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Abstract. The nucleotide (nt) sequence of the envelope glycoprotein (E) gene of dengue virus type 2 was 
determined by the primer-extension dideoxy chain-termination method for 3 dengue virus type 2 (D2) 
strains which had been isolated from patients with dengue fever (DF), dengue hemorrhagic fever (DHF), 
and dengue shock syndrome (DSS), in Maha Sarakham, Northeast Thailand, in 1986-1987. Their nt 
sequences were essentially the same except for a single silent nt replacement in each DHF and DSS strain 
compared with DF strain. Therefore, these 3 strains possessed identical deduced amino acid (AA) sequences 
in their E protein. The result indicated that the primary structure of the E protein of D2 virus is not 
related to the clinical severity of the infected patients. Eleven nt replacements which resulted in 4 amino 
acid replacements were found to be unique to these 3 Northeast Thai strains. Sequence similarity showed 
that the 3 Northeast Thai strains were closest to the DSS isolate (H) followed by the DHF isolate (D) 
identified in Bangkok in 1980. 

INTRODUCTION 

Dengue viruses with 4 different serotypes (D1, 
D2, D3, D4) belong to the family Flaviviridae 
(Westaway et al, 1985), and are transmitted by 
mosquito bites, of which Aedes aegypti has been 
documented as the major vector species. Most of 
the dengue virus infected cases show acute febrile 
illness accompanied by joint-muscle pain and rash 
(DF), however, some patients manifest severe 
clinical symptom of hemorrhage (DHF) and shock 
(DSS) which is fatal if not properly treated (reviewed 
by Monath, 1986). Besides appearance of 
DHF/DSS, increasing numbers of patients and 
enlarged epidemic areas have currently made 
dengue virus infection a major health problem in 
many tropical countries including Thailand (Hal
stead, 1992). It has been proposed that immuno
pathological mechanisms play important roles in 
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the development of DHF/DSS (Halstead, 1988). 
Particular attention has been paid to the immune 
enhancement of dengue virus growth in human 
monocytes by pre-existing non-neutralizing anti
bodies, which could be produced by the previous 
infection by heterologous dengue virus type in the 
case of secondary infection (Halstead, 1981), or 
could be conferred as maternal antibodies in the 
case of primary infection (Kliks et al, 1988). On 
the other hand, heterogeneity of epidemic dengue 
virus strains has been shown by serological tests 
and at the molecular level. However, it is not clear 
which genomic change may be related with the 
virulence of a particular strain. Recently, Morens 
et al (1991) reported that D2 strains isolated from 
severe cases multiplied better in human leukocyte 
cultures and their growth rate was elevated by 
enhancing antibodies compared with the strains 
isolated from mild cases. Because the E protein is 
the major antigenic component on the surface of 
dengue virion and D2 was shown to be the most 
frequently associated serotype with DHF/DSS in 
Thailand (Sangkawibha et at, 1980), we analyzed nt 
sequence of the E gene for three D2 strains which 
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had been isolated from DF, DHF and DSS cases 
in Maha Sarakham, Northeast Thailand. Altho
ugh similar comparative sequence analysis has 
been reported for strains isolated in Bangkok Me
tropolitan area, none of the strains isolated in ot
her parts of Thailand have so far been analyzed. 

MATERIALS AND METHODS 

Viruses 

The D2 strains were isolated from patients 
hospitalized between 1986 and 1987, in Maha Sa
rakham Provincial Hospital, about 450 km north
east from Bangkok. The MK 42-86 strain was iso
lated from a DF case, MK 244-87 from a DHF 
case, and MK 116-87 from a DSS case, respective
ly. Each patient's clinical severity was classified 
according to WHO (1986) guidelines. These strains 
were isolated from patients' sera by inoculation 
into an Aedes albopictus cloned C6136 cell line 
(Igarashi, 1978), determined for their serotypes by 
type-specific monoclonal antibodies (Henchal eta/, 
1982), and stored at -70oC at the Virus Research 
Institute, Department of Medical Sciences, Minis
try of Public Health, Thailand. An aliquot of each 
strain was transferred to the Department of Viro
logy, Institute of Tropical Medicine, Nagasaki 
University, Japan, and inoculated to C6136 cells 
to prepare seed virus, which was aliquoted and 
stored at -70°C. 

Preparation of virus RNA 

Seed virus was first amplified by inoculation 
into stationary culture C6136 cells in 500 mi bottles 
and infected culture fluid was harvested 6 days 
after incubation at 28°C. The amplified virus of 
50 ml volume was then inoculated into spinner 
culture 0)136 cells of 1 liter volume and the infected 
culture fluid was collected 6 days after incubation 
at 28°C. Virions were concentrated by polyethy
lene glycol precipitation (6%) and purified by 
30-50% sucrose gradient sedimentation (Srivastava 
eta/, 1987). RNA was extracted from the purified 
virion with ISOGEN reagent (Molecular Research 
Center Inc) and resuspended in 40 J.!l distilled 
water. 

Primers and sequence information 

Six primers used in this study were synthesized 
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by an Applied Biosystems DNA Synthesizer Mo
del 392. Their sequences shown in Table 1 were 
selected according to the published sequences of 
D2 Jamaica and S2 strains. The purity of the pro
duct was examined by an ion exchange chromato
graphy (Gen-pack, Waters). When more than 1% 
of incomplete oligomers were found, the product 
was discarded and the primer was newly synthe
sized. The sequence information on D2 strains was 
obtained from the following sources: Jamaica 
(Deubel et a/, 1986); PR-159 (Sl) (Hahn et a/, 
1988); New Guinea C and PU0-218 (Gruenber et 
a/, 1988); Ml, M2, and M3 (Samuel eta/, 1989 a, 
b, c); 16681, D, F, G, H, a, b and c (Blok eta/, 
1989); TH-36 (Shiu eta/, 1992). 

