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1. &udsuncoating process : Yuapuiilnsams hildimsfnyuiioannasii
a:ﬁf}mﬁuﬁ'ﬁ“"lumsﬁuszmumiﬁmfinﬁ'mﬁmmmmm‘lumiEu’m]”ammti‘lunimm
endosome  SNAP #il$lumimaansiimiouliegiuanmiit pH dunarefiodszine 7-
7.5 limsiawanmanuilunsavelendosome
2. fufamsyanuea RNA polymerase: (fipa1nwudinmsadia RNA nie
transcription annsediitud iy malasanisaminsnaasaiagunumyaaluadneon
laaromsiinuves RNA polymerase voalialdidenssn (NS5)
3. fufamisvanes protease: iiisananunisadaalusiuanama
Tasamssoiimsdnyiunuimuesluasnaan laddomsiianuvoa protease voalaia

ifoanon (NS3)

nansnaaol ludmiinui lunsneenladlinadudanisvinauyes RNA polymerase
& v . ¥ o, . .
Fanaoulaonis 19 cellular replicase complex 1azn131% in vitro replicase assay lau
7319 purified NS5 uazidionagovunumyesluasn sonlydne NS3 Taunis1¥ enzyme-
coupled NTPase assay ttas NTPase assay by TLC iwunluasnoenlediinanenis

4 t‘ . -
vimvea NS3  nanlavagilie luaSnoon lyatuiimsmisimiuvedlaldifeasen
Taududan1sniauves NS5 n58 RNA polymerase
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- - ¥ & . - /e o, P
o 1hfaludln mMeaanudidguealuasneenlanasniiuiuusavealsa Saimsdnm

o ow o o ar ] ] W ¥ ' .
anuduiusvelunineanlsddueintsveslsn Tauianguiihudiu primary DF,
primary DHF, secondary DF uaz secondary DHF 'lﬂwumilﬂﬁuuuﬂmadnﬁﬁuﬁ1ﬁty1u
] ¥ 1 . P W o -, -.
nquihy primary DF, DHF uaz secondary DF uandunudiuwluainoenladandias
puniiod Wy tussudi fever day uas defervescent day Tudilau secondary DHF uiaz
4 o o ] a - ] =

diefinmnarmdiuiszudiinlSnaluadneenled Mudiho secondary DHF uaz/Sina

viral load TussHin fever day, defervescent day uaz convalescent day wunmsilsfy
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nsfAnunumyedluasneenlsd lusia Jusnnathmunomsszaoudmio @ iAo nitric
a4 v & a ' a o v my A o y - .
oxide N3 139U Tunananaass Junumasnismuimauved 1isaldideaseniinonuininaulanie
[ » + '
&1 nitric oxide Hununaemamusuunmiudu T uvenela (ransmunieduasunismy
»
31U9U), nitric oxide YUNUIMAD DF 1182 DHF isolates UANAIINUNTD 11 18T nitric oxide TUNUIMABTY
. . - 3
aoulatu replication cycle lavesh3a ltidennen

NTNANDAIUBTHANTINADB

4 . sy 3 e = v ¢

mevrapufniudau Iasenis 1aninsanyl Iao14e@ad mouse neuroblastoma cells (N18 cell)
& e o LY A e [T v o ’ = a 4’ a I s . '
Fuduraan 13 lidoasenmui i 1da nazwadaananluaniiz e 195 a3 149 nitric oxide Ty

v AW v & - Y] ¢ A ya o a

seduf lamnsoasavaenld Savuzfiee 1914 rget 1vad ivanndidvannsoniunmliuves
nitric oxide Nyziduasluvasanaan1dnIudpInis Auiunisnaasalaw infect 1408 N18 #20 DF uaz
DHF isolates LIaZI@W nitric oxide donor (SNAP) 38 control compound (NAP) Annmuidudusiag fu iy
waduaz supernate vnsAny S ialy supernate A plaque assay, Tagman RT-PCR, 7773

. »
APUAINAINITOUD nitric oxide THAITaANISINNIMI IUTFUADU transcription A28 RT-PCR

»
L]

1 4 -
Hansnanesayl1Adiine
. L, - & e a v & = ¥
1. nitric oxide Hunumlumsnanisuswuves 135a 1didenoenfiuenvinauld
2. unuImluAITNANIIUIIUINYEL DF 118y DHF isolates IMINN1INAABIAUTUNTS 181U
; .
Ytz iy DF sensitive A0 nitric oxide ¥INRNT1 DHF  u@pg121s $1uau population
AouUT1IoUMIaIAUNUNIAD

3. WUUNLINUDA nitric oxide ABNTT 319 RNA voe 1754
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pon Taolurn 1 Yusnyaimisenuiluvasanansanwasvzaouminiuaine 114
1. nitnc oxade 31N exogenous nitric oxtde donor NunumAsnsuiLIuYea T
L | a L ‘4 L]
Tifeaoannuunuivinaulawse 1y
2. &1 nitric oxide TTumumasmMsuI ULy Gy lufemafnanisivu

SIUMS A UTTUNITIRNS LY

» » - ¥ N
3. vunsulunismus e iiavunsulanign effect 10 nitric oxide
4. nitinc oxide UHAAB DF LAy DHEF isolates 'lua"ﬂym:sﬁmﬁun?a'lﬁ
NISAUHUATITIVE
-sy - Y & b . & d’ - Y- o
1. miuoniye hialdideasenan serum Ai0: Yiimsuonidelaia 2 354e
N dy [ » - -
1.1 HunEe 15010 serum 10019 C6/36 cells - 111 serum Aulduh I¥i99919820

pmstRsawad C6/36 Tudasdau 1:100 u§234 inoculate AauN C6/36 AAAILuY
snvuzvouradnasulasluiteiu 131y supemate (fio CPE ifinagiugag
90-100%

12 uonien serum 10o19ge : §a serum $11u2u 10 pl aalugs Toxorhynchitis
splendens ﬁﬂﬂWUleHf'i'lﬁyilUWUQ»lUNﬂ:'JmélJﬂw vivganuauaziuen cell
derbris 1) supernate #1817 inoculated aslu C6/36 ua:ﬁﬂmu@mﬂﬁﬂ CPE 1AV
19371 supernate 1538 CPE Uszaunal 90-100% as29vitl3una hiadiuen 18w
plague assay

2. 138314 nitric oxide 1AY N18 cells lﬁ.E].lﬁ’;U nitric oxide donor:
111 N18 cell cultures U3 treat A0 nitric oxide donor ﬁmmn’fmfu 50, 75 uaz 100
pm Hazify supernate 1432919879199 ft EM IS0 NO,/NO, lusmsdoasadaa

Griess reagent

3. MIANYI toxicity Y84 nitnc oxide @O N18 ;:ells Tao MTT assay UDT trypan blue exclusion
Trypan blue exclusion : l:d:UQ N18 cells 111 6 well tissue culture plate LAZIAN nitric
oxide donor (SNAP) in1mududs 50, 75 tar 100 um MAOY viability veusad lnvdou

&8 trypan blue dye Haz3ATILAU viable cells FuThuradi lifad
MTT assay : Bouwad N18 11 96 well plate AUNF19IA treat (FAAAI SNAP 7

AU LAUA1Iq 1i9MT treatment A3V 0, 12, uay 24 $3T19 AN 50 2l of MTT solution

(1 mg MTT jn 1 ml PBS) aatuudaz wau incubated #i 37°C_Huna1 4 $231ua memns



Fouvadoonuaziiv 150 1l of DMSO 11192210 MTT-formazan product (1AZ ARV
($uv3di 540 nm
MSANYIUNYIMYDA nitric oxide ABM IS NYEs 123 e 19id0R00N -
W1 NI18 cells uuﬁvuﬂu 6 well culture plate LAENINI5 inoculated culture awsa
Annududuuana il 1azss weat 1sad A 18305 0420 SNAP M50 control compound
(NAP 158 media) i supernate TonnlSualadw plague assay 130 TagMan RT-
PCR
AINYILNUINYDA nitric oxide AB transcription ¥4 125 Wideanon :
Y1 N18 cells 7 18700 125 100z treat SNAP 30 media v hinainisads
RNA v091957 1atld RT-PCR Hadunoudero il
5.1 15180 cytoplasmic RNA 10619 Urea-SDS extraction ﬁTl‘ﬁﬁﬁﬁ15ﬂ‘lﬂﬂ‘l‘i treat
U1 lyse A lypis buffer (100 mM TRIS-HCI, 0.15 M NaC:lﬂ, 1.5 mM MgCl12, 0.655
NP-40) Tunon nuclei 09NN cell lysate #1139 800 g 5 WIh afa RNA 890
910 cell lysate Tae19 urea buffer {10 mM TRIS-HCI, 7 M urea, 1% [W/V] SDS,
0.35 M NaCl, 10 mM (DTA) AR phenol: chloroform: isoamyl alcohol
extraction (50:50:1) ANAZNDU RNA tu aqous phase Trols isopropanol RNA
finnaznou1dinnazaiwlu DEPC-H,0 tunsdiuves RNA 718119 ums
@313 cDNA

52 1581313 cDNA strand : 17 10 pg of RNA NIHTUYLIUNIS reverse transcription
“éd reverse transcription reaction Us2NOUAL 10 Ug RNA template, 0.5 mM DTT,
1 mM of each deoxynucleotide triphosphate, 1 unit RNase inhibitor, 2.5 units of
AMYV reverse transcriptase, randomhexamers LLIDY reverse transcription specific
buffer 117 reaction 1 incubated ﬁ 42°C tuian 1 v llﬂ:ﬂgﬂﬂﬁﬁ?ﬂﬂﬂumi
(AN stop solution 38 M13M 139913188 100 Wl of d H,0 cDNA #i laszgmin -
Ty template M U PCR amplication

5.3 msvﬁuﬂ?mmmsﬁ'um;nsmiﬂu PCR Reaction : 11 cDNA 11411 amplify Tau
1%/ 50 1l PCR Reaction #91/52neuTUd21 5 g cDNA, 200 M of each
deoxynucleotide triphosphate mixed, 1 pM of each specific primers, 1.25 units of
Tag polymerase ltaz PCR buffer 11 Reaction ﬁ incubate 'lum?m Gene Amp
PCR system Tnolddunnulunis amplify prM gene o123 18idon00ndat

predenaturation 95°C 1 1.11'?1, annealing 55°C 30 fl‘lﬂﬁ, extension 72°C 30 uh



Hamanaaey

1.

