
Glycoconjugate Journal  (1994) 11:73-79 

The role of calcium and N-linked glycans in the 
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Envelope glycoproteins of human immunodeficiency virus (gpl20 and gp41) occur as oligomers. Here, we show 
by gel filtration analysis that gp120 oligomerization in vitro is calcium- and temperature-dependent. Recombinant 
gp120 (rgpl20) species were recovered as monomers at 20 °C in the absence of calcium, but as tetramers at 37 °C 
in 10 m~,~ CaC12. Under the latter condition, N-glycanase-deglycosylated rgpl20 formed hexamers. Relative to 
intact rgp120, which has been reported to display carbohydrate-binding properties for N-acetyl-/~-D-glucosaminyl 
and mannosyl residues, deglycosylation enhanced rgp120 specific binding to mannose-divinylsulfone-agarose, 
para-aminophenyl-/?-D-GlcNAc-agarose and fetuin-agarose matrices. Taken together, these results rule out the 
role of homologous lectin-carbohydrate interactions via N-linked glycans in the rgpl20 oligomerization, even 
though its lectin properties may also be calcium-dependent. Deglycosylation may unmask domains of rgp120 
polypeptide backbone that independently play a role either in rgpl20 lectin activity or in calcium-dependent 
oligomerization. 
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Introduction 

Envelope glycoproteins of human immunodeficiency virus 
(HIV), external gpl20 and transmembrane gp41, are 
expressed as di-, tri- or tetrahetero-oligomers at the surface 
of virions or on infected cells [1-3]. The gpl20 subunit is 
highly glycosylated [4-9~, and N-linked glycans represent 
approximately 50% of its apparent molecular weight (MW) 
in addition to a minor fraction of O-linked structures [10]. 

We have recently shown that gpl20, whether in native 
or recombinant (rgp120) form, and recombinant precursor 
rgp160, display calcium-dependent carbohydrate-binding 
properties for N-acetyl-/~-I>glucosaminyl residues of oligo- 
saccharides, oligomannose chains and the mannosyl core 
of complex type N-linked glycans [11, 12]. Therefore, the 
hypothesis that different gpl20 molecules may interact with 
each other by lectin-carbohydrate interactions to form 
oligomers may be proposed, since this mechanism has 
already been demonstrated for some other glycoproteins 
[13, 14]. 
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The aim of the present report is to examine whether 
N-linked glycans are involved in the carbohydrate binding 
properties of rgpl20 and possibly also in its oligomeriza- 
tion, which we have recently reported to be calcium- 
dependent [15]. Therefore, using gel filtration chromato- 
graphy, we comparatively analysed the oligomerization of 
intact and N-glycanase-treated rgpl20 and its ability to 
bind to different carbohydrate derivatives. 

Materials and methods 

Recombinant gp120 

Rgpl20, >90% pure, was a gift from the MRC AIDS 
Directed Program (South Mimms, UK). Radiolabelling was 
performed by the iodogen method, as described [5]. The 
iodinated glycoprotein was separated from Na12SI by 
filtration through a Sephadex G-25 (PD 10) column 
(Pharmacia, Uppsala, Sweden). The specific activity was 
1.1 MBq gg-1. 

Homogeneity of the rgpl20 preparation was assessed by 
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sodium dodecyl sulfate-polyacrylamide gel (10%) electro- 
phoresis (SDS-PAGE) [4, 51. 

Using human, or rabbit antisera prepared in our 
laboratory, and soluble CD4 (sCD4: a gift from D. Klatz- 
mann, CERVI, H6pital Piti6 Salp~tri~re, Paris, France), we 
verified that labelled rgp120 was normally immunoreactive 
and bound to CD4, as previously described [12]. 

Enzymatic digestion of rgpl20 
laSI-rgpl20 (-~ 11 ng) in 94 gl PBS, pH 7.2, was incubated 
at 37 °C with 6 ~tl of endoglycosidase F/N-glycanase 
(Boehringer Mannheim, Germany; 300mU gl-1). After 
12 h incubation, the same amount of enzyme was again 
added for 12h. The efficiency of deglycosylation was 
controlled by SDS-PAGE (10%), by gel filtraton of intact or 
N-gtycanase-treated 125I-rgp120, and by the binding to 
ConA dotted on to nitrocellulose. Aliquots (2 ~tl; 2~tg) of 
ConA (Sigma, Saint-Louis, MO) or of anti-gp160 rabbit 
serum (2 ~tl; diluted 1:10 or 1:100; a gift from A. Benjouad, 
CERVI, H6pital Pitir-Salp&ri~re, Paris, France) were 
dotted on to nitrocellulose filters. After 30 rain at 20 °C, the 
filter strips were saturated for 1 h at 37 °C with 2 ml PBS 
supplemented with 5% BSA (PBS-BSA) to prevent non- 
specific binding. Excess BSA was washed out with PBS- 
BSA-Tween 20, 0.01% (Sigma), and the strips were incubated 
for 1 h at 37 °C with intact or N-glycanase-treated radio- 
labelled rgpl20 (10 000 cpm); after six washes with PBS- 
BSA, the strips were exposed at 20 °C for 19 h. 

