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Abstract

Dengue virus, a member of genus Flavivirus in the family Flaviviridae, is
responsible for frequent epidemics of dengue fever and dengue hemorrhagic fever in
many parts of the world. A single-stranded RNA genome of dengue virus encodes a
long polyprotein, which is cleaved co-translationally into three viral structural
proteins and seven non-structural proteins. The immature virions of dengue contain
three structural proteins: C, prM, and E, whereas mature virions that contain C, M,
and E structural proteins are much more infectious than immature ones. During virion
assembly and transport out of infected cells, the pr peptide is cleaved off the prM
protein at a specific cleavage site with highly conserved amino acid sequence,
-Arg(P4)-Xaa(P3)-Arg/Lys(P2)-Arg(P1)} -, by the action of subtilisin-like proprotein

convertase enzymes in the acidic post-Golgi vesicles, leaving M protein attached to



the virions. Previous glycine-scanning mutagenesis study of dengue prM-M cleavage
junction revealed that when three basic amino acid residues at the positions 202(P4),
204(P2) and 205(P1) were replaced by glycine, virus replication in a mosquito cell
line, C6/36, was markedly reduced.

To further explore the requirement for conserved basic amino acid residues at
P1 and P2 positions of the prM-M cleavage site for efficient multiplication of dengue
virus in C6/36 cell line, five full-length mutant cDNA clones of a dengue serotype 2
virus (strain 16681) were constructed for each position. Mutations were introduced by
PCR-based site-directed mutagenesis and subsequent -construction of mutant full-
length cDNA clones was performed in E. coli. The P2 residue of the prM-M cleavage
site, lysine (amino acid residue 204 of polyprotein) was replaced with alanine
(K2044), arginine (K204R), aspartic acid (K204D), histidine (K204H), or serine
(K2048S), respectively. Similarly, arginine at the P1 position (amino acid residue 205
of polyprotein)} was mutated to alanine (R205A), aspartic acid (R205D), histidine
(R205H), lysine (R205K), and serine {R2058), respectively. Following verification of
the mutated sequences in all full-length cDNA clones by nucleotide sequence analysis
and/or restriction enzyme digestion, linearized full-length cDNA clones were
transcribed in vitro in the presence of cap analog using SP6 RNA polymerase. RNA
transcripts were transfected into C6/36 cell line and production of infectious viruses
was monitored on days 4, 7, 11, 14, 21, 28, 35, 42, 49 and 56 after transfection by
using dot blot immunoassay and virus titration with a porcine kidney cell line (PS
clone D).

Among five P2 mutants, only the K204R mutant was viable. The replication
profile of the K204R mutant and its burst size were similar to the parental virus. This
mutant was detected as early as day 11 after transfection (2.73 x10" ffu/mL) and its
titer reached peak level in the second week (2.64 %107 ffu/mL). The K204R mutant

displayed only large foci from the beginning (day 1) to ‘the end of the two-month
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observation period. Among five P1 mutants, only the R205K mutant was detected but
with quite distinct replication pattern. The R205K mutant was first detected on day 14
after transfection at a very low titer (4.00 x10' ffu/mL); subsequently its titer remzﬁns
almost the same on days 14, 21 and 28 (4.00 x10' to 1.36 x10° ffu/mL). During this
time the burst size of the R205K mutant was reduced by 33 folds when compared
with the parent virus. On days 35, 42, 49 and 56 after transfection, its titers rose to
high level (2.18 x10° to 1.27 x10” ffu/mL). The acquisition of high titer in the R205K
culture corresponded with the appearance of viruses capable of generating large
infected foci in porcine kidney cells.  Nucleotide sequence analysis of the prM-M
region of R205K mutant viruses collected on days 14, 21, 35, and 42 post transfection
revealed the presence of a revertant virus containing the back mutation at the
nucleotide position 710 (adenine to guanine) which was first detected on day 35 after
transfection; the revertant completely replaced the original R205K mutant by day 42.
This reversion resulted in the amino acid arginine at the P1 position instead of the
intended lysine. Of the remaining eight mutants, infectious virus was not detected by
titration in porcine kidney cells for at least 8 weeks after transfection of in vitro
mutant transcripts into C6/36 cells.

The results indicate the requirement for strongly basic amino acid (arginine or
lysine) at the amino acid positions 204 of dengue polyprotein (P2 position of the
prM-M cleavage junction) for virus multiplication in mosquito cells. However, there
appears to be a strict requirement for arginine at the P1 position because the R205K
mutant was not efficient in its replication in C6/36 cells. Multiplication could reach a
high level only when the R205K mutant reverted. These results agree well with the

consensus sequence of the prM-M junction of flaviviruses found in nature.
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