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Fig. 1. Representation of the three-dimensional protein
structure of the b12 neutralizing antibody in complex with
gp120 from HIV-1. A ribbon diagram of the structure of b12
is shown in green with the amino acid side chains for b12
overlaid in blue. The gp120 structure is shown in red with
amino acid side chains and glycans for gp120 overlaid,
also in red.
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In an attempt to identify a conserved feature of gp120
that might be used to generate a vaccine-stimulated immune
response, the researchers from the National Institute of
Allergy and Infectious Diseases, Scripps Research Institute,
the Dana Farber Cancer Institute, and the National Cancer
Institute used a clue from HIV-1-infected individuals who had
shown some resistance to the virus. Scientists had found
that some of these individuals were generating what were
termed “broadly neutralizing” antibodies that presumably
recognize an invariant part of the virus. One of these broadly
neutralizing antibodies, called b12, appears to recognize an
area of gp120 that is involved in the contact the virus makes
with CD4. By using the 22-ID-D beamline, this research
team achieved an important advance by solving the structure
of the b12 antibody binding site to gp120 to a resolution of
2.3 Å. The structure reveals a vulnerable area where b12
can gain access to gp120 and prevent its interaction with
host CD4 molecules. 

The structure of the interaction between the neutralizing
antibody, b12, and viral gp120 has been sought for some
time, but the flexibility of the gp120 molecule made it difficult
to capture the interaction in crystals of sufficient quality for
this type of analysis. By using a trick to stabilize the interac-
tion (trapping gp120 in the conformation it uses to bind CD4),
the researchers were able to obtain a snapshot of the inter-
action (Fig. 1). The team credits APS high-brightness undu-
lator x-ray beams for enabling this finding. The gp120-con-
taining crystals were often quite small (needles with dimen-

sions as small as 20 µM) and the cell constants were large
(dimensions of up to 200 Å). Despite this, data were col-
lected to at least 3-Å resolution for all of the 10 structures
required to complete the analysis. Indeed, the analysis
revealed important aspects of the interaction between b12
and gp120, showing that b12 binds gp120 in a region that is
required for initial contact with CD4.

The implications of the work for vaccine research are
significant. In general, vaccination is based on the principal
of “teaching” or “priming” the immune system to recognize an
invader by using a harmless form of the invader to generate
an initial response. This gives the body a chance to identify
the invader and generate both a memory of and a neutraliz-
ing response to it. When the body is challenged again with
the real invader, it is ready with a full arsenal of memory cells
to mount a full and rapid response. Previous attempts to use
the whole gp120 protein as a vaccine have been foiled by
the general variability of the molecule. The structural map of
b12 binding to this conserved region of gp120 will allow vac-
cine researchers to design a structural analog of the vulner-
able site to teach the immune system how to generate an
effective neutralizing response.  — Sandy Field
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H IV-1, the virus that causes the acquired
immune deficiency syndrome, or AIDS,
is a global health problem that has con-
founded vaccine researchers for many

years. One of the things that makes HIV-1 so tricky is
its remarkable ability to evade our immune system, in
part by changing the three-dimensional appearance
of its outer-envelope glycoprotein, gp120. This protein
protrudes from the virus and binds to a host molecule
called CD4 that makes it possible for the virus to gain
entry into cells. This interaction is crucial to persist-
ence of the infection and represents a good target for
vaccine intervention. However, HIV-1 has eluded pre-
vious vaccination attempts because of its ability to
mutate very quickly and change the way gp120 looks
to the immune system, making it hard to track.
Researchers used the SER-CAT 22-ID-D beamline at
the APS to uncover new information that could repre-
sent a significant leap forward in HIV vaccine
research.
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