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T
he x-ray crystal structure of the gp120 core derived from

 the H
X

B
c2

strain of H
IV

-1, in a ternary com
plex w

ith tw
o-dom

ain C
D

4 and a neutralizing
antibody, has been solved [1].  T

he gp120 core contains deletions of the V
1, V

2
and V

3 variable loops and of the N
- and C

-term
ini, com

pared w
ith full-length

gp120.  T
he im

plications of this structure for understanding the interaction of the
H

IV
-1 envelope glycoproteins w

ith the viral receptors, C
D

4 and chem
okine

receptors, and w
ith the hum

oral im
m

une response of the infected host have been
reported [1–3].  A

 general review
 of the structure and function of the H

IV
-1

envelope glycoproteins, taking into account the x-ray crystallographic data, has
been published [4].  H

ere w
e present illustrations that allow

 the reader to locate
individual gp120 residues on the three-dim

ensional gp120 core structure and
that sum

m
arize our current understanding of the discontinuous gp120 regions

involved in ligand interactions.

F
igure 1 show

s a stereo diagram
 of an alpha-carbon trace of the gp120

core, in its C
D

4-bound state.  T
he view

 show
n is from

 the perspective of the C
D

4
m

olecule.  E
very tenth Cα is m

arked w
ith a filled circle, and every tw

entieth
residue is labeled.  D

isulfide connections are depicted in a ball-and-stick form
at.

S
how

n are the ordered residues, 90–396 and 410–492.

B
eneath the stereo diagram

 in F
igure 1 is a structure-based sequence

alignm
ent.  S

how
n are the sequences of “H

IV
-1 B

” (core gp120 from
 clade B

,
strain H

X
B

c2 used in the crystallographic studies), “C
” (H

IV
-1 clade C

, strain

U
G

268A
2), “O

” (H
IV

-1 clade O
, strain A

N
T

70), “H
IV

-2” (strain R
O

D
), and

“S
IV

” (A
frican green m

onkey isolate, clone G
R

I-1).  T
he secondary structure

assignm
ents are show

n as arrow
s and cylinders, w

ith (x) denoting residues w
hich

are disordered in the present structure.  T
he ‘gars’ sequence at the N

-term
inus and

the ‘gag’ sequence in the V
1/V

2 and V
3 loops are consequences of the gp120

truncation.  S
olvent accessibility is indicated for each residue by an open circle

if the fractional solvent accessibility is greater than 0.4, a half-closed circle if 0.1
to 0.4, and a closed circle if less than 0.1.  S

equence variability observed am
ong

prim
ate im

m
unodeficiency viruses is indicated below

 the solvent accessibility
by the num

ber of horizontal hash m
arks:  1 m

ark, residues conserved am
ong all

prim
ate im

m
unodeficiency viruses; 2 m

arks, conserved am
ong all H

IV
-1

isolates; 3 m
arks, exhibits m

oderate variation am
ong H

IV
-1 isolates; and 4

m
arks, exhibits significant variability am

ong H
IV

-1 isolates.  In assessing
conservation, all single atom

 changes w
ere perm

itted as w
ell as larger substitu-

tions if the character of the sidechain w
as conserved (e.g., K

 to R
 or F

 to L).  N
-

linked glycosylation is indicated by “m
” for the high m

annose additions and “c”
for the com

plex additions observed in m
am

m
alian cells [5].  R

esidues of gp120
in direct contact w

ith C
D

4 are indicated by “*”.  D
irect contact is a m

ore
restrictive criterion of interaction than the often used loss of solvent accessible
surface; residues of gp120 w

hich show
 loss of solvent accessible surface but are

not in direct contact are 123, 124, 126, 257, 278, 282, 364, 471, 475, 476 and 477.

F
igure 2 show

s a series of ribbon diagram
s of the gp120 core, again from

the perspective of the C
D

4 glycoprotein.  In F
igure 2a, the inner and outer

dom
ains are show

n in red and yellow
, respectively, and the bridging sheet is

colored blue.  T
he inner dom

ain is believed to interact w
ith the gp41 envelope

glycoprotein, w
hile the outer dom

ain, w
hich is quite variable and heavily

glycosylated (F
igure 2b), is believed to be exposed on the assem

bled envelope
glycoprotein trim

er [3].  T
he “proxim

al” side of the gp120 core, w
hich includes

the N
- and C

-term
ini, is believed to reside near the viral m

em
brane.  T

he “distal”
side of gp120 is believed to face the target cell m

em
brane after C

D
4 binding

occurs.  T
he N

- and C
-term

ini, the structures related to som
e of the variable

loops, and som
e of the secondary structural elem

ents are labelled.
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In F
igure 2b, the asparagine residues (including side chains) m

odified by
N

-linked glycosylation in m
am

m
alian cells [5] are show

n in blue.  N
ote the

concentration of glycosylation on the gp120 surface believed to face outw
ard on

the trim
eric envelope glycoprotein spike.

F
igure 2c show

s the gp120 residues (in red) that are w
ithin 4 A

ngstrom
s

of C
D

4 in the com
plex.  R

esidues show
n by m

utagenesis to be im
portant for

binding of gp120-C
D

4 com
plexes to the chem

okine receptor [2] are colored
green.  T

he V
3 loop (not show

n) also contributes to chem
okine receptor binding.

F
igure 2d show

s the gp120 residues im
plicated in binding neutralizing

antibodies, either those directed against the C
D

4 binding site (C
D

4B
S

) (red),
those directed against the C

D
4-induced (C

D
4i) epitopes (green), or the 2G

12
antibody (blue).  T

he C
D

4B
S

 antibodies block C
D

4 binding and are represented
by the F

105 and 15e antibodies.  T
he C

D
4i antibodies recognize elem

ents of the
bridging sheet and block binding of gp120-C

D
4 com

plexes to chem
okine

receptors.  T
he 2G

12 antibody recognizes carbohydrate-dependent structures on
th

e
 g

p
1

2
0

 o
u

te
r d

o
m

a
in

.  F
e

w
 kn

o
w

n
 a

n
tib

o
d

ie
s re

co
g

n
ize

 th
is h

e
a

vily
glycosylated gp120 outer dom

ain.
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F
igure 1. S

tereo diagram
 of an alpha-carbon trace of the gp120 core. R
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F
igure 2a. gp120 core; inner dom

ain (red), outer dom
ain (yellow

), bridging sheet (blue).
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F
igure 2b. gp120 core; asparagine residues m

odified by N
-linked glycosylation show

n in blue.
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F
igure 2c. gp120 core; residues (red) w

ithin 4 A
ngstrom

s of C
D

4, im
portant binding residues (green).
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F
igure 2d. gp120 core; residues im

plicated in binding neutralizing antibodies.


