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he human immunodeficiency virus type 1 (HIV-1) was responsible for 1.5 million deaths
around the world in 2013. Although researchers have been able to develop anti-retroviral therapies that allow patients to live longer with the disease, it has been a struggle to
develop an effective vaccine that prevents the spread of infection. Theoretically, the problem is one
we think we know how to solve. HIV-1 has a single spike protein on its surface called Env that mediates viral fusion and entry into host cells. If we can prime the immune system to recognize Env
and neutralize it, we should be able to stop HIV-1 in its tracks. However, up to this point, HIV-1 has
used molecular trickery to evade our efforts to bolster anti-HIV-1 immunity. Now, new structural
data collected at the APS by a research team from universities in the United States and South
Africa, has revealed the basis for some of HIV-1’s elusiveness. Their work maps sites of potential
vulnerability identified in the sera of patients who have made neutralizing antibodies to HIV-1,
opening the door to the design of potentially more effective vaccines against HIV.

Fig. 1. The HIV-1 trimer structure is shown in
Cα representation with gp120s in yellow and
gp41s in red. The bound neutralizing antibodies are shown in white. Image courtesy of
Marie Pancera and Jonathan Stuckey, National
Institutes of Health/National Institute of Allergy and Infectious Diseases/Vaccine Research Center
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One of the challenges in our understanding of HIV-1 has been in obtaining good structural information on
the Env protein. This protein is a complex fusion machine composed of three
copies of a subunit called gp120 (receptor binding domain) and three
copies of a subunit called gp41 (fusion
domain). These assemble on the surface of HIV-1 in a closed pre-fusion mature state that is activated upon receptor binding to undergo a dramatic
conformational change in which the
gp41 Env protein pierces the host cell
and merges the viral membrane with
the host cell membrane. This process
allows the HIV-1 genome entry to the
host cell cytoplasm.
Researchers believe that neutralizing antibodies that target the pre-fusion
state of Env have the best chance of
conferring lasting immunity. However,
because the pre-fusion association between gp120 and gp41 is fragile and
because the post-fusion state is more
energetically favored, it has been difficult to crystallize the pre-fusion state.
The researchers in this study from the
National Institutes of Health, the National Institute for Communicable Diseases of the National Health Laboratory Service (South Africa), the
University of North Carolina at Chapel
Hill, the Duke University School of
Medicine and the Center for HIV/AIDS
Vaccine Immunology-Immunogen Discovery at Duke University, the University of the Witwatersrand (South Africa),
the University of KwaZulu-Natal (South
Africa), the Yale University School of
Medicine, and the Weill Cornell Medical
College of Cornell University used their
own molecular trick to overcome this
They were able to crystallize the
gp120/gp41 complex by stabilizing it
with two antibodies that recognize different parts of the structure.
The structural data obtained by utilizing the SER-CAT 22-ID-D beamline
at the APS show a number of interesting features of the complex. The subunits are generally oriented into a propeller-like shape, and each molecule of
gp41 in the structure forms a kind of
collar through which the ends of gp120
extend towards the viral membrane
(Fig. 1). The collar is formed by helices

and loops of gp41 and is fastened with
a molecular clasp.
Comparison to the structure of the
post-fusion complex shows that gp120
binding to the host cell causes the gp41
collar to rearrange and become a pair
of extended helices that force a molecular spike through the host membrane
and pull the two membranes together.
The team compared the HIV-1 fusion machine to other known viral fusion machines and found that the topology of the interaction is similar to the
influenza, respiratory syncytial, and
Ebola viruses. But what makes it so
hard to recognize immunologically?
The answer lies, in part, in sugar
modifications (glycosylations) that are
added to the surface of the molecule after it is made. Modeling showed that
glycosylation, which is less likely to
cause an immune response, leaves
only 3% of the protein surface free for
antibodies to bind. Compared to influenza at 14% and respiratory syncytial virus at 48%, that is precious little
space for mounting an immune response. In addition, the exposed surface of HIV-1 exhibits extreme genetic
variability that makes it even more difficult to target effectively with antibodies.
The final part of this study was to
look at some immunological successes.
Despite HIV-1’s molecular trickery,
some patients have developed neutralizing antibodies to HIV-1. The team
looked at these to see where they bind
and found that, in general, successful
antibodies can accommodate HIV-1’s
variability in their recognition pattern
and incorporate recognition of glycosylation as well.
The researchers hope that this
new information will provide the edge
they need to finally block HIV-1’s spike.
— Sandy Field
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