10¥ polymerization 72°C 3 Wi luns Y}ﬂﬂﬂﬁﬂ'izﬂfql% B-actin gene I\ internal
control
54, Confirm Ha RT-PCR 1181A0 blotting and hybridization:
vi1 PCR product ﬁ"lﬁ’muun'iﬂu agarose gel electrophorsis 11013
denature L1OY neutralize PCR . product Tu agarose gel lI0Y transfer PCR product
auULHMLTY Taoly capillary transfer method Y1013 immobilize PCR
product AUHWIULUY 1ol UV-crosslinking 11a2¥1115 hybridize PCR
preduct 10014 *’P-labelied specific probe Ad prM gene.. AIUNAY hybridization
AILHUINNIULAIU 2xSSC, 10% SDS 1az 0.1xSCC, 0.1% SDS 1A
autoradiograph UH X-ray film
55 ATIVTEAUATA3 prM gene 1aufSouifoudy B-actin gene -
Y1WQ hybridization AUTINGUMLIHY I'X"—ray film 18mAImTuulay
(1594 densitometer tANTIAMIA ORI vUfousT et U prM
gene AD P-actin gene 1avAnuoonuuuniiovas
MIMIUTUNY copy number UBITISHUENTTUYDA 1237 14ideA00N TAU TagMan-RT-PCR
(real-time fluorogenic RT-PCR}:

B0a T3 1908 0n00n 11 N18 cells UAITAUAY nitric oxide 1y supernate 71177
a9 i wazthum il s aiimus ey culture udaonsmliue copy
number YOIXIUWUENT I Tﬂuﬁifumauﬂan F35 afia RNA 910 supernate LALYIWUL
T:_T:im’mﬂ'li reverse ranscrption Taold dengue anti-sense pnimer  ¢DNA product 'ﬁ‘lﬁi}:
vy template 11 PCR reaction 1au1n3 61 50 ut PCR reaction ﬁ\lﬁ’ 2pt cDNA
template, Spl 10x Tagman buffer, 2l 2.5 M dNTP, 4ul of 25 mM MgCl,, 0.2 uM sense
primer, 0.06 M anti-sense primer, 0.02puM internal fluorogenic probe, HAT 1.25 units Ampli
Tag Gold DNA polymerase PCR condition B 95°C 5 W1 1az 95°C 15 IU% tiaz 60°C
1 W% $9U2U 40 cycle  PCR amplification TﬂUlﬂ%‘Uq Gene detection system 7700 (PE
ABI) $1uaumoiugnssuesfululaonlSoiniuuiy standard 1at degue genomic copy

standard 1#51910 WRAJR.

mMsuun 13 a0 serum G0 - Awliunisuon 2 95de
11 uonlaialauld C6/36 cells : Winsuonlavindnuiluoalfidnsveaia
¥ . b d dy - - [l
MU1IATIN15 1A0NTS dilute serum A0S0 15 aludastaau 1:100 (serum:

qy L o 4
9IM15180UwAA) LAZIAN 1 ml Y83 serum 1 dilute LAIAIUU monolayer culture
hJ .



o :l' & [ o
VD4 C6/36 cells incubate US| ¥U 1Y media HALIRAUAFAAAINGIIN 37°C
[ 4 v o
wuwasmonuaniolu 24 v, MadudukauInINNITNIILLes complement
#0g1u serum 38MsHIalFIuNsuon 1 a91n serum A1 lu14 ualusios
o s 3 Yoot d’ »
dguamsviaraansalsisnnila
1.2 llUﬂ‘l‘ﬁﬁTﬂU'l‘l,i’QJ : 9 serum 1971 1y Toxorhynchitis splendens aeullia
musuaulugs (Guaoutiauiunms lnodimiives AFRIMS) wazmn/Sum
T¥aonganualaols C6/36 cells wuiritnistlduonhialdd Tasanlsyly
P - -:’: San dy .:.l o Bt 4::
asany lulasanis Roiinsmuauon laoleinst wazmion)suia T5ah
[ . o o ' ' [
amplified 1u C6/36 15ad 1AY plaque assay wunTwia 1weglugsasening
10™-10" PFp/m/
NATDY toxicity YOI nitric oxide @0 mouse neuroblastoma cell:
a4 ° ] a NP ° « ) . &
MBMINTINATBUIY SNAP HUNUIMABMNI TN INIUYDRFDAUAY cell viability M58
' . o aa a »
T Savinsidos N18 cells Ty culture 18 SNAP TANduU 50, 75 uaz 100 UM LAz
an1All NAP Jaududy 100 UM 102AARINNITI 191D mitochondria 790 MTT
assay HazARA I cell viability Tauly trypan blue exclusion INHANITNARDIAAEAI Y
5UR 1 18z 2 WuI cell viability Tunn condition TUNANUANATIY SIUTIMINATDY
[ o . , ' P
HAYDA nitric oxide ADNITN ULV mitochondria AWV 1 SNAP LAz NAP % 1¥1un1s
=~ 1a ] v N . = ¥ - b % :
Anw1lufiunyImaen15v1a1uwee mitochondria $aar51l1a21 SNAP Aldlumisnaasiss
ug 50-100 UM hiliHaA cell viability 11AZA151131U YO mitochondria
15119 nitric oxide fa3131a0 mouse neuroblastoma cell Juan1E treat A28 SNAP
NABTUTUAT (U
< Y -
i supernate %10 N18 culture W treat A8 SNAP W1 50, 75 uaz 100 UM 11A37%
1S w1 stable product ¥4 nitric oxide (NO,/NO,) 196 Griess reagent HAN1INARDIAS
o P o = J ¢ 4 3
uamalugy® 3 Ao USuna NO/NO, RUAUANTZUZIAIYEINS treat 10 Faaaaln
- 3iuTins a3 nitric oxide 8OALIVUNA accumulation YBI NOYNO, tazwuinlTuiw
a S F e aa - a
nitric oxide Ao EPNUMIUVUNAVLI UM SNAP 1 laaalu culture D culture 71 treat 220
P . yol 4 = - =
SNAP 50 pM @314 nitric oxide AR 1gABRuuNY culture N treat 20 75 LAz 100 UM
SNAP
b= - } 3 .. . aa 4' @
ANBITEAVATSE314 nitric oxide 10 N18 cells luaniizhaaio 13 :
wolduilanluanzhaaiFonsad e nitic oxide o2 Tiidouniasdaiins
naaoulav infect N18 cells @20125aR MOI1 0.1, 1.0 naz 10 1WSouRsudumsads

.. . v - o . } o - - P
nitric oxide MINAAYNA TaEadhign infect tazivadUnasy 145y SNAP Hanumdudu



