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ABSTRACT

The study of the Japanese encephalitis virus (JEV) surface protein in plants
require  monoclonal antibodies specific to its antigen. Aim of this research
development of D1-4G2-4-15 cell culture in serum-free media to produce
monoclonal antibodies specific to the antigen of the genus flavivirus and purification
of cell culture supernatant after precipitation with 50% ammonium sulfate by affinity
chromatography. The amount of anti-flavivirus group antigen clone D1-4G2-4-15 in CD
Hybridoma medium by Direct adaptation and Sequential adaptation were 36.47 +
6.22 and 38.68 + 6.32 pg/mL, respectively. While using Hybridoma-SFM were 41.82 +
593 and 68.88 + 8.18 pg/mL, respectively. The specific activities of this purified
monoclonal antibody were tested by using various flavivirus antigens. The results
were positive with Dengue virus typel and several Japaneses encephalitis vaccines. It
was concluded that anti-flavivirus group antigen clone D1-4G2-4-15 from this research
can be used in studying the properties of the surface protein of the Japanese

encephalitis virus in plant.
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pdsdl 3 Audaussanysainfouiaziluifesduomnadsasadivnandsy

4.4 MSIWIUTIEUANUAUILULYDNYAd D1-4G2-4-15 Tu 74
ONSIAEITAATLES A 10% 354 uazluowsiasuasTiusARInG s
(CD Hybridoma medium)

4.5 MsSsufisuilesifusvenyad D1-4G2-4-15 753 75
Tuewnsiasaadiiasude 10% FBS warlusmsiasaradiuseandsy
(CD Hybridoma medium)

4.6 MsiSeuisuniskanuaufuefveasad D1-4G2-4-15 76
TuensasradTiasudae 10% FBS wavluonsiasaadiiusiranndsa
(CD Hybridoma medium)

4.7 1wad D1-4G2-4-15 TiasslusmsiasuwadiusAangsy 77
(CD Hybridoma medium)
g% Direct adaptation ndsisswadiduaan 7 Tu fifdsenssing 4

4.8 1wad D1-4G2-4-15 Tiasslumsiasuwadiusaandsy 77
(CD Hybridoma medium)
1878 Sequential adaptation AnsduTBIEIMMSIABLTRETIESUFET Sste
9IMIABNYRRTIUTIANTSY Tidwenesa 9

4.9 MswW3suiiguAumruaLLy D1-6G2-6-15 7d3n Tuemsiasaad 80
AaSudy 10% 3% wagluemsiasusadfiusranndsy
(Hybridoma-SFM medium)

4.10 mySsudisuesidudvenyad D1-4G2-4-15 i5dn 81
TuoWnsiaBIaaTILasNAE 10% T54 LAy

TuomsideawaanusAandsu (Hybridoma-SFM medium)
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A13505N N (si0)
ﬂ']Wﬁl PN

4.11 msilsguiisunsnanueuAvenvedwasd D1-4G2-4-15 82
7730 luemsiasaadiasusae 10% 31 uay
Tuesiasasas7iusAaIndsu (Hybridoma-SFM medium)

4.12 \wad D1-4G2-6-15 Tidpslusnsiasasadiusendsu 83
(Hybridoma-SFM medium) 1ng35 Direct adaptation vdaoavad
Huan 7 Fu Aifidavenesing 9

4.13 \wad D1-4G2-4-15 TaeslusmsiasaradiusAandsa 83
(Hybridoma-SFM medium 1ag33 Sequential adaptation
fiensdinvetosiaseRsTIEsAETSuRoe SAs uTad U AN

NMAEI8AN 9

4.14 Nessler's reagent viUAseniuueuluile 85
4.15 fegnagaume Nessler's reagent 85
4.16 lasulnunsunsInuTinalusiuviavaairganduwas 86

595 wiluwmsvadgaangniedluemsidsuead
CD Hybridoma medium
4.17 lasuinunsunsInuTinalusiunamanieigan aunas 86

595 wlunsvasaaignidesluemsifessad Hybridoma-SFM medium

ANELINT]
1.2.3.1 n31UsAUNIATEIUYBY bovine serum albumin fimandadiusing 4 134
1.2.6.1 n51lUsALLNATE RS Mouse IgG Tinruidutusing 135
2.1 NMsle3eNesiasaTad RPMI 1640 iesude 10% &5y 138
2.2 1988 D1-4G2-4-15 ndnazaswadasluemsidoasad RPMI 1640 139

asude 10% a5y
2.3 1988 D1-0G2-4-15 faunisasuewnsovnsiasasas RPMI 1640 139

MaEsunle 10% 54
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(16)

d130N N (siD)

RN Tive
2.4 MswWasuermsiasasad 139
2.5 19aa D1-4G2-4-15 %89971nn15 subculture ﬂ%’jﬂ‘ﬁ 1 140
3.6 NABIRANTIAUIINGU OLYMPUS Ju CKX41 dmsugnisiasaueeas 140
9.7 AU8901M3LAETAS RPMI 1640 Tia3uaae 10% 354 feu subculture 140
9.8 waa D1-4G2-4-15 %89971nn15 subculture ﬂ%’jﬂ‘ﬁ' 3 141
2.9 ensiagurasuUUUT NI Silaeiitonianisin Ao 141

CD Hybridoma medium
2.10 21 stagaaakuuUsIANNYSUlnettean19nIsAN Ae 141

Hybridoma-SFM medium

.11 msiAvvesnaIvmilenynou (supernatant) Neun1s subculture 142
9.12 a8 D1-4G2-4-15 Tuemnsiasaead Hybridoma-SFM medium 142
9.13 \wad D1-4G2-4-15 Tusmsiasawad CD Hybridoma medium 142
2.14 nadeumITINETsLeuRUeAoLeuRauTasHurounsTUIaD 143
2.15 myininaBuyluinaydulagds ELISA suneundsnisldduainy 143
2.16 mtausinaduylulnaydulass ELISA dunounisvgaufisende 143

0.2 M sulfuric acid

3.17 nMsaneznauduylulnaydumeweuludeudaime 144
2.18 Msnagoulsinalusauanunlagds bradford assay 144
3.19 NSVAADUANNIUNITVBILBUAUDARBUOURLIULALTT ELISA 144
2.1 IenauTuINgITal (reviewer) anunsaasifiuiunainaide 145

TUNIENSVRIAUEINGIFNENT URINYIREULTADT

A

2.2 UNANLAIYEIANUN UINTANSVDIAUEINGNANEAST LA INGNF L ULTAT 146
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Ui 1
uni

[

1.1 MuuazAudIAgy

Tsaldanasdniaulad (Japanese encephalitis) LAA1NA1SAALYD Japanese
encephalitis virus (JEV) 1’3%&%55@@@}%@53{\]@ Flaviviridae @na Flavivirus agj“[,uﬂaq'm
wenulSane (Dengue virus) Tasaldwdes (Yellow fever virus) TaSanamlug (West
Nile virus) TaSalsaldauassniauannidiu (Tick-borne encephalitis virus) waglasadin

(Zika virus) 3sl¥aldanesdniauad Tnuaudfwuieniu Wanilsadidu o Fuduliand

wuasiuden (Wiunsegs) Wunmedlse (carrer) awfnsaluiaasandaidau uilung

[ (%
Y = LY Y a

piimansazgndinnisnszate wazn1sseuiaveshifatuegiuinmegimansvesiinive

Y
=] o

Bidelsn (usazea) LLazﬁamiﬁmz@ﬂé’wé’qLﬁaLﬂmﬁmuL% (amplifying host) 1@u un
WaZ Y Judu (Rastogi et al., 2016) 31nUITY 1309 “Molecular Evolution of Japanese
encephalitis  virus in  nature” wuinfinsidsunlasszsuianalelng (nucleotide
substitution)  veudeliSaldanessniauiad (JEV) lusduuuveanisiiin genetic
recombination 1ilus351MR wazluvasanmaaos (in vitro) (Tangkananond, 2008) ANy
MN156ince Envelope gene %38 E  gene ?z'faL“flu@uﬁmuaumia%ﬂﬂﬂsawﬁmﬁa
(Envelope protein) wesdohiialdavesdniauiad Iﬂﬁaumﬁﬂﬁuﬁamﬁmixéju‘tﬁéwma
asnnfiduiulesiuliauewdnauiad lagvinis@ny E gene vesaneiugindudesiulsald
auessnIaUIadTe SA14-14-2 (Ku et al., 1994; Chambers & Thomas, 2003) Faduaeiiug

linsnevauewiegiauiuvesveldauesdniauiadas lnednguinidenuladnwds

9

(%
LYY

seiUonInems1uIng 8 epitope AfiAmdArfonInUALBITBITEUULTANAUT LYY
VOUVAIHAZLUUAE 1l 6 epitope o fuvitensnezdludl 75-92, 149-163, 258-285,
356-362, 373-399 uag 397-403 3znaUaUDIa B cell @udn 2 epitope &l FILNUINTADY
fTufl 60-68 uay 436-445 agmauauasde T cell uaziuntafinavosaeiug SA14-14-2
Tnel4lusunsu Vector NTI fasie epitope 11 8 uaziity slycine was serine (GS) linker ¥
T leduiid1fyves Envelope gene m3ai3unin Polyepitope Peptide S1u3u 439 wa wia
swaléhu 137 oziluwedn (Wei et al., 2010) Polyepitope protein fina1ad1adiuldainnns

v 6 a o ® . % d' 1
FUATIENUDIVUIYN GeneArt , Invitrogen 1nwaNfAY vector wardu 9 Yr8lunsuangann
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(express) vosduluwadvesiiglueguyiia Nicotiana benthamiana vinlwlugnguiinisasng
lUsAuvdninvedhisaldaunsdniaulad muidves Professor George Lomonossoff &
Biological Chemistry, John Innes Centre, Colney lane, Norwich @W%3$1%918419nT
Professor Lomonossoff HAMNT1uIaI1unIsNas vector o PEAQ vector FasauUasan
910 Cowpea mosaic virus (CPMV) RNA-2 (CPMV-HT) laSawia CPMV daidunan (+)
sense ssRNA virus ®glu Class Comovirus, Family Comoviridae Fudul¥avesfiad
LWWngﬁJﬁlmuﬁlumqu (Sainsbury & Lomonossoff, 2008; Sainsbury et al., 2009)
n1snwauautRvedusivsliaiiveshifalvanesdniavadluluengy
Fudusedilululnausasoufveffisimeroweufiauvesdva flavivius fianansondnle
Tnensineiasead D1-4G2-6-15 (ATCCHB-112") Fafiu hybridoma cells ns1aes
hybridoma cells ﬁ?uﬁaﬂs’tfmmit,gmmaa‘ basal cell culture media @A RPMI 1640,
DMEM (Dulbecco’s Modified Eagle’s Medium), Ham’s F12 wag DMEM/F12 Wy 6‘5@
qmmmﬂgmLézjaét,wd']ﬁ%ﬁdauﬂizﬂaumq 9 1WU NIRozdly In1dU LNAOWLT LazLuas

AISUBY WU Nglaa widuUsenauwmanil lliieanadan1sasyLaulainvesad Aatunis

'
al

d" = 2 1 o
ganaLdualulsenaundin

L L2

WALTSY (serum) VBIAR?)

[

ll’Wﬂ“Vlﬂﬂﬁ’JuVUﬂ‘lJﬂ’ﬁLﬁENLSUﬁﬁ?UusU’JEJ

Y
Yaa a

Theadiiulnlandedu wizsuasdelunmsiesuiuln wazsasuan nueusas winisiasy

o

FlusvnsasusadiitedeslunatsUsens Wy auUTIuLUsveteRUsEnauludSudl

f A A s NY

wamaﬂm%mmmmaa mmmﬂmﬂﬂmuﬁﬁﬁm LLﬁuiJi’]ﬂ’]ﬁ\‘iﬂ’J’YeJ’Wi'ﬁLﬁENL"Ziﬁa GliillEJﬂL‘Uu

v @

LLﬁﬁQVIMﬂWiUULU@UVL'ﬁﬂWlINﬁ@@ﬂ']iLﬁ]%ﬁyGUENL‘?JaéLW'WLﬁEJ\‘i u@ﬂﬁ]’mu%iﬂﬂﬁﬂﬂ%‘UUfﬂQUﬂqi
o a r-{ IS o/ Y 6 5 g (3 Qg{’ IS ! =~
Musgnaastndvnue (biopharmaceuticals) NLwAALNIZIABINAINEIYIN LUDIIN

Y oa

F5uTnsuuouannlusiuresdnineialiiuasnfusatustnm AauunISNNISINLLAswad

Y

=

Ty msNusiAndsu Farsandunsulunisidalusfuidussduszsnouves@sy Ml
Yo aw &YYo = & I3 N A |9 ¥

A133eRslavinisfinmnisimngidsseadlae Usianndsu wealunisaneildang anns
Vudeudifinadeninaiyivlnvensad uazantuneulunisidnlusiufifuesduseney
vosdsillutunounsiuian’ saviehuiandlululeausausufvediftetluldlunsfinu
Qmauﬁaﬂaqiﬂsau%ﬁmﬁwaﬂa%’aiéﬁauaqé'ﬂLaumé’sluiumawialﬂ [ ERRHRERRRAICNIY

Iﬂiawﬁmﬁaﬁlﬂuﬁ“ﬂ%umLmu?ﬁ%uﬁmammﬂamamgﬁaLszia fdmsTasinaziinsuundeuann

Tshuvesausay vieanhianludouunlugsuvseaddn
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1.2 InQUszasA

dielwlelululnaueauaufived anti-flavivirus group antigen clone D1-
4G2-0-15 fu3av’ uardumedeusuRiauesiva flavivirus et lulflunsWaunlusiu
yinfmedhidlfavessniaundlufivlnesatiumsviidessd

(1) iloftmuninsmnzdsnsad  D1-962-4-15 lngldormaidneadd

U1A91n750 TuNISW21ae989a@1u1500an LU TULAAUDALIUAUDA NI WNILH DL URLIUVD

ee

T flavivirus 191

(2) inu3qvisveanamiionznou (supernatant) Aildannsimnsideead
D1-4G2-4-15 Tngldenmsideasadiiusmaindsy ioldld antiflavivirus group antigen
clone D1-4G2-6-15 fiu3aws uazthlUldlunsiannlusiuriafiveshialfauessniauias

Ty
1.3 YBULUANISANE

FNSWAUNITNSNEIAsuwad D1-4G2-4-15 TaglSeuieuisiaiunsa

2
ada v a

Aoaead D1-6G2-6-15 andasapuiiasdusmsiasusadiasuded suuasuduis
anunsadesluomnsidsueadiusranddy uaswad  D1-4G2-4-15 Masslumsiaes
WwaaiusAandsuauisandnlululaausauouRvenisunizseusuilauaes 3174
Aavivirus 19 mﬂﬁ?uﬁ'm%qw%‘%qmmmﬁamﬂau (supernatant) ilganmsiwzidsaead
D1-4G2-6-15 TuemsiasaeadiusAanndsy nendinisanaznoudie 50% uwoulude
Fan aemnatlan1elasunlnns il (chromatography)  LagnadauAIUINWIZUDILUTY
lAaupaLauAUDARBLEUALAY USuieelululaauoausufuef LagAuAINuUaeluly
lAaueaauAUDA (stability) ﬁsimmﬁw'%qwéﬁﬂm%% enzyme-linked immunosorbent

assay (ELISA)
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UNa 2

155UNTSULAZINUIVYNNGITD4

2.1 lsaldauasdniauiad (Japanese encephalitis)

lsaldaussdniauiad 1Wulsaiiausrousesdandainainnisinie
Japanese encephalitis virus (JEV) Gﬁjﬂagﬂumzanaﬁiﬁjﬁ (Family Flaviviridae) @nanan
a¥a (Genus Flavivirus) a@nansanulavialan tnsamgludssweanagluniviede wudiin

=4

[y = a [ £% £ [ aa o &
ATIUAN LATADULNUDVDIDDALATLAY bUUAY Iiﬂl‘ﬂﬂll@ﬂ@ﬂl,ﬂllL"\]E]llW’TI/T%‘LJ']L‘UEJI’iﬂ 8 &y

