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C'D4-aflinity purification of recombinant and native HIV gp 20 and
comparison of the aflinity constants for the reeeptor
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soluble CDdimmunoglobulin chimeriv proteins were covidently wttached to CNHractiviated Sephirose This wilinay matns was uwed to esbitblishy

a power(ul pew method to isokite ditferent species o the HIV external plycopratein gp 120 from velblree culture supernatints, Recanbinant gpl o

was espressed i Bactloviensinfected insect vells andd isokated trom cetl-feee cuiture supermatunts, The recombinant protein has an apparent molecy-

Lar mass of 98 kDa whereas the native gpl 20 porificd from a peesistently THVeE infected 19 el culture s an apparent molecular mass ol Lin

KD These twe ppt 20 species were shown to be of identival molecnlar size alter complete deglyvosytatton achivved by endoplyvosidise treatnient,

and they bound to CDS D71 with the same binding constant, tat win ceported for mative forms of gpl 20 and CD-L Thus the ditferent glycosylation
of pp120 does not influence its aflinty 1o CEand the gp120-UD complex can be eeversibly dissoviated.

IV ap 1 200 OO Allinity purilivition

1. INTRODUCTION

The human immunodeficiency virus HIV is the
etiojogical agent of the acquired immunodeficiency syn-
drome, AIDS [1,2], The primary immunologic abnor-
mality consists of the progressive depletion and func-
tional impairment of a subset of T-lymphocytes bearing
the CD4 surface antigen [3,4]. The specific formation
of a high affinity complex between the major virus
envelope glycoprotein, gpl20, and the non-
polymorphic cel] surface protein CD4 represents the in-
itial step of the infection and accounts for HIV’s
cellular tropism and cytotoxicity [5,6]. Isolated gpl120
could thus be very helpful for the study of viral infec-
tivity and pathogenesis. Furthermore the development
of therapeutic agents that are able to block the specific
CD4-gp120 interaction is greatly facilitated by the
availability of purified gpi120. The primmary env gene
product is a glycosylated 160 kDa protein (gp160) pro-
cessed by a cellular protease yielding the external gpl120
and the transmembrane gp4l. The aminoterminal
fusogenic domain of gpd4l mediates the entry of the
virus into the cell [7,8]. Since the gpl120-gp41 interac-
tion is non-covalent, soluble gp120is shed from the sur-
face of the virion as well as infected cells [9].

Gpl20 is heavily glycosylated, the amino acid se-
quence reveals more than 20 potential N-glycosylation
sites [10]. The N-linked glycans of the secreted gpl120
consist of oligomannosidic as well as fucosylated and
partially sialyted bi~- and triantennary complex-type

Correspondence and present address: 3. Schneider, Institut fiir
Medizinische Mikrobiologie & Hygiene, Universitit Freiburg, Her-
mann Herderstrasse 11, D-7800 Freiburg, FRG

146

oligosaccharides [11]. The pattern of oligosaccharides
differs between gpl20 of HIV and gp130 of a related si-
mian immunodeficiency virus indicating an influence of
the amino acid sequence on the processing of the
oligosaccharides {12]. Roughly one-half of the apparent
molecular mass of gpl20 can be attributed to car-
bohydrates [13]. Truncated forms of the HIV receptors
CD4 have been expressed in eukaryotic cells [14]. More
recently chimeric proteins consisting of the two
aminoterminal domains of CD4 and various carboxy-
terminal domains of immunoglobulins were produced
with high yield in mouse myeloma cells (15]. Soluble
CD4 derivatives containing the extracellular CD4 do-
mains Vi and Va2 were repertad to bind gp120 with the
same affinity as cell-surface CD4 [16]. SF9 insect cells
infected with a recombinant Baculovirus shed gpl20
about 1000 times more efficient than HIV-1 infected H9
cells (L. Dirckx, unpublished observation), however the
recombinant gpl20 most probably contains only
oligosaccharides of the low mannose type [17,18].

