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Abstract. The nucleotide sequence of the nonstructural protein gene (1,610 bases) of dengue 3 virus
(Bangkok genotype ; CH53489 isolated in 1973) has been determined in both forward and reverse directions.
The PCR based cycle sequencing technic by the enzymatic method of Sanger et al using a sequencing primer
5'-end labeled with y-?P-ATP was the method of our choice for sequence analysis. Two cDNA templates
were prepared by RT-PCR technic starting from the nucleotides 6,306 - 6,969 and 6,925 -7,915 of the dengue
3 genome with the lengths of 663 and 990 base pairs respectively. In our cycle sequencing experiments,
it has been observed that the substitution of 7 - deaza- dG for dG in DNA eliminated most of the secondary
structures that produce gel artifacts. The final sequence results of these two cDNA templates were
established from their sequence data determined on both strands in opposite directions. Alignment between
the newly established nucleotide sequences as well as their deduced amino acid sequences of the Bangkok
dengue 3 (CH53489) virus and the published sequence data of the dengue 3 prototype (H87) was
manipulated by the PC-DOS-GIBIO DNASIS TM 06-00 software. The homology of the nucleotide
sequences between the two dengue 3 viruses was 96.65%. The deduced amino acid sequence from
nucleotides 6,306-7,915 of the two viruses showed conserved amino acids of the nonstructural protein NS4a

and 6 amino acid changes in NS4b and NS5.

INTRODUCTION

Dengue viruses is a growing health problem in
much of the tropical world. In Southeast Asia, the
frequency of epidemics is increasing ; the trend is
toward larger epidemics and more severe disease.
Because control of the dengue vector Aedes aegypti
has almost completely lapsed on a world-wide scale,
dengue is now the most prevalent serious arthro-
pod-borne viral disease of humans, a distinction not
likely to change.

Dengue viruses are members of the Flaviviridae
and can be divided into four antigenic serotypes
(types 1 to4) which are distinguished by serological
cross-reactivity. The four dengue virus serotypes
have different pathogenicities for humans, ranging
from nondescript febrile illness (DF) to the dengue
hemorrhagic fever (DHF) and dengue shock syn-
drome (DSS). Temporal and geographic distribu-
tion of specific dengue virus genotypes have been
determined with serologic and molecular markers
(Monath et al, 1986), (Trent et al, 1983). In addi-
tion, it is important to obtain genetic information in
all the dengue virus genotypes in order to under-
stand the causes of the severe diseases and to de-
velop an effective dengue vaccine.
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The dengue virus genome consists of a single
positive-strand RNA molecule that is about 11
kilobases (Kb) in length and lacks a 3'-poly (A)
tract. Itencodes a single polyprotein of about 3,400
amino acid residues in the gene order 5'-C’-prM-M-
E-NS1-NS2a-NS2b-NS3-NS4a-NS4b-NS5-3' (Rice
et al, 1985). Individual proteins appear to be
processed by post-translational cleavage of the
polyprotein at specified sites recognized by cellular
or virus-encoded proteases (Rice et al, 1985; Speight
et al, 1988). The size and functions of the virion
structural proteins have been characterized (Rice
et al, 1985) ; however, the functions of the
nonstructural proteins have not been assigned.
Proteins NS3 and NS5 may have enzymatic roles in
RNA replication (Mackow et al, 1987). The 5'-and
3'-extremities of the flavivirus genome are nottrans-
lated and contain stem-and loop-structures that may
be involved in regulation of transcription or repli-
cation (Rice et al, 1985; Wengler and Castle, 1986;
Sumiyoshi et al, 1987).

Dengue 3 viruses have been isolated from pa-
tients in Bangkok every year since 1973 when a
longitudinal study of dengue in hospitalized pa-
tients was begun by the Department of Virology,
Armed Forces Research Institute of Medical Sci-
ence (AFRIMS). Beginning in 1984, the proportion
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of dengue-3 isolates responsible for severe disease
rose dramatically, culminating in the massive epi-
demic of 1987-1988. An analysis of frequency of
death among patients infected with each of the 4
dengue serotypes over an 18 year period from 1973-
1990 identified a greater than expected frequency
of death among patients infected with dengue 3,
especially during the 1987-1988 epidemic.

The complete nucleotide sequence of the den-
gue-3 prototype, strain H87, has already been pub-
lished since 1990 (Osatomi et al, 1990). We now
report the nucleotide sequence and deduced amino
acid sequence of the genome encoding the
nonstructural proteins, NS4a, NS4b and NS5 of the
Bangkok dengue 3 strain CH53489 isolated in 1973
and compare it with the dengue 3 prototype, H87
(Osatomi et al, 1990). These have provided new
information on flavivirus evolution and replica-
tion.

MATERIALS AND METHODS
Virus culture and RNA extraction

The dengue 3 virus, strain CH53489 (provided
by Dr BL Innis, AFRIMS Bangkok) was cultured in
Aedes albopictus C6/36 cells in the laboratory of Dr
DW Vaughn (Virology Department, AFRIMS Bang-
kok). Total genomic RNA was extracted from the
frozen viruses using the acid guanidinium thiocya-
nate-phenol-chloroform method (Chomczymski
and Sacchi, 1987).

95017 (710925} 2419} Gam (4,519)

Viral ¢cDNA synthesis

Two cDNA templates were synthesized from
viral genomic RNA by RT-PCR (Reverse transcrip-
tion and Polymerase Chain Reaction) technic using
AMV reverse transcriptase for cDNA synthesis and
Taq DNA polymerase for PCR. Two pairs of
primers were used in the RT-PCR to synthesize and
amplify their designed PCR products at 663 (the
nucleotides 6,306-6,969) and 990 (the nucleotides
6,925-7,915) base pairs respectively.

