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In a variant of this model, we might
imagine that the interaction of mem-
brane-bound ARF–GTP with GGAs
induces a conformational change in
GGAs, which facilitates specific recogni-
tion between the sorting signal and the
VHS domain of GGAs, as well as that
between the clathrin box of GGAs and the
N-terminal domain of clathrin. In this
case, ARF–GTP would be the ‘activator’ of
GGAs . In either case, the challenge now is
to figure out how the GGA proteins man-
age to coordinate all these interactions
that seem to occur simultaneously in time
and space, to do it in such a way that no
error in the recruitment to the correct
membrane is made, and to ensure that

proper sorting and budding is achieved.
The linear domain organization of GGAs
provides a wonderful opportunity to help
tease apart the process from a structural
point of view.
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Does Dengue virus fuse using �-barrels?
Dengue virus is transmitted to humans by
mosquitoes, and there are more than 50
million infections each year. Typical
symptoms include severe joint pain and
fever, but serious complications such as
hemorrhagic fever and Dengue shock syn-
drome sometimes occur following infec-
tion. Fortunately, less than 0.1% of
Dengue infections are fatal, but it is still a
major concern for health officials around
the world.

The structure of Dengue virus at 24 Å
resolution is now available and has been
analyzed in the context of previous 
crystallographic work on one viral protein
(Kuhn, R.J. et al. Cell 108, 717–725; 2002).
Kuhn and coworkers embarked on this
study to understand how the virus is 
organized and to obtain clues about how
it enters host cells. While much is known
about how some viruses (such as HIV)
fuse to target membranes, the mechanism
of Dengue virus fusion is thought to be
quite different.

Kuhn and colleagues used cryoelectron
microscopy to solve the structure of one
Dengue strain at neutral pH, the pH at
which viral particles do not fuse to mem-
branes. The structure that emerges resem-

bles an onion, with five distinct sheets vis-
ible in the electron density — two outer
protein shells (dark and light blue), a lipid
bilayer (green), a nucleocapsid shell
(orange), and finally, the RNA genome
(red) packaged in the center of the virus.
They focus attention on the structure of
the outermost shell, the layer that first
contacts target membranes.

E glycoprotein is the viral component
that mediates fusion to membranes. The
crystallographic structure of an E glyco-
protein from a related virus is known, and
it contains a large amount of β-structure.
Kuhn and colleagues fit this atomic struc-
ture into the electron density of the outer-
most shell of Dengue virus, revealing a
closely packed array of E glycoproteins.
They propose that, upon exposure to low
pH, parts of the E glycoproteins change
conformation and form closed β-barrels.

In other proteins, such as porins, 
β-barrels allow membrane spanning. By
the same token, β-barrels on the surface
of Dengue virus might be capable of
inserting into target membranes, there-
by promoting viral fusion. This pro-
posed mechanism is distinct from the
fusion system used by HIV, which relies

instead upon a spring-like α-helical
coiled coil.

Dengue virus is spreading, and there is
no vaccine. It used to be confined primar-
ily to Southeast Asia but is now common
in South and Central America. Moreover,
within the last six months, outbreaks have
occurred in both Brazil and Hawaii. Now
more is learned about the potentially
novel fusion apparatus of this virus, 
perhaps new drugs to hamper it could be
developed — just as fusion inhibitors that
target the coiled coil mechanism of HIV
are now being tested.

Tracy Smith
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