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HOW EBOLA SILENCES THOSE
WHO WOULD SOUND THE ALARM

E bola virus causes a deadly hemorrhagic disease with case fatality rates

up to 90%. This is due to the virus’ ability to rapidly shut down innate

immune responses and cause a severe immune reaction called a “cy-

tokine storm.” But how does it do this and why is it so effective? Researchers

using two U.S. Department of Energy x-ray light sources, including the APS,

have uncovered an important part of the answer. Their work has shown how

an Ebola virus protein called VP24 blocks cellular responses to interferons,

which exert a critical antiviral effect as part of the innate immune response.

Ebola virus VP24 protein (eVP24) does this by blocking the movement of a

critical signaling molecule into the nucleus where it normally activates the an-

tiviral state in cells. Their structural and biochemical analysis of the interaction

between eVP24 and the protein that acts as a shuttle to move cargo through

the nuclear gate, KPNA5, reveals details of the interaction that might be ex-

ploited for designing pharmaceutical interventions to fight Ebola. 
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The team’s first step was to define
the interaction between KPNA5 and
eVP24. They determined that eVP24
binds just to one end of KPNA5, allow-
ing them to use this smaller region of
the protein for crystallization. The crys-
tal structure of eVP24 bound to the
fragment of KPNA5 was obtained at the
SBC-CAT beamline 19-ID-D at the APS
and the Advanced Light Source beam-
line 4.2.2 at Lawrence Berkeley Labo-
ratory. The structure revealed a number
of important features of the interaction
(Fig.1). First, the binding site for eVP24
on KPNA5 is unique and, while it over-
laps the known site for STAT1, it does
not resemble that for any other cargo
that come in through the non-classical
pathway. Also, while neither protein
changes conformation much in the
binding interaction, eVP24 contributes
a large binding interface to the interac-
tion involving several amino acids from
various loops on the structure. 

Biochemical analysis of eVP24
proteins with these amino acids mu-
tated showed that the loss of single
contacts only resulted in slightly im-
paired binding while loss of several
contacts resulted in completely abol-
ished binding. Interestingly, the speci-
ficity of the interaction is mediated
mostly by eVP24 amino acids that are
different from those in the same region
in the related Marburg virus VP24
(mVP24) protein. In fact, despite sig-
nificant protein sequence similarity to
eVP24, mVP24 adopts a different
structure in this region. This may ex-
plain why Marburg does not block in-
terferon signaling using the same
mechanism. 

Further analysis of eVP24 proteins
possessing mutations in the KPNA5
binding domain showed that eVP24 mu-
tants with reduced KPNA5 binding also
have reduced ability to block STAT1 nu-
clear transport and IFN-induced gene
activation. This supports a model in
which the eVP24 interaction with
KPNA5 is critical to its ability to block in-
nate immune system activation by IFN.
Similar assays also show that eVP24
does not block the classical transport
pathway. This is important because it al-
lows Ebola to block progress to the an-
tiviral state while at the same time
keeping cellular machinery up and run-

ning to churn out viral proteins needed
to propagate its deadly progeny.

The research team hopes that this
work will provide clues that will allow
them to identify new or existing drugs
that can block the interaction between
eVP24 with KPNA5 while leaving
STAT1 signaling intact.  — Sandy Field

See: Wei Xu1, Megan R. Edwards2, Do-
minika M. Borek3, Alicia R. Feagins2,
Anuradha Mittal4, Joshua B. Alinger1,
Kayla N. Berry1, Benjamin Yen2, Jen-
nifer Hamilton2, Tom J. Brett1, Rohit V.
Pappu4, Daisy W. Leung1, Christopher
F. Basler2, and Gaya K. Amarasinghe1*,
“Ebola Virus VP24 Targets a Unique
NLS Binding Site on Karyopherin Alpha
5 to Selectively Compete with Nuclear
Import of Phosphorylated STAT1,” Cell
Host Microbe 16, 187 (August 13,
2014). 
DOI: 10.1016/j.chom.2014.07.008
Author affiliations: 1Washington Univer-
sity School of Medicine in St. Louis,
2Icahn School of Medicine at Mount
Sinai, 3University of Texas Southwest-
ern Medical Center at Dallas, 4Wash-
ington University in St. Louis
Correspondence:

* gamarasinghe@path.wustl.edu

This work is supported in part by the U.S.

National Science Foundation (MCB-1121867

to R.V.P.) and National Institutes of Health

grants (J.A.B. and K.N.B. supported by

T32GM07200; R01HL119813 to T.J.B;

R01AI107056 to D.W.L.; R01AI059536 to

C.F.B.; U19AI109945 [Basler-PI] and

U19AI109664 [Basler-PI] to C.F.B. and

G.K.A.; U19AI070489 [Holtzman-PI] and

R01AI081914 to G.K.A). SBC-CAT is oper-

ated by UChicago Argonne, LLC, for the

U.S. Department of Energy (DOE_ Office of

Biological and Environmental Research

under contract DE-AC02-06CH11357. This

research used resources of the Advanced

Photon Source, a U.S. DOE Office of Sci-

ence User Facility operated for the DOE Of-

fice of Science by Argonne National

Laboratory under Contract No. DE-AC02-

06CH11357.

When the body encounters a virus,
it sends out signals, activating a cas-
cade of events that sound the alarm
and produce an antiviral state in cells.
This state is triggered by interferon
(IFN), which activates the transcription
factor STAT1. Once activated, STAT1 is
able to access a special entrance into
the nucleus through transporters via a
non-classical pathway. The non-classi-
cal pathway is a secondary pathway
that is distinct from the classical trans-
port pathways through which most pro-
tein traffic enters the nucleus.  STAT1’s
access to the non-classical pathway is
facilitated by several nuclear trans-
porters from the NPI-1 subfamily, in-
cluding KPNA5, which was the protein
used in this study. Once inside the nu-
cleus, STAT1 activates a group of
genes that gets the antiviral arsenal up
and running. 

The researchers in this study from
Washington University School of Medi-
cine in St. Louis, Icahn School of Med-
icine at Mount Sinai, the University of
Texas Southwestern Medical Center at
Dallas, and Washington University in
St. Louis started their investigation on
the basis of previous work. They knew
that Ebola blocks the entry of STAT1
into the nucleus, effectively blocking
antiviral gene transcription, and they
knew that it did it by blocking STAT1’s
access to KPNA5 with eVP24. What
they didn’t know was the molecular de-
tails of the eVP24-KPNA5 interaction
that might suggest a way to block
eVP24 with pharmaceutical interven-
tions. For this they needed structural
information. 

< Fig. 1. Effects of Ebola VP24 in cells and
structural interaction with KPNA5. A cell ex-
pressing fluorescent Ebola VP24 (red) and la-
beled for STAT1 (green) after interferon
activation shows that VP24 effectively blocks
STAT1 entry into the nucleus (overlap of two
proteins in yellow). Ribbon diagram shows
structural interactions between eVP24 (ma-
genta) and the C-terminal end of KPNA (cyan)
(PDB: 4U2X ). Full-length KPNA5 is overlaid
into the image in white (PDB: 1BK5 ). Image
courtesy of Daisy W. Leung (Washington Uni-
versity School of Medicine in St. Louis) and
Christopher F. Basler (Icahn School of Medicine
at Mount Sinai)
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