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ABSTRACT

Dengue is the most common mosquito-borne viral disease of humans, with
over 50 million cases in tropical and subtropical regions annually. The
causal agent of this disease, dengue virus, is a single stranded,
positive-sense, RNA virus with a genome of approximately 11 kb. Dengue
virus, a member of the genus Flavivirus (family Flaviviridae) is classified in
to four distinct serotypes (denoted DEN1-4), with 70% sequence similarity.
Humans are the major host of dengue virus which is transmitted by Aedes
aegypti mosquitoes. DEN infection causes diseases such as mild dengue
fever (DF) and life threatening dengue hemorrhagic fever (DHF), dengue
shock syndrome (DSS), when sequential infection by multiple serotypes
occurs. There is neither approved vaccine nor specific therapy to fight these
infections. Few residues that differ from one serotype to the other are
responsible for the Sero-specificity. Thus, further elucidation of these
residues is very important.

This study mainly focuses on the structural and immunological insights
into sero-specificity of the envelope domain (ED) 3; namely, DEN3 ED3
and DEN4 ED3. The dissertation consists of 4 chapters. The first chapter,
introduction, is a general discussion about the dengue virus structure,
structural proteins and their relationship to the virus infection. Envelope

protein (E-protein) is important for initiation of dengue infection.




Structurally it consists of 3 domains which are termed as ED1, ED2 and
ED3. The immunoglobulin like domain, ED3, forms the distal projection
from the viral surface and takes part to the interaction with host cell and
represents the epitopes. Monoclonal antibodies raised against ED3 have
been proved as an important blocker of the virus to the host cell surface.
Structurally ED3 is an immunoglobulin like domain and consist of 9
B-strands and epitope residues are mostly distributed onto B-1, B-9 and
their adjacent loops. Envelope protein being a major determinant of
dengue virulence, it was subjected to immunological analysis.

Chapter 2 reports the structural and immunological analysis of
surface-exposed epitope residues of ED3 from two distant (in evolutionary
sense and structural observations) serotypes, DEN3 and DEN4. We
designed six epitope grafted ED3 variants in which the surface-exposed
epitope residues from DEN3 ED3 were switched to those of DEN4 ED3 and
vice versa. We examine the sero-specificity and cross reactivity of the
immune response against DEN3 and DEN4 ED3. We prepared anti-DEN3
and anti-DEN4 ED3 serum by immunizing Swiss Albino mice and measured
their reactivities against all six grafted mutants. Further elucidation of this
study was done using x-ray crystal structure of one of the grafted mutant of
DEN4 ED3. This study enables us to determine the importance of E1 and
E2 residues in DEN3 and DEN4 serotype.

In Chapter 3, we examine effect of single mutation in core of DEN4 ED3 on
its structure and stability. We focused on how a putative Leu387Ile (LL3871)
mutation could fit with a Met at position 310 in DEN4 ED3 but could not fit
in DEN3 ED3 without destabilizing its structure. Primarily, we examined
steric clashes occurred at Ile3®7, through extensive side-chain modeling
using 273 side-chain rotamers of the residues surrounding Ile387 using
wtDEN4 ED3 as a template. Next, we determined crystal structure of
DEN4_ L3871 at 2 A. To this end, in modeling of DEN4_L387I using the




Richardson Penultimate Rotamer library, we found that 3 out of 7 Ile
conformations fit at residue 387 in DEN4 ED3 without experiencing the
atomic clashes that were observed when DEN3 ED3 is used as template. In
fact, in crystal structure of DEN4_L387I, Ile387 adopted one of the three
predicted rotamers which confirmed our modeling and gave insights into
side-chain repacking occurring around Ile387, which overcome steric clashes
thereon conserved thermal stability of DEN4 ED3. CD analysis indicated
that the thermal stability of DEN4_L387I was essentially similar to that of
the wtDEN4 ED3 indicating that L3871 did not introduce local strain in
DEN4 ED3. This study demonstrates that the effects of single mutations
are to a large extent successfully predicted by systematically modeling the
side-chain structures of the mutated as well as those of its surrounding
residues using fixed main-chain structures and assessing inter-atomic steric
clashes. More accurate and reliable predictions require considering

sub-angstrom main-chain deformation, which remains a challenging task.