Synthesis of eDNA from viral RNA 

Gubler and Hoffman's method (1983) was 
used with some modifications. The virion RNA, 
approximately I 0 Jlg, was heat-denatured at 
900C for 3 minutes in annealing buffer (100 mM 
Tris-HCI, pH 7.5, 50 mM EDTA, 500 mM KCI) 
containing 100 pmoles antisense primer D2-2474C 
(Table I), followed by quenching on ice for 30 
minutes. Then, 500 mM Tris-HCI, pH 8.3, 80 mM 
MgCI2, 15 mM DIT, 20 mM dNTPs, 60 U reverse 
transcriptase (Life Science Inc), and 145 U RNase 
inhibitor (Takara) were added. The mixture was 
incubated at 420C for I hour for the 1st strand 
eDNA synthesis, and extracted by phenol-chloro
form. The 2nd strand eDNA was synthesized by 
adding 20 mM BNAD, 20 mM dNTPs, 100 mM 
DIT, 8 U RNase H (Takara), 20 U Escherichia 
coli ligase (Takara) and 28 U DNA polymerase I 
(Takara) in 5X buffer containing 250 mM Tris-HCI, 
pH 7.5, 25 mM MgC}z, 50 mM ammonium sulfate, 
250 mM KCI, and 250 Jlg/ml BSA. The mixture 
was incubated at 12oC for I hour, followed by 
220C for 1 hour, extracted with phenol-chloro
form, and kept at -800C until use. The double
stranded eDNA was blunt-ended by 2 U of T4 
DNA polymerase (Takara) mixed with 20 mM 
dNTPs in lOX buffer containing 100 mM NaCI, 
100 mM MgC}z, 100 Jlg/ml BSA and 500 mM 
Tris-HCI, pH 7.9, by incubation at 37"C for 15 
minutes, and extracted with phenol-chloroform. 
The size of the eDNA product was estimated by 
0.9% agarose gel electrophoresis followed by ethi
dium bromide staining. 

Cloning and nt sequencing 

The double-stranded and blunt-ended eDNA 
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Table I 

Nt sequence of the D2 primers. 

Code Sequence (5'- > 3') Position* 

D2-810S 
D2-1120C 
D2-1535C 
D2-1830C 
D2-2143C 
D2-2474C 

AACCTGGATCTTGAGACATC 
TAATCCACATCCATTTCC 
CCAAGCTTTGTCTTCCATCT 
TTCCTGTACACATAGAGTAT 
TGTGCACGTTATCTGTGATGAAGATCC 
TGTGCACGTTATCTGTGATGAAGATCC 

829-810 
1257-1120 
1555-1535 
1849-1830 
2163-2143 
2500-2474 

*Position of nt in entire 02 genome sequence 

fragment was ligated to the pUC18-SmaVBAP 
(Pharmacia) using DNA ligation kit (Takara). 
Resulting recombinant plasmid was used to trans
form E. coli strain JM 109 cells (Hanahan, 1983), 
and transformant colonies were screened by boiling 
methods (Sambrook et al, 1989). The nt sequence of 
the inserted eDNA was determined by the primer
extension dideoxy chain-termination method 
(Sanger eta/, 1977) using the Taq Dye-Deoxy Termi
nator Cycle Sequencing Kit (Applied Biosystems, 
Inc). Briefly, a mixture of 3.2 pmoles of each D2 
primer (Table 1), I 11g of eDNA template, 4 111 
of 5X Terminator Ammonium Cycle Sequencing 
(T ACS) buffer, each I 111 fluorescent-labeled 
dideoxynucleotides (G, A, T, C), Dye-Deoxy Termi
nators and 4 U of Taq polymerase was prepared 
and overlaid with one drop of mineral oil. The 
reaction tubes were placed in a thermal cycler 
(Techne Ltd) preheated at 90°C, and subjected to 
a total 25 thermal cyclings (96oC 15 seconds, 
50T 1 second, and 60oC 4 minutes). Then, the 
excess Dye-Deoxy terminator was removed from the 
reaction mixture by filtration through a Quick 
Spin Column (Boehringer, Germany), and the 
specimen was dried in vacuum. The dried reaction 
product was dissolved in 6 111 each of a 5 : I 
mixture of deionized formamide and 50 mM EDT A, 
pH 8.0, heated at 90oC for 2 minutes before load
ing onto an Applied Biosystems DNA Sequencer 
model 373, according to the instruction manual. 
The obtained nt sequence was analyzed by DNA
SIS version 4.0 software (Hitachi Co, 1991) and 
converted into AA sequence. 

RESULTS 

Fig 1 shows the nt sequence of theE protein gene 
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determined for MK 42-86 (DF strain), MK 244-87 
(DHF strain), and MK 116-87 (DSS strain), in 
comparison with the nt sequence of New Guinea 
C strain as a reference. The 3 strains isolated in 
Mahasarakham, Northeast Thailand, possessed 
essentially identical nt sequences to each other, 
except that a single nt replacement was found for 
each DHF (A - > Gat 873) and DSS (G - > Tat 
882) strain compared with the DF strain. Since 
both replacements were silent mutations, those 
deduced AA sequence of E protein was exactly 
identical for these 3 Northeast Thai strains, as 
shown in Fig 2. When the nt sequences of these 3 
Northeast Thai strains were compared with the 
published sequences of other D2 strains, there 
were II unique nt replacements. Most of them 
(&/II) were transitions and resulted in 2 AA re
placements (M- >I at 96 and T - > A at 359), and 
the remaining 7 transitional replacements were si
lent mutations (Table 2). On the other hand, two 
transversion replacements (T- > A at 249 and 
G - > Tat 480) resulted in two AA replacements 
(N- > L at 83 amd K - > Nat 160). Moreover, 5 
other nt replacements, one of which resulted in an 
AA replacement (V - > A at 491), were shared by 
these 3 Northeast Thai strains and either one or 
both of the 2 other Thai strains isolated from 
DHF (D strain) or DSS (H strain) cases in Bang
kok in 1980, as shown in Table 3 (Blok et al, 
1989). Overall numbers of different nt and AA 
residues in the E protein gene sequence among the 
published D2 strains are summarized in Table 4. 
The results showed that the 3 Northeast Thai 
strains which were analyzed in this study pos
sessed closest similarity to the H strain followed 
by the D strain and Jamaica strain. Sequence 
comparison also revealed that among 3 Malaysian 
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Mew Guinea C ATCCGTTGCATAGCAATATCAAATAGAGAC'M'TCTAGAAGGGG'l'TTCAGG 

~~!~·<u) :::: :c::: ::::::::::::::: ::c: :::::: :G:::: :~: :c::::: 
PU0-218 ...••• , ••••••••••••••••••••.••••.• • • •.•••• 
H1 
H2 
H3 
16681 
0 

HJ( 42-86 
tm 244-87 
J1l( ll6-87 

••• • •••••• • • • •. •• •••• A ••••••• • ••••• •. •. 
......................... -.c .... 

