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. Abstract

Project code: PDF/54/2543

Project Title: Study of effects of mutations of E protein on cell binding activity using
recombinant Dengue/Japanese encephalitis

Investigator: Siritorn Butrapet Institute of Science and Technology, Mahidol University, 25/25

Puthamonthon 4, Nakornpathom, 73170  E-mail Address: sirit_b@lycos.com
Project period : 2 years

Objective of this study is to construct recombinant Dengue and Japanese encephalitis
virus(JE) for further use as a tool for mutagenesis study of the viral E protein.

DNA fragments contain structural genes (PrM and E) of JE strain Beijing-1 were
generated form RNA of JE virus using reverse transcription and polymerase chain reaction, and
further cloned into intermediate Dengue (DEN) backbones prior to sequencing. The DNA
fragment of 1952 and 2021 were generated, and the 2021 fragment contains cleavage
sequence of JE virus upstream of PrM gene. Two point mutations in the E gene (nt 1346 and
1371) were found by sequencing. Construction of recombinant DEN/JE DNA by ligation of Den
genes (from NS1 to 3' end non-coding region) of pD2-IC-P48 (virulent virus) to the intermediate
clone was not sucessful, and all of the clones showed deletion in NS-1 gene. However, several
recombinant clones can be sucesfully derived using pD2-IC-VES50 (attenuated virus) as
backbone. The recombinant pD2V/JE15 contains JE fragment 1952 and pD2V/JE16 contain JE
fragment 2021. RNA was transcribed from the DNA by in vitro transcription. After transfection to
BHK-21 cell using electroporation, no virus protein was detected from pD2V/JE16 transfected
cells using indirected Immunofluoresence assay. However, pD2VE/JE15 infected cells showed
positive result. Recombinant D2VE/JE15 viruses showed hazy plaque with the size similar to
that of D2IC/VESO0 virus in both Vero and LLC-mk2 cell. These D2VE/JE15 viruses grew up to
about10 pfu/ml in both Vero and LLC-mk2 cell but not in C6/36 cell.

In conclusion, two point mutation were found in the E gene of every clone indicate
these two mutations were occurred in JE genome and were not caused by an error of
polymerase enzyme. Recombinant DEN/JE viruses which contain signal sequence of JE virus
were recovered from transfection. Since these viruses can grow to high titer in both Vero and
LLC-mk2 cell, so these viruses can be use for mutagenesis study. However, binding

characteristic of these recombinant D2VE/JE15 viruses should be investigated first.

Keywords: Dengue virus, Japanese encephalitis virus, Recombinant virus, Structural genes
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Study of effects of mutations of E protein on cell binding activity using recombinant

Dengue/Japanese encephalitis viruses

unin

\$e13¥a Japanese encephalitis(JE) illuduinguesnisiialsnliauessniay uss o

hh§méaft (Dengue virus, DEN) ivinlwiAinlsnldiRensan dnatlungu Flavivirus Hiula3adia
swaian Uszaunm 50 nm dnswugnisuilu RNA uuy positive strand Hvuwrelszunm 11 kb &
MSG30ITeIBuMUELSIT 5-NC —C- PrM- E-NS1-NS2A-NS2B- NS3- NS4A- NS4B- NS5-
F-NC é’;ﬂﬂsﬁumaa'h%'mzt‘%ua‘i"ﬂemnqﬂf"}mﬁmqmﬁm (single open reading frame) \Jw
Tus®uuyy polyprotein riow saandlinsandumution (processing) laglfiulaminauviia
(1.2)

nalnmsnelsnsusssniaylaglia JE drlimansoetuneldwite Iuanuddosmuauii JE &
AUINNT (specific tropism) lunaibiiRansande(infect) lugasaupsfirndavauny BINY
nansd (developing neuron)‘lﬁ?m‘i’u‘imﬁﬂuDd‘ﬁﬁﬂm'mm‘pnf (mature neuron) U8 (3.4.5) WA
msfinwlnold DEN-1 wuhszduanupusiresmstinemiausssniaulununaaas
(neurovirulence) fnnuduwuinulSunaluséuueslrdausznisiia apoptosis (6) nsAnwIEIN
Iutﬁtﬁmﬁuwnugumwam%a ﬁna:tﬂumsﬁnmu%a'h%’aﬁﬁm‘mguusﬂus:é’usi'm anulu
dainaass msfinwlaul$3% monocional anti-E neutralized escape variants waz338wu 9 wuin
u'%nmqaﬁmvn:ﬁﬁnasiaﬂ'nm;uu'iw aot%a'h%’a(speciﬁc determinant of virulenvce) #uunaz

atiuulis@ud (E) Faiw Tusdulasaasy(structral protein) ﬁngiuummﬂﬁanm 8913w
(7.8,9,10,11,12).

Tuséud ;fluh]-sﬁuﬁanmsnns:cj’u'lﬁhamuﬁmsa%oqﬁsjuﬁu (Dominant antigen) sial25s Mo
umumsasneudived WazNAFNAUITALLTAS (neutralizing antibody and protective immune
response) (13,14,15) uananidavimihAtdu sasuiu receptor UWHATRE (receptor binding)
waz Jsudnnlun1siiia membrane fusion 'lwm:ﬁﬂmsﬁﬂt%a'h%‘an]’nrjmaﬁ (16.17) uaziiin
Wsduidylunmsiiwenanuguusivealisdndas (18) Tusduduszneudisnsenziilu -
Uszanm 493-501 @32 Hnsaeziilu cysteine §1IU12 §2 Taazaine disulfide bridges 1ulaa na
waalulsauil (19) M3ANW" antigenic structure Taels monoclonal antibody (20,21,22,23) uaz
hydrophilicity profile (24) Ynlwaunsousaslaseaiauuy @81l (two-dimensional model) 183



