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ABSTRACT

Deadly dengue fever is caused by the enveloped virus dengue (DEN), which is a
major health problem in South and South-East Asia causing 50-100 million human
infections every year. The DEN virus is a member of the flavivirus family with four
distinct serotypes (DEN1-DEN4). Symptoms of the DEN virus infection range from
mild classical dengue fever to the potentially lethal dengue hemorrhagic fever, when
sequential infection by multiple serotypes occurs. 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 and evolution.
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
immunoglobin like domain, ED3, forms the distal projection from the viral surface and
takes part to the interaction with host cell and represent 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 immunoglobin like domain consist of
9B-strands and epitope residues are mostly distributed into B-1, B-9 and their adjacent
loops. As envelope protein is the major determinant of dengue virulence therefore it
was subjected to phylogenetic analysis. And different studies revealed that
evolutionary important residues are accumulated mostly in ED3.

Chapter 2 reports the crystal structure of DEN3 and DEN4 ED3. Four serotypes of
dengue virus share 70 - 90% sequence similarity in their ED3 which is translated in
their native fold. Recent crystal structure of ED3 for different serotypes has been
determined in the context of whole envelope protein at low resolution. These

structures and other NMR structures of isolated ED3 can explain the overall fold of the




ED3. However a high resolution x-ray crystal structure that enables the visualization
of all side chain atoms, including critical residues in the epitope regions and in flexible
regions on the protein surface, could in turn provide an inclusive view of the molecular
determinants of the interaction between ED3 and antibodies and thereby would be
important for providing molecular explanation of serospecificity. Here, we report the
crystal structure of DEN3 and DEN4 ED3 at 1.70 A and 2.27 A respectively. We
observed that a local backbone deformation in the first B-strand that contains the
putative epitope 1 occurred upon domain isolation. Furthermore, a comparison with
DEN2 ED3 indicated a large structural change by as much as 4.0 A at Asp”®, located
in epitope 2. Additionally, substitution of charged residue at 307 leads to the variation
in surface electrostatic potentials in epitope 1 among the serotypes.

Chapter 3 focuses a “size switch type repacking” that occurred during the evolution
of dengue envelope protein domain III (ED3). Side-chain modeling based on our
crystal structures of DEN3 (PDB: 3VTT) and DEN4 ED3 (PDB: 3WEI) suggested
that amino acid substitutions at 310 and 387 might be critical for the maintenance of
thermal stability. Thermodynamic analysis supported the hypothesis proposed from
structural modeling. In experiment we observed, a Val310Met mutation destabilizes
the DEN3 ED3 by as much as 10°C and Ile387Leu by 5°C. However, simultaneous
occurrence restored the stability to the level of wildtype DEN3. Further, ancestral
sequence reconstruction using the serotype’s nucleotide information pointed out that
the mutations at these two sites occurred in order to maintain the thermodynamic
stability during the evolution of DEN. We introduced a new terminology ‘“size switch
type repacking” rather than “size switch” because, in the case of DEN ED3, the first
Val310Met mutation is a small to large substitution, and the second Ile387Leu
mutation where the size of the side-chain is not switched but the bulkiness and shape
complementarily ensures the stability of the proteins.

In chapter 4, is a general conclusion of the present studies.