..• , •• , .G .•••••••••••••••• G. 

.................. T ................. . 

so 
so 
so 
so 
50 
50 
50 
so 
50 
50 
50 
50 
so 
50 
50 

Mev Guinea C ACGMGCTCCGTTCACATACTCTTAGMCATCGAAGCI'CT'G'!'GA.CGACCA l 00 
Jamaica .......................... T.... 100 
PR-159 (Sl) ... C .. T. . .... T ..•....•...•.. T. ... . 100 
PU0-218 . • • • . • • • • • • • • • • • • • • . • . • • . . 100 
H1 
H2 
H3 
16681 
0 

c 

MK 42-86 
Hk 244-87 
HJ( 116-87 

....... - ....•........•... T ..•. 

....... c ............. . 
. . . . . . . - ....•••..•..•..... T .. 
................. c ........ T .. 
--------·-------C ........ r ..... . 

................. c ........ T ••... - .•... -. 

New Guinea C TCCCMAAAACAA.ACCMCATTCGATTI"TCMC'l'GATAM.AACAGAACCC 
Ja.a ica ..... T. . ................... . 
PR-159 (Sl) ..... T ....... c .•.. c .......... . 
PU0-218 

H1 
M2 
H3 
16681 

Mk 42-86 
Hk 244-87 
Hk l16-87 

• C ••••......•.••• G ••... .T . 

New Guinea C AAAC.V.CCTGCCACT<."'TAAGCAAGTACTtiTATI\GAGCCAAAGCTGACCAA 
JaiW!Iica .•• A •••• , ••• 
PR·159 (SI) ........ C ....• CT. . ...... T •• A •.••.••• 
PU0-218 ..... C ........ c. ..A .. . 
M1 ..... C ........ C. . ...•. A ••• 
H2 
H3 
16681 

Kk 42-86 
MK 244-87 
Kk 116-87 

..... c. . ... c. 

.. - .. G. 

. . - .. c. 

. . • . . G. 
. . . . . C. 

. c. 
.... c .. 
.T .. C .. 
.. -.c. 
.... c. 

. ...•.... A. 
... C .... T.C .• A .• c . 

.. A •.• ... 
. .A .. T 

.G .. A •.. 
- ••• A •• 

. . . • • A •• 

. - .• A •• 

.... A. 
•••....• A •• . .. 

.T .. 

.. A .•••• 

.. A •. 
••• A •• 

.. A. 
•• A .. 

folew Guinee C CACAACAACAGATTCTCCCTGCCCMCACAACCACMCCCAGCCTA.V.TC 
Jalllo!llica T. . .A .... T. . .G ........ T. 
PR-159 (51) ... C. . .C. .C. . .C ....... C ... G .... 
PU0-218 .A ..... T. .C. 
H1 
M2 
HI 
16681 
0 

Mit 42-86 
Hk 244-87 
Mk 116-87 

.. A .... T .......... T ... G. 
....•.• A .... T. . .C. 

... c... ..A .... T ......... T .. C.... .T. 
•. A. .. c. 

. . . A. .T. . T .. G •. G • 

..•... G .. C .. A ..... T. . .c. 
. ·"-· .T ... . . c. 

T ..•........ A ...• T. .C... .T .. 
T. . .A .... T ... ....... G.. . .T ..... A. 
T... . .A .... T .. .C. . .. T .... A. 
T. . .•• A .... T. . .... C ........ T ..... A. 

New Guinea C AAGACCACCACMMGGTTCGTCTGCAAACACTCCATCCTCCACACAGGA 
Janw~ica .......• c. . ..... A. 
PR-159 (Sl) ....... T. . .... T. . ... A. 
PU0-2!8 .... T. . ... A. 
HI 
H2 
HI 
16681 
0 

H!t 42-86 
MJ( 244-87 
MJ( 116-87 
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.T .. C ..... A. 

.T .. c .. 
...• A •. 

..... T .. C ..... C. 
- ......... T .. c .. 

.T .. G ..... G. 

.....•••. A .. 
•••• A ••••• • •• • 

. ..•• T. . ... A •• 
.•.••..•. A .. 

.•••• A ...•. c. 
. •.. A •.• C •.••. 
... A. 

...•••••• A ..••• C .•. 
••. A .. A .••.• C ••• 
.•• A .. A •.••• C ••. 

•••..• A •• A .•••• C ••• 

100 
100 
100 
ioo 
100 
100 
100 
100 
100 
100 
100 

ISO 
ISO 
ISO 
150 
I 50 
ISO 
ISO 
ISO 
ISO 
150 
ISO 
ISO 
150 
ISO 
lSO 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

250 
250 
lSO 
250 
2SO 
250 
250 
250 
250 
lSO 
250 
250 
2SO 
2SO 
2SO 

300 
300 
300 
300 
300 
100 
300 
300 
300 
300 
300 
300 
300 
300 
300 

New Guinea C TCGGGAAATCCATGTGGA1'TATTTGGMMGGo\GGCATTCTCACCTG'I'GC lSO 
lSO 
lSO 
lSO 
J>O 
J>O 
J>O 
lSO 
lSO 
lSO 
lSO 
J>O 
J>O 
lSO 
lSO 

Jataaica ·····---.c. 
PR-159 (Sl) 
PU0-218 .... C. 

HI 
H2 
H3 
16681 

MK 42-86 
Mit 244-87 
MK 116-87 

.C.. G. 

.C ..... G .. 

.c. 
... c G. 