(25) lus®udls Uszneuumsiinmnlaplsis x-ray crystallography TI41U M3876iED computer
modelling Yhl¥munsnafalanasouvumaiiale (26.27) Tus@udazdudanuuuy dimer 1w
SN head-to-tail Tuiansveslus@udmansnuiisean 1hilu 3 §u (26,27) eurisu domain
| Yszneusonsaaziilu 128 &2 Ssauiiiiu glycosylation site uasinamfiiitavestums
nszdumsaaniiquin. §2u domain Il Ysznaudonineziilu 171 @ Wududndngluns
NIZHUNTIININ neutralizing antibody uszifpindu dimerization Domain uszanuisataady
fusion activity (28) &% domain Ill Uszneusiunsaezilu 100 é2 usztfiadinsau lateral surface
183 domain 1l HsuApT8INY receptor binding (29,30)

Ua3Duiln1saing cDNA maa'l*;’s’a“mu-nﬁﬂhmju flavivirus (31,32,33,34,35) $2UN9 cDNAV B3
\#01a¥w JE (36) iins1F cDNA clone msnitlumsainmn Bu (genome) vedlhia Aduatasny
m'm'guu.solum-sﬁ pl3n (virulence) \BW N3EIY heterotypic chimera T2 Tick-borne
encephalitis virus (TBE) uaz Dengue-4 (37,38) iReliAnmnansznuvingaruns g
Ts@udues 1iFnTBE ussmssihiafilinuguussiesann cDNA cone 18311 3aJE (39)
wazmsEahiagnuauszainalafalsnldindes (Yellow fever virus) uazlh3aue tistszlumilu
nsimduingu (40) ATUMIMNTNIBIRUTM AR SUEE WU ImNTTUmaas ilvlimsadeeu
fiBwia (cONA) vasl fmanuriiasunade i JE i %aa:tﬂum‘%aaﬁaﬁ'\ﬁ'tylumsﬁum
u‘%nmﬁtﬂuqﬂﬁmuﬂmwwmwm'l'z%'a'LcT uanmﬁa‘lﬂmnmsﬁnmﬁuum'h%’aﬁ'lﬂgn
neutralize lauuaudiva® "ﬁﬂuﬂaqﬁ'uﬁﬁ'ﬂxjmmmﬂwanw‘inqa‘lﬁuﬂfﬂ TBYaINNISANGN
'i'lwm'l'r's'm‘fmmmﬁ'\mu‘.luﬁagmﬁmﬁulumsﬁnmn'nu?uu.sa'uaﬂn"s'a"lﬁ wanNDI
munsnlidnsanuduiusszninenumuusveshis Aunalnnsdelseluwasdaussdelyle

amui s ldmansauihlatenalnlumsiielie uszazsiolunsdunineFuamzwo i
UssimSmwlunmssnenlsnlmussdniau

"z'aqﬂ's:mshaomuﬁ%’ui{ﬁamsuﬁ“ﬁmaar&ﬁuqmaﬂ{ua:ﬁmﬁmnﬁumims' wltlumsasa
hiimanumu (Recombinant virusyszning DEN usz JE elfifuniosiielumsanwinalnms
Lﬁﬂmsé‘m%a'liauaaé’maulu's:ﬁ'ﬂmanﬂa'am nu“‘:ﬁ'm{pﬁé'uﬂs-mmwa"\L%'lumsrﬁ*w'h
Jagnuay DENME ATEuiud Prv-E 104JE vinlunudl luBudues DEN-2 MUWUE16681-
PDK53 1ilu backbone Luaamn'hsauulumuwuﬁﬂ'lumuﬂ(aa 43) lafagnuau DENIE #ilean
munsadulaléalwgasilfinizido nauu'nmauua'lummmmmimﬁq'hsaannau‘nuaﬂ
HURAIIUNAZ (site directional mutagenesis) 1alUsaUBUBIJE 1ilpsnntraaa aiguwae welg

1ﬁm|.'uauu1nﬁn'waﬂo'l'naanuauﬂﬂ's:auna'lu.a'mﬂ pimunsn WS lunsnass it a'lﬂ
1satrsnsinon
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Virues and cell culture

1513JE s Beijing-1 waz 113" DEN2 strain 16681 1ifluwla3a control asaanimanes
1Hisad BHK-21 lumsvi transfection 15imad Vero uaz iwasys C6/36 lumnasouliin toad
wandh 1Bog aglutfﬁtﬁruowﬂﬁﬂi:nauﬁ"au DMEM (Dulbecco’s modified Eagle’s medium,
Hyclone) il Fetal calf serum nanegluFinm 5% &wiuiwad BHK-21 unz Loal Vero RS

r=1 . W ) J l:‘ :‘ oy
# 37°c luussonniafidl co, aLifan 2% EIULTARLS C6/36 1N 30°C luussemeadt lajdl
co,

RNA extraction and Reverse transcription and Polymerase chain reaction (RT/PCR)

MIaNaRNA v831237JE 970 culture supernatant laols QlAamp Viral RNA Kit (Qaigen) 3ol
&3 Trizol LS (Gibco BRL, Life technologies) lasdfidamudmuztdimslsongdnda (Ja'ld
RNA udazihluvin RT/PCR lauly gaidasleoal SuperScript, One step RT-PCR system (Gibco
BRL, Life technologies) wazl®¥ Primer 2 ﬁjﬁﬁ specific restriction enzyme site agjeay primer fui?[l
1 (JE-480 5’ AAGTTGTCAACGCGTCAGGGGAAGCTTTTGATG3' Miul and cJE-2448 5'
CACACCGCCGGCGGCTAAGAAGGCCAAAGS NgoMI) 9:1W fragment Afiuua1952 s

# WU primer fui‘ﬁZ (JE-sst2

5'AAGCAAAACAAAAGAT CCGCGGGCGAAGGCTCAATCATGTGGS' NgoMl

and cJE-2448 5' CACACCGCCGGCGGCTAAGAAGGCCAAAGS') @aazlw fragment fifluuie
20211uw 1ii6'l¢ DNA L;iaﬁaaﬁwlﬁu‘%qnﬁauli 4 QlAquick PCR Purification kit (QIAGEN)
Aeuwmai WSl uduneunns cloning L'ﬁ"ltj Intermediate clone #a'l1