I~ [ -~ - -
50 LM A1 supernate 1WA U Laza339M 310 NO/NO, HANISNATBUA
ueraslugui 4 wohluegniasRaase N18 cells 53039313 nitric oxide T8 TulSmaniioy
[ o o,
minuraalng
ANYIUNUINYDA nitnc oxide 70 kinetic of replication:
INONATOULNUINYDA nitric oxide ABNTTIANI UYL 15 1didenooniins
) v o faa A
infect N18 cells A20 12589 MOI 1 1Az treat LA0aNAMTOA I SNAP 50 UM U358 NAP 50
-~ av 'd o o ° = -
UM M3 IMSIA0ATAAUNA 1A supernate M9 3 31 wanihildwidSinalSalae
plaque assay fauanalugUil 5 SNAP s0pM 15U nitric oxide WINWBNYE delay N5
mudwanbhyadszw 3 $2ue ualuszozMisveanisnaass samuisaryd ou
; <4 -] -~ a e P 1o R .
Yumdaszaudonumsmus i luen12z 7 183 nitric oxide
d‘ v ) 1 A . ad n- . [ [ ’ 3
o 111119791 nitric oxide Hunumlunisnanmismusiauves e Lifvaus
a e B A ". & Y] P v W £
delay Msuimumniu 39iinsinu lavldy SNAP finnududugaiu Tag treat
PR 4 - v a v oy a .
radnamse 1135aA20 SNAP Anmdudu 50, 75 uaz 100 pM uazasrann)Suialaia
a 1 - ) J - Ty Ve . R
1 released pONUT T supemnate IaoSsuouiuiadanyen 11u145Y nitric oxide Wa
P Y = .. R & P .
nsnaaoanaadlugun 6 SNAP 100uM THUSura nitric oxide FINANITIIANTIUIUYDA
Th5aldodnauysel Wodamumaindmubar lusii 36 nanisdaise SNAP 75uM
A11150 delay 1AL suppress MIMNIUINVDL STRsINLAAY ta luansonans
a 1 'd o a .
i wuldedeanysal Tuvarh 50 pM SNAP @1150 delay M3t Iy
Yszdnsnmiunsnanisoindiuvees bsadvegiudaulia:
' 4 e v & e =
InHANIsNAana lude (5) Wunmsnamamuiuees i adusgiulSuiu
R . . c!’ 3 o - : g. . YV o
nitric oxide 1Wn1InAaDIN lanaaoulszdninmusinisnanisiuiudulaslsusuia
1 auanaafiunaifie infect N18 cells a3u125ah MOI 0.1, 1.0 uay 10 Uag treat
infected cells A28 SNAP HA1UITUTU S50uM  AnAIu kinetic ¥0INTSIHNTINIUAND
#1199 MUNAI0N infect 2001 36 ¥ T3 Tawld plaque assay vamisnaassdauaaslugili
v a : o o ar 1 ] o
7 WU S0uM SNAP ermnsadudamavivinauvealaiadi Mol 0 TRedauyseilu
$9N1TNAADE 36 1. TUYMZT SOuM SNAP Lilinasemsiuiiuvesliaty
&4 ¥ o«
culture ¥4 infect ﬂ’JU'hi an MOI 10
ANYIAILUANANYDINTNANTISIAN S WUV TS ahuunui191ad1)20 DF 1az DHF:
NINSNATBUANUAINITOVDA nitric oxide TUAITNANTS replication 481125 ah
»
uoM191nA1)26 DF way DHF 11509 ndumanil susceptible A8 inhibitory effect
. : e A Wt - - Y '
U9 nitric oxide ANAIANUMIB 1 MinsAnuuliosduTasld DF uay DHF od1az 1

) . samYe A w oy o ¥ ¥
isolate 11 infect A9UU N18 cells UAY treat waan‘lmuwa'hﬁ‘gmu SNAP RANUITLYIY



o P . Y
50, 75 iAT 100 uM UAZIAY supernate AR UINIFANYA kinetic of replication 1AU
' [ »
plague assay muﬁm‘lugﬂ’n 8 WU DF isolate N 1% lunisnaanail susceptible ADUNUIN
P . ' . ' * cSa J " s .
YD1 nitric oxide 111131 DHF isolate UADIN 15AANANIINANDIBISLVUBLAY isolate
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Ficure 4 Effect of SNAP on N18 cell mitochondrial function. N18 cells
were repeatedly treated every 4 hours with 50 uM or 75].[M 0
100uM of SNAP or 100 uM of NAP during the first 12 hours of
cultured period. "~ Mtitochondrial functions were determined by
MTT assay after NO treatment at 0.-12 and 24 hours of cultured

period.
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Figure 4" Effect of SNAP on N18 cell viability. N18 cells were repeatedly

treated every 4 hours with 50 pM or 75uM or 100uM of SNAP or

100 uM of NAP during the first 12 hours of cultured period. Trypan

blue exclusion test was performed to evaluate the survival

percentage of SNAP treated N-18 cells at 0, 12 and 24 hours. of

cultured pertod.



Weerawan Chamsilpa Results/48

200

Nitrate/nitrite (uM)

60

Hours

Figure 3' The level of NO generated from N-18 cultures after treatment
with 50 or 75 orl00 uM SNAP. SNAP was added to the culture
every 4 hours 1n the first 12 hours period. The concentrations of
nitrate/nitnte in culture were determined at 0, 12, 24, 36, and 48

hours by Greiss reagent. (n =3, mean + SD)
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Figure 4 The level of NO production in uninfected N18 cells and dengue

infected N18 cultures at the MOI of 0.1, 1 and 10. All cultured were

treated with 50 uM SNAP and NO released was determined by

Greiss reagent (n = 3; mean + SD)
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Figure 5 The inhibitory effect of NO on the synthesis of viral progeny from
| dengue virus infected N18 cells. Cells were infected at the MO of

1 and were cultured in thé presence of 50 uM SNAP, 50 uM NAP

or medium alone. The kinetics of viral replication from these

cultures were determined by plaque assay and presented as log off

titer (PFU/ml) (n = 3; mean + SD)
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Figure lo Effect of NO at various concentrations on dengue virus replication.
"N18 cells were infected with dengue virus at the Mbl of 1.The

infected cultures were treated with vanous doses of SNAP for

every 4 hour time point until 12 hr post infection. Culture
supernatant was then harvested at the marked intervals. The titer of

viral progeny was determined by plaque assay on LLC-MK2 cells.

(n=3; mean + SD}
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The effect of SNAP on dengue replication at different MOI
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Figure I- The effect of 50 uM SNAP concentration on dengue virus
replication at different MOIL NI18 cultures were infected with
dengue virus at the MOI of 0.1 or 1 or 10 and were treated with 50

uM SNAP. The kinetics of viral replication was compared.
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Figure 9. The ihibitory effect of NO on the replication o'f dengue virus
| obtained from 3 different isolates. N18 cultures were infected with
DF (A, B and C) or DHF isolates (D, E and F) at the MOI of 1.

Each culture was treated with 50 uM of SNAP for every 4 hr time

interval until 12 hr post infection. The kinetic of replication of each

isolate was determined . (n = 3; mean + SD)
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Figure ¥ The suppressive effect of NO on replication of DF (C‘) and DHF
(F) isolates were investigated at varnious concentrations of SNAP.
N18 cells were infected with DF (A) or DHFV (B) 1solate. The
culture of each isolates was treated with 50 or 75 or 100 pM
SNAP and replenished every 4 hr until 12 hr. The kinetics of viral

replication was performed by plaque assay. (n = 3; mean + SD)
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bp MW [(-actin Dengue(prM)

1000

500
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Figure 10 RT-PCR amplification of dengue viral RNA and f-actip. Dengue
virus géne and B-actin gene were amplified using gene specific
primer pairs. The amplified products were analyzed by 1.8%
agarose-gel electrophoresis. Lane MW is DNA standard size

marker.
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511 v SR Dengue
348 (-actin
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514 e weegE Dengue
348 B-actin
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6 3 10 12 14 16
311 Dengue
348 B-actin

Figure }1. Expression of ptM mRNA from DF infected N18 culture. By using

RT-PCR, the level of prM gene expression from untreated cell (A)
or treated with 50 ™M SNAP (B) or —75 uM SNAP (C) were studied
at 6, 8, 10, 12, 14 and 16 hours after infection (lanes 1 to 6,
respectively). The amount of ¢cDNA used at each time point was

standardized to the level of the B-actin gene.
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Figure 1% Expression of prM mRNA from DHF isolated N18 cultures. By
using RT-PCR, the.level of prM gene expression from-untreated
cell (A) or treated with 50 uM SNAP (B) or 75 uM SNAP (C) were
studied at 6, 8, 10, 12, 14 and 16 hours after infection (lanes 1 to 6,
respectively). The amount of cDNA used at caclg time point was

standardized to the level of the B-actin gene
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Figure [{ Densitometry analysis of prM genomic RNA synthesis from DF
isolate infected N18 cell. The infected culture was untreated or
treated with 50 or 75 uM of SNAP. Cells were then harvested at 0,
2,4, 6,8 10, 14 and 1.6 hours after infection and the levels of
expression were studied by using RT-PCR and substantially
analyzed by densitometry. The levels of expressio’ﬁ were shown as
percentages of dengue genomic RNA/B-actin ratio. (n = 2; mean +

SD)
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Figure |{t Densitomc;try analysis of prM genomic RNA synthesis from DHF
1solate infected N18. The infected culture was untreated or treated
with 50 or 75 uM of SNA.P_ Cells were then harvested at 0, 2, 4, 6,
8, 10, 14 and 16 hours after infection and the levels of expression
.were studied by using RT-PCR and substantially analyzed by
densitometry. The levels of expression were shown as percentages

of dengue genomic RNA/B3-actin ratio. (n = 2; mean i.SD) . “7
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genomic RNA vea1ia1didennnn Taunan1syi1auuea viral RNA polymerase (NS5) 1A
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TunsnaaouunumvasluasneenledAn NSS activity Hinisnaaeumaid Mo
Anyiunumusa NS5 Tagld endogenous replicase complex wazaun 2 19 punified NS5
1.1 AnunmumveTuainesnlsaro NSs uaznsadig viral RNA Taol¥ endogenous
replicative complex TavAwiiunsnaneaunisdne iy Virology 140, 68-7%
(1985), Virology 157, 330-337 (1987) uaz Arch. Virol 128, 111-121, 1993
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RNA —dependent RNA polymerse assay using endogenous RNA

Stock Final concentration of reagent 50 l-i-l
500mM 50 mM Trnis-HCI, pHS.0 W
100mM 10 mM magnesium acetale 5
75mM 7.5 mM potassium acetate
1.0mg/mi 60 Ltg/ml AMD (sigma) ’ 3
500mM 10 mM 2-mercaptocthanol 1
200mM 5 mM phosphoenolpyruvate 1.25




1231.35 unit/mli 3 units/ml Pyruvate kinase 0.2
40U/HLL 40 units of RNAsin (Promega) 1
2.5 mM each 0.5mMrA, C, U-TP B
10 JLCVpLL 10 L Ci 'P-GTP 1

Nucleasc-free water

Making the master mix all reagent and aliquot to cach tube 25 tube

20 Mg Vero cell extract

SNAP at indicated concentration

-Incubated at 37°C for 1 hr -

Stop reaction with 100 mM EDTA 5 LU, then adding TNE-SDS (50 mM Tris-acetate, pH 7.6, 0.1 M

Sodium acetate, 1 mM EDTA, 2% SDS) equal volume to disrupt the membrane. Extract viral RNA with RNcasy kit

(Qiagen).
RNA extraction

1.