This study reports a new potent purification strategy
to isolate gpl20 from cell-free culture supernatants.
The most effective step of this method exploits the high-
affinity interaction between gpl20 and the CD4-im-
munoglobulin chimeric molecule, CD4-H~+3. By ap-
plying this method it was possible to isolate both native
gp120 from persistently HIV-1 infected H9 cells as well
as recombinant gp120 expressed in the Baculovirus-
systermn.

2. MATERIALS AND METHODS

2.1. Proteins
Purified chimeric CD4-immunoglobulin molecules CD4-H43 and
CD4-Hy1 were kindly provided by A, Traunecker and K. Karjalainen
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tHasel Trstitute for fmanobogy,  Switzenand). CNBraadtisated
Sepharose s, fentad lectinSepharosw 41, Protess A Sephafuse Cl 4R
amd Protein G Seplarose 4 Faa Flow were parvhiased Teom Phars
HEMER

22 Celt valeure

e preparation of cetbfige vulture supernatants fromrevombinam
eplAhexpressing Spodoptend feagiperdi inneet eolls (SF9) has been
deseribed edsewhere {19), Cheondeally TV intevted 9 eells (ATOC
CRECSGED (20) were maintatned in REMT 160 medium (Gibeo) sup-
plettented with 10%% fetal valf serum (Anmed), | mM sodium
pyravate (Gibeo), 2 M Glutamine (Gibeo), | > poneessential amino
acids (Gibear and 1O LE af penteillin and 100 pg streptomyein per il
(Gibeod, The vell density was adivsted 1o 810" per it by dilution
with fresh medivm thieee times a0 week, Viens production was
augiientad by adding nonsinfected H2 cells onee weekly, Culture
supernatant of V-1 infected B9 colls was prepared by sedimenting
the cells from 1.6 liters of culture for 10 min at 370 = ¢ followed by
ventrifuging the supertiatant for 20 in at 10000 = 2. The fatter
supernatait wis stored at o - 20°C amd after thawing 1 omM
phenvimeathylisultony!fioride (Calbiochem) and 5 pg/ml Aprotinin
(Boehringer Mannhein Biochemicals, FRG)Y were added is protease
inhibitors,

2.3, Isodation of ypl20 from cell culture supernatants

The following procedure was applied to isolate recombinant gpi 20
from 50 mi 10-fold concentrated SEFY cell-free culture fluid superna-
tunt as well as native gp120 from a 1.6 liter culture supernatant, A
CRAaffinity column was prepared by covalently attaching 3-10 mg
purified CD4-He3 to 0.5-1 g CNBr-activated Sepharose 40 using the
method suggested by the manufacturer. The gpl20-containing supet-
matants from SO0 mi of gpl20 expressing SIY cells or 1.6 liter of
HIV-Einfected F19 cells were passed over the column at 4°C with a
maximum flow rate of 10 cuzh, Washing of the column with §
volumes PBS containing 0.5% NP 40 and 5 volumes PBS was follow-
ed by subseguent elution of the gpl20 from the resin with 3 M KSCN.
The eluate was dialysed over night at 4°C against PBS and applied to
a 2 mb lentil lectin-Sephurose  minicolumn,  Conditions  for
chromatography and washing were the same as deseribed above, Llu-
tion was accomplished by an aqueous solution of Methyl-e-1-
mannopyranoside (1 M) andd KSCIN (3 M), Gpl20-containing frac-
tions were identified by Western blot analysis performed as deseribed
[21]. After combining the peak fractions followed by dialysis as
described above, the solution was concentrated 10-fold by immersing
the dialysis tubing into solid polyethyleneglycol, To remove residual
CD4-H+3 the concentrated solution was adsorbed to Protein G
Sepharose. The homogeneity of the preparation was analysed by clec-
trophoresis on a 8% sodium dodecyl sulfate polyacrylamide gel [22].
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mds Deternunetion of the gpl 20:¢ 14 affinuy constant

