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Abstract

Dengue virus causes dengue fever and the severe disease of dengue
hemorrhagic fever, which are of increasing concern in many parts of the world. This
virus is arthropod-borne pathogens of gehus Flavivirus, family Flaviviridae. In
common with other flaviviruses, dengue viruses contain an 11-kb single-stranded
RNA genome of positive polarity encoding a polyprotein in an open reading frame.
The polyprotein is cleaved by host- and virus-encoded proteases to three structural and
seven nonstructural proteins. Immature dengue virions contain three structural
proteins, designated C (capsid), E (envelope) and prM (precursor M protein). PrM
protein is cleaved to M by subtilisin-like proprotein convertases) in the trans-Golgi
network to generate mature virions. This cleavage occurs after the amino acid
sequence zf&rgp“-){m-Arg/Lyst—Argpl (X, any amino acids). A previous glycine-

scanning mutagenesis study of the amino acid positions 199 to 206 at dengue prM-M



junction revealed viable viruses with mutations at each of the following five amino
acid positions; 199(P7), 200(P6), 201(P5), 203(P3) and 206(P1"), whereas mutant
viruses could not be detected at other three amino acid positions: 202(P4), 204(P2)
and 205(P1).

| The purpose of this study is to determine the importance of basic amino acid
residues at the positions 201(P5) and 202(P4) in the prM-M junction of dengue
serotype 2 (strain 16681) for efficient multiplication of dengue virus in the C6/36
mosquito cell line. Two arginine residues at the positions 201(P5) and 202(P4) of the
wild type gehome were alternately mutated into five different amino acids; lysine,
histidine, serine, alanine and aspartic acid to generate ten different mutant viruses.
The construction of mutant full-length cDNA clones was conducted by replacing the
13-residue wild type sequence with specifically designed oligonucleotides, and
performing subsequent ligation steps to generate mutant full-length plasmid clones in
E. coli. Restriction enzyme digestion and/or nucleotide sequence analysis was used
on mutated sequences of these cDNA clones for proving that they were mutated. The
linearized plasmids were then used as templates for the production of mutant genome-
length capped RNA by in vitro transcription. Following transfection of capped in
vitro transcripts into C6/36 mosquito cell iine, the culture media was tested for the
presence of viral proteins and infectious mutant dengue viruses, respectively, by dot
blot immunoassay and focus immunoassay.

In a transfection experiment employing in vifro transcripts containing
mutations at the position R201(P5), all five new mutant viruses (R201K, R201H,
R201S, R201A and R201D) were recovered, although the R201D virus replicated to a
lower level than t_he others. The four mutant viruses (R201K, R201H, R201S and
R201A) were detected in the culture media on day 4 after transfection and their
highest titer was greater than or equal to 10° FFU/ml, which was similar to the level

obtained from transfection with the wild type dengue RNA transcript. The R201D
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virus was detected late on day 11 after transfection at a very low level of about 10
FFU/mI; this level was maintained for two weeks. In the transfection experiment
employing in vitro transcripts with mutations at the position R202(P4), only three
mutant viruses (R202K, R202H and R202A) were recovered and their infectious titers
were less than those observed with the wild type transcript. On day 11 after
transfection, the R202K virus was detected by focus immunoassay; its highest titer
was 4.14 x 10* FFU/ml. On day 14 after transfection, the R202H virus was detected
by the same method at the comparable highest titer of 4.50 x 10* FFU/ml. In contrast
the R202A virus was detected on day 28 of transfection, although its highest titer was
also similar to the other two mutant viruses (5.10 x 10* FFU/ml). Intended mutations
in these eight mutant viruses were confirmed by restriction enzyme digestion or
nucleotide sequence analysis of their reverse transcriptase-polymerase chain reaction
products.

The results indicate that efficient multiplication of dengue virus occur with
many types of amino acid side chain at the position 201(P5) of its prM-M junction,
with an exception of the negatively charged side chain. In contrast, efficient dengue
replication requires strongly basic side chain, especially arginine, at the position 202
(P4) of the prM-M junction. It is possible that the negatively charged side chains at
the position 201(P5) and many amino acids lacking strongly dissociating basic side
chains at the position 202(P4) of dengue prM-M junction render this junction
unsuitable for cleavage by mosquito proprotein convertase, thereby reducing the
maturation and subsequent releasing of dengue virus out of infected cells. Based on
these results, it is likely that substrate requirements at the P4 and P5 positions for

mosquito proprotein convertases are similar to their homologs in many other animals.
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