2.

10.
1L
12.
i3
14.

Add TNE-2TSDS 55 L mix by pipette, stand for 10 min

Add RLT 350 LLI mix by pipetie

Add (95-100%) E\OH 250 |1l mix by pipette

Apply 700 LLI to the column, spin 30s

Transfer 1o new tube and add RPE 500 LI, spin 30s

Add RPE 500 LLI, spin 4 min

Transfer to new .5 ml-tube add nuclease-free water 50 Ll and spin | min {using centrifuge at
4°C)

Add water 50 Ll and spin 1 min

Add IM sodium acetate 10 LLl and (95-100%) E1OH 275 LI

Put on dry ice more than 30 min .

Spin down at 4°C for 15 min, discard all supernatant (wipe out with Kimwipe tissue)
Resuspend with loading buffer (7M Urca, IxTBE, 0.5% Bromophenol blue) 10 B30
Run on 7M Urea/3% PAGE gel at 150V for 2.0 hr.

Dry at 80°C for 1.30 hr and expose o X-ray film overnight.

HAaNIINAQBY : ﬂu‘i‘lﬁﬂ‘l’f endogenous replicase complex (endogenous vRNA UnE NS5) venuh luasneonlad

4 ; . . -
Hnridudy 15 mM Yu'ld nan13H1914v8 ¢ endogenous NS5 1TAFmion TaugeimlSuunisadrs vRNA uaz

Replicative form fauaailugdin 1 uaz 2 aAnududuved RF, RI uaz vRNA Tuuaaznismaana 181y scan

. - . - - 4 . -
A0 densitometer ttazviinsAnImANUTLSUIRE plot (Huni Aaaralugyf 3 Fauaaalisiuituain

- a
1A NHAADIN SNAP 15 mM nan13 a3 vRNA uas RF



RI

vRNA

RF

Lane 1. negative control (uninfected cells)

Lane 2. positive control (infccted cells in the absent of SNAP)
Lane 3. infected cells in the present of 0.1 uM SNAP

Lane 4. infected cells in the present of 5 uih] SNAP

Lane 5. infected cells in the present of 10 uM SNAP

Lane 6 infected cells in the present of 18 uM SNAP

Fig. 1. RdRp assay using endogenous replicase complex



RdRp assay using endogenous vRNA (02-12-2004)

“

Lane t |2 [3 |4 |5 |6 |7 |8
SNAP(mM) - |1 s w015 |15]|- |N
NAP(mM) S T IO I T
DTT(mMj} - - - - - |- [N

N stands for negative control (uninfected cell)

Fig. 2 RdRp assay using endogenous replicase complex in the present of various
concentrations of SNAP



Thae effect of SNAP on RdRp activity (endogenous template)

250
W o Controd
® SNAP 1 mM
200 O SNAP 5 mM
O SNAP 10 mit
2 = SNAP 15 mM
®» 150 B NAP 10 mM
c
] 8 SNAP 15 mM+OTT 15 mM
c
B
t§ 100
50
0

Fig.3 An inhibitory effect of SNAP on RdRp activity were plotted based on intensity of
RI, vRNA and RF products
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RdRp assay using purified NS55

Prepare the reaction mixture in 0.5 ml microcentrifuge tube.

Reagent Volume (LLI)
5X RdRp Buffer* 10
ATP, GTP, UTP (2.5 mM each) 10
CTF cold (125 [AM) 4
RNase inhibitor (20U) 0.5
¥p-CTP (10JLCi/A1) 1
RNase-Free water Up to 50 LLI

-Making the master mix all reagent above and aliquot to each tube

RNA template (0.1 [Lg/LD)

5

Enzyme NS5 (200 ng/3 LI}

3

SNAF (113.51 mM)

As indicated

DTT (100 mM)

As indicated

Note; All reagents diluted with RNase-Free water
*5XRdRp Buffer (pH 8.0)
250 mM Tris-HClI
250 mM (NaCl)
25 mM MgCl)

-Incubate at 25°C for 1.30 hr in PCR machine-

Samples include;
- Negative control: no exogenous RNA

- Positive control {without SNAP)

Extraction RNA product from RARp reaction (Ambion, acid phenol/chloro'form solution)

1. Add acid phenol/chloroform into each sample 50 LL], Vortex briefly.
2. Spin down for 2 minutes by small centrifuge.
3. Take supernatant 40 |1l of each sample (Exactly the same amount for each sample} and transfer

to 1.5 ml tube.




4. Add Yeast tRNA (10 JLg/mI) 3-5 L.

s. Add 5 U of 3 M sodium acetate, pH 5.2.
6. Add 100% EtOH 10 2.5 volumes (150-200 [L1}, mix in shicld box several times.
7. Put sample in dry ice for more than 30 minutes to precipitate RNA.

8. Spin down at 4°C for 15 minutes.

9. Remove the ethanol and dry the pellet with kimwipe tissue.

10. Add 50 L] of Rnase-Free water.

11. Spin through Bio-Rad P-30 column at 1680xg for 2 minutes (to revove unincorporated
nucleptide.

12, Add 5 Ll of 3 M NaOAc, pH 5.2 (1:3).

13 Add 100% EtOH 2.5 volumes (150-200 1)

14. Put in dry ice for more than 30 minutes.

Pre run 1X MOPS/EDTA buffer at 75V, 30 minutes

15. Spin down the sample at 4°C for 15 minutes.

I6. Remove the ethanol and dry with kimwipe tissue.

17. Dissolve RNA pellet with 2.2 LLl buffer A and mix by pipette gently.

18. Add 4.8 LU F/F {2.2 M formaldehyde/50% formamide final concentration), mix by pipette.

19. Incubate at 70°C for 10 minutes in heat box.

20. Place on ice for 1 minute and add 1.5 [A] loading dye.

21 Run on 1.5% agarose gel (Formaldchyde-agarose gel)
Run RNA gel

1. Load sample into each well.

2. Run at 100V for 3 hours or until the lead dye is ¥ of the end of gel.
Dry gel by vacuum pump

| Place gel on filter paper, wrap with saran wrap,

2. Put in vacuumn and tum on the machine.

3, Set to 80°C for 1.20 hours.

4. Wait until the machine cool down. Peel off the wrap.

5. Expose to X-ray film (hypersensitive fitm)

6. Develop the film.

HAN1INAADY : U in vitro assay Tauls purified RNA template UDZ purified NS5 o214 RNA product 99111 2
sUuUUAD 1X tag 2X product 1AL 1x product v21iuNaYD1 initiation activity Y84 RNA polymerase Tuvaizi

_ iy o 2
2x product 1HUNAYDA elongation activity 31nHan13MAaBIlUFUR 4 1Az 5 WIS clongation product A

v e s A o - L4 £ " -
initiation product 93N suppress 1l luaTnoanlsd 1Aun1s suppress T 1x product sziusgiudTmmues’lu



- o 1 -~ + 4 - o
ASNODN 1TABHIITAIOY AU 2x product REWUNMT suppress ¥In inmzile ¥ luaTnoan ladnanududu 1s

mM ﬁﬂa’s’ﬁaun’hﬁn:'lﬁwumi suppress Y93 2x product

10
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Test Lane No.
Positive control 1
SNAP 0.1 mM 3
SNAP 5§ mM 4
SNAP 10 mi 5

2x product {1540 nt}

(Elongation or hairpin product}

1x product (770 nt)

(De novo RNA synthesis)

Fig.4 Gel electrophoresis of RdRp assay products using purified NS5 and

template
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Fig. 5 Suppressive effect of SNAP on purificd NS5, The intensity of products were
plotted

The effect of nitric oxide on RdRp activity (exogenous template and
purified NS5)
a Conbrol
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1.3 TunuAnwiaiiil Wnazavumumessluainesn ladaenisviaivea NS3 (viral
4 -
proteasc) moldiily Negative control: Tavldinanin Enzyme-coupled NTPase assay
1A NTPase assay by TLC
Enzyme-couple NTP assay (J. Virology 73 : 3108 (1999) HANN17UD NI nAADIAD NS3 12¥n3
. z 4
hydrolyse ATP WWinadiis ADP 1deAp9 1T Pyruvate kinase 9219 ADP (Hox 1312 Pyruvate 910
phosphoenol pyruvate un:ﬁwqﬂ LD szAlud i doy pyruvate DS NADH W14 NaD’ ﬁ@ﬂﬁﬁ?u'lﬂ'i).h]ﬁ
ATP NS3 ADP
ADP + phusphoenol pyruvate PK Pyruvate + ATP
—