$1P19y (culex) Tnglanzee1a8e Culex tritaeniorhynchus (Wi 2.1) wazildnilinszandu

VA LU NN (UANSEENe unnsean @av) vieny Fadusdsaadiudiuiuie (Wang &

'
=

Liang, 2015) Uadedn ”auwm'amaﬂiwwiamil,t,ws'ﬂizmﬂﬁuaqL%@lﬁ%’ﬁlﬁﬁauaqé’mauLaﬁﬁ?uﬁ
yanetlade éun gungfl anmernia du 2993Tinvedys TaaUTInMANIULLYDIE
Tuiuiity q Fuvasiegerdvesgiunmeindelsaedlsnldauosdniauadil daulngy
Aeadesiufiuiinnnumsinganzesnas i uenantenmgdfigatutuaunsaslid
Snsnafinweinissnasaiiveslasa (Nukdee, 2003) WAENISUNINTEANBVRILITAgUYLE
TngonvzyilfiAnnsddsuudamainssuvesuywd waziinlonalunisinlsaldaues
Sniaviad uniuy é’aﬁ?uﬁﬂﬁamqé’mamwgﬁmmvﬁaﬁmmﬁwé’mﬁuasmmﬂ@iami

wWNsnSEevRIsannelmialsaluauasen@uLad (Tian et al., 2015)

Al 2.1 8351Aey (Culex tritaeniorhynchus) Badumngilsaldauesdniauad
nN. Culex tritaeniorhynchus L‘Wﬂt{{ antenna %ﬁ‘uumm’jﬁqﬂﬁuﬁs

%. Culex tritaeniorhynchus weitllel palpus %é’uﬂ'j']qam;ﬁ

fisn : http://www.inadays.com.tr/en/about/mosquito-museum
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2.1.1 unvaslads

Japanese encephalitis virus (JEV) L‘ﬂulﬁaﬁﬁl,ﬂﬁaﬂﬁu (envelope) il
Wusihgudnansuszuna 50 unluluns finsadheddaveshiaduoidueaeion (+) dadl
aueaUsTIna 11 Alawud (ko) Tnefislunusznauludne capsid (C) protein s‘z’iaﬂiamqu
Tnenisvuds lipid bilayer vaslaas waziinils open reading frame (ORF) dwsunisadng
polyprotein Fauuseondulusiulassadrsauaila léun capsid (C), premermbrane (prv),
envelope (E) warlushudililalnseadradnifauin 1oun NS1, NS2A, NS2B, NS3, NSAA,
NSAB war NS5 (it 2.2) Tneldoules viral proteases Wag host signalases 1184370
AszUINNSWUasia (translation) Tnefivatednudsves ORF 1u 5 way 3' non-coding
regions (NCRs) (Unni et al., 2011) #s3luaiiuendidueil cap %iad 1 Aefivane 5
(m7GpppAmp) waglifiusnadidutans 3-terminal poly (A) Inefidsuiiandlelnsdves C,
prM, E genes wayn5itAsIeiieduidTauins (phylogenetic) anunsauus JEV aanidu 5
Fulnd (cenotype) & ldun Slulnd 1 (), 2 (), 3 (), 4 (V) waz 5 (V) (Uchil &
Satchidanandam, 2001)

Tl [= 56

5’NCR ﬂ 3’NCR
~11Kkb size
Py | [ [ virdip=n [T
{l Post translation processing

Structural Proteins Non-Structural Proteins

l Signal peptidase l NS3 protease 1 Golgiprotease

A 2.2 1Aseainedlunved flavivirus WNUAMKAAIFULULYEA flavivirus

polyprotein Adulusiulassasanaslusiuildlalaseas (Rastogi et al., 2016)
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2.1.1.1 WUsAulAs9a519 (structural protein)

(1) Capsid (C) protein ulusAufislunadnuariiuszquings vue
Useanad 12-14 Alaaasiu (kDa) Ineddnununsnezdluyszanu 120 ninozily uagninozil
Tuifuegluguuuy homodimer dsazannsoruiafuduiluuveshia uavadslasiadg
Th¥afiSenindinaleuanda (nucleocapsid) dudidduvesivsiufindendstufuvelafa
¥iAdY 9 ﬁaaﬂu%ﬂaﬂav/\//‘rus ueludIuusIIMUeY hydrophobic wag hydrophilic 9zl
ﬂimazﬁiuﬁﬂmwuaq%’ﬂﬁ Fafldusulumsivunonsidue waz WWsiiu (Wang et al.,
2015) laeiifindlowanda \Julnalalushiu (slycoproteins) #ifl@ed transmembrane
helices ﬁgﬂ‘ddaaaaﬂmmﬂ nascent polyprotein sauviedesauiuudasia (co-translation)
Fafinseeslagldioula] signal peptidases e capsid protein Vimihdidestunsaiinasn
gashi¥aanawndeusne q suihelidehiaaunsanzininavouvadluduneuns
Aae WWudu (Mori et al., 2007)

(2) prM uaz M protein Inefl prM protein flawin 18-19 Alannasiu
wazdidruaunsnesiilu 165 nsnesiluenavhutifiiduswwelsulusiiu (chaperone protein)
ﬁﬂwﬂumﬁﬂgﬂswwaﬂiﬂsﬁu?ﬁ'u 9 (protein folding) Lagn13Us¥NauUIUs19Tes E protein
d1U M protein fvunnuszunu 8 Alanasiu wazdidnuaunsnoziluuseana 75 nsnoiily
Tnefi M protein 1ulusfiumulng (protein peptide) ﬁﬁﬂmﬁaﬁa@ﬂu%ﬁaﬂaviv/rus i
mmaugﬁaianﬂéﬁu Felunedaeundn (Golgi complex) 1uil prM protein iuanssesui
Julnalalusiu (slycoprotein precursor) vadlasaaZ1a M protein tngft M protein N
dootenduduiiilu N-terminal (o) sonlagazgndaunieieuley cellular  furin-like
protease uazgnuds (Udagoon) TUi extracellular medium n1sgeslfinaninduliium
oaninreuviendeufunsldesveisoou sz prM  protein  wag M protein
annsanulitanelugaduazneuenivad Jenspuiuntsiduiivgitossndenlesiu
n1sinnIsnaneiugues envelope glycoprotein sdesmswauinsindevedhada (De
Wispelaere et al., 2016)

(3) E protein Ineilundrinusznoudie aslulanse lodu way
s Tnefldiuvesanslulamsanas lusfududuildunanloas uazdrulusiududy
woudtauvedlida 39 £ protein i wiunsnoziilu 495 nsmexiily iulnalaalusiuiiegly
sunvuvedlassadulusiufiegnieuenveshialaofivuin 53-54  Alasadu  laed 90
homodimer fianunsauanseanlaluleas (host) LLﬁzQﬂﬁiﬂlﬂé’fﬂ lipid bilayer 210 major

mature virion component @ E protein duiduidmnenanfdfyd sy neutralizing
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antibodies Usgnauday receptor-binding site (s) Uouwad wazni1ssiuiuvaunylna
(fusion peptide) Fadafuin £ protein  dwthiifidrdny Téud UAAZeInsdegud
(neutralization) UAse1n1sinignauduiliaideawnuionin Suuenngfiudy
(Hemagglutination) N15UsENRUSUIINVRNITRBY mmaamamﬁaﬁm%aé IRERRFRIIKLE

125afU receptor voswaa (Luca et al., 2012)

2.1.1.2 WsAufilildlasea$ra (non-structural protein)

(1) NS1 flvwnuszann 48 Alamasu Wulusfudidadu homodimer
ﬁgqgmwuﬁﬂuwaéuaﬂugﬂLLUUﬁgﬂwé’aaaﬂm §a NS1 fuiimuanansalunistlostuns
novaussrounauivedluleas Judu Tnefl NS1' wSefidunduin NS1 flvuin 53 Alanasu
(Melian et al, 2010) Inafisrsaruitmu NS1 Tuwadidndolhsalsrldauassniauad Tay
n1398 ORF Tudiuwes N-terminal dagteulwsl signalase wag goyludiuves C-terminal
seeuley protease VLl NS1 Aiflvutauszany 39-41 Alamasu Tnedl NS1 o199z
Aeadaslunisusznaugusn uaztdesvasizesuiiovhliisadiinnisinide 39 NS1
Usgnause 12 cysteine residues Tidunuueysnydiauysal Tushumis 1-3 N-linked

glycosylation sites LJusunisiivsznaumedduuadimg waslianuoyinygs Juans

(%
f§u ¢ A 1%

Tiiuladn NS1 duanunsandsaneaddniiaesanmeunlaegnesdi q uwnagldainnsanas

Y
(% (%

PONIMNAREN FIUNITNAIBRUTVRY NST Hudsinadonnu uLswentelisa lnusssuyid
LLé”amiamﬁavLa%’aﬁageLu%ﬁa flavivirus Suazvinliueufived (antibody) AnUfAseIns
A3 IADUNELLILA uaznd1anlusAuiidenin soluble complement-fixing (SCF) antigen &l
APUTNNIEVBIAAEUTEAN  FIUTIAUTUNIBVDIANTULOU waznquURseved
epitope fitvualy Fatiu NS1 Jafiunumdrdglunsdesiussuuglifuiu (Hua et al,
2013)

(2) NS2A uay NS2B Wulusiuliveuihiidawmdnuazinuioites
fuievuiead (membrane) Fsfldrusanlunisdiasiondiduie (RNA replication) laein
wiihiilu cis fashion fiaunsages NS1-NS2A junction nnendanszurunIsulasia wawii
wihivinlsiladduiaulunisifiudwiuansiugnssuvesh’a msdsznoususnweshia
udinsUantaesauniavetiisa wazdiaunsavinlvinisnevaueinsiulavedlaadlag
nstfudls interferon (IFN) Favlidoyanaiwes pathway anas Tnefi NS2A uag NS2B 1Ty
Tusfufifdminlumanatosuasiadesiunszuaunisvestsiu NS 8u 9 Uunaid et al.,

2012) Wnefilunsdivedhsaldmdos (vellow fever virus) Wu léfinnsegoslusiu NS2 dae
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wulel Tnefinnsgesdisiuns Cterminal Faflvuiauseuna 24 Alaniadu wagdannse
fufsnsgesiidiumis Ns1/2a  wenaniifufiegnatesnisiungndesdaeioulsd
protease 877y NS28-3 lushumiis NS2A ¥iliAnnisnaneiugiulnenisudennisdos
youeulaaifiguns NS2A vhlidnadenisdiaesiaes (replication) vedlisaetiaunn du
TUsfu NS28 flvunn 27 Alamadu fuszneuse Anuiiuszags wagiumisiiinimensng
a9 nefdududsdednidulusiuiilivouih Inedlsiu NsB2 - Sududodld NS3-
mediated Tun1sgoy 1UsAu NS2A/B U NS3 serine protease domain dieldludmsu
nsruaunsadvedlusiulaseadianarlusiudldlelasade saudannududeuves
adtesnmszwinelusiiu NS2B way NS3 drudfisensewinsduiilivouthweslusiu NS2B
waglusfiu NS3 vduenagintifilunisulasiavesnalnnsdiassdiesvetendiduiely
fudeviuad Uan et al, 1995; Ye et al., 2012)

(3) NS3 L ulusauifivunalngiigaifususuasdaeiivuinuszana 68-
70 Alasnadu  wosdeuoyindgs  Galusiu Ns3  dusznauludae Tushufildveui
(hydrophobic) {udrulng tnewdeinludrussnavveneulsiveanalnnissiasseniidu
@ Taedi NS3  0199zUszneulugienisimiifigeaddni ldun n15veuves protease
activities Wag nucleotide triphosphataes/helicase activities Hudu Ima%ﬁﬂﬁLMéﬂﬁLﬁmﬁu
T cytoplasmic ity wenandlusiu NS3 aunsanududiudszneues vial  RNA
replicase  Tun1ssnassensiduie ludiuves N-terminal  wilsluanuveslusiiu NS3 713
Usznaulumiy catalytic domain v89 NS2B-3 protease @111503uuUnlAgds sequence
alisment o sequence ﬁﬁamauﬁw serine protease nucleophilic serine ffigdures
nsnoziludunuueyiny (Takegami et al., 1995)

(@) NSa wag NSAB [ ulusauvwindn uaylusau NSAB faun 27 Ala
mad Lazuduenaziidiusulunisdidabonuues NS3 waz NS5 wiunaln protein-

protein interaction aefl NSAA Jundndmueiiinainnisgndesiifinngges % vesiud

=

e FeviliAnnsazauves NS3-GA polyprotein S1uauties q Failmdiuin NS3 uas
NS3-4A Tuthdfidmaulunissiassiivedhda drulusiu NSaB duiinnsiasunlamds
nsvUIuMsMsLUasE s endenseuiunisnisulasiaedaaulusau NSaB duunndudu
71 30 Alamasu FauAnennisiUasusdasuuaveslusiu NSAB a1nwun 28 Alaniasu Tag

Falinsuwudnneinuanwazvasnsasuwlasil (Kim et al., 1997)

Ref. code: 25595609032080CWR



(5) NS5 1ulusauifivunelvg uazfulsiufitinimeysndunnian
vosh¥aludda flavivirus Tasannsavhuiedaiinluanalduszanm 103104 Alaaady
Hulushuiiddnuarlusiuiidamuduiugiugawasiedndu viral RNA polymerase dslu
f{hmuimuuﬁLﬂuLLwaq%’ﬂﬁmaﬂﬂﬁau NS5 wnilsluddunsnesiiludu Gly-Asp-Asp G
nsuunlumats 9 RNA virus Iuduansuin wasidoindandunumly RNA dependent
RNA synthesis Tne?l N-terminal domain w84 NS5 (551314 residues 60 wag 145) fifuls
lulaia (homologous) ﬁﬁgmaﬂ methyltransferases fieadasly S-adenosylmethionine
binding wazlawuilenvvzieadosfunszuiunts methylation vedlassadne 5 cap lnefl
TUsAU NS5 Un199119U@09n52UIUN1TAD methyltransferase  Lag RNA  polymerase
activities  sedulusiu NS5 Finutduluduusynevreinssiassinorsisueveshfad

NetadunsyuIunisinanesidue (Lu & Gong, 2013)

2.1.1.3 29959nvasla¥aludda Flavivirus

29astinveshdaluiva flavivius (nnd 2.3) Fesuneiiiaadvensad
W10 (host cell) uaziingdwanlangdsn1sinansiingiwadlagdisu (receptor-mediated
endocytosis) ndsniuhiaaznaonsuiuderuwadvessadidtiu Wedgwadidnty
Huglhfaszusndudsenousn 4 lnefidluimeshaduazgnuantdoseenludslelywan
#31 (cytoplasm) mﬂﬁumiﬁmamauaﬂ%gﬂuﬂasﬁ’ﬂmﬁu single polyprotein ¥il7ALAA
nssrassiavadhiiaindunislumad desiniulfassdsznousuirsiivinaiaves
endoplasmic reticulum (ER) ielassanslusiiuuaznsdansizsiensidutelmingaoenly
&1 lumen wos ER a¥afdsliauysaidude uaveyniaiiusimainaisiugnssy (subviral
particles) axgnasruluss trans-Golgi network (TGN) aynirvesizeaudidslsiauysaiazgn
finlpg  host  protease  furin la%’aﬁamyiajazgﬂﬂdaaaaﬂlﬂim'ﬁ% exocytosis
(Mukhopadhyay et al., 2005)

(1) Translation strategy a1siuuesswalusiu Tu ORF i 5'-C-prM (M)-E-
NS1-NS2A-NS2B-NS3-NSAB-NS5-3  uardibulassassnanslasadadudinusznoures
encoding vai3eau liun u C, M wag E lnefidu C fis coding 13U capsid protein (C)
dudu M U coding w83 membrane protein (M) wag E @e coding d115u envelope
protein (E) Tnefi precursor 483 C protein 38031 anchored C Tnefisialusfiundndnu
envelope glycoprotein foguszana 25% lu 5' Uszanaumilsludves ORF dufuiimdeldy