Construction of Intermediate DEN2/JE clone

YmsiRausman DNA 189 Intermediate clones (pD2-IP waz pD2-IV) A11#308"%7n Dr. Richard
Kinney W&z Dr. Claire Kinney Center for Disease Control, USA. usz pD2-1C-P48 pD2-1C-vV50
waz pD2-1C-VES0 (el Hiiluda5u (backbone) suldsdiudues JE (31]'?'1 1) uenaNitdaIrinms
U319 Intermediate clones Tagifia Sacll site lausanuuuy primers galwailwil Sacll site g
lusu 3-end w89 prM gene uazlElunisvin site directed mutagenesis (e 143 specific
restriction enzyme site 14 Intermediate clones Li‘.lla'lﬁ’ DNA 3701511 PCR w&7 vinns

. o . o ol ) A o ™ ..
transformation L'IJ’\gu:‘JJﬂTILSH XL1-blue Iﬂumﬂ'mﬁ Heat shock Wlanaiaanclone Y restriction
enzyme Sacil site LWBLANI UIN DNA sinly



439937 42 3478 45X 637 757 1200
|
Fcledyt g NSl |al2B NS3 44 4E 3
J? 412 4132 68[26
Genome of Dengue virus
Sal/Agel/T7
|
Mlul-451 Ngulxvu 2380 Xbal- 102!10
pD2-IC-P48 and pD2-IC-VESO
SstlfAgel/T7 Miut-451 NgoMI -23 80 Xbal-2676
Sacl]-420
Intermediate Dengue clone ; pD2IP and pD2IV
Xbal- 10230
DENGUE
Xbal- 10230
DENGUE

pD2P JE13 and pD2VE/JELS

—= W
sUn 1. sUndao genome 19091054 Dengue, Intermediate clone WAz DNAaNnwWay
=N910 Dengue/JE UA: NAAOGIIINUOUDO restriction enzyme NIFlUMSHOG0TUA



- - b . . A o . .
M Irdusususes DNA 184 JE virus Aildannsvih PCR 1 ldeglu
- - . . ' . P
Intermediate clone YIa&BITIA lALNTS Ligation 2% Intermediate clones uas JE fragment N
-~ = A -] & - L ) 1 o
163nn1svin PCR 1‘"\ 16°C uiamitsAn W8NS transformation “nguuavisy XL1i-blue

[ a~ A Adas = - - — ™
Teun1s14$5% Heat shock wazfendan clone ATTUFIUAUYI1I5R JE tRaiRud 1% DNA us?
dldvinnsanudeulus

DNA Seguencing

1$U%ma DNA 15 wilun3udenilaafidesnissm iRelulfnimeenss Tasls DNA
sequencing Kit (BigDye Terminator Cycle Sequencing Ready Reaction, ABI PRISM, PE
Applied Biosystems) Tﬂﬂlﬁ%muﬁgu‘ﬁnuu:m WevufnieniaTauda s DNA fldainms
vi1 PCR ialnaneaf guddfiamunisafiesn soiuddivinumaasuszimalulad wuiias
wisdafmisudnmsEanmw dnnwiandinsmeasuasmalulaburimd seuwafiswle
sdwnlSyuinsunudauluRed JE virus strain Beijing-1 ﬁﬁag'lu GENE BANK ufiLldan
ANz clone ﬁﬁﬁﬁﬁﬂtuagnﬁaatﬁalﬂufuda'lﬂ

Construction of full-length clone

i1 Intermedieat clone DENMJE antiaaeae L8l Xbal uaz NgoMl \Hetiapudvinnmsuan DNA
lﬁ’u‘%qﬂ‘é DNA #ldnasnnmstispazfivute 5380 LR waztdn Full-length clone 189 DEN2 ¢t
uri pD2-1C-P48 pD2-IC-VV50 uaz pD2-IC-VES50 utinpnan Lan'led Xbal uaz NgoMI ud i
wonfiu DNA fiflvune 7850 wwafiiiiud NS1-NS5 uea 1a3a DEN2 1nl5iilu Backbone 1wn1s
#5149 Fuli-length recombinant DNA laams Ligation 7 16°C (lwiaawilefin udvinis
transformation LTN&WUATITD XL1-blue laun13l535 Electroporation udtinmssaden clone f

NiudueshisalE lnansvendudulodiani: Haldclone w7 zdaariin TR 1IN DNA
WldBunnn

MIFAATIZN 13& RNA (in vitro transcription) waz Transfection

DNA fezin il fifluduuunlunisais RNA axdeaiifiunaannndi 2 Wlasndy shonaly
tisndoEwlesd Xbal 1avi 1w DNAGhFuAsIrioN mailnIsauaszyi RNA ve91a57
witin3s axdarutlsznauddydail linearized DNA $ruauliistonnd tlulasniu m7A-cap,
dNTPs uaz RNA polymerase enzyme solution (RiboMax Large Scale RNA Production Systems,
Promega) ilansuasudlwifud 37°C w1 #lus nniweshdunitivesyfnieile

wesIneulasnsvin electrophorhesis 1 agarose gel 1i8a519WU RNA udq Fardfnien
fufnaeluvinnns transfection sialsl



y
n13YN transfection =1Biwad BHK-21 (Baby hamster kidney cell) ﬁﬁ‘mam"“m_ﬂﬁ'ﬂs:mm 90%

confluent $7manyszanm10 | 1es HauiD RNA Aisaameile udluvinnis electroporation
wSuanhigas t?mmm'sférmua:m'lﬂl.vr\:l.‘érmvia'lugn'j.wm‘érmu{mﬁaﬁ 37°c lu
usstnmiafis enfuenlesenlad Wue 7 3 usaimsasnreumsaialhirlusdulands
yeduiih lbne dimseTarsuigas InHauInuaaditimsae b dalusdulwiaad Aesdasu