.... G. 
. . . . . . c. G . 

........ c. 
......... c. 

.......... G. 
•.......... G 

New Guinea C TATCTTCACATGCMAAAGMCATCAAACGMAACTCCTCCMCCACAAA 400 
Ja~~~aica ... T. G. . ........... TG.... 400 
PR-159 (Sl) C.... ...G.G ..... A.T ..... G.. 400 
PU0-218 ..... C.C. .T ..... G.. 400 
H1 
M2 
HI 
16681 

H 

Hk 42-86 
Hk 244-87 
MK 116-87 

.. T .. C. 

.... c. 
...... T. 

c. 
.. T . 

.T. 
.. T. 

...... T. 

... G ........ A. 
.c. ..... G. . ... A .. . 

.... C.. .T.T ..... T. 
... C .T .. 

...... C ........ A. 

...... C ........ A. 
..... G. . ... A ............ . 

............. G. ..A. 
...•. G ........ A. 

.. C. . .A. 
... -.G. 

400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

New Guinea C AC'M'CC.V.TACACCATTGTCATM.CACCTCACTCAGGCGAAGAGCATCCA 450 
Jamaica .T. ..c. . .... A. . .... C. T 450 
PR·159 (Sl) .. C.. ..TC.C .. T. T ........... A. 450 
?i.J0-2l8 ........ C ....... C .. G 4'50 
HI .G. .C 450 
H2 .G. . .G 450 
Hl .T. . .C .... . T.. ..T .. A. ..C .. T 450 
16681 
0 

c 

KK 42-86 
HK 244-87 
MK 116-87 

. T. . ...... c .. 
.. ·- .. c. 

450 
.c 450 

... G 450 
.G. • •• G 450 

.T ............ c... .. .. A. ...C .. T 450 

.T.. ..C. . .. C ....... A .. C ..... C .. T 450 

.T.. ..C. .. .C. ..A .. G ..... C .. T 450 

.T... ..C. . .. C. ..A .. C ..... C .. T 450 

New Guinea C GTCGCAAATCACACAGGAAAA.CATGGCAAGGAMTCAAAATAACACCACA. 500 
soo 
500 
soo 
500 
soo 
soo 
soo 
soo 
,00 
':iOO 
500 
soo 
soo 
500 

JaiiWiica .. A .. T. ·-
PR-159 (Sl) .T .. A ... G ... G. 
PU0-218 .... C •. 
HI 
H2 

lh6t'll 

0 

!11<. 42-86 
!1K 244-87 
!1K 116-81 

.... T. 

.. A .. T. 

. .A .. T. 

. .A .. T. 

. .A .. T. 

. .. T .A .. C. 

.A ... G .. 
A .. G. 

.A ... C. 
. .A .. 

T .. C. 
. ...... T .. C. 

. T. C. 

New Gui.nea C CACTTCCA.TCACAGAAGC.a.CAGTTCA.CAGGCTATGCCACTCTCACCATCG SSO 
Jama 1C4 • AC. 'j'j0 
PR-159 (Sl) ... C. C .. C .AC. T. 550 
PU0-218 ... A T. 550 
Mt . .a. .. A T. . .C.. 5';0 
H2 
HI 
1b681 
0 
f 

H 

!1JI: 42-86 
MtC 244-81 
MK 116-87 

.A .. A. 

. .a.c. T . . .. 

.A. ... 

.AC. 
. .... AC. 

.AC. 

.AC. 

. .. c 

. T ...... C. 

. ,. .. c 

s.o 
C ';SO 

. .A. 'j'jO 

s.o 
"0 
"0 
"0 "0 
"0 
"0 

New Gu1nea C AGTGC1'C1'CCGAGAACGGGCC1'CCACTTCAA'I'GACATGGTGTTGCTCCAA 600 
600 
600 

Jamaica C ...... c 
PR-159 {Sl} .. A. 
PU0-218 
M1 

H2 
HI 
16681 

.c. 

A. 

... A. 
. .. 

... A 

. .A. 

. .. c 600 
.. ............ c 600 

•.. G 
..•.• A ... C ••..... G 

600 
600 

. - ...... c 600 
.. .... C. .. .C 600 

....... A. . .C ... . .G 600 
.c 600 

MK 42-86 
HX 244-81 
KJ( 116-87 

. .A.T ... C. 

. ....•.. A. . ....... C.. .. .C 600 
... c. ..c 600 

.... c ....... c 6oo 
. .c. . .. c 600 
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Nh GuinH C lt'I'GGAAMTAAAGCTTGGC'I'GCTGCACAGGCMTGG'M'CCTAGACCTGCC 
JleNlce ...... c.c ... . 
PR-159 (Sl) ..• A .• C.C ...... . . ..• A. . ... ···"·· 
PU0-118 

"' "' "' 16681 

MK 42·16 
MJ( 144-87 
HM 116-87 

..... T. 
• • . • . . A •••.. T. 

. T. 
...... c.c ..... . 

..... c.c .................. . 
. .•• A •.••• T .. 

......... ., .... 

................ 

........... A •• 
••••••.• C ••••.•••••• A ••••. T .. A •...•....•..•• , •• A •• 

.... G.C. 
..... c.c. 

... c.c. 
. . . . c.c. 

.. A •• 
. .A .•. 

•..•••• , •••••.• A . 

New Guinea C CTTCCCATGCCTCCCCCGAGCGGACACACAACCATCMATTGCATACACA 
J4 .. 1C4 .• A ••.••.•. A •..••• ,.......... . • , , . , , , , , , , , • 
PR-1!19 (Sl) ....•.. lt.... . ...........•. 
PU0-218 .. A......... . .. C ...........••• A. 
Ml A .. A •....••• T.:....... . .. G .........•...•• 

"' Ml 
16681 
D • 

tOC. 42-86 
Kk 244-87 
MJ( 116-8' 

A •• A .••..••• T •••.••••.••••......• C. . •• A. T .CAT •••• 
... A .•...••• A •. 
... A. . .T •.•.••.. . .. c. 
. .. A.. .A ............. . 
••• A ••. 
... A .. 
... A.. .A .. 
... A •••.. A. 
..• A ••••••.. A. 
. . . A ••• .A .. 