Pyruvate + NADIL  LDH Lactate + NAD + W’
_—

ﬁmﬁmm{ﬁﬂ?ﬂ OD340 951U oxidation Y83 NADH aiihun1s 3 activity ¥04 LDH n1snaassiiifiu
11357 NS3 activity madon  wanimaaedaumalunsnlyuil 6 nande anududuves lusinueslsfon
SNAP 0.1-1 mM WTUNUMAD NS3 activity 1@ IRLA ML 2-5 mM i slope ¥84 curve tfaouT
iofuufy slope Y81 NS activity e il SNAP ldoamnﬂﬁﬁ?miﬁuu’faaﬁu enzyme MA0AAB NS3, PK
WAL LDH a1 slope TuduuTUornssuininnasonisiiauves PK wie LoH Taoliduivesiy Ns3 faru
imoilums confirm 31 Tuainesnlad luinado N3 Tavass SaiinsAnu1Tae1d NTPase assay 1nu TLC

NTPase assay by TLC : 11Hun3 3an1uaniinvoa NS3 Tuniswdeu cTp Waaudy cop

“p.cTP NS3  P-CDP

_—

Y1 NS3 U1 incubate 30D SNAP Hin 1l udu@ 13 (0 (1, 5, 10 M) Aigeanl 30°C Uszuiw 30

IR udludu s I va 3 Reaction minture Taols toral reaction masture 10U 25 Fu
10X NTPase bulter 25 L
I mg/ml BSA 251
“p-CTP 0.5 LI
Walter Very depend on the volume of SNAP

Incubate BNATIN 30°C Yszu i 30 w1 product Wia run TLC plate (Thin layer chromatography,

CEl celiulose) 1@39adsznuiunsiu film wadaasiugi g
- A . m~ma o ‘- '
naniinaaed: TuaineenlxdilendfisoiTavasafu Ns3 Luillnaae hydrolysis activity Y84 NS3
. ¥ o oA - i “ o ¥ .
apuamsanyitumsaeudinwdedn 1 Aeluadneonlealunumdviinisaia virt RNA Taonts
.

NANTIV19IUVBA viral RNA polymerase (NSS5) Uaz T UNUIMABNITHINUYBA viral protease (NS3) RaUuUN3
- - s i - - 4 - Pl »
finuTluainosnlasdnanisadia NSI protein Bmisnaas luli 1| Sutisamoinluaineenladnanitai

NSI gene SadanalitnisadialdsAuanaanudaiiniaing NS1 gene Nonas
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a A . 1 p_ o 1 - ulv ¥ .
2. msAnyunereuiuluded 2 : Tainfuunldendile DF az DHF AoUAUDIAB inhibitory effects YD1
- e - - - . - <4 - » . o ¥
asneenlad mijeuiuniehi dinsuonive T imninau’ly bF 20 310 waz DHF 20 310 i laiaoinauld
» » . +
mafivudos huend N8 luanmidluainaonles (SNAP 50 [IM uaz 75 PM) wazaaa e Hian
- i - v - - - ' o o ¥ 4 .
waneonluhiindsaradinnann fu w7 uansdsiuveslaiusnsindihe Sirevaus oz
ADUTUBIAD inhibitory efect ¥03uninoonTaanafe 3Uf -4 123a gndudamsinudwoudld snar 75
UM uad 1Y SNAP 50 M oz Tilimasemsiniwuveahin luvaueihpl 7-B uanimsiudanisiiy
. o - 4 o o
$1um104 193900 isolate Mia Waluarn11z0l SNAP 50 UM uaz 75 UM

VINMSANY WNU VDI SNAP 50 [LL1az 75 LU @amisiviududuvelaia DF20 uaz
DHF 20 wuwantinadelasagyluaiaiaf

% suppression

Virus n 50 M 75 UM
DF 20 70 100
DHF 20 50 100

rantmaasanui i aion 189108190 DF 92 susceptible #0 SNAP Ain1mududu 50 UM winn
Tasafnonl&endiae DHE wanimaaesiinanlfitudnmainumovoslialusssunalaoldluaine
onla5d marker LAZIEAUYDIAIIY susceptible Huana1aiui enexdudnmaniaiesureiin Ty viral load T
&1l DF $adnlugdae onr
3 N3 ANYIA T URUETEH A viral Toad, ANWuUsveaTsauazyimnaluain vanled Tay
AUTUMSIAY specimens 1IN TN TEInao gy ImdnunsFi nwldnsmuquanases
w.ay. A3Rny faoage uazane Taodoafide: 185 un1suondlu plasma uaz PBMC Tuduuss PBMC
18U ANNIIEALYDY cNOS gene expression F1azAuiun13UIN 3 Wdmves plasma i1 luns
nAapadail
3.1 Anymotanmidunisaadelufnuu: prim.a.ry N30 secondary infection 1a0l¥
3TN0 antibody Ao13B DEN 1-4 1oz JEV Tnoas 19 Hl test xﬁaﬂnmﬁﬂwﬁlﬁm{a 3R%a Guninfid
Sunmissow, Tu'ldan, 30 Jundi1¥an) ediimyiuim antibedy 6105110 antibody Tunfad 1,2 dwni1:10
8 DEN 1-4 Loz JEV 92101 plasma ‘qu‘lﬂﬁ'l neutralization test 1M cell culture 19U negative i):ﬁiﬂ’hﬂ'u.h‘f
ﬂU'qulf]'Ll primary infection
3.2 N13A329 serotype 183 115 adaTsn lﬁm‘{]umsimum'lﬁﬂwﬂmfuq fnide DEN
| serotype 1 101 plasma 11 inoculated astuiyad C6/36 @oshyallifunm 7 5u iisadiand ooy
320 monoclonal Ab @8 DEN2, 2, 3, 4 s JEV waminaasasanaaaluaisaau’ly 36 110 wuh (Fais1ai
1Y)
12 33018 primary infection (8 DF and 4 DHF)

243510111 secondary infection ( 9 DF and 15 DHF)
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WUNIAAISD DEN 1, 2, 3 A Wy DEN-4
33 111 plasma unUTina Tuainosnlad Taoganr NONO, T plasma Fuily
- 4 . - . F
stable product vea Tua3neenlyd ¥1msas1nuf3uu NO/NO, Tas Griess Reagent  Tauiinmsn/auu NO,—>
» * »
NO, uazHITuIm NO, vanualu plasma Hantinaaesnuiandlugln 8 wulunisdadouu primary
. . 1 (] - ﬂ - 1 - - - I [ 1 - .
infection TuaziuniiAa¥suuy DF w3 DHF s Tuninesnladly plasma Tuusnd1aiu udvzwy
] o 1 - 1 ¢‘1 \1v . . ] » - o
ANUUANA NI AL TuATNBON Tod ALY sccondary infection Taswuheu1d DHF Hilfuna NoNo, Ty
- N ' » l - » 1 3 9 1 -'-. - v v -
wonrnAuld DF Tug19iiio1n s 19 udlu convalescent phase dilwmariiliszau No/NO, Tiiand iy
34 S viral load Tu plasma Taw Tagman Real time -PCR 50 genomic RNA 41849
Th¥alu plasma TasAuimeanuuilu copy number
TAv standard copy number 143v9 0 Dr. Houng, Walter Reed Army Institute of Research Trofmidonanis
specimens iy secondary DHF vina T aluiund e naz JunnweInens (convalesecent phase) #d
naaslugin o wanvinaasswuhiuahirhudeaudsundu funfiuimlusinesnlad luden
« of cn - . . - 4 v e [y I S
nredialsnanisvaasiluzui s uaz 9 Hinsdnliunisnaasas e IfTinaauw 4Ny o

WONDL UL IMATDUANLLANA WINIITANA
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2. apuemisduiiunu
i’ﬂqﬂ‘s:uqﬁuamnduﬁmm‘!uﬂﬁ 1 iiteaauiinudail
-nitri¢ oxide 91n exogenous mitric oxide donor SumumAemmRuimuves
Thialfifensoniuunannauliniely
-8 nitric oxide Sunumdsnisiuimiy wmumudi Ty ufmmatinams iy
Sruumrdodaaiunisiui oy
“hinfunandihe DF uaz DHF ssuausess nitric oxide Mudnyuzifivadiu
ELRY
ajﬂnnmsﬁnsﬂu'{h':u 1 wui
_nitric oxide funumlunsnamsmsiuuvesiaifidenseniiuunsngily
~unumlumsnanisiniiauses DF uaz DHF isolates iflaauuanaisfuedie

ffudhagmeada dauih DF szrsudislideunumyes nitric oxide vanah DHF
isolates
-nitric oxide finademsain RNA waz protein (E, NS) veala3ar usmaiwade

s 4 . -
msadnhlsAuiudieanninmisarnisadie RNA 39ihinsadaldstuanade



i‘ﬂqﬂs::mrfvmnnﬁnﬁmm'lu?]ﬁ 2 enouRniwdail

-nitric oxide fudsmsatia RNA rﬂmmmﬂaqgaﬁas:ﬁqnﬁm‘im’i'amsﬁmuum viral
RNA polymerase n3oly

-1y specimens 9104120 DF uay DHF uazfnwdnunznisaaido maldlumsdnm
anuduiuivealfinehie, anuguussvealsa, uaziSim nitde oxide
apleansAey i 2 v

-NAABIUNYINYDY nitric oxide Aamsviinuves viral RNA polymerse Tauld

. . d g e . - -1 o .
replicative complex ¥10glu infected cell lysate wuin nitric oxide dudsnisfiinuves viral
RNA polymerase