Binding of rgpl20 to carbohydrate substituted affinity 
matrices 
The binding of radiolabelled rgpl20 to fetuin-agarose 
(Sigma) was investigated as follows: 20 gl of the affinity 
matrix were suspended in an equal volume of buffer: 0.02 M 
Tris, 0.15 M NaC1, 0.01 ~ CaCt2, 0.05% BSA, pH 7.4 (Tris-~ 
Ca-BSA). After incubation with various concentrations of 
rgpl20 (0.4-6 x 10 -1° M) for 1 h at 37 °C, unbound rgp120 
was washed out twice in 500 gl of buffer. Solid phase-bound 
radioactivity was counted in a gamma counter (LKB) and 
the results were expressed as means of duplicates. The 
physicochemical characteristics of the interaction were 
analysed by performing the assays under different condi- 
tions: buffer without CaC12 (Tris-BSA) or with different 
CaC12 concentrations; pH ranging from 6 to 8.2; and 
different temperatures, 4, 19 and 37 °C. 

Binding of intact or N-glycanase-treated 125I-rgp120 
(0.4-0.6 x 10 -9  M) to o-mannose-divinyl-sulfone-agarose 
(mannose-agarose), p-aminophenyl-/~-D-GlcNAc-agarose 
(GlcNAc-agarose), both from E. Y. Laboratories (San 
Marco, CA, USA), or to fetuin-agarose, was also investigated 
at 37 °C in Tris-~-Ca-BSA as described [12]. Results were 
expressed as means of duplicates. 

To determine the carbohydrate specificity of the inter- 
actions, prior to the binding test radiolabelled rgpl20 
(0.4-0.6 x 10-9 M) was incubated for 45 min at 37 °C with 

gM concentrations of fetuin or/%D-GlcNAc-BSA (gift from 
D. Bladier, Laboratoire de Biotechnologie des Proteines, 
Bobigny, France), or with mM concentrations of mannose 
6-phosphate (M6P) (Sigma) [12]. The carbohydrate deriva- 
tives were then present in the assay mixture during the 
whole experiment. Reversal of rgpl20 binding to fetuin- 
agarose was investigated as follows: 250 gl of radiolabelted 
rgpl20 (5 x 10- lo M) was incubated for 1 h at 37 °C with 
50 ~tl of affinity matrix in Tris-~-Ca-BSA. Unbound 
glycoprotein was washed out twice in 500 pl of buffer; the 
matrix was then incubated at 20 °C for 15 h with gentle 
shaking in 500 gl of buffer supplemented or not with 30 mM 
of M6P. The rgpl20 molecules which were specifically 
eluted from the fetuin-agarose matrix were analysed by 
SDS-PAGE (4-20%). 

Gel filtration chromatography 
Get filtration of lzSI-rgp120 was performed at 20 °C or at 
37 °C on Sephadex G-200 columns (8 x 1 cm or 30 x 0.9 cm) 
(Pharmacia) pre-equilibrated in either of the following 
buffers: 0.02 M Tris, 0.15 M NaC1, 0.01 M CaC12, pH 7.4 
without (Tris-qb-Ca) or with 0.05% BSA (Tris-~-Ca-BSA); 
or phosphate buffered saline (PBS, 0.15 M NaC1, 0.008 
NazHPO4, 0.002 M NaHzPO4) , pH 7.4, 0.05% BSA (PBS- 
BSA). In some experiments 125I-rgp120 was pre-incubated 
for 1 h at 37 °C in Tris-CI)-Ca or in PBS. Chromatography 
was performed at 10 ml h-  1 flow rate in buffer with BSA. 
Under these conditions, no radioactivity nonspecifically 
bound to the columns. 

The columns were calibrated by Dextran blue 2000 
(2000 kDa), thyroglobulin (669 kDa), catalase (232 kDa), 
aldalose (158kDa), albumin (67kDa) and ovalbumin 
(43 kDa), all from Pharmacia. 

Intact and N-gtycanase treated rgpl20 molecules were 
also analysed by PAGE (4%) under non-denaturating 
conditions, i.e. without SDS and mercaptoethanol, after 1 h 
incubation at 37 °C in Tris-~-Ca buffer. 