... c . 
.T.. .C. 

tlew Guinea C AAGAGACA'M"CCTCACTTTCMAAATCCCCATGCGAACAMCAGCA'fCTT 
Ja-.aic• . . . . . . . . . . . . . . . . .... c. . .A •••.• c 
PR-1!.9 (SI} ........ C ....... C........ . ...... A. 
?'J0-218 .. A. .. .. T .. . 
Ml .A..................... . ....... C 
M2 .... A •. 
Ml 
16b81 
D 

H 
MJ( 41-86 
HK 244-87 
HJ( 116-87 

....••••••••........ C .•.• A •.•..•••••• C 

. A •.••••••••••••••••. 
..•• A ••••••••••••••••• 

...... - .. c 

..••••••.•••.••••••.•.••••.•... C .. A. . .•.••••• C 
...... c ........ . 

......... c ......... . 
................ c .... . 

.C . . A .• A .••••••••• C 

.C .. A .• A •..•••••••• C 
... C •. A .. A •...•••••• C 

650 
650 
650 
..o 
650 
650 
650 
650 
650 
650 
650 

• •• 
650 
650 
650 

700 
lOO 
lOO 
700 
lOO 
lOO 
lOO 
lOO 
700 
lOO 
lOO 
lOO 
lOO 
lOO 
700 

750 
750 
750 
lSO 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
lSO 

Ne-.. Guinea C G'M'GTTM'GGGATCCCAAGMGGCCCCATCCA.CACAGCACTCACAGGQCC BOO 
Jai!Wiica ........ A ....• T... . .... c. BOO 
PA-1!.9 (SI) .... t· .A. ...C. .. ... T.. 800 
PU0-218 ... A. 800 
Ml .... C .. A. . ..... A. ..A •• 800 
M2 ..... <:..A. .. ... A.. 800 
Hl ... C. .A. .. ... A .. G. 800 
lbbRI .A. . .... :T. 800 
o ... A. ..A ..... A ... aoo 

HI< 41-86 
HI< 244·87 
HI< llft·87 

.... A. 
C .• A. 

.. A. 
... A .... T. 

.A. . .T. 
... A .... T. 

T . 

....... c . 
.. c 

. .. c. 
. .c. 

.....•• A •• 
...... A •. 

New Cui nea C CACAC.AMTCCACATCTCATCACGAAACTTACTCTTCACACCACATCTCA 
Jaaaica 
PR-1!.9 (SI) T .. G ....• C.C. . ..• T. 
PU0-218 .A. .C. 
HI ...... A..... .C. 
H2 .... A. .. .C. 

"' 16681 
D 

.c. 
..... A. 
.... A .. 

...... A. 

..... . c . 
.c . 

.. . A. .. .C .. 

MJ{ 42-86 
HK 244-87 
HI< 116-87 

A. • ......... C. 
.... A. 
•... A. 
... A. 
.. A. 

New Gu1nea C AGTCCAC.GCTGACCATCGACAMCTACACCTCAAAGCAATCTCATACTCT 
Ja~~a1ca 

PR-1~9 (51) 
PU0-218 
Ml 

"' Hl 
16681 
D 
F 
c 
H 
MJ( 42-86 
HJ( 244-87 
HK 116-87 

·····"············· 
..... A .•.•.•.•• T •... A •. T. 

........... A ••.... G .••. 
.• A. ... c . 

..... A. .. •• G ••.••.. 

..... A. .C •.. 

..... A. ...C. 
....... A. 

...• A •.....•• C ••••.•. 
...... A ..•••••• C •.••. 

.. A ••.•..••••••••••. 
.••• A ••• ,,, •• , ••••• 

.A.. . .G ... 

.A •.•..•••..•.••••. T •. 

.. c ........... c 

. .c .. c ....... c 

New Guinea C ATGTGCACAGGAAAGTTTAAAGTTCTCMGGAAATAGCAGAAACACAACA 
JaJIWiica .. , .T.......... . .A.. . ................ . 
PR-JS.9 (SJ) 
PU0-218 
HI ..... T .. G. .. .G. 
H2 ..... T .. G. .. .G. 
Hl ..... T. . .. A. .T.C .. T. 
16681 
D 
F 
c 

HJ( 42-86 
HJ( 244-87 

116-87 

. . . . . T .. ••• A •• 

.T. ······"··· . . . . . T. .A .•. 

.T .............. A. 
.. . . T. . • , .A ... 
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000 
800 
800 
800 
000 
BOO 

850 
B>O 
B>O 
B>O 
B>O 
B>O 
8>0 
B>O 
B>O 
850 
850 
8>0 
850 
850 ., . 
900 
900 
900 
900 
900 
900 
900 
000 
900 
000 
900 
000 
000 
000 
900 

050 
0>0 
9>0 
0>0 
950 ... 
9>0 ... .. . ... ... 
950 ... 
0>0 ... 

Mew Guinea C TCCAACMTAGTTATCAGAGTACMTATCAAGCGGACGCTTC'TCCA'I'GTA 1000 
.JaMica ..•..•..•••.••.••.•••..•.••.•••.....•. c ..•.....•• 1000 
PR-159 (SI} •..••••••••• C •• T ••••••••••••••.•• A ...•• C .••••••• C. 1000 
PU0-218 •..••.•••••••••••• C .. C .. G........... .C ......... •, 1000 
Ml .•.• C •••••••••••••• C •••••••••••••...• C •••••.•• C. 1000 
M2 ..• C .•.••••••••••• G ••••••••••.....•• C ..••.•.• C. 1000 
Ml ...... C •• C •..•••••••• C •••••••.......•.• C.· ...••••. 1000 
16681 ......••..•••..•••••• c ...... ' .......... c ........ c. 1000 
D .......•.•••••••••••. C ••••••.•....•.... C. . •... c. 1000 
F .•.••• C .•••..•••••••. C ••••••..••....... C. 1000 
c ...... c .............. c ................. c... 1000 
H •• , ••.•••••••••••••••••••••.• , •..•.•..• C .••••.•••• 1000 
MJC 42-86 .••.••.•••••••••••••••••••••••••••••.•• c. 1000 
HI 244·81 .•....•••••••..••••..•••..••••••.•.••.. c .......... 1000 
Kk 116-81 ..............••.••.•••••••••.••.....•. c .......... 1000 

