit gp120 binding to host cells. (KEY 
WORDS: Radioligand Binding Assay, gp120, HIV) 
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62 TO ET AL. 

INTRODUCTION 

The first step in the multiplication of many animal viruses is 

the attachment of virions to receptors on the plasma membrane of a 

target cell. Such receptors may be integral glycoproteins which 

exhibit a high degree of affinity for some aspect of the envelope 

structure of the invading virus. In the case of Human 

Immunodeficiency Virus type-1 (HIV-1) one route of infectivity is 

initiated by the binding of gp120, the viral envelope glycoprotein, 

to the CD4 receptor, a host cell membrane glycoprotein. Therefore, 

T cells, B cells and cells of monocyte/macrophage lineage which 

express the CD4 receptor, appear to be preferential targets for 

HIV-1 infectivity. 

The CD4 molecule's capacity to bind to gp120 and the ability 

of anti-human CD4 antibodies and soluble CD4 peptides to block HIV- 

1 infectivity in vitro (1-8), suggests this step in the HIV-1 

replicative cycle could be exploited in the development of 

chemotherapeutic agents. Several previously identified compounds 

which inhibit gp120/CD4 binding and gp120 induced syncytium 

formation in vitro have not yet been proven effective 

chemotherapeutic agents in vivo. One class of compounds, the 

sulfated polysaccharides, e.g., dextran, heparin and pentosan 

sulfate (9), interfere with blood coagulation and may lack binding 

selectivity. Another approach using soluble CD4 or related peptide 

analogues which coat the HIV-1 virus (10-12), thereby masking the 

viral particle may, after repeated treatment, trigger an immune 

response possibly generating antibodies which compromise CD4 

receptor function. 
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WHOLE-CELL RADIOLIGAND BINDING ASSAY 63 

The identification of molecules which inhibit gp120 binding to 

the CD4 receptor but in themselves have no intrinsic bioactivity, 

would be useful in AIDS therapy. Such compounds, termed gp120 

antagonists, can initially be identified by screening chemical 

libraries using a gp120/CD4 radioligand binding assay. Compounds 

discovered in this manner would, in principle, serve as templates 

for the development of gp120 antagonists which could interfere with 

HIV-1 absorption by the target cells. Furthermore, such antagonists 

could be utilized as biological probes to dissect the function of 

the CD4 receptor. 

Using iodinated gp120 as a ligand and human CD4 stably 

expressed in a Chinese hamster ovary (CHO) cell line, we have 

developed a radioligand binding assay (13-14) which eliminates many 

of the technical problems associated with previously described 

gp120/CD4 binding assays (15-17). First, the number of CD4 

receptors present on the cell lines used in these studies was 

relacively low (<100,000 receptors per cell) resulting in low signal 

to nc’_rz ratio. Second, the use of viable cells often results in 

assay to assay variability which is unacceptable in a high volume 

screening assay. By eliminating these technical problems we have 

been able tg initiate a rational and extensive screening program to 

assist in the identification of potential chemotherapeutic agents 

based on their ability to inhibit gp120 binding to host cells. 

MATERIALS AND METHODS 

Recombinant soluble CD4 consisting of the entire extracellular 

domain of the receptor was a generous gift from Dr. Tak Mak and 
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64 TO ET AL. 

J. Schiller (University of Toronto). A recombinant form of 

gpl20(SKB), prepared using a drosophila expression system, was 

provided by SmithKline Beechman Pharmaceuticals. A second 

recombinant gplZO(ABT), prepared using a baculovirus expression 

system, was purchased from American Biotechnologies, Inc. Bolton- 

Hunter reagent was purchased from NEN/Dupont and PD-10-column from 

Pharmacia. Peptide T, peptide T-amide, and gp120 peptide fragment 

(amino acids 254-274) was purchased from Bachem. The anti-CD4 

monoclonals OKT4A and LEU3A were obtained from Orthodiagnostics and 

Becton-Dickinson, respectively. Sheep anti-serum to gp120 and pre- 

immune sheep serum were obtained through the AIDS research and 

reference reagent program (Bethesda, MD). 

Radioiodination 

Radiolabeling of both forms of recombinant gp120 was performed 

using [ '251]B~lton Hunter reagent. This paper describes results 

obtained using ['251]gp120(SKB). A benzene solution of the 

['zI]Bolton Hunter reagent was evaporated to dryness using a stream 

of argon. A charcoal trap was installed to vent any radioactive 

volatiles. The reagent vial was then cooled to O'C for five minutes. 