Flighly purified gp120 was radiadonated with the Bolton Humer
ceaptenl LAmershaim) (23] vielding specitic avtivities in the range of
LTART 0Cidm 204t of CDAA ) was nvubated with inereasing
amounts of FP1p 120 for 18 hoand 47C jn PRS containing 0,23
gelatinand 0,34%% NE 30, Formed vompleses were adsorbed with pro-
e A Sepharose and edensively  washed  with PHS <0, 380%
gehitin/0.89% NP Jou Hound {7 1ep1 20 was measuted using a o
vountet, Specifivally bound [ 1120 was determined from the dif-
teronee in Dinding in the presenve and absence of CD4-Hyl Less than
10%% of the spevifivally bound activity was attached o protein A-
Sepharose in the absence of CH4Hy L Radioiodinated gpl20 bound
unspecifivally to CDad iy X-Sepharose, Therefure C14-1143 wis used
i the binding assays,

L5 nadvrival Deglveasytation of {1 Yep 120

For complete deglycosylaton 18 ng of recombinant (*i)gpi2o
OO0 cpid and 3 ng of native {M*1)gp1 20 (GO000 cpm) were in
cubiited with 0.2 U endoglycosidiise F/Naglycosidase V (Boehringer
Mannheim Biochemicals, FRG) in PHS/A0.02% SDS/1%  Triton
N-100 wt pH 12 and 37°C for 20 h (24).

3. RESULTS

3.1, Purification of recombinant and native HIV gpl20

The objective of this work was to establish a method
based on CD4-affinity chromatography for the
purification of the external HIV glycoprotein gpi120
from different sources. Recombinant gpl20 was ex-
pressed and secreted from Baculovirus-infected insect
cells as described elsewhere [19]. Native gpl20 was ob-
tained from a persistently HIV-! infected HY cell line
which was co-cultivated with non-infected H9 cells to
stimulate virus production and augment the titer of
secreted gpl20. To establish an analytical method for
working out the isolation procedure, HIV-1 infected H9
cells were metabolically labeled with [**S]eysteine. The
first step in the isolation procedure was the adsorption
of gp120 from the culture fluid of the labeled cells to a
CD4-H+3 loaded affinity matrix. The elution of the
bound gp120 was found to be almost quantitative using
a 3 M aqueous solution of the chaotropic salt KSCN,
Rebinding to the CD4-matrix could be demonstrated

Bladian
] c
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Fig. 1. Analysis of culture fluid polypeptides and purified gp120 by SDS polyacrylamide electrophoresis and Western blot analysis. 1, Cell culture

supernatant from Baculovirus-infected SF9 insect cells secreting soluble recombinant gp120, 2,3 purified recombinant gp120, 4, cell culture super-

natant of HIV-1 infected H9 cells, 5,6 purified native gp120. The polypeptides were visualized either by staining with Coomassie brilliant blue
(1,2,4,5), or Western blot analysis (3,6). Molecular masses of marker proteins (M) are indicated in kDa.
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after extensively dinlysing the cluare against PRS (hot
shown), The analyueal procedure was sealed up o
isolitte preparative quantities of gp120, 50 ml of 4 10.
fold congentraced cell free supernatant containing
recombinant gpl20and 1.6 liter 1Y/ LIV supernatant
as o souree for native gpl20 were passed over 3 ml
CDA-Hy3-8epharose (2 mg of ligand/m! of settled bed).
Then the column was washed and subsequently cluted
with 3 M KSCN as deseribed in section 2, The ehuate
was dialysed against PBS and passed over 2 mi of lentil
lectin-Sepharose, Because gpl20 was only partially
cluted by 1 M methyl-c-D-mannopyranoside, 3 M
KSCN was additonally ineluded in the elution bufter,
The eluate was again dialysed and concentrated. Finally
CD4-HM~3 that eventually leaked from the Sepharose
was removed by batch adsorption to protein G-
Sepharose. The resulting gp120-preparations consisted
of one major band of both recombinant and native
gp120 as demonstrated by sodium dodecyl sulfate-
polyacrylamide  gelelectrophoresis.  The  apparent
molecular mass was determined as 95 kDa for the
recombinant and 130 kDa for the native gpl20
(Fig. 1b,e).