~NAXBULNUMYDA nitric oxide Apn13vivIuves purified viral RNA polymerase

»
(punfied NS5) wunhdudamisyiiauves NS5
»
s - - 4 L e I3 3 - . -
9INNITNAADINITDIITAUVAY UFINUUATAUT nitric oxide nanisniiauves RNA
polymerase vealiialdidorsandimalfidamstuiimsmuiwauves hialwyadinzidos
“ ) ve - . AN T -
-ifu specimens indilwnarAnyiguanidves speimens maniuwuihdions DF uaz

» »
DHF fimsaaveviauuy primary uaz secondary infected

[
= -~

-~ - -~
Jaquszasalumsannildl 3 ¢ Taquszaadndn 2 Yefe

L4 "

-Anymuduiutseniadiinaluasnesnlad, viral load wurdanmeealsa (DF u3e
DHF) '
-Anuiledsidufiodestulimnumiaaiialuaineenledludile DHF uaz DF

FunoumsduiNmsIdy
erpuf nwagquszaardait 1 audnwinnuduiutssnda viral load Y5inalua3naen
T uarernrsvealsalavduiiumiadiy specimens vindilhoidniunsinmonaaniuguaivin
w1331 nwldnsniuquguares wy, AN daoiugy uazAme Tnafennidame: WWunsuonihy
plasma uaz PBMC w81 PBMC sx1lun1sfnuisziuves iNOS gene expression Tuduves
plasma ssiwnnnlinu NO2/NO3 uas viral load Fumsiimsmaossdenntil 2 el
Uimmauldinanefissmsaaoudmeada
1. A13ANUIsTALMSIAAI80NYDY inducible nitric oxide gene Tavms1¥inailn
RT-PCR : 31 PBMC swumiliduradiaia RNA Taol4 column
chromatography (Nnucleospin 11, clontech) uaziin RNA #18uufouliiu
: o cDNA Tauld oligo dT primer unz reverse transcriptase uazi cDNA

#1Au i luvuauns polymerase chain reaction 1aold primers Auaniduai



INOS primers 'qnﬁ 1 (J. Dermatol Sci 2002 Sep; 29(3):201-5)

Forward primer : 5’ACG-TGC-GTT-ACT-CCA-CCA-ACA-A-3’
Reverse primer : 5’CAT-AGC-GGA-TGA-GCT-GAG-CAT-T3’

iINOS primers yait 2 (J.Dent. Res. 2002 Apr; 81(4):236-40)

Forward primer : 5’ATG-GAA-CAT-CCC-AAA-TAC-GA--3’
Reverse primer : 5’GTC-GTA-GAG-GAC-CAC-TTT-GT-3°

panmisnaaea hivszausaduialums amplify iNOS Tas PCR enauifonnnainfna PBMC
& nndthotiswudeon (hidumwdwad) Tonlidsme RNA ves INOS gene fafiald
aunng damsaliigamisssninmsadanis nsudnsenves iNOS gene u monocyte veaRthwl
sustain  Taudei i iMidesminduseunisnansianain Aeiima1z18naans PBMC winaund
udnszqudae LPS ﬁqlmﬂduzﬂmwﬁ 1 flunisneassgnisuamtesnvas iNOS gene Tu PBMC
ienszdudae LPS Wiilu positive control Tunsdiilld PBMC dwau 10x10° cell aunsn
arvapuMsuTAdeenyes iNOS gene lAdainu Wafimswaunsolfiwadinmmnnlunnaaes us
ierdnnnly PBMC wesdihudndaliwmlidu 3x108 cells llszaumaduis Taoldins
NAABANY primer Va2 ga Samaininzmeininousadsududiiuly vazdeinnlasinmns
doavndthuindsnudeaiifinia T1lumwsofie: TS PBMC A s aaa
iNOS gene expression Tu PBMC hizmsodwiums1d Sainduiiszdvainsmuing nitric
oxide Tuzives NOy/NO; lu plasma R

2. myunfiine NOY/NO; u plasma : viimswnliua stable product veoelus3n
ponlyd wio NO»/NO; Tauld Griess reagent Taminsalion NO3— NO; nazwmf3un
NO; smualu plasma Tasutangudianilu primary uas secendary infection wazusngu

douaalUaweimisves dengue fever (DF) w3a dengue hemorrhagic fever (DHF)

NGUBINTI Sruwidi NO,/NO; (mean x SD)

D1 | D2 | D3 D1 D2 D3
primary DF |11 |11 9 6.69+] 84 | 8.17+£1.27 | 6.93£4.95
infection

DHF | 6 6 5 7.7£2.08 | 7.79+1.94 | 8.89+2.89
Secondary DF (20 |18 18 | 7.99+2.08 | 9.23+2.29 | 10.85+3.14
DHF |23 |22 18 | 4.15+1.97 | 6.57+£2.51 | 9.15+1.86




mamanaaesfaanalumsiei 1 Flhulungu primary infection #9113 DF uaz DHF 3908
Athe DF lungu secondry infection vxiiszAuves NOy/NO; w3o1iuna plasma nitric oxide
Aeudnaiilusn fever day, defervescent day uaz convalescent day Twvasiigiholungy
DHEF ves secondary infection wwinlfinw nitric oxide 1u plasma é1 Tuy¥aa fever day naz
lﬁuqu‘fu'luiu defervescence uar convalescence Tuz convalescence fihuluuAaznguii
YT nitric oxide Tu plasma hivandtain  Tuvazfiarmuananeiuiiudhsymisaiacwy
Tuys fever day nandediwlungu DHF-secondary infection I1/5uiw nitric oxide 1u
plasma annpfigademnis nagauanuurnd imaadanismitous s AuNO2/NO3 nguDFuaz
DHF pnmary infection nar DF-secondary infection wus1 P <0.002

2. Anvnnuduiussznindfuu hialunssuadon (viral load) nazilSu nitric
oxide 1u plasma : 51w genomic RNA ve1123%1u plasma Tnold Real time RT-PCR Tau
msana RNA 9n plasma lulSua 100 pl Taonis1d Virus RNA extraction kit
(Nucleospin) nazit RNA #1811$iJu template Tumisvih reverse transcription aAwisnisvea
Tag Man Reverse Transcription kit ¢cDNA Fuunaninms reverse transcription v
vnn¥iih template w3y PCR amplification Taold primers fiiwmzdmivlialdidanven
uaar serotype nazld intemnal fluorogenic probe awitniivas Dr. Houng uaznuz (Houng
HH and et al J. Virol Methods 95:19-32, 2001) 9wy copy number vo1 genomic RNA
voa s amen genomic copy standard veslaialdifensanuray serotype 31185 uAny
aqmﬂ:ﬁmn Dr. Houng HH., Walter Reed Army Institute of Research, USA

HansANWIANUFURUTa 3w nitric oxide uaz viral load veafihoudaznquuanalugy
#2 A-D nuanuuananeduganulundueasdihe DHF-secondary infection ndnifie Yimm
nitric oxide 1u¥1 fever day wlsunfufuuinm viral load sosiioRnswiAuedoves viral
load u fever day ssnunftulungu DHF-secondry infection NuSuw viral load gani
Athulunqu primary infection uaz DF-secondary infection ¥ailoriteatnen nitric oxide
ihiileis  nqudilhe DHF-secondary infection tzwuanmduiusiuunniu (reversed
correlation) szvdadiinm nitric oxide uaz viral load Wednsany Wadsuivdihelungudug
Fwanalugiidnandetusafever day nazdefervescent day UTunaluninoonladm luvus
Viuaafags wazlusnconvalescent day U5 luadnoonladgaliina lhinandinsuaaliniy

] - - 4 a s a a - »
Nluasaeen ladduihimiainmihnnvgulsualialudie

aywamiingasdluyaa 6 @ounsnvesili 3

AnunlSua NO»/NO; Tu plasma veadihuldidesseniuou 4 nquie DF uax DHF 1y
primary infection, DF waz DHF lu secondary infection Tasunitmi@nueseniifuawszosfie
fever day, defervescent day uaz convalescent day wuhlunguues DHF-secondary
infection u¥ fever day finsn1s NO/NO; dgn ua:ﬂ?mmn:uﬁumnfunija:sTu'lnﬁ'nﬁuaﬁ'u

