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Dynamics of Dengue Virus NS3 Protease

and Helicase Domain

Dengue is transmitted by urban-living mosquitos and
in recent decades becomes a global epidemic, especially
in tropic and sub-tropic area. It causes life-threating fe-
ver and currently there is no drug to cure it. NS3 protein
from Dengue virus is essential for virus replication, thus
is a candidate for drug target. It contains a protease and
a helicase domain for viral polyprotein processing and
RNA replication with a flexible interdomain linker. S. G.
Vasudevan'’s group uses protein X-ray crystallography and
small-angle X-ray scattering to study structures of NS3 and
found a 161-degree rotation between protease and heli-
case domain from two conformations. Single mutation in
interdomain linker dramatically reduces NS3 activity. Thus
it suggests this interdomain linker plays an important role
in NS3 configuration and its functionality.
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Dengue disease is a global public health emergency
and the most common mosquito-borne virus infection
that is caused by the four immunologically distinct sero-
types of dengue virus (DENV 1-4). The virus is spread by
the urban-breeding Aedes aegypti mosquito. Infection
with any one of the four DENV serotypes usually leads
to mild self-limiting dengue fever (DF) that is thought to
provide lifelong immunity to that specific serotype. Epi-
demiological evidence suggests that 90% of the severe
and potentially fatal dengue diseases, dengue hemor-
rhagic fever (DHF) or dengue shock syndrome (DSS)
occur during secondary heterotypic infections where
the protective antibodies from a prior infection become
pathogenic through the so-called Antibody Dependent
Enhancement (ADE) phenomenon. The co-circulation
of viruses in many of the dengue epidemic countries
increases the risk of severe dengue diseases due to ADE.
Globally DENV infections result in more than 20,000
deaths, nearly 500,000 hospitalized cases and anywhere
between 50 - 100 million human infections. At present
there are no preventative vaccines or antiviral treatments
for dengue disease (www.who.ch). The enzymatic func-
tions of NS3, the protease and helicase activities, are es-
sential for DENV replication and are potential targets for
development of antiviral drugs for this important human
disease. Understanding the structure and function of
NS3 can also lead to designer vaccines.

The structural studies of the domains of DENV NS3
protease and helicase"” were reported previously and
formed the basis for the study on the full length protein.**
The dengue virus protease domain together with the 47
amino acid cofactor region of NS2B (residues 49-95) was
solved at the same time as the structure of the related
west nile virus (WNV) protease (Fig 1). This work revealed
that the NS2B cofactor region interaction with NS3 prote-
ase is different. Depending on the presence or absence of
an inhibitor NS2B,,NS3pro,_,g; can assume an “open form”
or a “closed form”. In the closed conformation as seen for
the WNV protease the NS2B peptide wraps around NS3pro
like a belt and forms part of the active site by contributing
to the S2 binding pocket." In the open conformation, the
C-terminal part that is essential to form the active protease
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is dissociated from NS3 and occurs in a drastically different
position where it cannot contribute to the active site. Im-
portantly the two structures revealed that NS2B residues
51-57 formed a B-strand that is part of the N-terminal
[-barrel of NS3pro that is needed to stabilize the protease
structure. Indeed, the production of NS3pro and NS3 full-
length was vastly improved by covalent attachment of 18
amino acids of NS2b (49-66) via a flexible Gly,SerGly, linker
at the N termini of the two proteins.”> These proteins are
inactive as proteases but provided the relevant starting
material for the structural and functional studies to the
paper’ that has been selected for highlighting in this re-
port.

Conformation I (2vbc)

WNV (2fp7)

Conformation II ( 2whx)

The crystal structure of NS2B,;NS3 at a resolution of
3.15 A’ showed that the molecule adopted an elongated
shape that is radically different from the single-chain
NS3-NS4A from the related hepatitis C (HCV) where the
molecule was caught in the act of cis-cleavage of the
NS3-NS4A junction.” However the elongated structure
of DENV NS2B,,NS3 was shown to be a stable molecular
entity by small-angle X-ray scattering studies in solution
through collaborative studies with Professor Gerhard
Gruber of Nanyang Technological University.” The pro-
tease and helicase structures in the full length protein
were consistent with the structures of the individual
domains that were obtained previously." The protease
domain terminated at residue 168 and the
helicase domain started at residue 180. A
natural 11-amino acid linker tethered the
two domains. Further studies to improve the
diffraction led to a second crystal form that
was closely related but unlike the first crystal
that was obtained T = 18 °C, the new crystals
were obtained at T = 13 °C. We refer to the 1™
structure® as conformation | and found that
molecular replacement using its coordinates
did not produce a consistent solution for the
diffraction data from new crystals although
the protein was shown to be intact in the
crystal by gel electrophoresis. By using the
protease and the helicase from 2vbc as two
separate search probes a correct solution was
refined to 2.2 A resolution which we refer to
as DENV NS2B,;NS3 conformation Il (2whx;
Fig. 2).> In this new conformation, although
the molecule still adopted an elongated
shape the relative orientation between the
protease and the helicase domains changed
by ~161° rotation around the linker region.
The structures of the individual domains
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remained unchanged although interdomain contacts
that were observed in conformation | were lost in con-
formation 11> We hypothesized that the flexibility of the
interdomain linker is required to permit the NS3 molecule
to adopt several different configurations during its role in
membrane associated post-translational processing of the
polyprotein and viral genome replication.

We investigated the role of the interdomain linker
by inserting a Gly residue between Glu-173 and Pro-174
or replacing Pro-174 with Gly. The recombinant DENV
NS2B,sNS3 carrying these mutations were expressed,
purified and characterized by measuring the ATPase and
helicase activities that reside in the helicase domain [5].
We found that extending the linker by one amino acid or
increasing the flexibility by replacing Pro 174 with Gly led
to a drastic reduction in the enzymatic activities. In fact
the biochemical activities of NS2B,3NS3 bearing these
mutations were similar to that of the truncated helicase
domain. This suggests that the tethering of the protease
domain is needed for efficient ATPase and helicase ac-
tivities. The biological relevance of the observation was
tested by the Pro to Gly mutation in the DENV replicon
which resulted in close to 70% reduction of the reporter
luciferase activity and also a similar level reduction of
RNA replication.

Helicase

To conclude, the X-ray crystal-
lographic studies of NS2B,;NS3
implicated the inherently flexible
nature of the linker region between
the protease and helicase domains.
The interdomain linker of NS3 is
inherently flexible and can adopt
multiple conformations within the
membrane associated replication
complex that are functionally sig-
nificant. The detailed study of this
region of NS3 together with the
membrane association model that
is proposed (Fig. 3) could become
useful for the design of new live-
attenuated vaccines. The timely
availability of beamline resources
benefited this study tremendously
and the future direction is the struc-
tural and functional characterization
of the putative multi-component
viral replication complex consisting
of NS3 and NS5, including the viral
RNA and other cofactors.
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