(%
&

TUsRunllelaseasne Gelunsinaveawadtuasidiuneitaaiulusiunlulelassaseana

Ref. code: 25595609032080CWR
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dalusiu Jadulsfuvualnguagianueyings 1Hun NS1, NS3 waz NS5 wazddl

Tusauvunman Téun NSA2, NS2B, NSAA way NSAB fafinanafslusiaide 2.1.1.2 (Svitkin et
al., 1978)

(2) Msdranserdiduie mdiassenfiduleiFusudaunseivesaeday

fuasau mRNA  gandlifuasauilfifuduuuudmivnisdalusiu Gearsuan

annsaudastadulndimulng (polypeptides) Idulusiulassadransanulusiuuas

TUsfunlallalaseasnanadnlusiy Wy nsdaasiedt actinomycin D-resistant vasla5a

I [

a o .. aa o 1 f o a
N ‘UﬂLu’R]UﬁﬂOVIVIrUS NUATTININNICABBDITLDULD ﬂ?N’]’iﬂUWNﬂﬂHﬂWi@i’ﬁ]ﬂ@Uﬂ’]i(ﬂ@

Y

[
A

Woveawadludnifinszgndundaldnrelunndalus iudu Tuanaoisidueansuand
Fuasgiandusuuiiduaisaulaenaln semiconservative fiAedasiu replicative
intermediates (RIs) wag replicative forms (RFs) Tnedi RFs Lﬁuimaqam%lﬁma@j ot
39eN3aRTI9E0U Ris waz RFs Weiinnshnidoveseadle (Ferandez-Garcia et al.,
2009)

(3) msusgnauzusnsuarnisuasyeuniaan flavivirus fAndoiad
(assembly and release of partocles from flavivirus infected cells) 3388Uv84
flavivirus Usznaunae nucleocapsid %aﬁlﬁum@uéﬂmwizmm 20-30 WULLAT 59U
q Lﬁuéﬁﬂaaa%uﬁlé’mmm%ﬁuL%aa‘maﬂiaaﬁﬁﬂizﬂaué’m envelope protein (E)
wag M (n3eprM) Ldungudnansvesiseoulssan 40 wiluuns Nuindidueenun 5-
10 unluiuns F3eeuiiegasuenivadifuitesugnudesluduinisusad (culture
fluid) msdnwlassadslusiuiidutdnaseiluguuuulodlnmes (oligomer) uas
mihfingluwadueslusiu saufamsgnuassvesizesu nuindeviuves C protein 1in
mﬂﬂﬁﬁ%m%‘lumaﬂﬁaﬁLﬂuaﬁ@uLaﬁiagmmumaa nucleocapsid precursor Fan1s
U§uLAsy C, prM wag E protein 7159ufu ER membrane th nucleocapsid fisufiu
envelope Tngmsuanvite (budding) 18 ER lumen ndwintunevluiseeuila
auuﬂsaﬁﬂszﬂauéf’;amim?{aul,mawaﬂﬂiau E wae prM slycan 7ildSunsdnuaznis
dudruvanslaganunsaSeuiisufunisiendeeusantiu exocytosis pathway i
mitlouAuNSAIATIZRYRlEas plasma membrane glycoprotein (Apte-Sengupta et

al., 2014)

Ref. code: 25595609032080CWR
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— h Mature
virion
N

“ < V7~
Virus infection | O \

/ \ O Virus maturation

Fusion and
virus disassembly

@

VRNA

CAP

| Polyprotein translation, e
transit to ER and processing

Viral genome
replication

[ Nucleus 1

A 2.3 1995Tinvedlasaluida Aavivirus (Mukhopadhyay et al., 2005)

2.1.2 nMshAnsavalsaldauasaniaulad
2.1.2.1 nM5ANLY® Japanese encephalitis virus (JEV)

S . I v Ao a & o <
Japanese encephalitis virus WuliFaniiuuasiuden (8as1aney) ilunme

'
o [ o a

Ulsalagazindalulsasaindnidau wazddnilinsegndundidmiuiiuduiuge

Y
1 v

gyl duilsafidfydmsumsiinduuvenide Fwyiifndeldauessnaui

dazlinansenmsthevadlsaldauasdnauad wiliweldaussniauiadlunssuaion Woes

Tudnnyluszeriieazaunsadildiindnuiulugs WegwuninauazaiunsawnsiioliFald

Y a v ] v o A A4 a A vw Y AvYy 1y o

avasdniauiadidngau dnidu 9 1d lnednidu q Nasiaeldanesdniauad laun 1 33
I v 1o 6 ! dy (= 1Y ' 3

Ay un WWudu widndwailiaghifiennis asuanioIn1suaiuazALMIUL (Van den Hurk

et al., 2009) Walpuiwaudiuszana 1 lu 300-500 veAndeaziiennisauesdniay lag

[
a A

nyilaudrAgyegrunnluiasnisunsnszagvedlsaldatesdniauiad mszasiiesylu

v ]

=1 v o el = o 1 I . A [ A o <
nsvualfenlauiundndnidu q 3x9adndu  amplifier MUusslsanddny lnsgandunine

' '
v = o a

Juasile Culex tritaeniorhynchus gathwziuglaluvioaunfiunds Fedrwrugeasiiuuinly

(%
[ = v a

o nsgadulvanunsaaenenweniuieldluganesls gandrliageanuniniubenlugis

[ | 1 o = o v v 1 Gl A [ . &
U serrsmdainagindnilug wieununnninfiazinau (Tyagi et al., 2016) uanaNTUUN

- 1 3 £ v & [ Ao w ! LY = a & LY ¥
U1 U Unnsza wnnseene Wusu daduslsandn ULTUNU Luaqmﬂ%mwalﬁalsuaum

Ref. code: 25595609032080CWR
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dna@uLadlunseaadanlauny kazdnsuiiuanuiwdelaas Felunivedesiufaussnelne

Y

5 I 1 IS a o nﬂy 1 a
‘Ll‘LliIUi%‘U']ﬂiﬁ’J‘LlI‘VIQJ}UﬁSﬂE]U@']‘UWLﬂ‘l%"’liﬂiill LLaBNQWU’Ju‘UBQﬂ’]iLaHQWHL‘Uu‘ﬂiiﬂm&l’]ﬂ

[%
v a

lngn1sifganytullsndesusiiunegendes aululuusnaninisusenauednnensnssy

Y

waziemydadidnugUlslsaldanedniauadlagninuiiindy q (Morita et al., 2015)

Endemic / natural cycle Amplification cycle

Culex tritaeniorhynchus
(other Culex spp.)

rice fields“ l \

Culex tritaeniorhynchus
(other Culex & Aedes spp.)

rural infections rural & peri-urban infections

AN 2.4 UNUAIYDIAEANNT YA NSRRI BTBITR TLav Y wdvadlsn

hSaldauasdniauLad (Pfeffer & Dobler, 2010)

2.1.3 S2UININYN

1 )

Lsaldauesdniauadidulsanilaminnissniaususssiinaneyanainodly

9

'
oA

USnaueenyiueands lawn guu leduanziueen wnma 3u laniu Wavdud sulaflile
A9AlUS WLaLRe 89909 NAUIN 817 U9 WU USSinalng Wi fSaInT duLie way
AGEEIRIGET Wudu eefisienulud 2011 (. 2554) dn1sunsszuinvedlsaldauas

sniauadlu 24 Yseina uazilfUieuseana 67,900 578 (Wang & Liang, 2015)

Ref. code: 25595609032080CWR
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2.1.3.1 szuaamenlulssndlne
dusululszimalnetu wunsszuinveslsaldausdniauiadasansn
Tl wa. 2512 Mania@edlnil vaeaintuddiniswugdieses 9 w1 laeiin1sszuialvg
3 5 a = = Y v [y av v [y
Juesiasniluglinirdu 9 vessewelng Fee19asnugUislsaldanesdniaualauiu
Tngadhunndnnuinduifiendeeguinauriudedndvauuaziinisidesmy (Su et al., 2016)

Y Y

Tuefnmsszuniisnsngeds 2,000 audel Anlusnsmedosas 25 Tutlagiu Jawuriaed
Hulsaldanossniauiadifosas iesaniEuiinsdnindutestulsaliauesdniauadluidin
vhseina daus w.el. 2503 Huduan

Tudw.e. 2552 (A.A. 2009) nugUlgifouazUszan 25 - 42 918 fiah
Hudnudtheimanludeununiusuasgeanlufounquaiauvesd we. 2552 3y
Ussinalneduinaswulugtaefifdasery 5 - 10 T uenainddsanunsonudiheldnaoniisd
fausifeuuneumaoniudafeusuney (adufesh gassauu, 2550) uagdmugies
fiadu 408 518 luswaudarusodwunifudiielsaldauesdniaviilildsesyaning
(Encephalitis unspecified) 91uu 372 578 way JUrelsaldanesdniauiaddnuu 36 g
(Anidusosas 8.82) AnludnitUae 0.06 sie 100,000 Uszans lifisenudiedetinly
eildFumsidadeindudinelsalfauessniauiad (Khemakanok et al., 2010)

Tl w.e. 2555 (A.A. 2012) dns1daeUsza 1.06 AauauyseyIng
§ns1thony Anufesas 2.35 Tnsdidanitasfiuuiliiugadu n1snszarvesisaldaves
sniautadanunsanugvaeldnased Fenanziusenidoanie 18ns1hegegn 1.49 de
Ussmnsuauau Tnseglungueny 5 - 9 U Ias1thogean 1.99 seusswinsuauay o1
wuiflhegegade Wndeu Sovay 28,53 WeRnsanmudeanvn nuidndugidudvasls
Wauesdniauiadilalldszyanmg 620 318 (91.17%) §n3 e 0.97 deUszvnsuauay
gnslienny Seway 2.40 MAnviusenileunielidnsiUiugega 1.37 deuaulszyins lu
naueny 5 - 9 U fenvaegean 1.77 deusswnsuauny wasdufUielsaldavesdniauiad
60 578 (8.83%) 8n31U3e 0.09 siaUszyInsuauay dns1Uiene Sevay 1.66 n1awiledl

dnsiugegn (U5uns 8uaeve, 2555)

Ref. code: 25595609032080CWR
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2.1.4 msuialsaldaaedntauLad
Th%aadiinduaziasyluwaduszam aniusedinsiiiusivaiy way
Wasuulasszuundduiuveasnane saadinnUAsunUamiemedaniwessguusdume
118 nniulhfandasisannileglunssuaidenlneisniasnszans wagiiudiuiuniaaee
Fondmellfuraduszam ilhiAnnnudeniidelfadans Sunoussunsludesyun
mMsvudadengaesieruwadidoynimasnidonauas (cerebrovascular endothelium)

[

e UMALEUUTEa AN 1 dwsuTuanuaniiednunisSunau (olfactory nerve) lagi

o

h¥myvdndemandyiussuugiiduiuifegausssumavesinemnie dsnsiinlsaiiaues
La¥N154in neurotrophic effects fivhlAne1n1seniauvetauamIainANsouLeDENS
JULTIVDY central nervous system (CNS) (Wang et al., 2016)
mmnwLLaw‘hawswuqﬁﬁmﬁmaamjaa’mmaaLﬁm%uléﬂmﬂizmums
cytolytic  TmwdittUnunendnae neural progenitor cells (NCPs) swdamsdudanis
WiydulakazmsiinduInrensadlneIsnsuiennsyuiunis cell cycle (Ariff et al,
2013) uenanidedidmunedu q Ao cerebellar Purkinje cells wasyiliAnenisma
Uszam wu omsievienzndnileiduannis (Ataxia) wenaniudeinlieaduszami
nsAaaLfitaNnTY iuzhusuaﬂL%aéaumﬁhjﬁmi@mLﬁ??a%a’]mmmzﬁu macrophages 1%
finswdn IFN-B wazduaSuli T cell fnswdn Ny Fadudonanslunisiiane
noncytolytic viral siaunlafadinswdalusiu/unawes warase cytokine ﬁiﬁau@auaz
¥hane MHC | fuansuufimihesadeviimed lifandasynsneadialuressienis s
sumeagiinsaisnnevaussiensiubiataduavmvesnainlsalfauesdniauiad
fimsasuudaslulead Tunsdiwaduszanminismednauuinuag microglial cells gn
nszdulfAnnsdniauiisuussiu s microglial cells avagluwadnidufiuvos central
nervous system (CNS) wagiivthiifiddalunistiesiuloadainnsynnvesqdunid
(Larena et al., 2013) Lﬁagﬂﬂizé\:uauﬁ@mwéﬁ cytokines U interleukin-1 (IL-1) wag
tumor necrosis factor alpha (TNF-a) Ssazanunsadwaiidufvsoauss Tnowadmaniay
wé"amwi’m 9 L neurotoxins, excitatory neurotransmitters, prostaglandin, reactive
oxygen waz nitrogen species dsaansanelAnlsafintuld mainlsaauasdnausiuiu
NITANBVDULAR UAZNITNDUALDIVBILTARLABNITENEUAINITRYINIAAAN1TaNAI8IT U
wad NCPs  waziwaduszanmidemeninine 1iow191nn154ia neuronal apoptosis Tu
fassoantulitassuiainnasadonlnonisvanidsaniswdgfussuugdduiuay

555UY1AY09519N8 Tunsalliinlsanisauedngneguuwsedu 1a¥aasas1s neurotropism 9

Ref. code: 25595609032080CWR



15

wileui cytomegalovirus FaLdurtmanglunisidng embryonic NPCs Tngnsifindiuau
Juoghanning waranunsodudansaiyilnsufinisvdsuuaneusaddsdnalagnss
ArfumsiFeuiiazanudt saufalamsunmsosieinunfiiertuaimiaiudilely
syuze1 UonINdiindeundonisniisendinainnistisasiingAnssnuaenisoouuss
wiloufumsfinide HIV fisinsyngn NCPs uazthlugnisnganisyiauvesisad (Upadhyay

& Ahmad, 2011)

2.1.5 IN15N19AAlN
a & o v o a Y ' .
nsfee lsaldanesdniauiaddrulugdnlaiuanieinis (inapparent
infection) #3ee1940u aseptic meningitis Tusiefigunssaziinisuanionisludnuaves
< oS a v [ o &
91N158UBIdNLAU (encephalitis) lngdldnwazoiniswialu 3 svegaall

(1) Prodromal stage srezilUlgaziiennisldgesiuiveinisesuinie
maulde Il Uindsee InesvesiifUisasiionnisussana 1-6 Ju (Ui et al., 2015)

(2) Acute encephalitic stage srezilUledinllld wazisuilonnsseany
AoswaaBoruaues lnefinsifsunlamesszauanuddndd en9azdeinistninis evi
NMIMTIINATIERENUITONTIINU pyramidal tract signs, flaccid paralysis Wagwu deep
tendon reflex anatlaforar 10 wieoranueMsiludunines@nuazauiinunfives
Wuuszamauesls aelusvesn 1 uwag 2 vaslsagUlsazionislussesillaiiu 2 dUav
e rentonsuusainidedinluszesil (Singh et al., 2016)

(3) Late stage and sequelae izazﬁﬂﬂwﬁﬁmﬂ’liﬁ%a@m 91NN

£ ¥
o a

AUD9LAINNIORATY drugiiedeTinlussuell dniRnu1anlsaunsndaunniuun lng
anwuzvsdlsagenaniliamisanenannisinelifasu 9 Tuauesld wazdesiinisidady
LENLIANTRANNADY 9] NIUINILINITNINEANDI LU LTORUATITE SANALTY LWDTT Lag

WS esanwamatiensnukuuduwig (Thisyakorn & Nimmannitya, 1985)

Ref. code: 25595609032080CWR



16

AN 2.5 91N15NNPARNANNNSAMLT D ISalTaNIdNLEULRD

n. Opisthotonus A 91Msfindanilendmaiuazudaunds Mlkguaed
omsnefieen néievinBeadalusungs (rdevivihasnlée) uazndiiiouwuse
wazdneannieudumudn