J -~ . o - 3 -~ =
Fiiupmsiioaaasunynnisiiuanaznen udnhauiidwlnasanuaunsas calf serum 7

- » = | ' -
ﬁuwmqﬂmu 10% AswvzrlUifivn -70°C tResaYnmsaTawitSunolses mstudSunm

- a2 [ = .- (v & - “ o
apalTarilasnmafsslisaluaad Vero iwaan 7 Tu wdvinnmsifivemrsiisarasiine 15vin
MINaaeIee il

Indirect Immunofluoresence assay (IFA)

LY LY -~ - ry (Y ) [ . -
Iasnsaunisaiahifslus@ulwaad laodusasumzsdosliunsauanle slide uszidlilban
[ [ _ N . . o = . LR [ LY a
#207F indirect immunofiuorescence assay lauls Serum fldnngihailulinldauesdniay
“3aMonoclonal antibody 271® fio HB112 (Flavivirus group specific) las HB114 (Dengue virus
. = a o -~ . . oA Aa < . =
group specific) tiluuauduo@ausn uarly anti-mouse antibody Hdaasi3osuas iuueudvuod

w -~ 1 (d‘ - a | P ~ - (=) = a

dfees udihldesquraddosnasldndosganssAnluas UV iwueadimaGauas (14
= ) = - B = - J

wauan) Auradimsai hIrlusduiRaauluiosd

nminIwiBuinhia 1eulsis Plaque titration assay

msamamBanmlada linsassluioad Vero luolu 6-well tissue culture plate 3wldioag
fiw monolayer 3nsiuhladaftaznasauanvinlwiSeansnsdes gfinz10 win (10 fold dilution)
i la3efiFevnoud $man 200 lulnsias impalEluirssudacnay uninacnuad
stV wdnlwoadlhAud ﬁtwwztgﬂatﬁatﬁaﬁ 37°C dluen 1.5 Fluaieliiiansae
e uazazdasiimadiaaiaanuutyn g 15w Wedesiulilwizadusts Wensuaiudds
ﬂ'n'naémn.ﬁummnﬁmwmfﬁﬁa'g’uﬁouﬁa seauemsudleRusatiasd Ui lud Wz
Woailaded 37°C Huan 7-10 Lﬁaﬂmnmua"mwmﬁaanmtﬁummwﬁﬂj’uﬁauﬁaﬁ
WauRUau (Neutral Red) uﬁ':m'lm‘éruaﬁﬁtmztgmw‘:aLﬁaﬁ 37°C Wwmdnniledn uddah
1M plaque AARTW uszdwimBunalasau Plaque Forming Unit per mililiter
(PFU/mI) Iunsrﬁﬁﬁaamsd'\un“\wa:u’u‘méﬁLérm'l'i'ﬂ-mﬁmuﬂuﬁ'.nmtﬁuan‘s 3.7%
Formaldehyde in Phosphate buffer saline ué’qﬁa‘lﬂﬁunmmumnn'iwﬁa-ﬁ'ﬂm ATUTINUG

VR nmmu:rrgum'lﬂua'zmuauau 1% Crystal violet SasunyUszanmasuin ud i Ui
fuwfusandsiidszth udrenliuwanewir ldaunw



\
\Viral growth curve study

. du 4 . '
dlhSafdasnInagauan Infect L1ad Vero Atinallu Tissue culture flask 1u1a 75 em’ lae
131157 5,000 PFU  udunl1) incubate 157 37°C dluiaan 1.5 $alus roulundnamisiass

N -~ g . - o~ o '™ . et
vas nawilnaulUiaedeN37°C win 12 W 1uiun 2,4,6,8.10,12 “aIn1s Infection azifushy
& P | '

WBptras wedn ldasranidsanalsw



HENMTNAKEY

nsenaAuILUaYBIEud 123 JE strain Beifing-1

annIii RT/PCR Taols primer F“i‘ﬁ1 ¢ %% DNA 20891238 JE 1119 1952 base-pair Usznau
FuBud PrM (nt-489) un E (nt-2441) lasficleavage site fiagwin PrM gene (uues DEN2
virus s odau 5 § Miul site uas § NgoMI site agﬁﬂmmﬁu 3' nEIINYIINT clone T DNA
ﬁ'lﬁtﬁ'!g Intermediate Vector;pD2-IP U823 3evihimssudeuiug eauSoufoudduiusiisnu
%N reference sequence (3‘11"?1 2) Wuin

Clone pD2-1P#5-2 1l 4 point mutations (nt 646,1346, 1371, 2289) us: 1 amino acid deletion
Clone pD2-1P#3-3 1) 4 point mutations (nt 1171,1346, 1371, 1968)

Clone pD2-1IP#7 1) 2 point mutations (nt 1346, 1371)

. R v ol [y - o .
¥InmMs RT/PCR lasls primer €1 2 16%u DNA 183 1iFaJE vuraiandu 2021 base-pair
d aa o . - w [3 . a
FINDUNX PrM (nt-420) uaz E (nt-2441) '[ﬂU'ncIeavage site NOUWUT PrM gene \LluvasJE virus ¥
. [] c‘ et - . . tJ e - v . .
Sacll site agﬂﬂmumu 5" URs 4 NgoMl site agﬂﬂa’mmu 3’ wavvInclone L11F Intermediate
d - J (-3 = o ) a G =4
vector Nasaluanlvaife pD2-IVsac uazifian clone $143u 4 clones UM 1udIOUILEEN

n33 g3U# 3. 1ddmBen clone pD2-IVIES Balufiudusa JE & 2 point mutations (nt 1346,
1371) WA BUNY clone pD2-IP#7