New Guinea C ACATCCC'TM'TCAGATMTGCATT'!'CCAAAAAAGACATGTTTTAGGTCGC 10$0 
Ja•ica .•...•..••.•.••••••.•.••••••.••.•. · ... c . . c ......... 10SO 
PR-159 (Sl) .•• C .•• , •••••••••..•••. C •••••••••.••..•.... G •• C .•• 1050 
PU0-218 .A .••••.•••••••••••••.••••••••••. l~ ••••• • C .•.•••••• 1050 
M1 .A •••••••••••••••••••• C ••••••••••••••••• C •.••. C ••• 1050 
M2 .A •.•••• c~ ............ C ••••• C •• T •.••.••• C ..•.. C .•• 1050 
Ml ...•..•.••••• A •• C •• C •••••••••••••••••••• C •..•.• T •• 1050 
16681 .......•...•••..••••••••••• -•••••........ c. 1050 
D .A •••.••••••••••••••••••••••.•••••••...• C. 1050 
F .A ....•...•••••• c .............. , ........ C ....• C •.• 1050 
C .A •• , •••••••••••..•••..••••••••••• , •••......•• C ..• 10$0' 
H .........••••••• c ....................... C.. 1050 
Mit 42-116 ••••.•••••••••••••••••••••••••••••••.••• c.. 1050 
MK 244·11 •.......•.....•.. · ..••..• , •••.•.•......•. C .•.•••••• 1050 
Kit 116-87 • , • , •• , .•••••••••••••••••••••••••••••••. C... IOSO 

Mev Guinea C C'I'CATTACAGTCAACCCMTCCTAACAGAAAAAGATACCCCAGTCAACA.T 1100 
JaaaJca. ..•.••••... T ••••• G •••••••••••••••.•••••••••••••••• 1100 
PR-ISt (S1) .• , .CC ..•••..••••••• T •••.••••••• G .• C .• T.... 1100 
PU0-218 •.••• c .............. T •• G •••••••••••.....•••••••••• 1100 
HI ..•.• C •••••••••••••• T •• G •••••••• C .• C •..••••••••• C. 1100 
M2 ..... C .....•...•••.• T •. C ••••.•.. G .. C. . ..••• C. 1100 
MJ .T. . .TT .... C................. 1100 
16681 ........ T .. c.... .... uoo 

........ T ..... G ....• C......... 1100 

!) ;!~~:7 
MJ{ 116-87 

.•••• C •.•.• A •.•••••. T •• G •.••.•••.. 
•...• C ...•• A .••••••• T •• C ••••••••.•.. 

...... T ..•.• c .............. . 
.•••. T ••••• C •••••• C •••••• 
. •••• T ••••• G •••••• C •••••••••. 

...••. T ••••• C •••••• C .••••••. 

liDO 
. .. A •• 1100 

1100 
liDO 
1100 
liDO 

New Guinea C AGMCCAGMCCTCCATTCCGAGACAGCTACATCATCATAGCACTACACC II SO 
Jaaeica . . . • . • • • • . • • • • ••• . . • . . . 1150 
PR•l!J9 (SI) . . . . • • . • • • . • . . • • • •• • • • • •• • •.. ••••.•... . .C •• A. 1150 
PU0-218 . • • • . • • . . •• •• • • • • • •• 1150 
Ml ... C...................... 1150 
M2 

"' 16681 
D 

c 
• 
Mit 42-86 
Ml 2CC-87 
HJ( 116-87 

.G ....•••• A •• C ••••••• , •.••••• 
......... C ••••••••••••••••••••••• A •• 

ll50 
•••• A ••••.• 1150 

1150 
I ISO 
1150 
llSO 
1150 
1150 
I ISO 
1150 

Mew Cui nee C CCCGACMTTCAACCTCAACTGCTM'AAGAMGCAACTTCTATCCCCC.U. 1200 
JaNica .. A •.•••..••.•••. , •••••...•. C. 1200 
PR-159 (51) .A ............. CC ....... C ............. C. 1200 
PU0-116 ....... C................... 1200 
M1 .• C. . •••••••••.•••••••••.••• , . 1200 
M2 .. C ....... C..................... . .T. 1200 
Ml ..... A ... C ....... C ............. C... 1200 
16681 

G 
H 
MK 42-86 
HK 244-87 
Kit 116-87 

. .c. 
... A....................... .C. 

.c ....... ············ ......... . 
.••• C.A •.••••••••••.•••••.•••.•. 

... A .. A..................... . .C ... 
....... A.................. . .C. 

. ·"·........ .. . . .. . . . . . . . .c. 
···"··················· ... c. 

1200 
1200 
1200 
1200 
1200 
1200 
1100 
1200 

Nev Guinea C A'l"GATTGACACMCAATCAGGGCAGCG.U.CAGAATGGCCATTTTAGGTCA 1250 
Ja-.ice .•. T .••.•.•.••••••• A .••••••••••••••..••...•• , •••• 1250 
PR-159 (Sl) ... T ......................... A... . ....... C .. C .. 1250 
PU0-218 .•• T .•.............•••. c....... . .c ..... 1250 
Ml ..• T •••..•••.•••.•• TA •• C.......... . •.•.••. CC •.• , 1250 
M2 . · .T .....•.•.....•. TAC... •• • . . . . 1250 

MJ · · .T. · · · · · · · ··· ..... A.·······...... . ........... , 1250 
16681 ..• T ......•...... , •••.. C .•. 
0 ..• T •..••• ,, •••••••• A •••••• 
F .. T., ........•...•.•.. G ........ . 
G ... T ................... C ...... . 
H •.. T .• , ••••.•••••••• A ••••••••..••. 