9. Dystonia #e 91msudaundawesndunile dwaltetoivdiutu 9n s
uay HagU fumie

A. Hemiparesis  fan1eiifinissounsivassaniednladnuids Wunied
Ad1eAFTuSINIRASIEN

3. Right gaze palsy A® ﬂﬁymﬁ'aamimamﬂ

‘17'II3J’1 : http://www.antimicrobe.org/v43tabs.htm

2.1.6 Ms3tiadelin
2.1.6.1 asdmsauniielanldsmuninasinsldnisitesensaadelada
Idaupsdniauiad
nmsaatudaideadnnuinduiudaidensnuezariosazvesialasia
dindulussduunasiagann snmsesailudundsandunjasnuiilodunds la i
arwduvesinludundteglunasiunfuasfivadidadonunlidaud 10-1000 wad/au.um,
Fedrulvguduauindes Tnslusvezusnvedsaldauessniauiadonsldnuwadiuilodu

v =) a a [ ! | a CY 1 a a 4 [y -
Wﬁﬂﬁi@@?‘ﬂ*ﬂ%ﬂi’l‘ﬂWUUﬂIﬁiWﬁL‘U‘L!ﬂ')uiﬁ/ifg %ﬁiﬂi@]umﬂ@ﬂﬂ’l’]ﬂﬂmﬁﬂu@ﬂ ITAVUINS

Ref. code: 25595609032080CWR



17

ffnUnf (Organization, 2016) dmdunisnsiaidademdlslad (serology) Ty Aausd w.e.
2522 @10udIINeImE@n N 19nN1SLWngnn s (AFRIMS)  TaAunuISN15m329 anti-JE IgM
uay IsG T lvdundauasluddugeis enzyme-linked immunosorbent assay (ELISA) ¥
Tfannsansnsanitadediasldanmangaa antiJE g luthlodundadousniulddstes
av 80 Ward1sanTIUNaN1sASIRaNasuldi ety 5 lue F933nnsesanitederildde

wazansailatulssmeuiaguu lnanaainislinisasiaidadenisindeliandisag

(Thisyakorn & Nimmannitya, 1985)

v a

(1) JE virus-specific IgM antibody Tunauinluthladunaeseluds
I3 aa o o a ayy ) v
inuaTladenasann Budlld 7 Aulud

(%
=1

(2) JE virus antigens Winauinainnisesaaitasuiiiededsis
immunohistochemistry

(3) JE vius genome linauinann1snsaa3dadedsu wanawn 1den
ﬁwimé’uué’m‘%aﬁa@aﬁwiﬁ reverse transcriptase polymerase chain reaction (PCR) 139
TagAsmsnsasdaluanadu 9

(@) gnunsanendohsaaslanandsy wanaun don dhlvdunds vie
dede

(5) finsifistu 4 wmvdennves JE virus-specific 1sG antibody
TuT5ufing29m78738 hemagelutination inhibition (HI) %3ens1adieds plague reduction
neutralization assay (PRNT) Tngaznaafiudsuaensmnstuesisusy 14 Ju (acute uay
convalescent sera) NSLUANAAINNITATIANIYID HI waz PRNT znoalianasiuiunig
n5I98uumeisiu 4 1lesanenail cross reactivity nlasamdudieglunau Flavivirus B
¥lvmsulanainveiinwatatule n153dadenae3sdensiisslosunosluivesaany

L5 mazAMNURIUE lUNNTIRagY (Daniels et al., 2002)

} fDIAGNOSﬂC AUTOMATION, INC.

| Accubiag™ELISA
apanse

Encephalitis IgM
er 840325 a6 Test

s

AT 2.6 Japanese Encephalitis IgM ELISA kit
i - http://www.rapidtest.com/index.php?i=Parasitology-ELISA-kits&id=619&cat=17
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2.1.7 n3¥nen n1stasiu uazn1satuaulsn

=

2.1.7.1 n1ssnenlsaldaunsdniaurad

v A

Ms¥nwndufisani1ssnwiniuenis Ad1fRe N15aRINNSUINVDIENDS

o

guaszuumaiumela nislensziudn vieseetaduduseslst mannitol ileaIuANAI
sulunglvandswy nsld dexamethasone lusuingaiiieannisuinvesasedlugtielases
Sniaued wuililansaansasnmsmonarsnsinisituainlsald dedisenuainnsane
wu controlled clinical trials Aiffvunadnduieany Neutralizing murine monoclonal
antibodies AindnluUsEmeRY (Goncalvez et al., 2016) tharldinuiielfanesdniauiad
wunsEhwfananlinansinviinau annsinwinanisnaaasludenuin interferon
T¥snwnsandelidaaslaned uaza1nnisAnwiuuy uncontrolled  series  LAeafiu
Han 33Ul ianewniauaddiuiu 14 518 ¢me recombinant interferon-alpha wuin
1gUae 13 519 50030 UHIINAIIANYILUY randomized  double-blind  placebo-
controlled trial vanfnfithadulsaldauesdnauadlulsamaionuunuii n1ssnwde
interferon  alpha TBeunlanaveanissne) dmsuendy 9 wu ribaviin - waz
salicylates tufifoyaanizluvasanaaosundslifingliaidunisnain (Solomon, 2003)

2.1.7.2 n1sdasnulsaldauasdniauad

)

fawdindnsdievesgUleldauesdniauiadazaininlsnfnsendfgy

a

3w q Alages W wnande Idenssn WWusu uidnsinewazdnsnnuiinIstuguIn

I L4

Feanansavenfernuddgiazdedvianuaulaluitesvenismuaulesiulsadaildlag

o

(1) auaunmziilsa lawn Matgunatnigiugys USuugeanis

@

° =~ 9 v v & A 1 G & v
V]']u’lLW@VLNELVUWSUWULUULLWaQWLWNW%ﬂNLLﬂﬂf]'ﬁLquwuq&N Wunu

(2) auA amplifying host 13U ABNTIY AITBEVNAINUSLINTIDE

Y

andevesnu wavddululimsaslesiuldlvinygneadn wiedairdutlosiulsaunny

(%

(3) svieldlignysdin Ivinsaufnwwnyssavuielzdnnistesiu

Y 9

Aa o a

puied TneangsfidunnsilsesindiidovouAudondnifosdusnaumauinansiu

@  AnTedudesiulsnldauesdniauadlunu 1luisdasiulsald
avosdniauiadfildnaffignluvssmadiunasUssmelne dmfuiafudenedilliogly
Haqtutiu 1un fadurdaidonefinamnanmanzidsdhaluauemy fadudonod
Nanu1aInnsizLassladaly hamster kidney cells uaz Jadudorlu nswmunindu

Josiulsaldanesdniaviadulmiondomalulagdinmivivadeonaiouuuiunimauny 1wy
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AsngassluaskazAnnaduia i la AT uniUseans nnwariianuuasn iy Liuu1nTu

¥
= 1

HA0AIUTTUADUNITNANTNALAINTIALSUALNINTUNINAN (Hoke et al., 1988; Thisyakorn &
Nimmannitya, 1985)

2.1.7.3 dagudasnulsaldaussdniaurad

o
(% v o/ a = v Y S

Trdulvaupsniauladisuin 1 siauILAwad w.a. 2473 (A.A. 1930) Tu

[ '
v A a A =

UssiAdadoazquu Tagusuwsn laun daduvlingeneiimnzdeshifaluauemyuiaya

(% ] (%
v a =

Foseesundulusenivasnlanadsiiaes Feiaduriinignudntuuasiamisioly
Uszinaanigewint nglddelviiummslunewimos q un udirdudananiussansamlu
nstleatulsalidvindines Faldvgeldfaduadailud wa. 295 (am. 1952) deunldfing
unszuunsvhliteduiinnuuiqriiiunniudiedestunaunsndouannisuuiiouves
oidevesaussy warldTunisiaunegasaiiondosunaunsesisd msldtuagaunsuans
Tutlagiiu (Halstead & Jacobson, 2003) Fefadulujudmntunanlnemsdsddlumad

X A Yo a A [ a X v a & g A o o P £
LW’]%L@ENLW@IW’J?"’]%UNV’YJWN‘U@@@QBL‘Wllll']ﬂsﬂu LLﬁ%’Jﬂ“ﬁu%umL%@LUUVIUW@JWWWIW@@UZ}WS@Q

' '
[y =< a

widanuaunsalunnseAusEuugiauiy Fasuiauwaziinislilulsemedu sawnda

fnsldiuegsunsuaneluvatsyseme Jagiudadimandnietudesiulsaldauesdnauiad
lngldmatianaiugimnssuuazegseninnsinwidy
(1) Tagudesiulsalianasdniauadlulsemalneuas Iaguniaaimm,

v [y

Trgudesiulsaldanesdniauiadnidlulssnalneludagiuiisieiu

1%
=

2 wuu e Teduiemenayiaduiioduiiviligougvsas (Tsai, 2000)

v

(1.1) TagusiaLtanie (Inactivated vaccine)

v A

(1.1.1)  fedufimeidsndel¥aluauemy (nactivated
mouse brain JEV) Wuiaduildiustraunsnansluagiuuazogluuiuainaasugidudu
Tsrvasusamalne Feinduriintandelifamenesindunasinunszuiunsiliuians 4
Fadatiuazaiinuaus T

a1eMug Nakayama  Uudnduriindeandnlang Cosma
medical U3uau 0.5 wa./Mfa dmuiinengsiiniy 3 U uae 1 wa./Afa dmsuiinenguinni
3 Y §idennsfnfe DS Japanese Encephalitis vaccine

aneus Bejjing LuinTuiignuantulasasdninndunssa
Ui 0.25 wa/Afa dwiuidnergini 3 U uay 0.5 uaAfa dwiuidnergunnnii 3 3
fifon1site JE (Beijing-GPO vaccine #slutlagtuindurinilldveandn idesarniAnnis

UuL‘f‘yJauﬁuaﬂLﬁm?jaamawﬂuiﬂ%u (Chokephaibulkit et al., 2016)
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(1.1.2) Sadufimnzideate hiadluadimnzdes
(Inactivated cell culture-derived JEV)
Jaguitlsnnaneug SA14-14-2 1w3suann Primary
hamster kidney cell Tngldwedunausinge nanlulssmeiy
faTuillsiananeiiug SA14-14-2 19383910 vero

£

cell Wdnlaeu3Em Intercell Tunwloululssnpansgaiusniuazdnvateyusemaluglsudl

Fan1an15Ae IXIARO aadndadusiindazgniiunsnvineludsewmealneluliddn  (Monath,

2002)

1% '

<] [

(1.2) Yaduriadeifuiivhliidougnsas (Live-attenuated vaccine)

(1.2.1) JeFuitldanmsmeisdueadinmzides Tunsadeu
pdausnludsemaiu nannidelifaaneiug SA14-142 tzidedlu Primary  hamster
kidney cell (PHK) swngluuseinelng Inau3ev Biogenetech l4davnensénin CDJIE
VAX (Halstead & Thomas, 2011)

(1.22) Aaduiildannsnanlaegldinaianeiugimnssy
uteduiitaulaguen Acambis Tagvinisiadudiu Prv uay £ vedhfalsaldaves
Sniauiad aneug SA14-14-2 Tadluunudidu P uas E vedlisaldindes anevug 170
Wielildla3aisl structural protein wifleufuladaldauesdniauiad uasd non-structural
protein wiitouulaldindes Safurdaiifuadusuuuulsiiuiedulungy flavivius 3u
9 1 Taduldideneen Tetravalent dengue vaccine (CYD-TDV) %38 Chimeric yellow
fever-dengue virus (CYD) wagTetravalent dengue vaccine (TDV) AsauAgu 4 Feves
14\den0en Judu recombinant, live-attenuated ¥84UI®WM Sanofi Pasteur (Appaiahgari
& Vrati, 2010)

=

(2) UseaNENINVRIIAT

v a

’JﬂGUUL“UE]GI’]EJVILWWZLaEJQLGU’BSL‘L!?IEJENWH nsaNan 2 laa NI

%D
¢
=

Sovaz 94 uaziiuszansnmlunistosiulsafosas 80-91 nasandadunsziuasiiginuiu
Sowaz 90 - 100 nnsAnwIluUsEAlng WuINTATuYe Nakayama Waz Beijing 19

Uszansnmlunisdesiulsalunnneneiu (Lee et al., 2016)
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[

= a dgl’ [ A o P £ = < o
'Jﬂsliu‘tiuﬂLGUE]LUUVIWWSL‘VTE]aui]WﬁﬁQ nMsanwluanlngduau 150

AL NUINLINIT seroconversion 5aeay 89.3 way 95.0 ML3a7 30 kay 90 U NaI9INNLN1T

¥ v I

a & o Aa o A a A i o
Q@Iﬂauﬁﬂ wazsayay 100 Waﬁﬂqﬂﬂﬂﬂiﬂﬁwa@\i WaRARuUN 2 WUIN 91d@1duASENAsd

% 1 v A

seaugiiauiusielifalianesdnaundiesar 99 :nn1sAnulud1eusemanuiningud

9

D

UsganSn1nsosay 99.3 way 96.5 9v3an 12-15 AU kay 5 U A1guadannnIsaningy 1

a [

1ha uazdiusz@ndnniosas 95-100 NMenain1sanindu 2 1ha (Chokephaibulkit et al.,

2016)

v

@ IXIARO Witaduniinisinnziasaaelhyaluwadiniziass Iy

wugihlvaadlafmddluiun 0 uay 28 Aansedudness 1 U annsAnwilu phase |l

wuinlueanadmsglvgasiigifuiuluseiunianunsadesiulsnlisosas 83, 53, uax 48

q

nMendinisaniaduldanasuduiial 6 Wweu 1 U uaz 2 U sudieu wazilodaiaguidy

¥
IS 2 IS)

sy nuhdglAuiugealiuluseauianunsadesiulsalasevay 100 dlunsainlasuindu

Y

v el' =

a & a < = N ay [ Yy [ YY)
BUAULNYILYULA Y ‘\]SLIQllﬂllﬂuL‘WEJ\‘TW’P]‘V]"\]%ﬂ?NWiﬂﬂ@QﬂUIiﬂiﬂiaﬁlag 9 mwmlmmﬂ%u

9

Y
= @ v I Y v

Tuduu 6 wew uillalasuipdudunszduisanduusn 11 Weu seauglauiuazgadu

9 Y
v A

Wudewaz 99 satiulusrenlasuiaduyansnlunsuniuiinunvainisanindy wuziilvan

3

< £% 1 4 I a I~ Y < = 1A [ 1 1
L%Mﬂi%ﬁ!u@ﬂ?ﬂﬂ@ﬂlﬂLﬂu 11 LADU UUIINLVULLIN ’mﬂﬂ’]iﬁﬂ‘@’]WU'ﬂ’]ﬂJﬂ’J’]@JUa@ﬂﬂﬂG]EJEEI‘MZQ

drudeyalunndvegseninansfinen (Cramer et al., 2016)

v

a . 3 ® Ny o &
IAFUYUA ChimerivaxJE (”\/\O.JEV) M%@Qamiﬂﬂw’m\ﬂmﬁmmz

Y a

1 1 v A g.JI IS % ! a v % v ! |
At wudrinduduiinnudaeadeuazneliiingidudulaalunnngueny lagnudi

e e

Y M Yy o A ] < N ay v A [ Yy
@qﬁqaﬂﬂimﬂmiﬂinﬂ%ULWfN 114 ﬁ']ll'ﬁﬂllﬁmﬂll u1u33@‘U‘Vlﬁ'?ll'ﬁﬂ{]@flﬂUIﬁﬂlﬂﬁﬂ865

=)

'
v v

Y
99.1 waznilauiuniindulinegluninndameIngusiingen1eNnanfgauemyIIuIg 3

[
v

Wy ($owaz 95.1) (Chokephaibulkit et al,, 2016) Tafuriliafdsannsanszaiunisasig

€

a v v

1% 1 <@ 4 C% a a
QN@&IﬂUIﬂ@EJ'NTJ@LTJ UYL 93.6 VoI IANATITUAN

[y [y

yiulusgauNausatoenu

o)