Full-length recombinant DEN2/JE DNA

\8enls Clone pD2-IP#7 (1952 base pair) ifias3 niimutation ﬁ’auﬁqﬂ W8z mutations 91 nt 1346
uaz 1371 vraziiu mutations '?‘ll.ﬁﬂl‘u RNA 1831338189 1ﬁ1ﬁlﬁﬂﬁ1n error U4 reverse
transcriptase enzyme il839INWY mutationsAdumaABIAUILLL Clonean 9 wenaniid
wuin luFufiuduesdE MUl site Adumiis nt 931 Sadaarhnsuda Miul Adunsis 931 dre3e
site directed mutagenesis us9zl# intermediate clone Tiialwifia pD2IPIJES (JE fragment '3
3 Miul site atilu pD2-1P Failu DEN2 wild type intermediates) wananitleandeluues JE
virus 31 pD2IPIJES 1N lllalu pD2-1V vector uazlél intermediate clone Tiinlnide pD2-
IVIJE10 (JE fragment 2135 Miul site ag:'lu pD2-1V "i‘Nl.i:Ju DEN2 vaccine intermediates)

§ M3 intermediate clone 71l JE (2022 base pair) #1910 ligation s2wina JE fragment
(Sacll-Ngomi) 1 pD2-IVsac 14 intermediate clone ﬁuﬂlﬂuﬂa pD2-IVIJEG (JE fragment ay
u pD2-lVsac Fau DENZ2 vaccine intermediates) ‘aﬂnuuﬂﬂmuﬂuaJE ANpD2-IV/JES ud2



489
#5-2
#$3-3
47

601

901

1141

1201

1321

1921

2041

2101

2281

2401

N

GCGT

GCGT

aa
AC
AC
AC
Y M C
gctacatgtg
.
L]
W M L
gcoctggatgcect
v R 5

aggtcagaag
L

T T G
ccacgactgg

cC A K
catgtgcaaa

D T &
cggacactgg

T V- N
tgacggtgaa
A

>

P P F
aaccccceccett

s 1 G
actccatagg
A

R D R
cacgagaccg

F Q G
tttccagggg
GCGT

E DT
tgaggacact

G S N
tggcagtaac

Y Cc Y

ttactgctat

E A H
agaagcccac

F § C
attctccrge

H G T
tcacggaaca

P F Vv
ccococrtcecgtce
G D =
cggagactcc
K A V
gaaagctgtt
S I A

atcaattgct

K L L M
aagcttttga

I T Y E
atcacgtacgqg

N G Q R
aacggtcaac

H A s
catgcttcag

N E K K
aacgagaagc

T 8 K A
accagcaaag
G

c_
G

v v 1 E
gttgtcattg

A T 5 S
gcgacrttcca
r

I
T
Y I Vv Vv

tacatcgtag

H O Vv F
caccaagtgt

L A F L
ttggeccttoet

T I N
tgaccatcaa
C P K

aatgtcctaa

v VvV F
gcgtggtatt
A
A
T D 1
tcactgacat
<
A D S
gagctgatag
G
1 G R
cgattggaag
G
S _
G
L S Y
aactttcata
A N =S
gcgccaactc
G R G
ttggaagggg
G G A
ttggtggtgce
A T &G
tagccacaqg
GCCGG
GCCGG
GCCGG

N T D
caacacggac
L I M

gctcaccatg

T 1 L
caccatcctce
5 T v
ctcgacggtg
s Y v
tagctatgtg
T I Q

aacaatccag

S G &8
ctctgggagt

s

G
K V L
aaaggtgctg
D K ©Q

agacaagcag

F R T
cttcagaarca

2441

0NN e

gﬂﬁ 2. Sequence alignment ¥83 Intermediate clones (Miul-NgoMi)

I A D V
attgcagacg

G N D P
ggcaatgatc

L L L V
ctgctgttgg

A R C P
gctcggtgecc

C K Q G
tgcaaacaaqg

S E N I
tcagaaaaca
c
c
c

D G P C
gatggcccct

V E M E
gtcgagatgg

I N H H
attaaccacc

L F G G
ctctttgggg



420

pD2IV/JE6#18
pPD2IV/JTEG#2

PD2IV/JE6#13
pPD2IV/JE6#19

¢ 8§ I

421 aaggctcaat

481

541

841

1201

1321

1801

2041

2401

L 8 N
agttgtcaaa

L3
L]
1
I v I
ttatcgtgat

L3

1

K T E
tgaaaaccga

.

T T G
ccacgactgg

C A K
catgtgcaaa

s S Vv
caagctcagt

*

T VvV N
tgacggtgaa
a
a

R D R
cacgagaccg

o
U
L}

M W L
catgtggcte

F Q G
tttccagggg

P T s
tceccaccteca

N W I
gaactggatc

E A H
agaagcccac

P S5 C
attetectge

K L T
gaagttaaca

P F V
ceceettcecgte

s I A
atcaattgect

A 5 L A
gcgagcttgg

K L L M
aagcttttga

K G E N
aaaggagaga

I R N P
ataaggaate

N E K R
aacgagaagec
qg

T S K A
accagcaaaqg
g
L= |

S 6 B L
tcaggecace
a

A T 8 s
gcgacttcca
t
£

L A F L
ttggecettet

v v I
cagttgttat
c
£
-]
c
T I N
tgaccatcaa
g
R C W
acagatgetg
t
t
t
t
G Y A
ctggctatge
c
A D S
gagctgatag
I G R
cgattggaag
g
g
K € R
taaaatgcag
A N s
gcgecaacte
A T G
tagccacagg
gccgg
gccgg

A C A
agcctgegea

N T D
caacacggac

v R A
ggtccgagca

F L A
ttttetggeg

s ¥ Vv
tagctatgtg

T I ¢Q
aacaatccag

L K M
gctgaaaatyg

K VvV L
aaaggtgetg

2441

oo

3. Sequence alignment 183 Intermediate Clones (Sacli-NgoMl)

E
ccgcgggeg
cecgeggge-
cegegggcyg
ccgcgggceg
ccgcgggeg

G A M K
ggagccatga

I A D V
attgcagacg

I D V &
atagacgtcg

afoin n

A I L G
gcgatacttg

C K Q &6
tgcaaacaag

S E N I
tcagaaaaca

c
1=

D K L A
gacaaactgg

V E M E
gtcgagatgg

10
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A > ‘e " o
Yinms clonetdng pD2-IPsac B9ar\siclonelwiifie pD2-IPIJET (JE fragment agjlu pD2-IPsac &

illw DEN2 wild type intermediates)