Results and discussion 

As previously reported [ 12], we observed specific, saturable, 
calcium-, pH- and temperature-dependent rgp120 binding 
to fetuin-agarose (Fig. la-d), mannose-agarose and GlcNAc- 
agarose (data not shown), the maximum of which corre- 
sponded to 20% of the radioactivity added. Binding of 
rgp120 to the matrices was specifically reversed by carbo- 
hydrate derivative ligands: 84% of rgp120 binding to 
fetuin-agarose was reversed by M6P, a specific ligand of 
rgp120 [16]. Specifically eluted molecules were characterized 
as rgp120 according to their MW after SDS-PAGE 
(Fig. te). 

We evaluated, then, whether N-glycanase, which cleaves 
both otigomannose and complex-type N-linked glycans 
[17], efficiently deglycosylated rgp120. After enzyme treat- 
ment, intact and N-glycanase-treated radiolabelled rgpl20 
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Figure 1. Binding of rgpl20 to fetuin-agarose. (a) Different amounts of rgpl20 were incubated for 1 h at 37 °C with 20 gl of matrix; 
(b) effect of Ca 2+ concentration; (c) effect of pH; (d) temperature: rgpl20 was incubated with the matrix at 4 °C, 19 °C or 37 °C; 
(e) SDS-PAGE and autoradiography of rgpl20 (1) after and (2) before specific elution from fetuin-agarose by M6P. 

migrated as single bands of 116 and 52kDa MW, 
respectively, as determined by SDS-PAGE (Fig. 2a). 
As expected, intact rgpl20, but not N-glycanase-treated 
rgp120, bound to ConA dotted on to nitrocellulose 
(Fig. 2b). In line with previous findings [4, 5], these 
data indicate the appropriate removal of N-linked 
glycans from rgp120. In addition, intact and deglycosyl- 
ated rgpl20 bound in a similar manner to rabbit 

anti-gp160 polyclonal antibodies (Fig. 2b), which indi- 
cates that deglycosylation did not modify rgpl20 
immunoreactivity. 

The effect of N-linked glycans on gpl20 carbohydrate- 
binding properties was then evaluated. Binding of 
deglycosylated rgp120 to mannose-agarose, GlcNAc- 
agarose and fetuin-agarose was significantly enhanced 
relative to that of intact rgpl20 (Table 1). Under the 
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Figure 2. Characterization of intact and N-glycanase-treated rgpl20. (a) SDS-PAGE and autoradiography of intact (lane 1) or 
N-glycanase-treated (lane 2) rgpl20. (b) Binding of intact (A) or of N-glycanase-treated rgpl20 (B) to ConA (1) or to polyclonal 
anti-gpl60 rabbit antibodies; serum diluted 1:10 (2) or 1:100 (3). 

Table 1. Binding of intact or N-glycanase-treated 125I-rgp120 to carbohydrate-substituted affinity matrices. 

t25I-rgp120 bindin 9 (cpm) to: 

Mannose-agarose GlcNAc-agarose Fetuin-agarose 

(a) intact 125I-rgp120 8 600 + 2400 3 700 _+ 600 7400 +_ 2800 
(b) N glycanase-treated 125I-rgp120 90000 _+ 8600** 23 400 +_ 5000* 32140 _+ 5900* 

Results are expressed as means +s~  of five to seven independent experiments. Statistical significance of the differences 
between (a) and (b): * p < 0.05; ** p < 0.01. 

experimental conditions of the assay, 4-7.5~ of the intact 
rgp 120 species and 40-47~ of their deglycosylated counter- 
parts bound to the matrices. 

We have previous demonstrated [123 that gp120 binding 
to fetuin-agarose is significantly inhibited by mannan, 
ct-o-Man-BSA, fl-D-GlcNAc-BSA, fetuin, asialofetuin, thyro- 
globulin and its tryptic glycopeptides. Glycopeptides from 
endoglycosidase-H-treated thyroglobulin have limited effect, 
whereas fl-D-GaI-BSA has no effect. Here also, preincubation 
of rgpl20 with fl-D-GlcNAc-BSA, followed by co-incubation 
with fetuin-agarose, led to the dose-dependent inhibition of 
its binding to the matrix, which presents N-acetylglucos- 
aminyl residues [12], indicating the carbohydrate specificity 
of the interactions (Fig. 3 and data not shown). The C5o 
noted with deglycosylated rgpl20 was two-fold higher than 
with intact rgpl20 (20 vs 10 I~M); therefore, such enhanced 
binding could not be related to increased rgpl20 affinity for 
the carbohydrate derivatives. In addition, M6P also 
inhibited the binding of intact and of deglycosylated gpl20 
to fetuin-agarose (Fig. 4a,b), with a mean 72% (n = 2) and 
92~ (n = 2) inhibition, respectively, and a six-fold lower Ko 