A 20 pg sample of gp120 in 5 pl of Dulbecco's phosphate buffered 

saline (DPBS) without Cat+ and Mg", Ph 7.5, was added to the reagent 

vial and mixed thoroughly. The reaction vial was incubated at O'C 

for 2 hours. In the meantime, a PD 10 column (Pharmacia prepacked 

G25 column) was rinsed two times with DPBS without Cat+ and Mg" 

followed by DPBS without Cat+ and Mgtt containing 0.2% gelatin 
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WHOLE-CELL RADIOLIGAND BINDING ASSAY 6 5  

(Gelatin Buffer). After incubation the reaction was quenched by 

adding 500 p1 of 0.2 M glycine buffer (DPBS without Ca++ and Mg" 

containing 0.2 M glycine) and incubating for an additional five 

minutes. The reaction mixture was then applied onto the PD 10 

column and allowed to run through. The reaction vial was rinsed 

thoroughly with 0.5 ml of gelatin buffer and applied to the column. 

After this, the vial was rinsed with 1 ml gelatin buffer and added 

to the column. Following this rinse, the radiolabeled material was 

eluted with 5 ml of gelatin buffer. Five drops per tube was 

collected in 24 tubes. The radioactivity in these tubes was 

measured using Capintec radioisotope calibrator. The radioactivity 

eluted in fractions 3 to 11 was routinely used in binding studies. 

Culture Conditions 

Maintenance and CD4 Amplification - A Chinese hamster ovary 

cell line (CHO/CD4) was co-transfected with the structural genes for 

the CD4 receptor and the enzyme dihydrofolate reductase (DHFR) 

(Figure 1). CHO/CD4 and CHO control cells were maintained in Ham's 

F-12 media supplemented with 10% dialyzed fetal calf serum 

(Hyclone), 2 mM L-glutamine, 15 mM HEPES, 100 U penicillin, 

100 pg/ml streptomycin in a humidified atmosphere of 5% C0,/95% air. 

Cells were split 1:15 weekly. CHO/CD4 cell media was also 

supplemented with 0.72 pM methotrexate in order to amplify the 

expression of the CD4 receptor in a stable manner (Figure 1). Two 

days prior to the assay, cells were detached with 0.02% EDTA at 

37'C. The Detached cells were pelleted at 1,000 RPM for 5 minutes. 
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66 TO ET AL. 

FIGURE 1. CD4 receptor expression was confirmed by (A) Immunoblot 
of CD4/CHO cell membranes with the anti-CD4 antibodies, LEU-3A. 
(Lane A) Is a silver stain of total membrane protein, (Lane B) 
revealed a single immunoreactive protein band with an approximate 
molecular weight of 50 KDa. Photomicrograph (C) shows CD4-like 
immunoreactivity following incubation with LEU-3A. Immunoreactivity 
appears to be associated with cellular membrane. Photomicrograph 
(B) shows a control culture in which LEU-3A was preabsorbed with 
soluble CD4. 
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WHOLE-CELL RADIOLIGAND BINDING ASSAY 67  

supernatant was then discarded and cells were resuspended in 0.72 

pM methotrexate media at a concentration of 5 x 10' cells/ml. 

Viability was routinely 95% as determined by trypan blue exclusion. 

Cells were seeded into 96 well microtitre plates at a density 

of 5 x lo4 cells per well and maintained for 24 hours at 37'C. Final 

cell number per well was approximately 100,000 cells per well 

yielding a final concentration of 1.6 pg total protein/well at the 

time of the assay. Only the inner 60 wells of the assay plate were 

used in order to eliminate variability in cell growth associated in 

the outer wells of the microtitre plates. Cells were seeded 

directly on to tissue culture plastic or matrices consisting of CELL 

TAK, collagen or poly-L-Lysine (Collaborative Research). 

Cell Fixation 

Cells were washed 3 times for 1 minute with DPBS at room 

temperature. Cells were then fixed in 50 mM phosphate buffer with 

2% paraformaldehyde at room temperature for 30 minutes. The 

fixative was then removed by extensive washing with DPBS. Cells can 

be maintained for 24 hours in DPBS at 4OC prior to use in radioligand 

assay. 

Immunochemical Studies 

CHO/CD4 cell cultures were fixed by incubating in 50 mM 

phosphate buffer, pH 7.5, with 4% freshly depolymerized 

paraformaldehyde for one hour at 4'C. CD4 receptor was localized by 

incubating fixed cultures with LEU3A, at a dilution of 1:50, in DPBS 
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68 TO ET AL. 

at 4'C overnight. The bound antibodies were visualized following 

incubation with a fluoresceinated goat anti-mouse IgG, at a dilution 

of 1:40, for 30 minutes at room temperature (Cappel). 