(%
= v v a =

Isalanielu 14 Jundsandairdu aaunisanirduedaiiies 1 59 9199zt NeINananIs

Josfulsadmiugonfeegluiiunninissruinveslidaldauesdniauiad uwidinuing

£%
[y a

aranadasiinuienelddaifuduintundainisdedadu 1 Wu duludinsiesfinniuna

¥ &

nsEnwsaluINNsanTATulNes 1 Wiy WganenseludenistaaiulsaldauaadniauLadna

Tununndnisszurakasnuia ldldwrasssuinveelsaliauaadnausad
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v

(3) Ufsemdnnlasuindu

v

Trgurenemwiziisndelidaluaussnyty I51891ud1U)isen
nzd Tewn Uan van uasusnaidaiadu Wudu wudesas 23 drulfizendnly wu 14
Uinfsue Uanillosnusm aauld ondeu nuseuas 13 FelugUisunanuenaiiuauiumie

angioedema lunianduuiiite 2 a9t ndeandaiafiu nulssannsesas 0.2-0.6 Fasin

v a

a v A < A a A a A & v v a o A & w 9
Annaedninduduiass n1siiaruauivlifeiludenulunisdadaduldadaluninlyly
Ufzevdn@uunau wilmihdunneinisvainisdainduediddlndde wazidnsinisiin
AUBITNLAUREUNGY 1:50-75000 891 : 1 8w wzastuipdusiiatiiinulasnsiy

Aoutnsgelugniinegliduiuunnses

Tagugiage.uiinlidougraas Taduviiadiaulasndugaus

19azyinlAmAaldle Sesay 93 waziuIu Sevaz 6.7  delifisnearunisiinning

2

hypersensitivity #3oNat19ALNeIZUUUTEEM (15ANA LuAlandng, 2548)
2.2 waufuah (Antibody)

weuAvemdulnalalusiiu (slycoprotein) fia¥19u197n B lymphocytes g

U a

WONNTLAUMBLIUALIU TILoURAUBANATITULUITYNVRIRRNNNlUNTE AR BANTOUIAR

'
[

WA Faduneuiverssanunsanvldlunseuaidon dinn thane thdandsluszuy
madumela wasmaiuemssiaiuadie Tnevhluluanmdniisranetueldanunse
a5 1nauRvaffiiausinznowaavesssnield Inswoufveniidnvausfiawsieoiy 2
Usznsemenu fe

1. Recognition function AD AUEINITOIUNITINTILAIANLNTTINAY
LeuRufisznaLouRvedla

2. Effector function #e UfASenliintuseainsueufiaunazuaufived 39
anunsoiluiAawarig 9 m1uun wu inluiAanisrudulsAudnngunild Fendn

complement fixation wagiiiwaduwanaaela (lysis) wseujizerveueusiauiu

' v
a =

wouRveniaTuylilalanavewauRuanIEiU mast  cell  yilAnnIsmasves

histamine ®anx1 1Wusu Janeway et al., 1997)
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2.2.1 mMsfneAuauURvaLaURUDA
Tiselius waz Kobat wum woudvenidulusivluhmdessianisfianase
waoudiluauulndly (electrophoretic mobility) %qa&ﬂumjmaﬂﬂiﬁuﬁl,%ﬂdﬂ gamma
(¥) globulin Tnedi Tiselius waz Kobat 1§vin1svaaesdn Pneumococcal polysaccharide
idilulunsesing aunsgeannsaaaueufvelunszuadondiuauun Ao agludnumed
S hyperimmunized rabbit 91U wadennsysetunuenedirdeslvuenlngs
eletrophoresis Wu11 protein fraction #13 9 A serum albumin, @;-globulin, a,-
globulin, B-globulin &g y-globulin (nnii2.6) mew Tiselius waz Kobat lainien
hyperimmune  serum ﬁiﬂmauﬁ’uuauaLﬁ]uﬁumﬁu%aLﬁmﬂﬁﬁ%mmmﬂaumm antigen-
antibody complex dudethluvumeinzneusen wazionanzaufiluveunaunie
aznew (supernatant) 1 uenlngldds eletrophoresis slnsanads wuin drudiiiusunm
anad fe fraction 183  -globulin 1ae ¥ -globulin fimely fie d@ufiduseufiveddslurh
UAsennudaufilnuLaInnnznau mamﬁﬁgwmﬂuauauaa@?’fuﬁu ¥ -sglobulin Flailauszne
umelusauiaieuiuszneudelusiuvatesin (heterogeneous) fifidnwazU19eEIs
Ademdetu Sadundelvui Immunoglobulin (Ig) (Tiselius, 1937) lag Immunoglobulin i
a¥ravuantuduansnan elycoprotein fiUsznaume polypeptide 2 WU Ao heavy chain
wag light chain wae danslulamsanizeguu polypeptide lnguTunavasanilulawnsnlidl
duiifevestunisdureseuiaumszaslulamsnluldegnssdiufiuoudvedduiu
LWaUAlUAEENI1 antigenic binding site (AW 2.7)
2.2.2 ¥ilauaslaseasnevasduylulnayay
duylulnaydu wusesnilu 5 aana Auvlinves heavy chain il
(1) IgG & heavy chain Wuvila Y-chain (gamma)
(2) IgM #1 heavy chain 1uatia p-chain (mu)
(3) IgA 1 heavy chain 1Uuwtin o-chain (alpha)
(4) 1gD 1 heavy chain wWuwiin &-chain (delta)

(5) IgE &I heavy chain Lussiin &-chain (epsilon)
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2.2.2.1 Immunoglobulin G (IgG)
Huduylulnaydudihnnigaludsu Uszana 80 - 85 % lne IsG

o =i

hwinlanana 150,000 anadu Fadienuddyanniigelunisdufusianie aunsodiusnann
wiluganls uazivunmdniigaideifisuiudusiulnaydusdu 4 deseneumemnedmulng
4 ae drvomodmulndaenindudusiaunum (Y ) Sudendn G (Spiegelbers,
1974)

IgG vesAuannsauualy 4 manades fe IG1, IgG2, 1gG3 Lag IgGa
1oy 1gG1 ﬁ‘d%mmmnﬁqm fio 65 % lnefl IsG NNYLRENLIY 1964 A1UNTATIABUNTUUALA
A 1gG1, 1gG2 way 1G4 annsaduivaunnillansadalusiule (Staphylococcal A) vl

A1150U8NDBNIIN 16G3 wag IgM 16 1ns1g 1663 way 1eM laanunsadulanulusiuie

o
I

3
3 | Albumin Globulin
S r A T
c
2
2
n 6
L 9
2 a :
B
0
=4
a Migration distance
|+ —
g
§ Albumin
3 Globulin
8 r — -
’é P E—, {11 globulir
o a ) A
> (ll 2 ' \ .,
8 \ naaod
=
3
-4
. . . B
QU Migration distance

amdt 2.7 indeswesnsyineiivhlvuenlagds eletrophoresis WU protein
fraction 14 9 (Roitt et al., 2001)

n. Protein fractions #14 9 984 immuned serum

%. Protein fractions 14 AENEIRINTI immuned serum iU Asen

AUWDURALIU
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oy
RY /
' ™ P
< A N
’ 7 .
1} Igs IgA
lam
Antigen
Binding Site -
4 -,
—
' LEGEND
Fab
a Fab Fragment, antigen-binding
Fc Fragment, crystallizable
L - R —
— Light CL Constant domain, Light Chain
Chain CH Constant domain, Heavy Chain

VL Variabla domain, Light Chain

VH Variabla domain, Heavy Chain
Fc
Hypervariable Region

‘Variabla Ragicn

r— Heawvy 4 - Constant Region

Al 2.8 Tnssad1avosueufived
fian: http://www.ebioscience.com/knowledge-center/antigen/Immunoglobulin/

structure.htm

2.2.2.2 Immunoglobulin A (IgA) Lﬁuﬁmﬂuiﬂayﬁuﬁﬁmmiu%%’m 589
9 1gG o flaguszana 13 % druvesmedmulndaeninidurdauean (@) dedlvg
ansonvluasdandasing q Wy e date duamdes dilaanns dandesaaon
Muiuems medumelaisoni Fa3nesueufived (Secretory antibody) Freuniasie
Slenanmsyngnvesiuafifeuarida suvidestunsindeiivesinduinme Jeenaae
Fundnfontlein Tlaweufived (Mucoantibody) e TalnsuwewRued (Coproantibody)
oA wuldidluguuuuresuousiues, lnweosnediwes luddy udidleogluasdands asdu
sUwuulawes Fausznaude 2H2 L2 @18 J (J chain) wazdasnesmeulmuuyi (Secretory
component, SC %3e @a3nes fiw secretory piece = SP) SC unedmulndiiduasesity
TnewwadiBoyfinfitaeli A Wiufinduiivletneangniouen uasdsundes igd 91nn13gn
gosmetouluilusiuea (protease) lunnaAue1ms SC 23511V 1A latues uazane J

Tuseninai 1gA iuwadidayiiteenluluasdnnas (Woof & Kerr, 2006)
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2.2.2.3 Immunoglobulin M (IgM) LUuaquuIﬂauauwmmmimyj gqn
ﬁﬁwmﬁn‘lmaqaﬂszmm 900,000 aadu d@ruvssnadmdlnsarendndusie i (mu, 7))
oM Usenouludemiiefiugiu 5 miw wideutufeiusyladalidiuzunn Fudouy
Fawane J uae SC IgM Huduglulnaydususniiaatudlosnnegnnszdudeuoufian
Tnslawizuvafiounsuau onTenaundiuududrazaruisngninatslddtedu igm
Lﬁmﬂﬁﬁ%ml,t,@ﬂﬂgal,u%’u (Agelutination) wazeawlgluisdu (opsonization) l# Faaunse
Josiumsynsnvanuaiiseuaslsa Taeit IgM Talansnsorusnld urdmsniinnsinidess
a$1 IgM Tuias Aodnduduyiulnayausinusniimenadietues Brussow et al., 1992)

2.2.2.4 Immunoglobulin D (IgD) Immunoglobulin D (IgD) Lﬂuam@u
Tnayauinuiessnnluiden foguszann 02 % lagnedmulndameviniduviaimam ()

L

Feanusaviwmthndudasuiidessiu (Primary receptor) fuseufauuuiadaulledues
MIN Uaro1amuANNITHUATIEduYlulnaydudy 9 (Viadutiu, 2000)
2.2.2.5 Immunoglobulin E (IgE) Juduylulnayduiimuiiesfianly
don wulszuna 0.002 % Twedwmulndanevinluriiaen@asu (€) IsE Jslnuantfiveu
inzAululeila (Basophil) wazunasiwasd (Mastocyte) Tuiilatde Tnsthdrutansves Fc 1
o A a - Y v v P YY) o § ¥ a aaa a
Ju wazilleduouAaunnszAulnasie IsE Wnduiu 1B i liinufAse1vesiaumiau
a = 2 & Y 9 va a a = " e .
weufveRnumandYIenseAulitinnzgilAuLuLT 1 (Immediate hypersensitivity)
lngnsnseulmulaila (basophil)  Udegansiviilviine1nisgiiuiieansn W samniiu
(histamine) ~ @l5lundlu (serotonin)  Fsa@rwsasen IgE 11 lalulylnlnsUausufven
(Homocytotropic antibody) uwenandlunsaiAinnIsAnausdn aswuianlusisnieazd

L - ¥

U3 IgE LNAY wanadningiiay YronuiulsaRneUsan (Amarasekera, 2011)

Y

¥ Y o
M“

AN 2.9 uanslasaasneiiugiuvesduylulnaydusia IgG, IgM, 1A, IgD wag IgE
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2.3 lululpaueauauivaf (Monoclonal Antibody)

Tululpaueaweufived (monoclonal antibody) liflgansfiAnannsssuwii
uiinannsfiuyudAnduisnisadrstuandomelulainisondinelul wa. 2518 las
SEmahluildlumssaniululraueausuiivedtu aunsavildlnenisdawouioudilly
nyiitolfasegidufudousudiausiaiu 4 anduiddinaianisadrasaduay
(hybridoma technology) %319 B lymphocyte uag myeloma cell n3aiwaaugiiadn
Fenan iendalvlddulululnausatoufivefvdnfiuansneiu (Pandey, 2010)

2.3.1 nmsnanlululaausawaufivad

nswanlululrausauouivedisuainnisnsedusyuugiiduiuvemymetoufiiou
ndusinisadn B lymphocyte  @avimindilunisadraneudivedeenun Taeit B
lymphocyte Bllannsavnidesield Sedosiinisin B lymphocyte lUidousaufiu tumor
cell 983 B lymphocyte fianansalauuamuasagadlanuulaisidn (immortal) iiteadadu
hybridomas #ifinananansalunsudslalulraueatoufiveniidesnsle ndwintuazdes
YINNITAALENLDILANIE hybridomas Tnonsiaeduemsisiansdudanssuiunsdansisn
nucleotides (aminopterin) wuuUni feuwadfiavansansadelulddadinssuiums
FuAsevian (oypass pathway) Fanszurunisishanzlu B lymphocyte fiundiviniu viils
B lymphocyte 8w tumor lylaunsalald ndsaniiviinisdmden hybridomas 1udn
szdeniludausnmilnauieafifinuannsalunisadrsueufveddoweudautiy q fis
Foanslé (Nelson et al,, 2000) (A e 2.10) Fstumeunsnuatuldnaiunuranaiiou
Aldi1ege uazdosnsyaainsfidaruduiygs lnewadnaufignasrsdulifinnuaansely
nsuanlululraueaneuivediy aunsafivinvlidmsuliduundsiinamlululnauea
wouRveildnasaly nswanlilulrausausuiiveviani 4 uiazaduiudeddinau (-
5 outuly) uarnisasuidusiuiugs sasdenRedesiudnivanoio ny Snéne
(Albitar, 2007) fauFaduléinssuiunmsndslalulasusawoufivediildiueglutagiudy
foutginnn visadainddelifnawiedyrainslifivme Tufesduhunisssnadsd
s1ge uazdsilguassafidifaydnusznisvilsvesnisldimalulad hybridoma Tunisuanluly
Traueaweufivefie hybridoma cell $3d1 hybridoma cell Liedesasilvanunsogayde
auannsolunsnaalululaausaneufvedladn luduneuvesnisnanlalulpavea
woufveRlildidusuaumnn (large scale) tienmsihluldredufifniueien wazdodld
w3esflenaunatuiy 33nsfidenldlunisndalululraueaweuivelildidusuaumn

udl 2 38 fie N9t hybridomas cell WWdesludnuagilunssiludewinaveny (ascites
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tumnor) antuaiaten ascites fluid 7ilululrausausufivedoonun F9ismduiitonnsy
mmmwémlﬁiulﬂﬂauaaLLauauaﬁlﬁluﬂ%mmﬁqm’hmiLﬁymiuﬁmmaaqﬁq 1,000 -
10,000 N Lm'Lﬂuﬁﬁmiﬁa%ﬁqmmL%“UﬂmLLasmmu"Lﬁﬁ’wwmam wenanHudalaly
Tnauoaueuivedisdeuldffimsuteusesuylulnayauvesy la¥a wieas cytokine
9u 9 MnuyReeravrliidunadsionisuszgndldlululaueaueudvedsoly nisnidunis
nasluTulpaueausuivefidusiuviuinn fe nmsdeddudainseidinim (bioreactor) wiln
A9 9 lauA standard static %39 agitated suspension cell cultures, membrane-based
%39 matrix-based culture systems, wag high cell-density bioreactors (Fong & Weng,
1997) urtesinvesisnismani fe L‘flumﬂiuiagﬁﬁﬁLﬂuﬁaﬂ%m%u‘jaﬁﬁi’lmqqmm

wnsenskaransednldlunsdeseadniismganniguiu

Hybridoma Technology

Antigen —i

Cells fuse

to make

hybridomas Cancerous
ot plasma cells

Antibody-producing

plasma cells Clones are tested for

desired antibody

Hybridoma cell
grow in culture §

Individual hybridoma ‘" Desired

cells are cloned clones are
cultured
and frozen

.!;lybrm“om?s are @_‘
ept alive in mouse Q4
s Sptves

Monoclonal antibodies
are purified

A 2.10 Funsuniswanlululrausaweufived (Pandey, 2010)

nsuanlululaausanouivenlagldisnisaaintuiiniugaenuineae
AldeAsutngm Siildedrfaiiinanmaluladivaity q eg19 1w Yedinlusiinves
a A ¥ [ I a P 1 & a 1 gj Y v Y [~
woumlauNEly nsedeslukeunuiliiluivienynaass wenandunaidereslailu
wouRlaunAdeiukauRlauYemy WU wouRuindulusiunegluduiuesdrdunis
TIwuIN13 (conserved antigens) seldlaaniziuwauinuiniiauaiuisalunisnseiu
sEUUniAuRuYeInY (immunogenicity) AWt wenantuwdInanlaann1snseiuny
v a dy [ 1 £ a ¥ o w d‘ o w 4
naaesdalauulsusiugs Inslutuguaimvesmyidazdd uaziitedndniidAgyanusens
= g ° a a A a a ) a v a
nisnfe Suusinveswsudlauinltlunisudanlululrauoatauived GalagUnALainIsHas

lululraueausuiveddewaufiuusazylindndedldvunaassdus 3-5 dauld Tulagdu
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a a