L] 4 ‘ . r -~
Aihunguduq Tusromeld (defervescence) uas 30 u nisnnmiel¥ (convalescence) waviile
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ReaanauduiuivealSuia nitric oxide 1u plasma uaziSuwla3alungu DHF-secondary
»

infection wuinbsunduiu inbiaamn@sudnineiildvinedily DHF-secondary infection
d . . . . -~ v o
fumumlunisnamsadis nitric oxide uazsaufla immune mediators #78uq WnIsum1adu

w Wy A e o W - . v aa . .
hialhideneemyeiuindile DHF-secondary infection iWunguiiil enhancing antibody naz
ﬂ ~ A wd sV - o aw o & W o ‘o
Auiledonisimihidaeintvsalsngunsy  dafulasimsifsdufimdetidainisssganh
enhancing antibody Hunumiiusanamsaiia nitric oxide Tudiao DHF-secondary

infection w3o'lu

.. - - = 1 = »
NunozAuTiuN AN 6 @ougain

1. a11911 enhancing antibody activity 1u acute uaz convalescent sera vo3
Alhe DF war DHF dwaw 22 sw
2 AnyunuImves enhancing antibody lunisain nitric oxide 1w human

monocytic cell line AlATudolialdidenosn
- i 44y
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Moroufnwdofi 1 e as19m enhancing antibody activity lu acute uaz
convalescent sera vosgiho DF uaz DHF Tassms 18dadandilae DF $1u9u 8 510 uazdilw DHF
$17u 8 10 Suaeulun AR nMATeY enhancing activity Tu sera fihwlagl¥ undiluted
sera Y edsn enhancing phenomenon ﬁwu’luéﬂuuﬁmﬁﬂ‘luﬁnn:ﬁ sera hildfumsidons
FoiuTasanssaiinsmaasy enhancing activity Taglifin1s§oua sera amtunoudaiine
minizem enhancing activity Tu sera i lauld THP-1 cells (human monocyte cells)
1. v sera vasiholihinis inactivate i 56°C 30 wiil
2. wiry 100 pl vos sera $oudu 100 ulvoa 10° PEU/mI of DV-2 16681 udnithl
incubated #. 4°C 1ilunan 30 wiil Taold D2-16681 naufiu non-dengue
immune sera iilu negative control
3. nendann incubate Widumauvss sera uoz 1ial inoculate aauu THP-1 Tao
15 himi uduaed uammadnidu 0.1 PFU
4. incubate waauaz Ab-DV-16681 # 37°C funar 2 hr uasdrsduvoataeil
Lildimeiumadoaninold PBS
5. iAwmediauas incubated # 37°C
6. iy supemnate w0 24 3. @Wunat S Ju vaznfinaliialu supernate Tavasaomn
31u7u RNA copy number srumavin real-time RT-PCR
HANINAADI
Tunsnaasad 16N enhancing activity Tur:fﬂduﬁ"lﬁi'w‘ga DV-1 uaz DV-2 wamsnansd
fawanalugtit 4, 5 ndnfe acute sera f1&Twandihoiaelihinisidannsi enhancing activity
luvais# convalescent sera 74l 1é3unsidesuany neutralizing activity wuﬁﬂuéﬂ’:uﬁ'lﬁs"u
DV-1 uaz DV-2 naasliiuirluvaziiiie acute infection Infjihu secondary DHF i
maniudl enhancing antibody aglusiine udenal5shd mﬁﬂﬂaa-aﬁvﬁnuﬂm}'ﬂwﬂdua: 83w
windy SdnnTulszwinsfnnhiideyaenszmeudunisinmindvuuar uaserlsid Teua
(flosduiinanilisiui acute sera voadiilo secondary DHF i enhancing activity nalasanisse
Fuiiuntsdnuireifeszaeuiiniui 2 fle enhancing antibody Sunumlunisadialuainesnted 1u
human monocytic cells METude lafal¥idensanadisls
3Emidn
tunisnanesld convalescent sera vinfihe DHF pmsaaie DV-3 i iidend
1:10000 i#el#ihu enhancing antibody luniinaaaa msimdenls antibody vngihsAnarumsiz
18vn1s nazeu antibody filu PBMC uazwui antibody il e liFonsdt 1:10000 —
1:100000 21 enhancing activity lé&anusemamiuimiuves DV-2

m3AnMumuIMYes enhancing antibody semsaiiituninoenteslu THP-1 #ld¥uds DV-2
(DV-2-ADE infection)

werw 100 pl woa 1:10000 hyperimmune serum 9 wiilau DV-3 wauiu 100 pl ves 10°
PFU/ml o1 DV-2 171yl incubate # 4°C 30 w1t u&a%a inoculate dunauves Ab-DV-2 asly



vu monolayer culture voa THP-1 TasliUsmal$aiudusotiine THP-1 madiiwy 0.1
PFU/cells incubate # 37°C izinm 2 vy, S5 dwihime fumadosnndriuau media asly
vivinfected THP-1 Thivalugow 37°C namiiy supernate swnumadmoMnsAny Ty
lu supernate Taunismiiuau RNA @033 real-time RT-PCR, ww3uw IL-10, IL-12 uaz
INF-y 1wMimsuanavenvas IRF-1 gene uorns activate STAT-1 Fadu transcnption
factorves INOS gene
n1Ane T RNA ve1 DV-2 tau real-time RT-PCR

Faind naustus wansAnuson 6 Housnve 1UH 3
niAanu 3w IL-10, 11.-12 waz IFN-yIau ELISA

TunsAny il ELISA kit vinuiim Quantikine ELISA kit (R&D system, Inc)
Funouluniimaasafie v 200 il waa samples was standard asluuAaznguiia polyclonal
antibody se cytokine uanzwiing3 o) ud1 incubate Romnnivoaszuiu 2 yu. £19420 washing
buffer 2 afe ud13uin 200 il vea polyclonal antibody @ cytokine w3a secondary antibody
Faiudulaiadaag 1l incubate Yssuiu 2 wu Hgumgiies Kruitedria unbound secondary
antibody wdsnmiududu substrate Uinwves cytokine uasviiniuogfuanududuvesdniin
Linmeinisorveadulaiuar substrate dnunnmdudulasldifiousuaunduduves standard

lumisnaany

AuANININaA100nvas IL-10 naz IRF-1 gene Taumisls RT-PCR

duraanlden D2-ADE ifection % 10mang fuuuen RNA Taeld TRIZOL
(invitrogen, CA, USA)_1ih RNA Alrlddmniiu eDNA Taowuaums reverse transcription
wazyi cDNA Y linliina Tas PCR aold specific primers: Frao il

IL-10 : sense 5 GTG GAG CAG GTG AAG AAT GCC 3’
Anti-sense 57 AGC TAT CCC AGA GCC CCA GAT »

IRF-1:sense 5" TTCCCTCTTCCACTC GGAGT ¥
Anti-sense " GAT ATC TGG CAGGGAGTTCA ¥

B-actin: sense 5° TGG AAT CCT GTG GCA TCC ATG AAAC Y
anti-sense 5’ TAA AACGCAGCTCAGTAACAGTCCG Y

AndTinumiuaalsenuoigeneuaazyia laonfToumsulinuPCR product uAnzgene

fulTwin PCR productvdiactin gene

msannmianszgu STAT-1 Taomslamaiia immunoblotting
vwwaa lysate 1in D2-ADE infection nas D2-infection uwwn Ts@udronszualih
»
(electrophoresis)udids transfer TR uauuusiumumsu nazimsfounumuus iudu

antibody Fa specific Ao phosphorylated STAT-1 wis active form vea STAT-1 uazfimiu
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Wwmmisnizdu STAT-1 Tavguinanuiduves band Miaduiinaidiag funondams1dude
nBoufisuiuamsuves band ves house keeping protein %30 actin Tnsawmeenunihulsvas
veadasa@m STAT-1/actin
HaN1IMARB3

1. Enhancing antibody Sufimsataluninsanlad 11na1# infect mad THP-1 1u
an1z#0 antibody (D2-ADE infection) uazlumniaz#i lid antibody (D2- infection) 1142
aanSnalifadadelu superate sauiandiinaluaineanled u supernate wuhmsAade
nuu D2-ADE infection 117113'111m'hi"ﬁi';i;rminmﬁm%vauuu D2-infection fauanalugii 6
wanansanseluan i enhancing antibody szifiavurunis aumiums s wauvea 193
Tuvariimunsadluaineenladanaseduintsiiy (Ui 7) naznsanaivestuaineanlssni
Nilside ananyTua i afiuiy Miimsznalasini mnass D2-infection Tasldlaialu
USuwaieq fufie MOI 0.1, 1.0uaz 10 § MOI 10.0 ﬂ?mm'l1s"ﬁﬁn5namwaa'mfuqm'h D2-
ADE infection Taviiianiadislunineenladliuanaia (quUii §) umailistunnsnansads
Tuaineenladlu D2-ADE infection iffurauisinnisiiaiuves enhancing antibody

apluanisnaasiie nsanidoluaniziin enhancing antibody (D2-ADE infection)
neuAvedsana I I A i unadna (D2-infection) naznv o3 luaineonladain
adnansedIniing traaliniuiy enhancing antibody 81ezdaauniiiws mamveslhialay
S anti-viral mechanism wu fuianadveyyodmszwiotuaineon st Fmalasimenyds
awaﬁm:ifmmmﬁuif:min?iuémau'uo:'lﬁn'lﬁnﬁaﬂaanﬁnﬂuodnﬁ Tasmahnuvesluainesn
'\cuﬁmfuaanqnﬁli'i NS5 wia RNA polymerase vorlaia¥idonasn oz dnunntii 1 waz U5

2) uazTdinsdnuwundoweyalu J._Med. Virology 2003, 77:89-93

2. mafnmnalnii enhancing antibody Fudr anti-viral mechanism danalibaadin

Smanld@ninlnd

\nnmsﬁnm-umﬁn'iiunqiuéiuq yui IL-10 dlu cytokine 3 riud iz adreTuainoonladly
activated macrophage luvwz# cytokine IL-12 uaz IFN-y duaulil activated macrophage
afuluaineenlsdiuiu dantuTaians3ios ninvafnunina [L-10, 11.-12 uay IFN-y 1u THP-
I cells #17uidelaialudnuuz D2-ADE infection wisudvuify D2-infection

misAnyliuunisndha IL-10 1u supemate Tag ELISA uazmisuanisenves IL-10 gene
1as RT-PCR fauaaslugii 9 nAmdeuuy D2-ADE infection duafumsuanioenves IL-10
gene narmiaaa IL-10 y supernate g uinivd ey daifouiu D2-infection

nsAnyIUTu IL-12 uag IFN-y lu supernate voa D2-ADE infection naz D2-
infection Tas ELISA fwanalugifit 10 wud D2-ADE infection sznanisadia IL-12 uaz