NS854 Full-length clone galasnms ligation 5t¥%319 Ngoml W&z Xbal fragment Yu1@ 7790
base-pair ﬁ'lﬁ'mmn pD2-1C-VV50 uaz pD2-IC-VES0 (Full-length clone 183 vaccine virus) w38
pD2-IC-P48 (wild type virus) Nu intermediate clones daih

pD2IVIJE10 11U fragment An31n pD2-IC-VV50 ¢ pD2VAJET1

pD2IPIJES fiu fragment 4NN pD2-IC-P48 & pD2P/JE12

pD2IVIJEG fiu fragment a9 pD2-1C-VV50 'lé pD2V/JES

pD2IP/JE7 il fragment 1NN pD2-IC-P48 'l pD2PIJE13

pD2IVIJE10 U fragment 4797n pD2-IC-VES50 'léf pD2VIJE16

pD2IVIJES il fragment 41370 pD2-IC-VESO |¢f pD2VIJE15

a4 . d o % oad - )
JE fragment 'nagl'u, Recombinant full-length clone 'naﬂa'lﬂ‘na‘qn clone yVU® 10230 base-pair
sansnagllddianantdeansd

Backbone JE-1652 (Mlu-NgoMI) | JE-2021 (Sacll-NgoMi)
pD2-1C-VV50 pD2V/IJE11 pD2V/JE9
pD2-IC-VES0 pD2VIJE16 pD2VIJE15
pD2-IC-P48 pD2P/E12 pD2p/JE13

A bt o+ =
A1T7IN1. ANTIILENI Recombinant full-length DEN2/JE clones ﬁﬂﬂﬂﬁ’[ﬂﬂl‘ﬁ Backbone 3 TU®@

D pD2-IC-P48 1NANABWUTTUUTI §IU pD2-IC-VV50 use pD2-IC-VES0 mmnmmﬁufm'ﬁ
RIS N

HAM3IM Transfection RNA t1ng BHK-21 uaz Vero cells. Tnol¥ RNA #1 Transcribed 11970
recombinant DEN/JE 4 wilafie pD2VIJE11, pD2VAJES, pD2PIJE12, unzpD2PIE13 unzld pD2-
IC-VV50 uaz pD2-IC-P48 (31 4) 1l control wuiwdams transfection uda 7 Swidleviims

" Y- 1 ] A s
ATIVNDULTARN 20D IFA WU \REN transfect f8 pD2-IC-VV50 waz pD2-1C-P48 1Wmauan
FIULTRAD transfect 918 recombinant DNA nidrita 1vnaau

- s a - o o
URSIINANTWINZ uamwamwaaan:'hanﬂsﬂﬂun'ml'mnammmﬁﬁgn transfectionit® V¥
Widans@atsalusad Vero Bnass udnhigadunasinady wamsnasavuanit uilss
- w a e [ w -
gnwausanan 18a9n pD2PIE12 uaz pD2PIE13 Iuany illadaudan HB112 (Feezdasls



1 2 3 4 5 6 7

9416
6557 ___
4361

gﬂﬁ 4. 31uRa3 RNA A1d9 NN In vitro Transcription
lane1. Markers

lane 2. pD2-p48

lane 3. pD2-VV50

lane 4. pD2V/JE9 #9

lane 5. pD2VIJES #11

lane 6. pD2P/JE13 #12

lane 7. pD2P/JE13 #13
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HaUIn HUUTRUEV0I JE) &IUHBUIN (false positive)ﬁ‘lﬁv‘\n%%'ug?ﬂ'mﬁ'u 819N INNT
- J -~ o z L = of z 1

cross reactive 184 antibody wanumilandegludsu dmuluminmadisis IFA asadeluaslsTa

Tulnawa waufue® lunsasaaionu

Antibody for detection Vero cell was infected with transfected with
pD2-IC-P48 pD2P/JE12 pD2P/JE13
HB46 (DEN2 specific) ++ed - -

HB114 (DEN group)

44
HB112 (Flavivirus specific) +++ -
e

JE patient sera ++ ++

AITIIN 2 AMTIIUENINENTTATIY IFA 11 Vero cell laplsluTulnasueudved uaz@suiilaan
:jﬂ'wtﬂuuauauaﬁv‘f‘m‘m'lun'\wma

Lfmﬁ"m'\iv\ﬂaﬂan Restriction enzyme pattern 193 pD2V/JE11 pD2VIJES pD2P/JE12 ua:s
pD2PIE13 TauaziBuadna$s wuin NgoMi himansn digest f(Undianilu single cut) siaanle
M1sequence L'ﬁaﬂﬂ‘aclone pD2P/JE13 unz pD2V/IJES Wuinii nucleotide deletion u
pD2P/JE13 4974 44 nucleotides AILF1 It junction of E 189 JE usz DEN2 NSI ¥inlv NgoMi

site gmﬂﬁuuuﬂadﬂ & pD2VIJE9 Wi single nucleotide deletion 1 NSI gene w89 DEN2
(el s)

fIUNAMIRENISY Transfection RNA Tatl® BHK-21 uaz RNA # transcribed 11370
pD2V/JE15 (4 clones) Uiz pD2VIJE16 (4 clones) lnals pD2-1C-VES0 Tu control Waztipuiaag
L35 IFA WaIMT transfection W87 6 TW WUG1 LRET transfect §AD WA pD2-IC-VE50 pD2-