CHO/CD4 crude membranes were resolved by sodium dodecylsulfate- 

polyacrylamide gel electrophoresis (SDS-PAGE) (18). Gels were 

incubated 45 minutes in transfer buffer (192 mM glycine, 25 mM Tris, 

pH 8.3, 20% methanol). Proteins were transferred to nitrocellulose 

by electro-elution (10 mAMPS, overnight). Non-specific binding 

sites were blocked by incubation of nitrocellulose in 0.05% Tween 

DPBS for one hour at 27OC. Nitrocellulose was incubated with LEU3A 

(1:50 in 0.05% Tween DPBS) at 4'C overnight. Sheets were washed 

with DPBS and incubated with peroxidase labeled goat-antimouse 1gG 

for 2 hours at 27'C. Following several washes CD4 immunoreactivity 

was visualized using 0.01% diaminobenzidine, 0.1% H,O, in DPBS. 

['zIlnu120 Bindine Studies 

The specific binding of [1251]gp120 was measured using whole 

cell binding in a microtitre well format. CHO and CHO/CD4 cells 

were maintained and prepared as described in "Culture Conditions". 

In the concentration-response assay each well received approximately 

1 nM ['zI]gp120 (80,000 disintegrations per minute [dpm]) and the 

appropriate concentrations of either unlabeled gp120 or potential 

inhibitors. The assay buffer consists of 0.2% DMSO and 5 pg/ml 

bacitracin PBS pH 7.4; 4'C. Bacitracin was added as a competitive 

substrate to inhibit possible protease activity in the recombinant 

gp120 preparations. The final assay volume was 100 p l .  Following 
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WHOLE-CELL RADIOLIGAND BINDING ASSAY 69 

an incubation of 60 minutes at 37OC, the assay was terminated by 3 

rapid washes with ice cold PBS. After the final wash, wells were 

treated for 10 minutes at room temperature with 75 p1 of 1 N NaOH. 

A 70 pl aliquot was then transferred to 12 x 75 polypropylene tubes 

and counted using an LKB gamma counter. In all binding assays non- 

specific binding was defined as that radioactivity remaining in the 

presence of lo6 M gplPO(ABT) and represented approximately 20% of 

the total binding. Within individual experiments each data point 

was generated from the average of triplicate well values. Results 

were analyzed by a computer-fitting program from Lunden Associates. 

ImmunoureciDitation of ~ ~ 1 2 0  

Sheep anti-gpl20 antiserum and formaldehyde-fixed 

Staphylococcus aureus (Cowan strain) cells were incubated for 45 

minutes at 37'C followed by two rinses with PBS. gp120 was then 

incubated with the above mixture for 45 minutes at 37'C. Immuno- 

complexed gp120 was then removed by centrifugation (Figure 2 ) .  

RESULTS 

Characterization of 1?~120/CD4 Binding 

Initial characterization of our CHO/CD4 cell line by 

immunochemical analysis revealed the CD4 receptor was expressed on 

the plasma membrane (Figure 1). This receptor also bound gp120 as 

determined by concentration-response studies in which bound 

['251] gp120 was displaced by recombinant preparations of gp120. Both 

recombinant preparation displaced 80% of total ['251]gp120 bound at 
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FIGURE 2. The ability of gp120 antiserum to immunoprecipate gp120 
was determined by autoradiographic analysis of gp120 preparations 
run on SDS PAGE. gp120 was tracked by a tracer amount of  
['251]gp120. (Lane A) gp120 preparation. (Lane B) gp120 preparation 
following immunoprecipitation. This preparation was unable to 
inhibit gp120 binding as determined by radioligand binding assay. 

concentrations of lod M in fixed cells, K, - 8 nM gplZO(ABT); K, - 5 
nM, gpl20(SKB). These studies also examined ['251]gp120 binding in 

both viable and fixed CHO/CD4 cells and revealed displacement curves 

generated for both conditions were similar (Figure 3B). Dextran 

sulfate, a non-selective inhibitor of gp120 binding, also inhibited 
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FIGURE 3 .  (A) Competition inhibition curves of gpl20(SKB)(o) and 
gpl20(ABT) ( 0 )  of ['aI]gp120 binding in CHO/CD4 cells. Cells were 
incubated with approximately 1 nM [1251]gp120 and various 
concentrations of unlabeled gp120 as described in Materials and 
Methods. The data point represents the mean ? SEM of five 
experiments. (B) Competition analysis of [1251]gp120 binding to 
viable ( 0 )  and fixed (0) CHO/CD4 cells using gpl20(ABT). The data 
are mean values of a representative experiment that was performed 
in triplicate and replicated a minimum of three times. 

approximately 90% ['aI]gp120 binding in both viable and fixed cell 

preparations at a concentration of lo2  M. 