NFIINNITAUNUEIAUTLIUY (post-genomic  era)  VeINwe wazdldindnvaneyi

Anuddglunsfnuidedejadulugnisnuinisyiuresdluunielusiu (functional
genomics 138 proteomics)  gansitewaniisndudesiauiieitestulusiiusiua
uea (high throughput) n1skaslululaaueaweuivedsiuiuninidieldlunisdnuinig
yheruvesldsfiumarilaeidnsilldedlutiagtuiadulldld vienswdalululaauea
ueuRveAFasnsmlareiigann Jadimnudndufazdedliinaluladdu q fdielunisndn

Tululaueaueufived Wen1s3nszsilusedu hish throushput wianil (Costa et al., 2013)

2.3.2 Yonvaslululrausauauiuan
2321  Tduaufiauusuiuiissuazuaufiauuiulidasiiny
4 = ¥ a

uIgnsanlunisannsedu laglun1s immunize vy mice 5o vy rats 19lduouAlaY
Uszunaw 100 lulasnduvseteaninfld lneiueufinutuiauuiansneussunafle
= & ¢l ° v a a v ' o
293N annsalfeneaaNilnuINIzA e uALlIUTRBIN1T InlusEnineni1si cell
cloning

23.2.2  fanuduninsgruieaiuge (Standardization) 39

a a o = % =

annsofaznanlilulrausausuivesisidnvazivileuiu (homogeneous) luunsgIuds
annsauaniglluesufoinigeng q Tnsudipuinsldindlaaueaueufvefdainay
Hoym lornanandiluuiazadsiindnlirosnsd wagidosanannsondalululaaues
wouAverldluUnadifesnislisiin fufuamudunaspuvedilulaaueaueufivedied
gunnniindlaauealauiued

2.3.2.3 IAudnIzga (High Specificity) lululpausauauiued
Y5 antgenic determinant Wissiuniadeiuuluanavesuoufiau fay
Faflenusumnggann aunsoliSuunaeiuiuesteqdunis vieAnuidnvaredinana
Youaumiaule

2.3.2.4 4 affinity gs Tuismsndnlululaaueaneufivenazanunse
dndenlslulnausauoudueffiil affinity geieusudauls Tnefilululrausausuiueding
affinity qaﬁazmmaaﬁﬂﬂ%‘lé‘lummL%maqa (high dilutions) vilviaaujisensuniu
(background) Tumsnmaesadls uazannsnihlulilunsilitoufiauuianslédnie

2.3.2.5 M5ifiuLwad (Storage of Cells) aunsaifiuisadfiasisly
Tulpausaweudverliifunanuiud q Wwlulpswumar wazthnduanassienanlaly

Trauoaneuivenlasniilosoanis (Albert, 1985)
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2.3.3 Yanagvadlululaauaataufiuan

aad Y =

2.3.3.1 NISHNANINALAAUBALBUAUBANNSTUITNABUTINEIY T4

[

uanssannsuanlalulaaueausufvefideddids ussm e wagalddoganinnig
HARLNELAGUDALBURUDALN

2.3.3.2 AMusnne (Specificity) lilulaaueausuivedniemls
Tunsnsdlfienudumzgaiuluieylulddmivnsitedelsa

2333 fawldenisiuasundasvasiaseadisvasnaudiau
iesannlululrausaneufvediinnudimzgannisdianulenisasuntadtasaing
YoBUAIN FsannsniRatuseninueuiiauinizfuiiuia (solid phase) wieanngiilily
NMIYNNINARDS

2.33.4 auausAdsuuadldiesvinsunaunisvinliuignd
domnlilulaaueaueufvedluuansdiimnuliienisiasuulaswes pH, ionic strength
waraduau q Fdnalnausausuiveniindaulienisidsuulasmaritesniniesan
LauRvaAUINaNSIniaula

2335 lLisansaiujizeruisedeld iesanlululaauea
waufvedTwaumnliausarufasernnagneulddeineaininalaausaneuived
(Nelson et al., 2000)

2.3.4 msUszenaldlululaaueataufiuaf

nsUszndldlalulnausausuivesiimasldsunuaulesguinly
Hagtiuil 1dun mahlilulrauearoufvedinanldanmylufulsdlifiamausfiduniiou
yosuynd (humanization) tlelvianansaldlunisiatalsasia 9 (human therapy) 1

2.3.4.1 1uRadIINe ladn1sudnuauRvefseqdunidng q viay
yianilifa wafiderateiie viewindn wasianlisslenilumsnsaaeumaianie
AaNTRAA1s 9 MaueuRlauveIAuNIs Taudiuvildsnvieldannsavildiasifinngld
Indlaausaneudven n1stdlululaausatauivefyinliaiuisansianvaleiuginives
QAUNISTadianuunnsinewes antigenic determinant naneRuSANlFEBTU WU N1
prramhdaldvinlug anewusln viensaavidotalsadivinlsiinlsn (Mycobacterium
tuberculosis) aunsauenléann Tubercle baclli 3w 9 Fuduldlndlaaueawoufivedl
¥na soanduiinisnanululrausaueufivedseids Chlamydia 3oinliiAnlsanuesdy

= ° v & aa ., ' v ) =1 a a
L“VlEJiJLLﬁSU']SJﬂ“UGﬁ’J"U‘W]L%@I@?J'Jﬁ immunofluorescence BﬂﬂﬂlﬂwaﬂﬁﬂﬂiUL%@W']i']ﬁﬁ]llﬂ'ﬁ
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nanlululaausaLsuAvDAeLYDN1a1S8, Schistosome, Toxoplasma, Trypanosome Live
ulglunsasramlazAnwtiweuiauluszuzang 9 vesnnsdntazlddnwinisneliia
sauiethlugnisimunnisuanindu (Payne et al., 1988)

2.3.4.2 #1Un1531992815A 1n15NANLLILlAAURALAURUDA AD

IS U

gosluy Buleyd way Tumor marker Faflszdusnunnluidenviodsdandafiowluldiy
Usgdnsnnlun15ns13319dulne38 immunoassays  L¥U 39 radioimmunoassay, 30
enzyme-linked immunosorbent assay (ELISA) fag19 1w Talun1snsiameesiuu beta-
human chorionic gonadotrophin (B-HGG), thyroxin, estrogen, progesterone Fauragndl
anwuglaseaisnaneadaiuann dmsuduled Wi CK-MB wag tumor marker wWu alpha-
feto protein (AFP), carcino embryonic antigen (CEA) Uusu yonaniginisnantaly
TnausaueuRvefsefives lymphocyte wiiasns 9 14 Ineilululaaueaweufvefaiunseld
IUNYAYee lymphocyte panlulsziangeysng 9 wnuglaganigly T-lymphocyte
Wluenlaiidu subset sing q feghadu Wlulaaueaueuived MSundn OKT (Ortho Kung
T-lymphocyte) Fsanunsauldlunisdreifadelsananevinfiidndiuves lymphocytes
$aAR19 9 TuUTurauane1eiy 1w Tun1snidadiuves helper/suppressor cell
(OKT4/OKT8) anunsavenanznisidulsaond wasdadl OKT 3w q flaunsatuildaae
Fdadelsanarssdn 1y lsansfivesszuviundes lsanfud Tsagiuisies
(autoimmune)  d1m5ulsaugise wenanldlululraueateuduedlunisnsiani tumor
marker Tudsuud fafinsiunldlunsmsuniaveadeunziss Ingldueufivefifnaain
futunnmsdudildindomsaameiuiazse (Dienstmann et al., 2012)

2343  Funsinw Fauladusnludagiuie nsldluly
Tausatouiued [Wushmmne fenduvieruiunnmidlugeadidmneiidosnis Tay
mﬁ’smmﬁwL‘wwLfmsmasmgwaﬂuiuiﬂauaaLLauauaﬁﬁﬁﬁiaLedaéd]mmaﬁ?u Fazyila
Aamsshuniildnaiiuil o1a3enansiiinlagisdindu magic bullet i immunotoxin 39
finstanldsnwlsaiivmeenn wu Tsausse (Syrigos et al,1999)

2.3.4.4 e1un1steeny Ao unlululaaueawsuiuafuitlelung

P o a

wenlviwousauuTans tneld35n15119 immunochemistry  LiteukeuRlautuINldmIy

s
a a

Jadu lnenannisinernuilarunsauntdlglunnsvinliaisusanslanie wwu Tolunisvinla

9

a A

. a L v &= & aa 1% ad a a
interferon U3ans AsluIndunsinecldinalulagdy o lunsndalululraueatsufived 7

laigaen uazsInsandn3sns hybridoma nldeglullagiu (Jase ndmgny, 2551)
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2.4 NSzt Raasand (Animal Cell Culture)

& s & X A 2 I3 =1 I
ANILNICLAUIYRA AD NITLWICEAUILUBDLYBLLASLYAR IWEJLﬂ‘L!ﬂ']iLW'WLaENLGUaa

nAdTIaanizauwintu laladfiensdunsedaineg uwdaidunisideasadsnieldanined

WangauLazegn1elin1sAIUANYDLT INBNAUIINNISKEN (solate) LwadunaniiaiEans
P ] = I3 9 @V v [ A A o @Y 1 ad & & A o«
suneu F0193slueieitle 9 Ald asluanivnsedninls wu FBwmnsidesdsiealy
MIuNINIEENUGRY nanfe vhlnAssusewduduuinn Senunsadiluugndeluls 35
29 vo v e a Ao o w a ' v Y ¥
Uldfunsnszaneiugiivuraidanianudfyniaasegia wu ndelsl Wudu wenain

& A I = Y 1Y) =1 & A ¢ o ¢ ya v =
LUDLYDLLASLYAAYDINYLLATI LITUIFTUITALN IS LAY UD LY DLLASLYRAVDIANIN ﬂlmaﬂm'a LI

wadedfuselevinalsUsenis WY 1AL 8T ad LIS IUNNTEA LU UNARDY LD

£ 12

nlgfnyinavesen i Tulug 9 aunsamnsiiewsadvesluvaziieaivesnunasdn

o

A o Y] a & o = o v =
LW@quWNﬁNﬂUIUQWUW@aQQ Lﬂ@LUu@’Ja@us{Nar}Mqﬁﬂiaﬂa‘UL%qiﬂiummgﬂsﬂ@ﬂﬂuﬁiaﬂmq

EN

\ialvinavissuarAaengneeutiueeniluiian dndietwmilide nMsinzidgasadnaiunse

'
14 v =

NAnuauAUef wisa1sadgiduiudauisainunldiluasitdadelsesing o loweuived
fanand 13ena1 lululpausaueudued (monoclonal antibody) n1snaasslagisnish
o o & o ' = @ a = & = W I [y . .
WentuwadnananIndudnmadennisdedatdunisneasuluseaunasaneass (in vitro
test) Feanusnu@adMIBALMAdoUNUNTT IR Inaaadlafiagng 1wy Tugaaivngsy
nanIATuLIsTlinnsoluauiteds 9 sundeinet uwazivingn Asudusesendeanis
dnivmasayintu (Fong & Weng, 1997)
2.4.1 AANBALAN 9 VBAUYARLNILALS
Tuaruddelumuinduainlisa wadwizdesdiuselesiagnaunn
Amsunisnzlaswtaliga esannhisaldaiuisaiiudiuluseaieste wwsizlisalud
d' a Y o o ¢ A = ac .
wiesdlola q Tunisasramtedunsiziaisusznaulna fe lddwunueddu (metabolism)

a aaa

Y99603 (Monto et al, 1981) saawmsillisadsdnludeserdedaddialunisiiudiuiu

' '
a aAa l

gnuanu Aatuedalisaudsdn oblisate intracellular parasite 39dsfidIndilisaanunse

WrlUsiiuanuulalendi 1oa (host)
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2.4.1.1 viaveslaadiwasuualy 3 via
(1) wadnziaes eraudanadinsdeddidu 3 vin Ae
(1.1) Monolayer cell culture e WwadfiFesfLnzuuRa
myusTldnzEes
(1.2) Suspension cell fila wadtnossagluomsiasasad
(1.3) Microcarrier cell fio Wwaan1zAnSesULRIveLdn
wanafnfidu suspension aglupmmsiaagad
(2) l4#n (Embryonated egg)
(3) dninmass (Experimental animal)
2.4.2 \flasniwadiinuauiiuazanuanunsalunisuvsialimioududs

1 '3 =1 <) a
BUSLaaNIStag9aantlu 3 Yua

2 s a

2.4.2.1. Primary cell culture fie waaLenINALTINNITOO T8I

aaa a

a wa = sa 1 a aax v
ﬂ@ﬂaﬂm%ﬁmiﬂﬂmi\i ﬂmallUmL'Wllaumﬁaﬁ‘ma%luaﬂﬂ%'ﬁ@mﬂﬂﬁgﬂ’ﬁ ﬁ']ﬂJ'TiﬂIGULUULLUUiu

q

(%
a =

nsAneasTIne1UnAluadeiziu o la uwatelds Ao Lsslasuiulduiutdndgadazd
nsvuIuMswnswazaelulunga (Ren & Miller, 2003)

2.4.2.2 Semi - continuous cell line (Cell strain) %38 Diploid

' (%
IS o =l

cell line A9 WaRLWIBLALIUNEENUETLANIIN primary cell culture wagilouuLGes

[

AoLiiaaUseanm 20 - 50 ATUYAGAZUNEANTTINIINIY Wwadwinildiulngdullnuaud

Wuwadund fauulastalaudua (Corbin et al., 2016)

Y

2.4.2.3 Continuous cell line fio WwaaniAnautAvaInITLuiile
Lidugn Fsaunsadessaluliizes o Lififume wu wadunse \Dusu anauant@ning
Jonnanlaiwadiarduiueuns Faziiuanuazainagnuniunisfineide Wesain

dy & 1 Y 4 ! [ = 1 [
ansadsagaansliladuion 9 EULLaSVLlIG]ENlIﬂiSU’J‘Uﬂ']TEJ‘QEJ']ﬂI‘Uﬂ'ﬁLLEJﬂL‘Uaa@@ﬂ"mﬂ

a addada A [ a = I v A Y

dudiTiavseusneananeduie wideidenAsigaddenaiindnisnareiugluanwaduni
MauN15398370 continuous cell line Fsllvauwniinegine lnsundnlddmsudnum
nszuIuNMsiuguiluveswaddliininuwansisiusenitagaduniiu immortal cell
Al = < . A o a '3 < = ra o o w 5 dy
\Wesanillasluloulu heteroploid w3eriniinannwadueise Feladeuiunvitiagu viadl
ent3u Vero cell lu passage @eldgeunniin lngiueseuinfuiivgivdi (rabies vaccine)

ﬁiﬁﬂuﬂu (Ammerman et al., 2008)
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-~
-
aw A

A 2.11 sUSalazanvaznsIaTAulaves Vero cells
(n) g MRC-5 Cells (%) ﬁLmzagqu Cytodex 1 microcarriers 1ue1115

Aeamaanusanasuy (Liu et al, 2008)