IC-P48 uaz pD2VIJE15 IMuauan &3uleadf transfect #2e pD2VIJE16 1Ruaay saenafia
Trasnail
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JE BJ-1
D216681 .CDC
PIRIE]13~13

tgaagggage tcaaagacty goagogttgg gogacacage ctgggacttt ggetctattg gaggggtett
TGEOCATTTT AGGTGACACA GOCTGEEATT TIGRATOCTT GGGAGRAGTG TTTACATCTA TAGGAAAGGC

trrrerrrFr FEFFFETFTS rEFPFIETFFFF P PR PIIRT RS FPrFFSFFFFF PP ERIF RIS Frrrrrrrrr

caactocata gggaaagetg ttcaccaagt gtttoggtggt gocttcagaa cactctttgg gggaatgtcet
TCTOCACCARA GTCTTTGEAG CAATCTATGG AGCTAOCTTC AGTGEGEETIT CATGGACTAT GARAATCCTC

PEPEFSPFTT FEFFFPIIIIY FrFrE PRI FFF FTRIPEIYIR O FF AT RIS Frerrrrrerervy rrrrrrrrry

tggatcacac aagggcetaat gggggoocta ctacttbtgga tgggocatcaa cgoacgagac ogatcaattg
ATAGGAGTCA TTATCACATG GATAGEAATG AATTCACOGCA GCACCTCACT GTCTGTGACA CIAGTATTGG

LA A A A N B AN A AN N N rEFFFYER IO Y FRPFREFITES A A A rrrrrrrrirs FeErrrrrre oy

ctttggoctt cttagoogoe gge
TGGGBAATTGT GACACTGTAT TIGGGAGICA TGGTGCAGAS CGATAGTGGT TGUGTTGTGA GCTGGRARAR

NAVNEE NP PP EPEPEE NP RR B EIER
rrrverrerr rrrrrr rGOC g

CARAGAACTG ARATGTGECA GIGGGATTTT CATCACAGAC AACGTGECACA CATGGACAGA ACAATACAAG

st rrrrerys \Frrrrerrry N FrrTrFrFFT LT A Y A s\ rrrrrrrd SNFErFPPE TS LN A A A

TTCCARCCAG AATCOCCCTTC AAAACTAGCT TCAGCTATOC AGAAAGCCCA TGARGAGGEC ATTTGIGEAA

NFrrr RIS Nrrrtr by AV Nrrrrrrr ity Srrrtrrrrr \NrFFrrrrers NFFP P Frrrrzs

TOCACTCAGT AACAAGACTG GAGAATCTGA TGTGGAAACA AATANCACCA GAATTGAATC ACATTCTATC

\NFr et r Iy Nfrrrrrrirr N FrFrrrrrd \rrFrrrrrry LAY A A A \NFFrrre¢errry¢ N Frrrrrrrag

31]‘#1 5. Partial sequence alignment uaﬂdﬁ?uﬁﬁ Deletion 1u full-length clone pD2JE13-13
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BHK-21 transfected with Mix Mabs
recombinant DEN2/JE (Mab112 +114)

pD2-1C-VE50 +
pD2VIJE15-2 +
pD2VIJE15-8 +
pD2VIJE15-12 +
pD2V/JE15-18 +
pD2VIJE16-15 -
pD2V/IJE16-27 -
pD2VIJE16-13 -
pD2V/JE16-31 -
pD2-1C-P48 +

A A L W -~
AT 3. MTIUANINRNNTATINTR BHK-218N0n Transfect mu‘hsagnnau DEN2/JE Taels
Tululnadaususiveauay

al - s J d e r C‘ - rF- ) .‘.: [ ¥
Wt R LR S AL ALLN NI aENIN IANALIN 11 Infect LBadVero BnasY waltin llasrarey
#2835 IFA Bnadslanaamufuansliluamaig aeit

pD2V/JE15-2 | pD2V/IJE15-8 | pD2VIJE16-12 | pD2VIJE15-18 | pD2-1C-P48
Mab112 + + + + +

Mab 114 - - - - +

] o - -
AN 4. MTIURIINENTATINNTR VERO Aign Infect fan'l3agnman DEN2JE Taollalu
Tnaauendived

NRTINANTIIN3 uazd uAAYIN L'ﬁaﬁﬁgn transfect §i28) RNA an pD2VIJE15 'lﬁ'ﬁwa'lﬁagnnm
DEN2/JE %34 clone iwsnzlvina IFA iiuuaniedaodin Mab112 usslvuaauin Mab 114
@Euwnzinlasa DEN winiu) Fauaasilusaue wwlals 1Usdu evaalasa DEN2 waniiossnn
N3 Transfection asiiresidue U89 DNA uaz RNA vsmmﬁaaglmfm‘f’:mmaﬁ ¥l lianunsn
anaseuldaard’ PCR udssynnsamarsudnasslasss Peri Taslwltafsinuns Passage
hussduimilands SaBum RNA Afhsegldgniliidassasswlisuniunai PCR uia

B Py ¥y v e Y [ o = o O
Virus titer 519 lelusiazsrasn a3y ns Transfection wda leamufinaasluensisii 5 osil
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Viruses Titer (PFU/ml)
D2VE/JE15-2 1.5x10"
D2VENE15-8 5.5x10°

D2VE/JE15-12 1.4x10°
D2VE/JE15-18 7.5x10°

P a =l ' ¥ X e e
@59 5. ﬂ'mau.amﬂ‘%u'am‘l'nagnwau DEN2/JE mglummmmasf aldaanmsti
Transfection

Characterization of Recombinant DEN2/JE

ﬂ' fond n:l 13 A - = - T A
Wiasnndiunawlasafifiuledannnis Transfection H13umuies 39 lSanulaly infect voad
= E A = - " o a [ [ o o
Vero anasatfiatiudIanonlse leavinnmséaire a3 5000 PFU waadVero Mmaos1ilu

. 2 a [ - a a8

Tissue culture flask W41 225 cm Naﬂﬁﬁ%ﬂiﬂﬂﬂnﬂm:'ﬂ9011735"'\“31]7]\1 4 'ﬁu@utﬂu”ﬂ'ﬂ']nﬂ"li
= o o . « Y o a