Sequence analysis of the Bangkok dengue 3
(CHS53489)

The cycle sequencing by the modified enzymatic
method of Sanger et al (Sanger et al, 1977; Innis
et al, 1988; Murray, 1989) using a sequencing
primer 5'-end labelled with y-2P-ATP was chosen
for sequence analysis. The nucleotide sequences
have been determined in both forward and reverse
directions. The strategy of primer design for
nucleotide sequence walking of the Bangkok Den-
gue 3 (CHS53489) RNA genome in both directions
was iiflustrated in Fig 1. In all our sequencing
experiments, the cycle sequencing method utilized
the Amplicycle Sequencing kit (Perkin Elmer, USA)
which used AmpliTag DNA polymerase CS for
generating high-quality sequencing ladders. Three
sequencing gels of each sample were run, using
Sequi-Genll Sequencing Cell and a Power Pac 3000

(6,371) (7.565)

CPMM ME NS1 NS2 NS3 NS4 NS5
> o - - - - -
DEN-3 RNA
T T 1 T 1 b 0 T T l T
(1] 1 2 3 4 5 6 7 8 9 10 X1,000 bp
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Fig 1-The strategy of the cDNA template preparation as well as the primer design for nucleotide sequence walking on
the RNA genome of the Bangkok dengue 3 virus (CHS53489).
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Fig 2-The nucleotide and deduced amino acid sequences
of the nonstructural proteins NS4a, NS4b and NS5

of the Bangkok dengue 3 virus (CH53489).

power supply (BIORAD, USA). For autoradio-
graphy, the ’P-sequencing gel was exposed to
Dupont REFLECTION Autoradiography film with
the REFLECTION intensifying screen (Dupont
NEN, USA).

RESULTS

The nucleotide sequence of the nonstructural
protein gene (1,610 bases) of the Bangkok dengue

Vol 29 No.2 June 1998

3 virus (CH53489) was determined in forward and
reverse directions following the strategy of the
cDNA template preparation as well as the primer
design for nucleotide sequence walking onthe RNA
genome of the virus shown in Fig 1. The nucleotide
sequence from 6,306 to 7,915 and the deduced
amino acids of the nonstructural proteins NS4a,
NS4b and NS5 of the Bangkok dengue 3 virus were
established (Fig 2). Alignment between the newly
established nucleotide sequences of the Bangkok
dengue 3 virus and the published nucleotide se-
quence of the dengue 3 prototype virus (H87)
(Osatomi et al, 1990) was manipulated by the PC-
DOS-GIBIO DNASIS TM 06-00 software. The
homology of the nucleotide sequences between the
two dengue 3 viruses revealed 96.65 % (Fig 3).
The deduced amino acid sequence from the
nucleotide 6,306-7,915 of the two viruses showed
conserved amino acids of the nonstructural protein
NS4a and 6 amino acid changes in NS4b and NS5

(Fig 4).

DISCUSSION

The primary structure of the nucleotide sequence
from 6,306-7,915 of the Bangkok dengue 3
(CH53489) genome coding for its nonstructural
proteins NS4a, NS4b and NS5 was reported (Fig 2).
Highly homologous nucleotide and amino acid se-
quences were observed among the Bangkok dengue
3 virus (CH53489) and the prototype dengue 3 virus
(H87), (Osatomi and Sumiyoshi, 1990). The ho-
mology of the nucleotide sequences between the
two dengue 3 viruses revealed 96.65% (Fig 3). The
results showed that the degree of similarity varied
substantially for specific coding regions. Align-
ments of the deduced amino acid sequences coding
from the nucleotides 6,306-7,915 of these viruses
indicated that the amino acid sequence coding from
the nucleotide 6,306 to 7,141 was completely con-
served whereas 6 amino acids were changed at the
nucleotide 7,142; 7,163; 7,244; 7,397; 7,529 and
7,718 (Fig 4). Our data suggested that the amino
acid sequence of NS4a protein was more conserved
than those of NS4b and NS5 proteins.

Variations in the dengue 3 genome have previ-
ously been analyzed (Chungue ez al, 1993; Lanciotti
et al, 1994). Genetic evolution among the prM/M
and E structural protein genes of dengue 3 viruses
has occurred independently within geographical
regions where the viruses are endemic (Lanciotti
et al, 1994). Inspite of this evolution, the prtM/M
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Fig 3-Alignment of the nucleotide sequences from the nucleotides 6,306-7,915 on the RNA genome between the Bangkok
dengue 3 virus (CH53489) and the published nucleotide sequence data of the prototype dengue 3 virus (H87).
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Fig 4 a,b—Alignment of amino acid of the nonstructural proteins NS4a, NS4b and NS5 between the Bangkok dengue

and E proteins have retained an amino acid se-
quence similarity greater than 95% over the 36 year
period studied (Lanciotti ef al, 1994). These data

Vol 29 No.2 June 1998

3 virus (CH53489) and the published amino acid sequence data of the prototype dengue 3 virus (H87).

suggest that domains responsible for predicted
flavivirus protein architecture and/or biological
function are strictly conserved. It is likely that the
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random mutation rate for dengue virus RNA is
similar to that of other RNA viruses (Holland e al,
1982), however, the mutations in the dengue 3 virus
genome appear to be buffered by selective pressure.
Dengue viruses, and other arthropod-borne viruses,
seem to have a genetic stringency imposed on them
because they replicate in both arthropod and verte-
brate hosts (Weaver et al, 1991). The sequence
information of the Bangkok dengue 3 virus
(CHS53489) presented herein permits selection of
conserved and variable nucleotide regions in den-
gue 3 viral RNA for synthesis of complementary
oligonucleotides that could be useful in strain typ-
ing and evolution studies.
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