2.4.3 gunsaldmiumnzisailobonasivaddng

2.4.3.1 §uasaitia (Laminar-flow Hood) Litoadsuiinaasnide
AmTUNIULUY horizontal flow ﬁﬁ’]mgﬂﬂdmazLﬂmwaﬁm%’mmﬁug’m Class |
Biohazard Cabinet d@wiunuiisadestudsdunsie Wy arsfuiunnngd arsneusie
asiifie Mamnziasaradiitenanlida nisidsuvadveddnsiun (Sauwa human cells) 1
fiu

2.4.3.2 é’mwLgemL%’amﬂié’ﬁwm%uau‘lﬂaanwﬁ (Co,
Incubator) osnwadineiassdosnsansiidasueulneenleiussunm 5 % dmdu
ATUEINZETnEy @anunsainaiveulneenlesudrUndn aantui incubate Ty dry
incubator %38 hot room lalae Petri dish wag multi-well plate HoIN15UTTINIATIT
arutugsanusalvinnuduldlsnslaninussguiililu co, incubator ldonsdauuaiise
LazideslutndeLasdeneensIvEeUog TR

2433 arvuzdmiuiwaziaenead dulvgdedifuialdivad
ansadamsiasiifosnwadssezansaiiulanaziinsuauld sniu wadeesszuy
Fon waswadusdunsdn nsiiwadliaunsaureanldonadosnannistaniglalls
vioonaliieswnannwadiinumuindusndvluiuim s dsedeamnzuinisianig
(Adhesion)

(1) Myugumitwm iunvueiiussgvinlisaddaniglém

1 =

anansaans wasliglalngligadsnmuaudilunsganieiuead doide Ao Uminuin uan

18 ASVENANUALDIANIEAIILA 81U NaOH vinlrAuR7 s wAn1sinIgagueas Aodvii

A5 neutralize M® acid wash 18991NN15814
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(2) Disposable Plastics Polystyrene flasks Wunvuguuy
T¥afuien Feflmnuazainuaznanisnaassiiiode siziuivwizdoaniiouliy
(reproducible)

(3) Polystyrene Lﬁuﬂﬁﬁuxﬁﬁﬂmauﬁa hydrophobic 1
wangdmsumstainizveawas MldSdunsuumsensldansiaiilunisungssnw

(4) Disposable Plastics finainuangvuin waned ilden (T-
25, T-75, T-125) thunssadsusiaanideanudldalails nsansdae detergent yinlwrituin

[y

a v = 1 (% é{ I Y a
LUaﬂu@maM‘UWﬂJaﬂﬂqiﬁJﬂLﬂ'vaUQQJﬂ’]‘WLLG]ﬂG]’NﬂU“UU@QﬂUE\JNﬁ@

(Y I

(5) T8 DU 1Y polyvinylchloride (PVC), polycarbonate,
melinex, thermanox (TPX) 1Jusu

(6) Petri dish & Multi-well Plates inatgauinlviiden wu
35mm, 100-mm, 6-well, 12-well, 24-well, 96-well Foide fio Hlddnatnemsdonad

5ENEY azUuaudne (Nema & Khare, 2012)

2.4.4 UszinnuazasdUsznauvesansiasuas
2441 USTANUBIBIMNSHENTAT 151A111500UUSELANYEY

osdsnradoonidu 3 Ussnnlng 9 1w

(1) o wnsfilinsuesAusznaumaall Jeidiunauvesans
NNsITNNITUNEN W arsatnanduuslevedhi (chicken embryo extract) luunsvadli
(chicken egg yolk) Wanaun uazdsy sy

2  emsfinsvanududuLaresfUusznounIuad
(chemically defined media) {ussfusznoundn waziinsiasusedsy

(3) o MnsiasuTadinsUerUsynoumneilidonasudae
F%4 (serum-free media) (Ham & McKeehan, 1979)

a e~ 1

a1ustassaaalagnlluinazusenaunieul nsnezdly IA1iuY LNAows

(%
v v Y o a wvua

nglaa gosluy Insnunnimes wazuunivelad (metabolite)  un9¥iln AeuguiuRau

Y
¥

o @& v ¢ ! a A o« & s Y} &l d
ANUUADINTIUBIAUTENDULAALIUALNDLABN DM TLAYUYRA NN FUNULDAANLN LA
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2.4.4.2 peAUsENOUTBIDIMSIRBUTAE

(1) nsnozaly nsneviluduunadlulasauiionisiadyves
waslunsduaszilusiu dandlelns uazdfin sauvidaduundmdnuvensadsnde
nsmeriilulaeilufifvadluemnsdonradiinududulssnna 10-110 lasndusiodns
(0.1-1 fladluand) Fenudesnisvesnsneriluvenvadurazeintuiinuuandisty g
omsAsasaddn iinUssneuludensaeriiluiisndu fe niulawiu (tryptophan) #illass
a1flu (phenylalanine) @3@u (leucine) lole@a@u (isoleucine) ladu (lysine) ©153%u
(arginine) 3ty (threonine) wilnlafiu (methionine) 11du (valine) da@Au (histidine)
wazdaiu (cystine) samansmeziluldsnu Sawmdu (cysteine) ngm1iu (glutamine) Uay
Inls@u (tyrosine) dingnifiuaalune (Genzel et al., 2004) esanadureiinldaunse
Auanevinsnesdlumanild vislorasduiiduaseilduigyidoooningdenmsides
wad sennudutuvesnsnesiluduiedefifunUsinansadinedes Inswwadaiuun
Aean1snInerilunea-ngaiilu (L-glutamine) dionisiadaduln Wuwraamdsany unas
asvouuazlulasiou lnsiuea-ngmisluduarsilidesiamiaios fnaia3eding 37
peALYALTYd LWed 3-5 JU (Lane et al., 1987) ﬁaéfaq@mmiazmaﬂgmﬁuaﬂummﬁﬁm
waRegiaue wazkea-ngaiduannsagaredilvinsalnlsdlaw arsuend@én (pyrorolidone

< a 1

carboxylic acid) wazieuluideMduivwssigas Tudagduimadulamdlng uwea-svaniiu-

£ '
faa 1%

naadiu wnunga1du loindlnalilivenian1sandn ngeiuun (Glutamax)  (Pasieka &
Morgan, 1959) fianuiafiesluansazans uazgndeslneieulullamufing (dipeptidase) i
nadlnewgadibilalangmiiu uazezaniiy ag19t 9 (Hanko & Rohrer, 2004)

(2) nalea nalealuesAadsznau Tuu3uia 900-4,500
LulasnSudedng (5-25 fiadluans) wignsemisunsviinenatinglagasdia 10,000 NFusedng
(56 fadluans) nglaasimiiiduuvdmdsnu uagafueuvoswad Wonglaagnuuumue
last (metabolite) Insnszurunisvan Ao Jalnaladda (Glycolysis) Maarenglaaidulngiam
(pyruvate) wazlwgangnildsudunanion (lactate) wieezdaalaoules 1o (Acetyl Co A)
Mntuordialeieulss 1o gnaaeluipinaasud (Kreb cycle) naeBumivoulaeanlusd
(Suhaimi et al, 2015) oWnsiasawaddmsuduuslofmizdss uazwadniinsuyasily
Indussianuuaneslutiungs enadesnanmaiaipinaesudliauysal ieig q 4
fnswundnguinansieaduseialdngaduduwmasensueusnnnilénglea fafuns
Funuianansoosungldiinmsiwaduiseiindesnisnganiiu viengausluyTinuiigs wad

dnimnzidesdiuannldnglaaduwmaandsa (Deorosan & Naurman, 2011)
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(3) InTu ensiaseadUTENaUMENgIIniuNazauy

I

19 wu Inn5iud Ie10us 1aau (choline) nsalwan (folic acid) lulefu (biotin) sTunaiilaf

)

urlud (nicotinamide)  wagngudanfiuitliazatetn wu Fnndiue Iandiuf Ianiud uay
Ionfua Usinavesimivluewnsidsasadurarsintuegfunmuauifvessadiildlums
Wannewnsiu 9 fudwaddosmsiniuluuinas uieadiinnusndudeddiaiiu
Wulaunnnes (cofactor)  weaoulmilunszurunsiuunueddu (Metabolism) @19 9
(Buntemeyer & Lehmann, 2001)

@ ndous indausifudiuuszneundnitddalunissnw
ooaluLads (osmometry) votemsiaBaead Ao Taiowloou (Na) Tnunadeuleau (K)
wundideuloau (Mg wraidewloau (Ca") Aaslsdlesu (C1) Famlnleau (SO,7) Weomn
loseu (PO, warlumsuaiuslesy (HCO,) wonniindeusunswdadwhmifidulaun
wosvanoulell oaiisusadvesdniifesgniieun amsdioodluuadf Ussaia 260-320
Tuasiodlansu wenanindeusdediunumens q wu wradeuiiunumietesiunisdnie
yeawaduay unadeuduieidestunisasdayaian (signal transduction) Usinauuaaideally
pnsiasLTadinanenisfinduiuniensiasunlasan nvenead (Judu Teie
Inunadoy wazaaslsivimihiiaueudndlufiiveudeivad (membrane potential) luvas
fidauie vemauazluasvaiundudummuauuszgnieluead wagldlunsdunsen
asuvluiana ewnsvedgadiiayuuuLiass s nudiesanuiinuueadenaieli
AANISIANE LLazmii’mmjmmL%aéﬂaaﬁqm (Aranda-Peres et al., 2009)

(5) drwasudunid  ewnsidsugasfianysunadsuas
Sududedldudinuaiudunid (oreanic supplement) v1swdinfinauny wu TUsiu wdlng

=

fndlolesd (hucleosides) ansmanandlutndnaiasud Tngin uarddfin Tuewnadsuwadd
szuutlasinasinuarudunsaudldliduiuly ssvutmosiitouldlusmaides
wad Ao seutluaiueiun/miusulasenlud dedesnsasueulasenludluusseiniaves
Fouilfimeidionsad wardlumivasluomsidsarad Uinuvesansueulaoenlediild

£ 1

lunumziisarainuaneg s siinadossuudnwesluemsidoseas waddulng
ansasgylannanududuresansvaulaeenlaavinduiesas 5 iansuaulaeonlaa
warlumsuvetunfiazanglusmsiasagas danudndusenisiasyiivlnvessad wonain

| & Y oo a aq a & s =
A1591M156179 9 wazindeusuad dalinsdineufPiusndenldlunmismizideaead 9089

YlnveIgaT NN TN uiazfIau15adnla (Stermberg et al., 1964)
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2.4.5 ¥Tinvasesnsiasuyad

Msdenemsiasnead asidenliiaumnzanfuanudosns
LALANNITINADLYBIAATINNZIAEY ainshdedldiulnevlull 3 «dn 1dud

2.4.5.1 Eagle’s Minimal Essential Medium (MEM) gnwaius
910 Basal Medium Eagle (BME) TnenfinafinuazUSinamesansesdussnay anmmsyiaiild
dnsuidsasaduesdnifosgnieun Tasnmewadugunivaswadlavunseiin Jayme et
al., 1997)

2.4.5.2 Dulbecco’s modified Eagle Medium (DMEM) anliUas
11910 BME wiuiu Sanududuresnsnesiluduasaii wazamududuvesindudua
wihwes MEM uonanigildluadveiunuaraiveulaoenlomduaosviues MEM wielvd

'
a 1 =

Audutnnesnfnii Fddddmsudsaradlaunuandnidesgnieuuiialy lnganie

o
% a

WwadTfin1saTauuuduies (Ham & McKeehan, 1979)

915 MEM  was DMEM  Usznousiedaniiuiiavareninle wu
ndiut Tadu nalwan wazdlafuilue weliddiaduduazlolofu Ysuansiulueins
Aagadusazalntusgivaudivoneadilflunsimunamsty q

2.4.5.3 Roswell Park Memorial Institute 1640 medium (RPMI
1640) flueadeunduesiuszneuiidhun Mdmsumadfiasywuunriuasy Wy wadiin
\don (hematopoietic cell) L%ﬁ‘iﬁﬂ%@ﬁﬂif\lumaﬁmuwé (human lymphoblastoid cell
lines) (Kim et al., 2015)

2.4.6 F5u (Serum)

'
o I~

Y59 v vaunald@IUlaNleUINNN1ERAINITUUMIILENINNLADATN
< Qé 1 Y & Y} 1 % = =1 I3 @ LY S
NulugamgiinuwavUaeelviudeiiegnedn q sddiiesAdsenaunisudeiivesion ans

pnsaswaaTlUIzdduUsENoUAe 9 WU nTaesiilu In1dU LNADUT LaYURaIAISUDU

! [ ¥ 1t 1Al A ! a Aa ¢ v o a A
Wi nalaa Wudy widuusenauvalliiiemenan1siasyifvesead AtunAugsy
(serum) vesdnideindudiulszneunidrfgyagadrunislunsidsssadas aunsatiegli

§ a a vas £
ianlaseyiula ARy
2.4.6.1 93AUTENDUVRITIY

N v a a O = sal o o
Fulsznoumelusiuvaeiln TaunsillnsnunanesndAyRanis

(3 1

LWRSULAULAVBYAR WATTEALASUNNTANINUILYBWTAE SIuITa1sATelun1sEanIEiy

o

(% 2 '
A a AN @ v

fui wenand@sududunnaseussin afin mslulawmse euleduazaesiuumig o F5uf

Jouldlun1smnzideswad A fetal bovine serum (FBS) 1udsuanilsalunods axil
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wnxan-Inayau (y-globulin) TudSunaman uwazdusunalnnunawmesluuTunungs Jaieuld

Y

wnitgadausiinazdisaung dudsudu o AldTusadieiylelifu FBs wy %?muuqﬂfa
(calf serum, CS) Lﬂu%%"umﬂgﬂ’hLLiﬂLﬁmmthLﬁu 20 Ju 505 (horse serum) F5uune
(goat serum) %%MMQ (pocine serum) F5unszene (rabbit serum) wazdSuld (chicken
serum) (Judu venaniluwadlavvesnudurssingedlidsuvosmmyud (human serum)
Fuilldunanidendiusen dsezdesdinisasaivasadelida HV warhasusniaud
(hepatitis B) nauualy (Deorosan & Nauman, 2011)

3

(1) TUseu WussrUsenaundnues@sy As TUsAudedian

a

WutuvaslUsAUsTIUSEUN0 40-80 faansusaliaaans LUsAunatesialudsuns1unn i

o |

Farau 19y Sayiiu (albumin) WWulusAudinusnniigeludsu (20-25 fadndudefiaddns) v
wihfiudsdfin indeus wazeesluu uenaniiidiemuauusiiuesalufnuazdnuiioy
(pH) Tilusiuniiv (fibronectin) Wulusfufiduaiunsianizvenead wiluseansamdos
nllusiunfuiivdsesnainead Usfukean 2-wualastnaydu (A2-macroglobulin)
uazuoan 1-uouAVINGu (Al-antitrypsin)  vhuidigudanisieureseulednindy
TUsAunndu (fetuin) Hietsen1siainizveaead (Burteau et al., 2003) waglusAuunsud
w33y (transferrin) Yivthilvudsemesveandniliandunsefiinaneyyadasziiin
nnmsdsuFAzelaewman dulsiudnvarsviadlinsunihfiidaau uderaieadestu
AsEanzarmMseigTenTad venanilusiudwihmiiifiuauvisvesemsiasad
Fruanmdudou (shear stress) sywinesmstiUnduaznisaunauans sauvedeasia
ATTle frese ML NYAdHIE (Keenan et al., 2006)

2) Tnsnunnwesd Wuewnsitelunsesayivlnveasad
Tnsnunanesfiddalugsu 1oun platelet-derived growth factor (PDGF) Lflumiﬁgﬂwé"q
genunanindndenlurnefiinsudsveadon Wulndumulndfidgnsidululmay PDGF
Julnsnusiemosinuinnianludsy fanszdunisieiauesinlususnad (fibroblast) waz
wadlndy (glia) Tuveusd platelet derived factor EGIREY transforming growth factor-
B (TGF- B amméTUé’?ﬂmsw%zgLLasa'aLa'%:umsm?{auamwmaqmaé@jaqﬁa druredlnTy
wALmesYaindu W fibroblast growth factor (FGF), epidermal growth factor (EGF),
vascular endothelial growth factor (VEGF), angiogenin k@ insulin like growth factors
(IGF-1 wa 1GF-2) fiusunauiesludsy uasfianusmngsoiwad iunndnaiu Sahminidu

lalyau (van der Valk et al., 2010)
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a

(3) #95luu lneNgasiuunatesiannuludsy 1wy dusay

Y

(insulin)  yhuihidaasumainglaauazninesiiludngiwad IGF-2 lnsamnsaisanisih
nglaaiingiead lalasaesileu (hydrocortisone) wulu FBS ¥iwduatunisdainizuasnis
induuveseadlslasnesilousiasinliiinnisveataIyveswadld (Gstraunthaler,
2003)

@  dnszneudug ludsudmudiulsesnoudu o 1wu

ANmnnnInanlutadn (linoleic acid) nsaletadn (oleic acid) @ luanily (ethanolamine)

[y

wazeoaloniluaiiiu (phosphoethanolamine) afianwinfifivsinandnies uazduegiv
lUsAudayliu (albumin) (Peehl et al., 1988) uenanilludsudslsznausiensnoziily

nglaa Tandleled a1sdsdunslunszuIumsuuuedTy uLazuISNA 9 WU IBIWAY LAAN

[

LaYAINE

a Y a ad X Y g 1 o A
2.4.6.2 mstaan%%uﬂ‘uawsmuaanumaawLWﬂztam YIUN

Y

° ' P a ] v 1% o A . . .