ﬂn'l:niﬂﬂlﬂ?'iﬂﬂlaﬂ-ﬂﬂ’]uvﬁﬂﬂ Vero LRIVUIATI

-Virus identity by PCR detection

Lﬁam'maam'\'h%‘aﬁ‘lﬁsﬂu'h%'agﬁnNauaﬁm Fahsanas siladhedn 1a3adE uas T3aDEN2-
VES50 21%innns Extract RNA udi les9¢ne35 RT/PCR laold Primer (JEB82 waz cD2-
2622) fisansn Amplify Saudeszwing TiialE uez 1ris DEN ldnadaauiiuaaslugfl 6 -

. 3 . o g f o . e .
Primer giflazl# PCR product 7u1@ 1340 Lua fidnwzea Clone uilugnuanyinitu uazez'lyl
0 a ' o = [ < ar
WU Band 1uneiilu snegnrafidu 13w JE wSe 3% DEN2

- Virus growth curve

mnmsnnmmsmuimm"l'rsalu \wadVero (3Uf 7) uaz LLC-mk2 (3U7 8) wun Tidagnuau
4 4 slamansaidulalen u,alexm Virus Titer agluwszein 10°-10° PFU/mI Tag Maximum titer
olutaatufl 7-8 wismsdase luvmeh T D2-vESO Baiflu Backbone 14iein Virus Titer ot
luszéiu 10°-10° PFU/MI Ty Maximum titer aglutisiudl 7-8 wasnisdafasuiu awlasa
JE uulﬂm Virus Titer aeluszéiy 10°-10" PFU/mI Tae Maximunm titer pElug29TUA 3-4 naans
mnsa mum'sm'sﬂnmmsmu'[ﬂum'l.'rsa'lu \Tadya C6/36 (U 9) uwlimaunsawaunlele
tfa391nsn Virus Titer AldanmisaaBene 1S JE uarli$8 DEN2-16681 wlwendining

asazidu (21,31) mumw-mmmmmcma‘nl-nuuumﬂﬂauuuﬂaﬂﬂmmmnms Passage
winwad awlimunsnsesiumasdpidulavedlsale



—2300
— 2100

gﬂﬁ 6a. MWUFAIRT/PCR product U e 1340 1 Aldw1nnIs amplify Taeld RNA
flextract 3M97n Ta$manuan DEN2UWE ThTaue Th3wDEN2 lawld primer $uwne
Wunrmesasniousn

Lane 1. D2VE/JE15-8

Lane 2. D2VE/JE15-12

Lane 3. D2VE/JE15-2

Lane 4. D2VE/JE15-18

Lane 5. D2IC-VES0

Lane 6. JE(Beijing-1)

Lane 7. Plasmid DNA; pD2VE/JE15-8

Lane 8. Markers (base)

17
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—-2300
— 2100

— 564

3‘1Jﬁ 6b. MWURASRTIPCR product 3u1a 1340 LR AldannT amplify Tagld RNA
flextract 119N rSsgnuan DEN2WE TR 1h3aDEN2 Tagls primer $1umne
dlunsnasasnieaas

Lane 1. D2VE/JE15-8

Lane 2. D2VE/E15-12

Lane 3. D2VE/JE15-2

Lane 4. D2VE/JE15-18

Lane 5. JE(Beijing-1)

Lane 6. D2IC-VES0

Lane 7. Markers (base)
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10

+JE!56;
E el 8 L
S 1512
[V
S —~a— jErr 0
g |
_g = JE15 18|
" { |
= & VES) |
s 1

,+JE )

0 2 4 ] 8 10 12 14

A 7. dnwaennsigueshirgnumuusz123n DEN2 ues TainiE u tuadVERO

NNiNITUNG suaivayunyy Hn (an 1)
in_:'.a AN Ing u'nul'lll )
PHO T auunnalalurenransauly
A Te agunwa e
MUN AR lﬂ‘ldl'l ho' s FIVE
vk Pugs bR rawom o o il
potenad lri-'ml'.r‘;:lrf;ulh
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6 /_’_>c—ﬁ_’—1_\‘ e

& 1512

—a— JE15-2

g ,
VA o

0 ‘ 2 4 6 8 10 12 14

Day after infection

Virus titer (log PFU/ml)

o bt ~ " - v
3h 8. danwmznnadgveshidagnusuuacliFa DEN2 us: 1237JE 11 LmsSLLC-mk2

20
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- Plaque Charaterization
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iFo'ln 1074 wWudn D2VENE15MI 4 10as:1W Plaquefifidnwmisuuy Hazy plaque Suwiaiads
U523t 1.5-2.5 mm (#5197 6) Iuumusl DEN2-VES0 uaz DEN2-16681 1% Plaque Afianwous
Clear plague &#1wW1138JE Wclear plaque ﬂﬂ1ﬂ1ﬂt§“§dn’l‘iam'§iﬂﬁtﬁﬂd 5% (ga.l"ﬁ 10)
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viruses Plaque size in LLC-mk2 cell Plaque size in Verocells
(mm /SD) (mm/SD)
D2VE/JE15-8 1.3 /0.35 2.04 /0.52
D2VE/JE15-12 1.34 /0.23 212 /0.35
D2VE/E15-2 1.78 /0.51 2.4 /0.61
D2VE/JE15-18 2.22 10.56 2.04 10.39
D2IP/VESO 2.17 10.25 1.69 10.52
JE (Beijing-1) 1.14 /0.23 2.56 /0.39
D2-16681 Not tested 3.05 /0.63

#1997 6. Plaque size of the recombinant DEN2/JE viruses and the parent viruses.
The result calculated form an average measurement of 8-11 plaques. Plaque titration

was performed on the indicated cells. The plaques were stained on day 10 post

infection except for JE virus that infect to Vero cell the plaques were stained on day 5.
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