1250 
uso 

. .. c ..... 125-0 

. .. c ..... 1250 

MK 42-86 ... T •..•••• , •••••••• A •••••.•• A ••..•....•...•..•. , 
1250 
1250 

Kit 244-87 ... T ••.••.••• , •••••• A ••••••.• A •.••.•. 
Mit 116-87 ... T .••• , ••••••••••• A •••••• , . .\ .... 

1250 
1250 

New Guinea C CACAGCTTCCCA'I'T'M"GCATCCCTCCGAGCAGTCTTTA(ATCTATAGCAA 1 )00 
JeMica. ...... c ....•..•...•••............................. 1100 
PR-159 (Sl) .. c .............. T ............ C .... A. 1300 
PU0-218 ..••.. c.......................... 1100 
M1 . · · ... C.......................... 1300 
M2 ...•.. C ...•.•... C................ 1100 
M1 ...... C. 
16681 
D 

G 

H 
MJI: 42-86 
I« 244-87 
HK 116-87 

...... c ............... T ... . 

...... c. 
... c. 

...... c. 
... ( ......................... . 

...... c .. . 

...... c .. . 
.c . 

1100 
1100 
1100 
llOO 
1)00 
I 100 
1100 
1)00 
llOO 
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SOUTHEAST ASIAN J TROP MED PURLIC HEALTH 

~=~~~!nea C AGGC'tCTCCACC.V..GTTTTCGGAGC.V..TCTAT'GGGCCTGCCT1'CAGTCGG 1 JSO 

PR-lSCJ (Sl) •.• . .• .-.G ••... T .•......... C .• ··::~--T ...... ~~50 

:r-"· : :< :::::t~::::::. · ::: ::::: ;:g 
~!681 .. A.. . ...... A •. ············· .. T... 1350 

_,._:·:::::::::::~::~:::::: ··::: ...... T .. :::: ~~~~ 
G 

MK 42-86 
HX 244-87 
HK 116-87 

.A.· ·.C .. T. · · ·..... . .A.- .......... 1150 

.A.········ •- ··.C •. T. ·· ·... . -.A .. - •........... 1150 
...... A .... T.. llSO 

..... T .. -·· llSO 
.. ------ .T.. 1150 

- .T. 1150 

~::::., ~~! nea C GTC'i'f:ATGGACTA.TGMAATCCTCATACGAGTCATTATCACATGGATAGG 1400 

PR-159 (Sl) ···············::~:-····· . ..C. ········ 1400 
PU0--218 ..... '.' ..... T .. C.············. 1400 
Hl .. T.. ''' .... '· · · · · · ·- · · · · .. 1400 
M2 •. T.. • · • · · ••• 1400 
Hl · · · · · · · · ... 1400 
16681 .. T... . ............ C .. T .... C ···.c .. C.·· .. 1400 

0 .. T 1400 
F .. T.. . .C.." ..... · · · · · · · ·•· · 1400 
c 1400 

1400 
1400 
1400 
1400' 

MK 42-Bt. 
HIC 244"-87 
KK 116-87 

••••...••••• A ••• 

. . . . . . . . . c .. 
. . c .. 

. . . . . . . . . . . c ............. 1400 

~:wiiWI:~!nea C ~~~~~~~~CAC~~~CTCTCTCACTAGTATTCGTGCGAC 1450 

:~~~~ 8 (SI) .. C .... T ..... A ..•.. G •........ G ... ·~·:::::~ ~:~~ 
Ml .................. C. · ... A 14';0 

H2 ..... C.. ··· ... A 14';0 

Hl ..•.. :~.:.::::::: :~:: · · · · · · ····· ..• A 1450 
16681 · · · .T. · 14';0 
~ ............ T.. . .. :~:: ··.A · · · · ............ A ~:!~ 

