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T
he human immune system, which has evolved in the presence of wily

immune invaders such as bacteria and viruses, has very specific and

effective means of recognizing these intruders and eliminating them

before they can cause too much harm. In response, some invaders

have developed ways to get around the immune system, sometimes with terrible

consequences for the human hosts. One of these is the Ebola virus, which causes

an often fatal hemorrhagic fever in humans. Recent studies have suggested that

the interferon inhibitory domain (IID) of the Zaire ebolavirus protein VP35 (Fig. 1)

is responsible for this evasion through its ability to subvert the immune system’s

recognition of double stranded (ds) RNA molecules that alert the immune system

to viral invasion. Structural studies carried out at the SBC-CAT 19-ID beamline at

the APS explain how VP35 binds to dsRNA, which amino acids are important in

these interactions, and how this inhibits the immune system. These fundamental

details about the way viruses evade the immune system and important informa-

tion about ebolavirus infection can be used to design treatments or vaccines

against this virus that is highly pathogenic and a potential tool for bioterrorism.

how eboLA vIRuS evAdeS the IMMuNe SySteM

As with all important studies, this
work was the culmination of many
years of work by a number of laborato-
ries. For example, it was already
known that VP35 was important for
antagonizing the innate immune sys-
tem, bound to dsRNA, and that a sin-
gle amino acid change could inhibit
VP35’s ability to antagonize the
immune system. The single amino
acid, Arginine(Arg) 312, was then
shown to be crucial for dsRNA binding
and the structure of VP35, solved in
2009 by this group, showed that Arg
312 was in a region of the protein con-
taining a patch of basic amino acids
(Fig. 2). Recent evidence suggested
that the host pathway inhibited by
Ebola was the RIG-I-like receptor path-
way that recognizes dsRNA and acti-
vates the production of interferon to
alert the immune system. With all of
this evidence for the role of dsRNA
binding by VP35 in host immune eva-
sion, the group set out to prove how
the virus does it.

The structure of the VP35 IID in
complex with a short stretch of dsRNA
was solved by molecular replacement.
This demonstrated conclusively that
the central basic region in the β-sheet
structure of VP35 IID was important for
dsRNA binding. Identification of impor-
tant amino acids in this region involved
in binding to the dsRNA backbone led
them to also solve the structures for

Fig. 1. ebolavirus vP35 protein

mimics rNA recognition by cellu-

lar rIg-I like receptors. vP35

interferon inhibitory domain forms

an “end-cap” that binds at the

blunt end of double-stranded rNA.

A similar interaction mode is used

by cellular rIg-I like receptors that

activate host innate immune responses.

New structural studies carried out at

Sector 19 show that viral vP35 can mimic

cellular proteins. vP35 protein is shown in

cyan (transparent molecular surface and a

cartoon secondary structure) and the dou-

ble stranded rNA is shown in magenta

(transparent molecular surface and stick

representation).



mutants of VP35 at two crucial sites,
Arg312, and Lysine(Lys) 339. The
structures of these two mutants
showed that the basic surface of VP35
was not disrupted by the amino acid
changes but that electrostatic distribu-
tion was changed significantly and this
was the basis for disruption of dsRNA
binding. 

The structure also revealed that
the blunt-end of the dsRNA is
“capped” by VP35 in a hydrophobic
pocket that mimics the binding of
blunt-ended dsRNA by the RIG-I-like
receptor of the host immune system.
mutation of one of these hydrophobic
amino acids, Phenylalanine (Phe) 239,
abolished dsRNA binding in RNA bind-
ing assays. 

Next, the group tested their
hypothesis in a cell culture assay for
inhibition of immune activation. While
the native VP35 was able to suppress
immune activation, the mutants of
VP35 at sites important for recognizing
dsRNA ends and those with mutations
in the basic patch important for dsRNA
backbone binding were unable to sup-
press the immune responses.
moreover, the complex structure also
identified residues important for pro-
tein-protein interactions, which may
function through inhibition of signaling
events downstream of RIG-I-like recep-
tors, suggesting that VP35 may play a
role in dsRNA-independent suppres-
sion of immune responses as well.

Further elucidation of these
dsRNA-independent mechanisms and
exploitation of the knowledge derived
here for vaccine and antiviral develop-
ment will be the topic of future studies.

— Sandy Field
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