
 

Scientists find key HIV protein makes cell
membranes bend more easily

July 25 2007

Carnegie Mellon University scientists have made an important discovery
that aids the understanding of why HIV enters immune cells with ease.
The researchers found that after HIV docks onto a host cell, it
dramatically lowers the energy required for a cell membrane to bend,
making it easier for the virus to infect immune cells. The finding, in
press in Biophysical Journal, will provide vital data to conduct future
computer simulations of HIV dynamics to help further drug discovery
and prevent deadly infections.

“We found that HIV fusion peptide dramatically decreases the amount
of energy needed to bend a cell-like membrane,” said Stephanie Tristram-
Nagle, associate research professor of biological physics at Carnegie
Mellon. “This helps membranes to curve, a necessary step for HIV to
fuse with an immune cell as it infects it.”

The Carnegie Mellon scientists used X-rays to study how HIV fusion
peptide (part of a larger protein) affected the energy of manufactured
lipid bilayers made to mimic normal cell membranes. Lipid bilayers
provide a protective barrier for the cell against intruders, yet also contain
molecules to recognize and communicate with other cells or get
nutrients. Cells also communicate with one another via small, membrane-
bound vesicles that contain proteins or other molecular cargo. When
delivering their goods, vesicles from one cell fuse with the outermost
membrane of another cell to form a series of hybrid structures called
fusion intermediates.
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Through evolution, viruses have also become skilled at fusing with cells
to unload their genetic contents, which turn host cells into virus-
producing factories. In the case of HIV, a molecule called gp120 initially
helps the virus lock onto its host T cell, a cell critical for maintaining
immunity. Another protein — gp41 — then enables HIV to penetrate a
T-cell membrane. Fusion takes place specifically through a short stretch
of gp41 called fusion peptide 23, or FP-23 for short. Prior studies have
shown that FP-23 fuses with, and can even break apart, blood cells and
other man-made, cell-like structures called liposomes.

FP-23 likely plays several roles in viral fusion, according to the
researchers. One role already suspected is that FP-23 attaches to its T
cell victim to facilitate a change in the shape of gp41, which in turn
drives uptake of HIV RNA and proteins by the T cell. But the Carnegie
Mellon work suggests that FP-23 plays another, equally important
function — reducing the free energy of curved fusion intermediates.
These fleeting shapes arise and disappear as HIV enters a T cell.

Normally, a cell membrane resists bending. Scientists can quantify the
energy needed to overcome this resistance. The Carnegie Mellon team
found that FP-23 reduces the energy required to penetrate an artificial
cell membrane by up to 13 fold, depending on the thickness of that
membrane.

“Reducing this energy should help explain in part how HIV infection
occurs so readily,” said Tristram-Nagle. “Our findings definitely will
change how theoreticians think about virus-cell interactions. This same
phenomenon could provide a general way that viruses use to infect cells,
so it will be exciting to look at other viral systems with our experimental
method,” she said.

Many different viruses could enter cells by efficiently lowering the
energy required to penetrate a cell’s outer membrane, according to
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Tristram-Nagle and her collaborator, John Nagle, professor of physics
and biological sciences at Carnegie Mellon.

The Carnegie Mellon scientists used X-rays to detect the effect of FP-23
on lipid bilayers that mimic cell membranes. Lipid bilayers form
different phases that change with temperature, but the “fluid” phase is
the most biologically relevant. Using X-ray diffuse scattering, the team
quantified structural properties of different lipid bilayers seeded with
FP-23 peptides. The lipid bilayers varied in their thicknesses, which
affects the stiffness of cell membranes.

The research was conducted at Cornell University’s CHESS synchrotron,
which provides a high-intensity source of X-rays for various studies. In
their next trip to this facility, the team plans to study FP-23 together
with cholesterol, a molecule known to modulate the stiffness of cell
membranes.
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