The potencies of different compounds which inhibit [1251]gp120 

binding was also examined in fixed cells (Table 1). As predicted, 

soluble CD4 (19) and the anti-CD4 monoclonals OKT4A and LEU3A (20) 

were potent inhibitors of [1aI]gp120 binding: >80% inhibition at 

nanomolar concentrations. Nanomolar concentrations of 

aurintricarboxylic acid (21) also inhibited [1251]gp120 >SO%. Two 

other compounds, dextran sulfate and pentosan polysulfate were an 
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7 2  TO ET AL. 

TABLE 1 

INHIBITION OF [1251]gp120 BINDING TO FIXED AND FRESH CHO/CD4 CELLS 

Compounds [ Conc ] %Inhib.(Fixed) %Inhib.(Fresh) 

gp120 (ABT) l u M  100.0 & 1.4 100.0 & 12.0 
gp120 (SKB) l u M  100.0 & 1.2 100.0 & 9.0 
gp120 (254-274) 100 uM 4.2 & 2.6 2.0 & 17.0 

Soluble CD4 1 n M  89.7 & 1.7 81.0 & 21.0 

LEU3A 200 nM 79.0 & 1.9 __ __ 
OKT4A 200 nM 62.0 & 1.9 53.0 & 14.0 

ATCA* 100 nM 81.3 & 0.5 -- - 
Dextran Sulfate 1 n M  89.7 & 3.0 -- -- 
Evan's Blue 250 uM 85.8 & 0.7 -- -- 
Pentosan PS** 5 m M  70.2 2.3 -- -- 
Peptide T 10 uM 3.7 & 1.7 98.0 & 23.0 
Peptide T Amide 10 uM 4.7 & 3.1 __ __ 

* - Aurintricarboxylic Acid 
** - Pentosan Polysulfate 

order of magnitude weaker. In contrast, peptide T, peptide T amide 

(22), and gp120 peptide fragment (254-274) did not significantly 

inhibit ['251]gp120 binding. 

Results from equilibrium binding experiments (N-4) with fixed 

receptor revealed that ['zsI]gp120 apparently binds to a single high 

affinity CD4 site, (Figure 4) similar to previous results obtained 

with other cell lines (13-15). Scatchard analysis of this binding 

revealed a linear plot (Figure 4 inset). Computer-assisted analysis 

afforded a best fit for a single binding site with an apparent 

& - 6 nM and B, of 68 moles (approximately 450,000 receptors per 

cell). Cold saturation analysis revealed no apparent difference in 
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FIGURE 4. Saturation isotherm for the binding of ["51]gp120 to 
fixed CD4 cells. Cells were prepared and incubated with varying 
concentrations of [1251]gp120 as described in Materials and Methods. 
Insert presents Scatchard plot for the data from the saturation 
isotherm revealed a linear plot (correlation coefficient r - ,986)  
with an apparent K, = 6 nM and B,, of 68 fMoles. These experiments 
were performed using gp120 (ABT) as cold displacing agent. 

either K, or B,, values obtained using viable or fixed cells (data 

not shown). 

[1251]gp120 binding to the paraformaldehyde fixed CD4 receptor 

expressed in CHO cells was rapid and reversible; it reached 

equilibrium within 45 minutes at 37'C. Specific binding, determined 

by [1251]gp120 binding in the presence of lo6 M "cold" gplZO(ABT), 

was approximately 7 0 - 8 0 % .  In contrast, specific binding was not 

detectable in an untransfected CHO cell line. With incubation 

periods of greater than 45 minutes at 37'C, a decrease in specific 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



74 TO ET AL. 

binding was noted. The addition of the non-specific protease 

inhibitor, bacitracin (5 pg/ml), to the incubation buffer stabilized 

specific binding at >70% for incubation periods in excess of 1 hour 

at 3J'C. 

The presence of contaminant proteins in our recombinant gp120 

also made it necessary to determine their possible role in the 

inhibition of [1251]gp120 binding. Proteins remaining after specific 

immunoprecipitation of gp120 were unable to inhibit binding 

(Figure 2). 