:::~:::······· ......... C ..... C.. . ........•. A 1450 
· • · .G ... A 14';0 

KJ( 42-86 
KK 244-87 
MK 116-87 

... A •• ··:::~.:-·:::::::~:. 1450 

..... :::::~:: ........ c. ~:~~ 
····.G.· 1450 

~=:a~~!nea C TCCTCACCCTCTATTTCCCI\CTTATCCTCCAGGCC .. 

~~~~;;.est 1 ·· ·· ·: ::::. · :~~: · ·:: :~: _ ....... · · .r .. 
- .i .. A .. A... . .. c .. 

Hl .T ..... A... . .. C .. TCT .•. 
~~ .T .... A.. . ...... C. 

• •.• A .A •..• C ...... CC ....... C .. 
16681 
0 

KK 42-86 
MK 244-87 
MK 116-87 

.T ..... A.. . ....... C .. 
· ... A .. A .... C ...... C. 
.T .... A ............. c .. 
.T .... A.. . .C 

... A ...• C •. . .c 
•• A •• A •••• C •••••• C •• 

· ... A .A .... C ...... C .. 

. .T .. T .. 

•. A .• 
. .T .. 
. .T .. 

· ... A. A •... C ......• C ........... T .. 

1500 
1500 
1500 
1500 
1500 
ttoo 
tSoo 
1SOO 
1500 
1500 
1';00 
lSOO 
1500 
lSOO 
1500 

Fig 1--Nt ~quence of the E protein ge~e of 02 strains. Abbriviation of strains and sources of the sequence infor
matiOns was shown m the Matenals and Methods. 

strains, the M3 isolated from a DF possessed the 
highest similarity to the 3 Northeast Thai strains. 

DISCUSSION 

Heterogeniety of the epidemic D2 strains at the 
molecular level has been analyzed by oligonucleo
tide fingerprinting (Trent et at, 1983, 1989), 
eDNA-RNA hybridization (Biok et at, 1984), 
antigen signature analysis (Monath et at, 1986), 
hybridization using synthetic deoxyoligonucleotides 
(Kerschner et at, 1986), restriction enzyme map
ping (Walker et at, 1988), and more recently by nt 
sequencing (Blok et at, 1989; Rico-Hesse, 1990). 
These studies demonstrated that D2 strains could 
be classified into several geographical types (or 
topotypes). However, it is still not clear whether 
any particular molecular changes are associated 
with the pathogenicity of DHF/DSS. Comparative 
sequence analysis of the E protein gene of several 
D2 strains by Blok et at (1989) indicated that 
certain AA replacements, such as I at 308 and A 
at 491, were observed in 2 DHF/DSS strains (D 
and H), while V was found at these positions in 
remaining 2 DHF/DSS and 6 DF strains. In our 
analysis, all 3 Northeast Thai strains possessed I 
at 308 and A at 491, indicating that these AA re
placements may be characteristic of certain local 
strains but not of DHF/DSS strains. The fact that 
a Malaysian DF strain, M3 and jamaica strains, 
also possessed I at 308 supports this possibility. 
Therefore, it is difficult to imagine that a certain 
AA replacement in the E protein is related with 
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severe or mild clinical manifestations of the D2 
virus-infected patients. If the clinical severity of 
the D2 infection depends on the growth capacity 
and the enhanceability of each viral strain in hu
man leukocyte culture, (Morens et at, 1991 ), such 
biological characteristics may be determined by 
viral gene sequences other than that of the E pro
tein gene. All 3 Northeast Thai D2 strains which 
were analyzed in our study had conserved poten
tial glycosylation sites (NTT at 67-69; NDT at 
153-155), as well as conserved type-specific hyper
variable domain (GADTQGSN at 223-230; Shiu 
et at, 1992). Among 4 AA replacements unique to 
the Northeast Thai strains, 2 mutations (N - > K 
at 83; M- >I at 96) were present in the Rl region 
(AA 1-122) which was postulated by Nowak and 
Wengler (1987) for West Nile flavivirus. While the 
remaining mutations (K - > Nat 160; T - > A at 
359) exist in L1 and L2 loops, respectively, the 
implication of these AA replacements for the anti
genicities or biological characteristics of D2 strains 
is unknown. However, they may elicit strain
specific antibody responses which could be observed 
only in certain epidemic regions like Northeast 
Thailand. Another AA mutation (V - > A at 491) 
was shared by these 3 Northeast and 2 other Bang
kok strains isolated in Thailand, but may not exert 
so much effect on the antigenicities, because it is 
present in the transmembrane domain. 
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E PROTEIN SEQUENCE OF 02 VIRUS 

Nev Guinea C MRCIGISNRDFVEGVSGGSWVOJVL.EHG-=vrfMAKNKPTLDFSLli(TEA 
JU~otic• 
PR-159 (Sl) 
PU0-~218 

H1 
H2 

. L. 

H) .V ..•• , 
16681 ..... M. 
0 

MK 42-86 
MJ( 244-87 
HK 116-87 

Hew Guinea C II:QPATI..RII:YCIEAJ(LTNTTTDSRCPTQCEPSLMEEQOKRfVCKHSHVDRG 
Jaaaice. .. E ... ,.... . .L. 
PR-159 (Sl I .T ...... . 
PU0-218 •.. E ••. , •.••••••••. 
H1 
H2 

.£ .. - .. L.
.. E. 

.. L. 

Hl ....... S.F .•.•••. ,£, .... L ..• , .•. , ••.. Lc 
16681 ... E.. . ........•.. 
0 ...... E ........••.•••••.. L. 

..... H. . .. E .. 
G .••••• E ....•............. L. 

... £ •.... 
KK 42-86 
Hit 244-87 
KJC 116-87 

... E ........... K.... .1 .. 

... E ..........• K....... . .. I ... 
......•. E •.••.•.•.•• K ••••.•...... 1 ••. 

flew Cui nea C WCliGCCLFCKGC IVTCAMFTCkltNMKCP.:VVQPENLETT 1 Y I TPHSCEEHA 
JaM lea ...... E .... L •..•..... 
PR-159 (Sll .....•.. E .. I. ........ V. 
t'00-218 ........ E .............. v .. 
HI .••• [ •. I •••••••••.• V •• 
M2 ..•. Q ••. E •• 1..... .V. 
Hl ...•.. E .. F.H ....... . 
16681 .. R ...•• E •. 
0 .... E .• I .... . 
F .... F.. . ......... E .. I ........... V. 
G .... E .. I....... . .V .. 

HX 42-86 
MJt 244-87 
HX 116-87 

......•• E .. I •. 
.... E .. I ..... · .. · 
.... E .. I •..•..•. 
... £ .. J •••..•••••. 

New GuinN C VCNDTGKHGKEIK ITPQSS 11'f:AELTGYGTVTMECSPR1'CLDFNEHV.LLQ 
Ja-.sica 
PR-LS9 (511 V .. 
PU0-218 
H1 
H2 
H1 
16681 
0 

H 
MK .-2-86 
HI{ 244-87 
HK 116-87 

. . . L .. 
.. ·r .. 

....• V. 
••• V. . •• A 

..... v .. 

........ N. 
.•••• fril. ... 

. . . . D. 
. . . . . . o. ... t •. 

.v. 

!'lew Guinea C HEI'IKAWLVHRQWFLOLPLPWLPCADTQCSHWIQKETLYTFKIIIPHAKKQDV 
Ja.aica .• D. 
PR-IS9 (51) .KO •. 
PU0-218 
H1 
H2 .... KLD. 
Hl .. D. 
16681 
D .0 .. 
F 

.. o .. 
MK 42-86 .. 0. 
MJ( 244-87 .• o. 
HK 116-87 .D .. 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

150 
150 
150 
150 
150 
150 
150 
150 
ISO 
150 
150 
150 
150 
150 
150 

200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

New Guinea C VVLCSQEC.\HHTAL'I'GATEIOMSSCIIILLFTGHUCRLRHDKLQLKGHSYS 
Ja~~~aica 
PR-159 (Sll 
PUO-~ 18 
H1 
M2 
H1 
16681 

Hk 42-86 
MJ( 244-87 
HK 116-87 

.I. 

. • • . Q ..•.. A. ... I . 

Mev Guinea C MCTGKFitVVItEIAETQtiCTIVINVQYEGUGSPCKIPFEIMDLEilRHVLGK 
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Fig 2-AA sequences of the E proteins of 02 strains. AA sequences were deduced from the nt sequences in Fig I. 
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