[FN-y sgninisdify
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rry wanismaaes uaashiiud enhancing antibody duaiunii #11 cytokine (IL-10)
Faugansudnluaineonad wazdudanisadia 1L-12 uas IFN-y ailu cytokine Yunguitduaiu
nsndaluainoenlan

WeminsAnuunumyes cnhancing antibody sensdugini a3 1 luadneen ledluszdy
Tuana malasanisavin s Anuinaves enhancing antibody aemianizgu STAT-1 uaz IRF-1 ¥
apadainnnh transcription factor vo1iNOS pene nanidn die 1 udagasinlaTadarady
STAT-1 szgnnszfulinaindu activated STAT-1 wis phosphorylated STAT-1 Faozviims
3anBuangenyel IRF-1 gene Tusauiliom IRE-1 gene (IRE-1) oz finTy regulatory domain
v01iNOS gene uazain iNOS win inducible nitric oxide synthase i udulsaifinmnha
catalyst nisadielunineenlasan L-arginine padinifodin ol ulusdnaonlsdmumnniu

Tasanissaiinudnuiteezainsdndsludniu: D2-ADE infection UHARDMIINTZAU
STAT-1 wienisumasesnyss IRF-1 gene 0i1ls TasSvuiivudinw phosphorylated STAT-1
14 THP-1 #1&7udeanyus D2-ADE infection waz D2-infection frailugdd 11 Anwa
kinetics voam3nszdu STAT-1 finardie mondinia 18 ude wiriniolu 24 su wfinadnide
nuvu D2-infection wumiinizdu STAT-1 stianmmia Tuvasinaasonun D2-ADE infection
nan1inizAu STAT-1 navine umue: Tinu phosphorylated STAT-1 wy i naas manId
enhancing antibody nanisviover STAT-|

unumes enhancing antibody Avnisitasvonuor IRF-1 gene + miagnwinmiinanionn
vod IRF-1 gene Tusnamarng fu afRovudousznin D2-ADLE infection uaz D2-infection
nuhinsaadeluniain enhancing antiboby misuanioanvoy IRE-1 gene nnaangadudiny

Famaslugui 12

aquraniIioluvaa 6 Foundivo i 3

Tasan1s T5omu il secondary DIHE S5y hialunszoalasimgmidislungudu
wazamauilsfide e niue luninoan Tadd 11w sccondary DHE snfooniiffdaelungudus
(DF uaz primary DHF) esuiiomiAny nalafisi TidSuia luainoeny flud o secondary
DHEF &1 iioaurninniisiives enhancing antibody amnsdngilng msnuhnsande himda
filuan1z#in enhancing antibody neudvedddnaivsduimiadnluainoanles Taunalanis
Budariuvunumisduedunisada IL-10 wazmsnantiadia IL-12, IFN-y #ansmudivmves IL-
10 1%y ¥l IL-10 §ufiv receptor vufaduazdmaliinisiudn activate STAT-1 uas
IRF-1 ailu transcription factor vas iNOS gene danhililiniueainonvas INOS gene T4

Tutinsadaluasnoonlad

- 4 44 v
n9NIINBUY ALY

1 wruada v luidssyuunns @ ludnume Oral presentation 1301 Dengue virus
enhancing antibody suppresses anti-viral radical production via an inhibition of iNOS gene
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transcription factor, STAT-1 lunisussqu The 2" Meeting on Dengue nextwork w Yszmedad
Tu{ ile¥ufi 27-30 Fueowu 2548 (a1w abstract Ruwas)

2. wupraa luilszquvanlszmaneludnuuy  Oral presentation 13949 Nitric

oxide and dengue virus : from an in vitro experiments to dengue patients. s ldsunsufiguuin
- « = '
3. misanuiunaulus s Ieinaandsoma

31 Weerawan Charnsilpa, Ratree Takumpanya, Trimothy P. Endy,
Mammen P. Mammen Jr., Damel H. Libraty and Sukathida Ubol. 2005 Nitric oxide radical
suppresses replication of wild-type dengue-2 virus in vitro. J. Med. Virol. 77.89-95.

32 Ratree Takhumpanya, Sukathida Ubol, 1luo-Shu Houng,
Gaig E. Cameron, and R. Padmanabhan. Inhibition of dengue viral replication by

Mycophenolic acid and Ribavirin, Manuscript i 1dwudaTds Virolouy uania Journal veald
mnsnaasarumialasinistaldiinnaasaiuiar authors Mavuaaa mmiunadnldounsmsn

vraafiuv S99 1uds J. of General Virology leidausgainu ik

33 Ratree Takhumpanya, Padmanabham R.,and Ubol S. A
molecular mechanism of dengue viral replication suppression by nitric oxide radical.
(Manuscript in preparation)

34 Charoensirisuthigul, T, Kalayanarooj, S., and Ubol S, A
mechanism of ADE —infection enhances denguc virus replication in human monocytic
cells (Manuscript in preparation)
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DV1-ADE acute plasma

Log of viral titer {copies/mil)

—e— DV1.ADE DF
—a— DV1-ADE DHF
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DV2-ADE acute plasma
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Submit to: asiandengue@orient-explorer.com or Fax: (+65) 6339-9536

ABSTRACT

Title: Dengue virus enhancing antibodyv suppresses an anti-viral radical
production via an inhibition of INOS gene transcription factor, STAT-I
Authors: Sukathida Ubol, Takol Charoensirisuthigul and Siripen

Kalayanarooj
Title/Department: Associate Institution: Mahidol University,
Professor, Dept. Microbiology Faculty of Science

Address: 272 RAMA VI Rd. Rachatewee, Bangkok 10400, Thailand
Phone/E-Mail: 66-2-201-5674,
scsul@mahidol.ac.th Country: Thailand

Target cells of dengue virus(DV), monocyte and cells in macrophage linage, are professional nitric oxide
producer. Recent investigation by our group has shown that nitric oxide is strong inhibitor of DV
replication due to its ability to block DV-RNA dependent RNA polymerase activity. To elaborate an in
vitro effect of nitric oxide into natural dengue virus infection, the relationship between plasma nitric oxide
and viral load in DV-infected patients was investigated. Plasma was obtained from DF and DHF patients
of both primary and secondary infection. Level of nitric oxide was determined by Griess’s reagent while
viral load was investigated by Real Time RT-PCR. Result showed that plasma nitric oxide of secondary-
. DHF patients was significantly suppressed while viral load of this group of patient was significantly
higher than other studied groups. Since this phenomenon occurs only in secondary-DHF patients, we then
hypothesized that enhancing antibody(ADE) may be the mediator that suppressed nitnic oxide production
in secondary DHF patients. Thus the impact of ADE on nitric oxide production was detected in DV-
infected monocytic cells. The significant reduction of nitric oxide production was found, 4.43 + 2.62 and
8.36 £ 2.83 pM/ml, in the presence and absence of antibody, respectively. In contrast, the level of viral
synthesis was higher in the presence of ADE, 3.77+1.81 X 10 ® versus 3.64+2.56 X 10° copies/ml. This
result implied that ADE downregulated nitric oxide production which in turn increased viral replication.
To determine the mechanism of antiviral radical downregulation, the effect of ADE on an activation of
INOS gene transcription factor, STAT-1, was determined. Lysates of infected cells were electrophoresed.
An activated form of STAT-1 was detected using specific antibody. Result demonstrated that activation
of STAT-1 was blocked in the present of enhancing antibody. The information obtained from this study
demonstrated one of the virulent mechanisms exerted by enhancing antibody during DV infection. |

Travel Scholarships
Airfares: From: Bangkok To: Singapore Yes

Accommodation: 4 nights Yes
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Dr. Laurance Baril
A variant located in the promoter of the CD209 (DC-SIGN) gene is

associated with the severity of dengue disease

2 Dr. Juthathip Mongkolsapaya 9:30-10:00
T cell responses in Dengue Virus infection, are cross reactive T cells sub-
optimal?

3 Dr. Nopporn Sittisombut 10:00-10:30

Reverse genetics 1in dengue vaccine development
Break  10:30-10:45

4 Dr. Sukthida Ubol 10:45-11:15
Nitricoxide and dengue virus: from an in vitro experiments to

dengue paticnts

5 Dr. Duncan Smith L1:15-11:45
Intcraction of the dengue virus with liver cells

6 Dr. Prapat Suriyaphol L1:45-12:15
Bioinformatics in Dengue Research

Lunch 12:15-13:30

8 Dr. Ampaiwan Chuansumrit 13:30-14:00
Management of bleeding control in patients with dengue hemorrhagic fever

9 Dr.Gavin Screaten 14:00-14:30
Cytokines profiles in Dengue Haemorrhagic Fever

Break 14:30-14:45

10 Dr. Philippe Despres 14:45-15:15
A single nuclecotide polymorphism within the interferon-inducible Qasib

has an impact on the incidence of West Nile virus infection

11 Dr. Michael Jacobs 15:15-15:45
Dengue infection and innate immune defences

Recess
Panel Discussion: “Experiences in international collaborations, present and future”
Prida, Anavaj, Gavin, Somsak as moderator
16:00-17:30
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