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ABSTRACT

A viral genome of dengue virus (DENYV) is a single positive-stranded RNA
that encodes a long polyprotein. This polyprotein is processed into three structural
proteins and seven nonstructural proteins (NS) by a host protease and a viral protease
(a NS3 protease and a NS2B cofactor). Proteolytic processing of the viral polyprotein
is required for viral replication. This study purposed to determine effects of mutations
in the viral protease focusing in the NS2B/NS3 junction on a DENV-2 replication.
Mutant viruses were generated by a reverse genetic technique using two recombinant
plasmids, a subclone plasmid (pCMVy-NS2B/NS3-AKpn908-Nhe4543") and a
DENV-2 full-length ¢cDNA plasmid [pBK(S1SP6-10723)A402Pst#5.14]. Regions
encoding intended mutations at this cleavage site were excised from the subclone
plasmids and ligated into the full-length cDNA plasmid at the corresponding region to
generate mutant NS2B/NS3 full-length DENV-2 ¢cDNA clones. Seven mutant RNA
transcripts encoding alanine substitutions at amino acid positions P6, P5, P4, P3, P2,
P1 and P1+P3, and an alanine-to-serine substitution at the P1" position of the
NS2B/NS3 junction, were transfected into mosquito C6/36 cells to produce infectious
viruses. Results showed that cultured supernatants harvested from cells transfected
with six mutants P6A, P5A, P4A, P3A, P2A and P1’S yield infectious viruses,
whereas two mutants, P1A and P1A+P3A, failed for recovery of virus. In addition,

sequencing analysis revealed that the infectious virus harvested from cultured



supernatant of the P2A mutant RNA-transfected cells had P2T phenotype. In the
second attempt of generating the P2A mutant virus, the P2A+P7L mutant virus was
recovered from P2A RNA transfection. Therefore, seven mutant viruses, P6A, P5A,
P4A, P3A, P2T, P2A+P7L and P1’S were examined for their abilities of replication,
focus size formation and efficiency of NS3 cleavage from the polyprotein. When
compared with wild type virus, the PSA, P3A and P2T viruses replicated with
indistinguishable kinetics on both mosquito C6/36 cells and mammalian vero cells.
Moreover, the focus sizes and NS3 productions in both cell lines were at the level of
parental phenotype. The small focus-size mutants, P2A+P7L and P6A, replicated as
efficiently in the C6/36 cells but their growth curves observed in the vero cells
exhibited 100-time and 1,000-time reductions, respectively, as compared to the parent
strain. Surprisingly, the NS3 cleavage in infected cells of both viruses showed
compatible level as the wild type. The most affected virus tested in this study was the
P4A+P8Q virus. Its focus size and the growth kinetics in both cell lines were lower
than the parent virus, however its NS3 cleavage activity was not impaired.
Unexpectedly, the mutant virus, the alanine substitution at the P1° position with
serine, a consensus amino acid, exhibited the small focus-size phenotype and yielded
the reduction of NS3 processing, as observed the NS3 precursor in infected vero cells.
Surprisingly, this P1’°S virus replicated efficiently in both C6/36 and vero cells.
Results obtained from this study showed that mutations at the P3 and PS5
positions of the DENV-2 NS2B/NS3 junction had no effect on the viral replication
and the NS3 processing. We were unable to generate the P1A single or the P1A+P3A
double mutant virus, which indicate that the P1 position is essential for the replication
of dengue virus. The polar uncharged amino acid residue at the P2 position may be
crucial for the viral growth because the P2A RNA-transfected cells produced
P2A+P7L and P2T infectious viruses. The P2A+P7L virus showed the small focus
phenotype and the reduction of the growth kinetics in vero cells while the P2T virus
had the parental phenotypes. The charged amino acid residues of the P4 and P6
positions are important because the alanine substitutions of these positions could
affect the focus formation and the growth kinetics. When the P1’ position was
replaced with serine, the mutant virus replicated efficiently but had the reduction of

NS3 cleavage efficiency suggesting that alanine at this position is required for the
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NS3 processing. Overall, the results of the NS2B/NS3 mutant infectious clone
viruses, P6A, P5A, P4AA+P8Q, P3A, P2T, P2A+P7L and P1’S viruses, indicate that
the changing growth phenotypes in the mammalian vero cells are not due to any

alteration in the processing of NS3 protein from the viral polyprotein.
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