Immunoblotting and thus reactivity of both gpl20
molecules with pooled HIV-1 specific sera from HIV-
infected individuals proved the identity of the isolated
proteins (Fig. 1¢,f), To demonstrate that the difference
in molecular mass was due to different glycosylation
patterns described in inect cells and mammalian cells,
both species of 2*I-labeled gp120 molecules were exten-
sively deglycosylated using endoglycosidase F. The
result of the experiment revealed that both molecules
were shifted to the same apparent molecular mass of
about 60 kDa after enzyme treatment (Fig. 2). The
native [***I}gp120 contains minor impurities of about
90, 50 and 40 kDa (Fig. 2, lane 1), whereas only a single
additional band of about 40 kD, is visible after com-
plete deglycosylation (Fig. 2, lane 3). Removal of
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Fig. 2. Complete deglycosylation of recombinant and native HIV-

gp120 after endoglycosidase treatment, Proteins were analysed by

SDS-PAGE and autoradiography. Lane 1, native ['#*1)gp120; Lane 2,

recombinant ['**1]gp120; Lane 3, native ['**11gp120 after complete

deglycosylation; Lane 4 recombinant ['**I]apl20 after complete
deglycosylation.
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oligosiceharides may have decreased the size of the
glycopeptides to Tess than 36 kDa or may have vielded
hydrophabic polypeptides. Both of which may have
been lost in our analysis,

3.2, Determination of the gpl20-CD4 affinity cons
Sttty

Recambinant and native gp 120 radio-iodinated using

the Bolton Hunter veagent, were proven to be largely in-
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Fig. 3. Saturation binding analysis of native (a) and recombinant (b)
['2*1]gp120 binding to CD4-Hyl. CD4-H~l was incubated with in-
creasing amounts of radio-iodinated gpi20. CD4-gpi20 complexes
were quantitatively adsorbed to protein A Sepharose. Specifically
bound [***1]gp120 was determined from the difference in binding in
the presence and absence of CD4-H4l and plotted against the total
['**1]gp120 concentration. Unspecific binding was corrected by
substracting the ['**I]gp120 bound to protein A sepharose in the
absence of CD4-H+l. The data were linearized by Scatchard analysis
and fitted by unweighted least-squares linear regression analysis using
the ENZFITTER programme (R.J. Leatherbarrow, 1987, published
by Elsevier-Biosoft), Dissociation constants were calculated as means
of two independent experiments.
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tact after iodination by specitic reavtion with an and
FHV-1 sevum as well s CDG (not shown), The adtinity
constants  for  the  gpl20-CD4 dnteractions  were
measired as deseribed above by saturation binding
anadysis with soluble CD-- 1 chimeriv molecules and
cecorbinant and native [ ppl20 as radioligands,
Specifically bound [ 1]gp120 was determined from the
difference in binding in the presence and the absence of
CD4 and plotted against the total conventration of 1.
labeled gp120. Scatchard analysis revealed a singie
homogeneous class of gpl20 binding sites on cach
molecule with apparent dissociation constants (Ky of
2,6 nM for the nutive and 3.8 oM tor the recombinant
gp120 molecule (FFig. 3a,b). These data represent the
arithmetic means of two independent measurements toy
bath the recombinant and native gpl0, respectively,
Thus both gp120 molecutes bind to CDY with affinities,
that could not be distinguished by our methods,