(determined according to Horesji [18]) for deglycosylated 
rgpl20 (0.4ram vs 2raM). These findings confirm our 
previous results [16] on gp120 specific interaction with 
M6P. They also indicate that N-linked glycans are not 
involved in this interaction, and they show on the contrary 
that it is enhanced by deglycosylation of gpl20. Because 
previous reports indicate that N-linked glycans are not 
necessary to maintain the conformation of mature gpi20, 
while they play a critical role in its folding and processing 
during synthesis [4, 5, 19, 20], increase of deglycosylated 
rgp120 binding to the carbohydrate-substituted matrices 
may rather result from the unmasking of region(s) of the 
polypeptide backbone able additionally to interact with 
specific carbohydrate ligands in a manner similar to that 
recently described for antibody binding to HIV envelope 
glycoproteins [21]. However, increased binding of deglyco- 
sylated gp120 to the affinity matrices may also be related 
to a reduced solubility of the deglycosylated molecule and 
to a better penetration of the agarose beads by these 
molecules, characterized by a smaller hydrodynamic volume. 

We have previously shown [15] that rgp120 oligomerization 
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Figure 3. Inhibition by fl-D-GlcNAc-BSA of the binding of intact 
(a) or N-glycanase-treated; (b) rgpl20 to fetuin-agarose. 
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in vitro was calcium-dependent. This led us to examine the 
effects of calcium, temperature and gpl20 N-linked glycans 
on the oligomerization of the molecule. After gel filtration 
chromatography at 20 ~C in the absence of calcium and of 
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SDS (Fig. 5a), intact and deglycosylated rgpl20 were 
recovered especially as 1t6 and 52 kDa peaks, respectively, 
an indication that the majority of the molecules presented 
as monomers under these conditions. However, the multiple 
peaks observed with intact and deglycosylated rgpl20 
suggest that a minor proportion of the respective molecules 
were already oligomerized. After 1 h at 37 °C, rgp120 was 
recovered as 240 kDa species in calcium-free PBS (Fig. 5b), 
but as 440 kDa species in the presence of 10 mM of calcium 
(Fig. 5c). These findings are compatible with the occurrence 
ofrgpl20 dimers after preincubation at 37 °C in the absence 
of calcium and of tetramers in its presence. Under the latter 
conditions, N-glycanase-treated rgpl20 was characterized 
as 300 kDa species (Fig. 5c). Considering the MW of each 
deglycosylated rgpl20 monomer (circa 50kDa), it may 
therefore be assumed that deglycosylated rgpl20 presented 
as hexamers. The low MW compounds also noted after gel 
filtration chromatography of the rgpl20 preparation 
represented less than 10~£ of the labelled molecules, and 
they may be either contaminants or degradation products. 
After incubation for 1 h at 37 °C in Tris-~-Ca buffer, intact 
and deglycosylated rgp120 was also analysed by PAGE 
(4~) under non-denaturating conditions: after 1 h migration, 
neither glycoprotein entered the gel; but after 3 h migration 
each presented the electrophoretic mobility corresponding 
to the MW of its monomeric form (data not shown). These 
results further demonstrate the oligomerization state of the 
intact and deglycosylated rgp120 in the presence of Ca 2 + 
ions, and indicate the reversibility of this process. 

The assembly of HIV envelope gtycoproteins occurs in 
the endoplasmic reticulum (ER), where gpl60 oligomerizes 
before it moves to the Golgi [1, 3, 22]. While assembly of 
oligomers likely involves the ectodomain of gp41 [1, 2, 22, 
23], there is also indication that gpl20 subunits are closely 
associated in the native envelope structure [24]. In this 
respect, it is of note that the ER is one of the major stores 
of cellular calcium, the high concentration of which 
distinguishes it from other compartments [22], and this 
might account for the calcium-dependence of gp 120 oligomer 
formation noted here. 

The involvement of lectin-carbohydrate interactions in 
gp120 oligomerization process - via their respective 
N-linked glycans - may be ruled out if only because 
deglycosylated rgp120 is still able to oligomerize and even 
to present as hexamers instead of tetramers as noted for the 
intact molecule under the same conditions. Such difference 
may be accounted for either by the unmasking of additional 
polypeptidic assembly domains or by modifications of the 
glycoproteins' physico-chemicat properties (hydrophiticity, 
charge, etc) that would result in increasing their possible 
reciprocal interactions. 

In conclusion, the present results indicate that gpl20 
N-linked glycans are not involved in its carbohydrate 
binding properties, inasmuch as they may interfere with 
such lectin activity, and that neither gp120 glycans nor its 
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carbohydrate-binding properties play a role in the calcium- 
and temperature-dependent oligomerization of the molecule. 
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