The binding of ['251]gp120 to fixed CHO/CD4 cells was protein 

dependent as determined by cell linearity studies. From these 

studies, we established 100,000 cells per well yielded 80% specific 

binding (>4,000 total dprn bound). Denaturation of the receptor by 

exposure to heat (>60°C for 15 minutes) reduced specific binding to 

approximately 20%. In contrast, heat denaturation totally 

eliminated specific binding in non-fixed cells. 

pISCUSSION 

HIV-1 has demonstrated tropism for CD4+ cells in vitro and 

in vivo (1-8), however, HIV-1 infectivity of non-CD4' cells has also 

been demonstrated in vitro (23). A subset of CD4 expressing T 

lymphocytes, termed helper T cells, were crucial in the 

differentiation and function of various cellular components of the 

immune system (1-2). The ability of HIV-1 to directly infect and 

kill this cell population played a key role in the virus' ability 

to compromise the cellular immune function ( 3 - 8 ) .  The time course 

of helper T cell elimination, however, did not account for the 
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numerous immune dysfunctions which appeared during the normal course 

of infection (24). Such extensive disruption of the immune system 

may arise from HIV-1 ability to alter function of other cells which 

express the CD4 receptor, e.g. monocytes/macrophages (25-30). The 

recent identification of CD4 message in cells of non-immune origin, 

i.e. colorectal endothelial, microglial, and neuroblastoma cells 

(31-33), implicates the involvement of gp120/CD4 binding in AIDS 

pathophysiology outside of the immune system. 

We report here the characterization of an ['251]gp120 

radioligand binding assay designed for high volume screening which 

utilized a fixed whole cell as a receptor source. We have 

established that the binding kinetics for this assay were identical 

to those reported for viable cells. This type of  high volume assay 

enables the identification of gp120 antagonists by comparing the 

amount of ligand bound to the CD4 receptor in the presence of a 

single concentration of a test sample. Once an inhibitor has been 

identified, normally >50% inhibition at 10 pM, the relative potency 

of that compound is established by determining its inhibitory 

constant, K,. Functional bioassays (e.g. syncytium formation) may 

then be used to determine if that compound is an agonist or 

antagonist. 

In the present study we developed a radioligand binding assay 

which utilizes ['aI]gp120, as the radioligand and paraformaldehyde 

fixed CHO cells co-transfected with the cDNAs for human CD4 as the 

receptor source. The use of an iodinated gp120 has the advantage 

of utilizing a ligand of high specific activity. Specific 

activities varied from 800 to 1200 Ci/mmolbetween lots of iodinated 
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gp120, as calculated by ELISA. At the concentration of 

approximately 1 nM [‘=I] gp120 (80,000 dpm) used in concentration- 

response curves, total binding ranged from 4,000 - 5,000 dpm. We 

were unable to generate a gp120 ligand of higher specific activity 

due to the instability of the gp120 molecule. 

Initial studies centered around the use of viable CHO/CD4 cells 

attached to tissue culture plastic. Concentration-response curves 

resulted in 6 s  of approximately 10 nM, within the range anticipated 

from previous studies (14-17). The use of viable cells resulted in 

significant variabilitywithin triplicate well values (approximately 

20%) used to generate individual data points in our binding assays. 

This variability was much greater than values generated following 

paraformaldehyde fixation. Under routine microscopic examination 

of cells during each step of the assay, it became apparent that this 

variability was the result of cell loss. In an attempt to eliminate 

cell loss, tissue culture plastic was treated with substrates which 

increase cell attachment, i.e., collagen, poly-1-lysine. Each 

treatment decreased the number of cells lost during the assay, 

however, variability was still greater than that seen in fixed cells 

run under identical conditions. 

The need for a protease inhibitior in our assay suggests that 

either a contaminant proteolytic activity in the recombinant gp120 

preparation or some form of endogenous proteolytic activity may be 

present in our fixed cell preparation. In this assay it is 

necessary to control for possible proteolytic activity to reduce 

possible assasy to assay variability. 
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As another approach to eliminate the variability, we used 

viable cells in suspension and terminated the assay by 

centrifugation. Protein analysis of individual assay tubes, 

following the washes and spins needed to effectively remove unbound 

[12sI]gp120, showed a small but significant variation in protein 

concentration. Such a variation, along with the time and effort 

needed to perform a centrifugation assay, made it unacceptable when 

compared with our [ 1aI]gp120 radioligand binding assay. Based on 

the statistical information available on high volume screening 

compiled using the Novascreen@ system, such variability in a high 

volume format would compromise identification of inhibitory 

compounds which may comprise <1% of the compounds in libraries 

tested. 