4. DISCUSSION

This study diseribes a new potent approach to isolate
£p120 of FIV-1 from the supernatants of cell cultures,
The most effective step in the isolation procedure ex-
ploits the high affinity of gpl120 to its receptor, CD4,
CD4 was applied in the form of soluble CD4-1gG
chimeric molecules, which could be produced in mg
amounts by mouse myeloma cells transfeeted with the
recombinant CD4-1gG gene [15]. This approach is for
several reasons superior to  previously described
methods which are based on anti HIV antibodies
specific for gpl20 [25,26], The CDR4 affinity matrix
represents a homogeneous reagent with reproducible
binding capacity, and the binding to gp120 is essential
for uiie replication of the virus and therefore conserved
in all variants. Furthermore receptor molecules that
may bleed from the affinity matrix can be easily remov-
ed from the preparation by Protein G Sepharose.
Several methods for elution have been examined with
native **S-labeled gpl120 as a ligand. Among elution
with high or low pH and chaotropic salts, the elution
with 3 M KSCN was shown to be most effective. Gp120
that was eluted by this method could re-bind to CD4
after dialysis. Since the CD4 matrix could be re-used
after elution of gp120 repeatedly, structural changes in-
duced by KSCN in the interacting domains of CD4 and
gp120 seem to be reversible. In a second step the proper-
ties of the carbohydrate moiety were employed to fur-
ther purify the glycoprotein. However, the classical
competitor methyl-a-D-mannopyranoside could elute
only marginal proportions of native and recombinant
gp120 from Lens culinaris-lectin Sepharose. Therefore
a mixture of the carbohydrate eluant and chaotropic
salt was applied. Recombinant gp120 can also be eluted
from lentil lectin-Sepharose by a mixture of methyl-o-
D-mannopyranoside and methyl-a-D-glucopyranoside
(H. Débeli, personal communication). Thus, the
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plucose residues of unprocessed gevombinant gpllo
nuty be involved in the strong binding of this form of
pp 12010 tentil lectin, Tna final step of the purification
provedure CD4-1143 was removed from the eluate by
adsorption to Protein G, This detectable impurity may
result from the dissocianen of the iso-ured linkage
formed Letween the CNBreactivated Sepharose and the
CD4 chimeric molecule, or from leakape of non-
covalently bound CD4-HY3. Western blotting ol the
puritied molecules with an anti V-1 positive serum
identified a protein with an appavent molecalar weight
of Y8 kDa far the recombinant gp120 and a morkedly
Larger 130 KDa protein for the negative gp120 molecule.
Lxtensive removal of Nelinked glycans tfrom both
molecules by endoglycosidase treatment provided direct
evidence that the difference in the molecular mass is
mainly caused by known ditterences in the glycosyla-
tion in insect and mammalian cells, Whereas the N-
linked oligosaccharides in human ¢ells are of the high
mannose-, hybrid- and of the complex branched-type
[11] glycosylation in insect cells is restricted to the addi-
tion of high mannose-type oligosaccharides with addi-
tional trimming of terminal mannosyl residues {17,18).
It has to be emphasized that irrespective of this dit-
ference in glycosylation, the purification strategy suc-
ceeded in isolating both molecules through the
CD4-gp120 affinity interaction. Since denaturing con-
centrations of KSCN were applied to dissociate the
receptor-ligand complex and for the elution of gpl20
from lentil lectin-Sepharose it was important to ex-
amine the reversibility of the binding reaction. Thus,
saturation binding assays were carried out to determine
the affinity constants for the CD4 interaction of both
recombinant and native gpl120. Scatchard analysis
revealed a single homogenecous class of binding sites for
cach molecule with dissociation constants of 3.8 nM for
the recombinant molecule and 2.6 nM for the native
gpl20. The data obtained for the binding of CD4-1gG
to gpl120 in solution are in agreement with the affinity
constants other investigators have determined for gp120
binding to CD4 on whole cells (Kq =4.0 nM) [8]. These
results are important for two reasons: the chimeric
CD4-1gG molecule has the same gp120 binding affinity
as the native CD4 at the cell surface and gpl20 express-
ed in the Baculovirus system binds with the same affini-
ty to CD4 as the native gp120 obtained from chronically
HIV-infected human T-cell line. Obvicusly the dif-
ferent mode of glycosylation of gp120 produced in in-
sect cells does not significantly change its binding to
CD4. Thus the recombinant gpl20 and CD4-1gG
molecules will be suited to establish a cell-free system
for screening inhibitors of the CD4-gp120 interaction,
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