We attempted to eliminate variability by the use of 

paraformaldehyde fixation. This method of fixation was chosen for 

several reasons. First, during immunochemistry, CHO/CD4 cells fixed 

with 2% paraformaldehyde remain attached throughout the rigorous 

washing steps required in this procedure (Figure 1). Second, the 

affinity of CD4 for gp120 was encoded for in an immunoglobulin-like 

domain of its structure suggesting that gp120 binding to the CD4 

receptor was similar to antibody/antigen binding. It has also been 

reported that this fixative is the most promising, causing minimal 

disruption of protein structure (34). The inability of heat 

denaturation to totally eliminate specific binding in 

paraformaldehyde fixed cells suggested that such treatment may 

actually stabilize the CD4 structure. The ability of both LEU3A and 

OKT4A to recognize sites associated with gp120 binding after 

fixation suggested that the CD4 tertiary structure remained intact. 
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Since protein/peptide binding was similar, in principle, to the 

binding of an antibody to an antigen, it was thought gp120/CD4 

binding may not be significantly altered by the paraformaldehyde 

fixative. The present study revealed that gp120 concentration- 

response curves were identical for viable or fixed cell preparations 

(Figure 3 ) .  Both were equally sensitive to variations in the time 

and temperature of incubation. Furthermore, the inhibitory 

characteristics of compounds in Table 1 and identified in 

preliminary screening were identical in fixed versus viable cell 

assays (data not shown). 

A number of compounds reported to inhibit gp120 binding and/or 

gp120 induced syncytia formation were tested in our fixed cell assay 

and found to inhibit gp120 binding. Peptide T, previously shown to 

be an inhibitor of syncytium formation (35), was only a weak 

displacer of specific [ '2sI]gp120 binding. We were unable to explain 

the inability of peptide T or its analogue to inhibit gp120/CD4 

binding. However, peptide T inhibition of the binding of gp120 

binding in the brain may be due to interaction at a receptor 

pharmacologically distinct from CD4. Several groups have recently 

reported that HIV-1 is able to infect neuronal cell lines through 

a non-CD4 mediated pathway ( 3 1 - 3 3 ) .  The inability of the gp120 

peptide fragment (254-274) to inhibit ['251]gp120 binding to the CD4 

molecule binding corresponds to reports which show this peptide is 

not associated with the CD4 binding domain of gp120 ( 3 6 ) .  The 

inability of this gp120 peptide fragment and the supernatant which 

remains after immunoprecipitation to inhibit ['251]gp120 binding 

supports the selectivity of our binding assay. 
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Saturation studies on fixed cells revealed that ['=I 

binds to a single class of high affinity site, %- 6 nM, simi 

19 

gp120 

ar to 

previously reported values for viable cells. In saturation 

experiments, however, we were unable to reach absolute saturation. 

A similar phenomenon in viable CD4 expressing cells has been 

reported by Kozlowski et al. ( 3 8 ) ,  who suggested the inability to 

saturate may be the result of the inherent stickiness (extensive 

post-translational glycosylation of gp120). The inherent stickiness 

of the gp120 molecule was demonstrated in our inability to show 

specific binding in membrane homogenates of CHO/CD4 cells. We have 

also noted a similar trend in other radioligand binding assays which 

utilize proteins or larger peptides as a radioligand, e.g. ['=I]TNF 

(39). 

In summary, we have developed and characterized the high 

affinity binding of gp120 and the CD4 receptor using recombinant 

forms of both proteins. The use of recombinant gp120 and CD4 

provided a margin of safety as compared to the use of active or 

inactive HIV-1 which allowed us to develop this assay around our 

high volume screening technology. Further, the use of a CD4 hyper- 

expressing CHO cell line also reduced the number of cells required 

per assay and the tissue culture effort required to support a high 

volume screening effort. The use of paraformaldehyde fixed cells 

was optimal in this particular radioligand binding assay. Fixation 

was necessary to eliminate the significant variability in the 

results obtained using non-fixed cells. This variability was 

attributed to the loss of cells during the termination of the assay. 
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This modification did not result in the altering of the binding 

kinetics of CD4 for gp120. Such an approach is now being examined 

for its utility in other radioligand binding assays where large 

proteins serve as the only suitable radioligand source, i. e. , growth 

and differentiation factors. 
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