I migdnslugluvundiuuagliunssuiunisiinnuseunudsy (heat-inactivation)
1187 (Lesniak et al., 2010) Tne# FBS 1udsufdauldluniswmngidessadiniuiisnvuieg
A FULUY 1 qualified FBS Fawungdmsuwadmluivsunaumeulanandutosnin 50

FU maladans (FU A endotoxin unit) wardlulnaluussnin 25 1aansusaans diu

'
= [ a

certified FBS udsufanidniaulanendusanliuistesnii 5 EU #alladans way

Y

Flulnadutesnin 10 AaansuAANS kaLyNNITNAADU USU1ugas5luULaZE1SNI9TLATIAY

saa

5 Nddmuraanlsoasmail Jawadlnemludnaiylanluemsideswaanilnaug

Ny Y a ' a N Aa o 1 o ° v X Y
wressufovar 10 (Usunssed3ung) 35unsidnmednazinisldive Taenisnseses

o
a wva Y [ £ o

n399uuA 0.1 luAseuua (Contu et al., 2002) HUfURnutulidndudeshdsuuinsean

[ a

a & [~ N 1 1 Ay v & vl IS 1
gnAse MsusShw@sumlsuuslavasnilside LL@BLﬂUI’JWQﬂJMﬂN -20 paralgeE 1nas

Y

a

Mmnsudndarazatedsuvos o nsizaginlvesnusenauludsuaaioi Fsunnanlusu

q

a

Wan (batch)  Aanefue199sdivsunalusiu gosluu Insuunnmes wavansou q Mdu

29AUIENOUKANANNIY FIAITNAABUANBULNITATYVOULAE LUV 9 AFINTNSTITTUTUN

q

D.

AR AL
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2.4.6.3 U2R8VINITHEIUAWISUIUDINISLALUYAS  WIITTUD

ee

Prelunisiasguazilfouanmasawad uinsesusedsuluomisifeasadninasiidese

e

Tunang 9 Usens Wi anuusinulsvesesrusenaunileglugtuddinasnanisiasyveuead

v & ! A a

Jamsvasoudnunznaiyentadun o adidnsligsusuiindnlml lnevhlugsudeng
voansldnuiisifaussiinmganieadsased Snsdiudaduuvdsiifimsudouves
laé’aﬁﬁwaﬁiaﬂﬁsLa%igLauimsuawejaél,wm,gm (Gstraunthaler, 2003) UoNANLATAT Vil
funounisvhuianivesanstaundusiast (biopharmaceuticals) Mnuadingziassiiudai

g91n LHpandimsvuleulusiuvesdninenalivasnsdeseguslaa (Howat et al., 2002)

3

(%
v o Y o

Fofughnsnzdsseadiuemsidewead iusianndsuzannsatisanduneuluns
anlusauiilueddsznausing 9 vesdsu Fsemnsiasusadiusmndsaiu Yssnoude
nsnardilu Iy infeus nalaa gasluu Insnunmes waswwnuslad siudaladasing 9
felwadiasylifuuni (Freshney, 2005) A

(1) Yadeiitnglunsinfnvessad wu Inlusiuniu

(2) Insnuwniaes 1wy PDGF  uag TGF-f  #1AUANNIS
WiiulnveseaduaznisUasunlasan nveasad

(3) #osluu wu Bugdu lelasmesalau nslelelalnlsiy
wazLlealnsiau (estrogen)

uenNitSeliansdu 9 mumnufeimsveseadiimzdsuiazeiin

F1981919899 5D UTAG AU IFIINT I 19U Iscove’s (Glassy et al., 1988), MCDB110
(Ryan et al., 1987), WAJC404 (Coffey et al., 2001) waz LHC9 (Howat et al., 2002) WJu
fu Ferdndsmamilwesemsdouradivsendsuiu fe fausumzlunsitead
viinanansaasaydulela lnensdentiiavednsnunmes vienguvedinimunmesiyv

WgauAURaINIZIsIIAINIT LT LAULe
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2.4.6.4 FansUFuwadmnudeddusmnsisaradiusaaindsa

fnanedTdmsulsunsnasaadane s asLYad l@sudne
F5uduemsiasuradiusaanddy Tneundudinsinviasaradfiinisuunseuiunis
anmnuduturesdsuanion 9 ognedn 9 sudsusaandduluemsdmiunisineiaes

Wwad NMInzidsssaaniiulgnisdudsiaiusavinliwadiiniziasetuanusausudla

v
LY S

Wigivlanasiidineglauinndd 90% wazgn1saseAuladunuvasni3yin deiuiadu
F9310u08 1989811 UN1TP 5120 UU TLANS AINVDINITYIIUYDITAR L UNITHNNLLA 9L ND 9L
Prlun1suSuUasuIaRYaa g5 a8 wadn UsiAanndsy (Van der Valk et al,,
2010) #9I5NIsUSUAsUsIsa UL

(1) Reduction of serum content A® ANSaAUSUIUTTUAY
1508 9 Tulfag passage L3NAUINAITALULANLUDINITLADUTAANLATUAIY 10% TS5
MnduanUsSIudSuanses q 1u 5% auds 0.1% F50 wazsiluemsidessadnusaain
o a
F3uluian

(2) Sequential adaptation A® N1TAATATIAIUVDIDINNT
BUTAaLETUAI8TTLANTY 9 Tulsiay passage IIUAUIINAITADILTAA LU IMNTABIYER
A a v =y & a & fa a v N a a
AEsUMY 10% Y5 NUUANUSUIUDINSRENaR NLASUAETSUaLaLALUS U I8111S
WBReNsaaNnUI1ANNTSUTUINIIEIU (BIMNTAUBYARTNLEASUAILTSY : 91NV AUTARN
US1ANNTSu) Aw 75:25, 50:50, 25:75 way 0:100 %58 75:25, 50:50, 25:75, 10:90 (2-3
passage) Wag 0:100 weliliwaafiinzideainauassauniiuly

(3) Adaptation with conditioned medium #® A15an
NTNEIUVDIDIMNTALUAATETUALTTULANANTOY 9 TULAaY passage LUAUIINAITLAYY
AR MUDIMNTLALUYARNLASUAIE 10% B3 NUUAAUSUIUDIMSAL TR LASUAILTTU

a a & & al N Y] P & fa a v P EY)

A9 WAZLNUSUIUD IS ALUYad N US1AINT S Inadenalda1nisideayaantasusmiedsy
Wwludns1d U auLaziuaInIsiagnaanusiAandsuadly mudnsidaiu (e1mng
BULTARTILETUAIBTTUAN  D1NTRRaaNUIIAINGSH) Al 50:50, 50 (passage 1): 50,
25 (passage 2): 75 uag 0:100

(@) Inside adaptation medium A® N1SLIUABUIINDINTT
g fa a v Ny & X & al AY v A a v X I
YR AMLASUA8TTUL T U5 AL UBRANUIIANNTSUNUT LSUAUIINATTLALILTAA LU

X fad a v N H a X & & Y]

DIMNSLABNRATILASUAY 10% 5 antuldsullidedlusmsidsasadnusiaanndsy
el ad S UAULINNIGAAT LY MDIUNSIABUTAATLESUAE 10% T51  USUnd 2-4 1in

(Tan et al., 2015)
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1. Reduction of serum content

9. Sequential adaptation

Cultivation of cells
in normal medium with 10% FBS

Subcultivation of cells

in serum-free medium with 5% FBS
Subcultivation of cells

in serum-free medium with 1% FBS

Further reduction of serum content

to 0.1% FBS
Cultivation and maintenance in serum-free

medium

Cultivation of cells

in normal medium with 10% FBS

Passage 1:
75% normal medium

25% serum-free medium

Passage 2:
50% normal medium

50% serum-free medium

Passage 3:
25% normal medium

75% serum-free medium

Passage 4:

100% serum-free medium

A. “Inside” adaptation

4. Sequential adaptation

Cultivation of cells
in normal medium with 10% FBS
Change to serum-free medium
Continued culture in confluent state
Trypsinization of confluent
monolayer culture
passage of cells in 2-4x higher seeding

density with serum-free medium

Cultivation of cells

in normal medium with 10% FBS

Passage 1: 50% conditioned medium

50% serum-free medium

Passage 2: 50% conditioned medium from

passage 1, 50% SFM

Passage 3: 25% conditioned medium from

passage 2, 75% SFM

Passage 4:

100% serum-free medium

43

a ax o c{' s & & fad a Y Ao
AN 2.12 jﬁﬂqﬁﬂi‘UL‘UaﬂULsﬁaaLW']SLa‘ENIUQ']M']ﬁLaENL"UaaV]Laill@']ﬂsﬁill

'
o

Duensiasamadiusmanndsuy (Van der Valk et al., 2010)

Ref. code: 25595609032080CWR



aq

2.4.6.5 N1SANYINISNIZIAL YRR UM SHRgYaanUsIAINT U
91N NUSUUAB U AR L ALl ML A gLYaa NUT AN S U TUITD

=

2.4.6.4 fana1t1e9u RN wLaziauIsnsidesraduiingie 9 luemisidewwadn

1
v A

Ys1ENTsy nadl

Costa wazAy (2013) I§insideamad Chinese hamster ovary cells
(CHOK) Fafuadiinan N-glycosylation Tuemsidsausasiiusaaindsy Tnesuies
wasluemsideasadein DMEM medium seantuuildsuiusmsdouradiiusain
40 FsnswBsuudasiududurouildnauu neuvaduaonagulunsanyTuumesdiy
Tuewnadsusad Ao nguszdiunats (0.25 - 0.15% va3dsu) wagnduseiugaving (0.075 -
0% Vo9F51) %awaﬂamgdmfjmzﬁuﬂmﬂﬁﬂmﬁu%wum galactosylation L fucosylation
anaq wardinsiiiuduues sialylation #lifesnisdnge Sendussiuaninglinansediudy
nausEAunans ansaagUldhmnuuanavani erafeatesiunisaniinadiuluems
Foagad duihliAsmudadsuarnumnuiureseaddmiunsiesaiulnveseadiu
serrensUsuiluemsiifiuunadsutdesas vl elycan Aifauunnseiu

Serrato wavmmy (2007) laAnwimsdensadlululaueauouivediiing
Nan glycosylation Ineiasawasluemsimeiasuraduuusaiy Ao 19 10% (vA) FBS
(fetal bovine serum) 7iwaulu DMEM (Dulbecco’s modified Eagle’s medium)
WlBuBUAU SFM (serum-free medium) %38 CDM (chemically defined medium) i
SFM wag CDM GziwaiqLa‘%ﬂﬁmsw‘%zyLauimmaaLsaaéLﬁmqqeﬁundw DMEM/FBS 1niuldinng
ApszIilae CE (Capillary electrophoresis) wu31lu DMEM/FBS wand 26 1Asaa3n9ved
glycan Wagnu glycan microheterogencity sl COM w30 SFM Tauans 24 uaz 22
JGENGERNORIS Rl

Basalp wazaniz (2000) Midnwinsimnzidssead hybrid cell luemsiaes
wadfiusmndsudiendnlululnausaueufiveffiswgss Tobacco mosaic virus (1F5)
waz 17B-estradial (10F4) (15D4) Tnsidoawadluemsiiasude 10% FCS Huaan 3 Yu
wazdnennasduemsitisraindsudunan 2 Ju wasiersnaduiiefivvesnanile
prneu (superatant) iilpthund3susiisuusinauazssansnmnisyhaluemsides
wadiiasudedsududiulsznou anturhusansueuivedlasldtuneudieafiinag

WEGIGN
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3

Butler wagmuz (2000) lAfN®1 Reovirus 31U 2 @18WUS (serotype 1

]

Lang/TIL @ serotype 3 Dearing/T3D) tnefinsifindiuiulafalaeld Vero cells fivasey
9MSIABadIUTIAINESY (MVSFM) 19 solid microcarriers (Cytodex-1) telunns
Waiulmvengadifunan 25 $alue vilildead 1x 10° cel/ml anvdouSunm 2 x
100 celUmL WHusseziig ¢ Sy nuinmsadyivlaveaadlifiniuunnsisegiad
Todfyaniideduomsiiadudedsu uasdl virus titer iudu uaw virus titer GGl

v 6

11031 1 x 107 pfu/mL maﬂﬁ'ﬂaaamawuﬁﬁa@u M-VSFM &3 M-VSFM davasaliinandn

Q

(%
o Ly

1nTulunIsIISAEILUY microcarrier Favisansaneiuslinananiigs uazdumnzainndi
DM AsNYRE TS TS

Butler wagz Huzel (1995) ¥1n15#An®1 murine B — lymphocyte hybridoma
(CCoc10)  gnihunUiuidsslueimsidsusadfiusiannddulaefininadudae dis-
unsaturated fatty acids (10-50 (M) Lﬁaﬂ%’uﬂ@ﬂﬁwaﬁmam oleic/linoleic > linoleic >
oleic Fsmsiiy fatty acid fn1siiintueesiifodifay (58%) vesUsuas monoclonal titer
Tagaziunnni 5 passages dsazuldlunisaes 9 i@euanmveslululaausauoufvedly
wiaunAu lipid inclusions cytosol mawamﬁum‘[miuhauaaLLauauaﬁﬁqﬁu‘[mmiﬁ?ﬁ@
lipic-loaded cell Tupwnsidssgadiiusaain fatty acid Tnsnansenulituagfudnsinis
L3eLAule @u glucose way glutamine lilfinansenusie fatty acid FruANULNZEL Y
ANULTNTUYDY glucose  waz glutamine  HAALEN wﬁpﬁﬂ%%umiLﬁ]‘%iijaUIGl%ﬂvLﬂﬁuaE‘jﬁU
fatty acid

Murakami  wagauy (1982)  lavinnnsAnelagWaun hybridoma  line
MPC11-BL FaAna1niaad mouse plasmacytoma cell line (MPC11TG70na3) wag mouse
(BALB/C) spleen cells lunszurunisléimurommsidsavadinenisia ethanolamine {u

sal o "]‘fJ o LY

Insnunaeesndndudunsu hybridoma @udniinsidis Phosphhoethanolamone fasldy

@

AudNtugadu 10 Winaes ethanolamine wazdfiosdinisiaiusie insulin, transferrin,

a [

ethanolamine  ua selenium  waziunUSguiguiv MBI TaaTLETUMETTY
waanntuihvesvaamileluanazneumeneludendams ilvlalusiunduduylulnay

a =

AugNe95%
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2.5 ASTUIUMSUEANIGLAT

nsvuunsLenIsintulEArelodinsunsvesansiiaulasniaaaoaa
(phase) Snilansaesfinfiisnsdunsunsnszaneseninavaassaniaiu aviliaunse
wenansaesiinesnainiulasiie TnaewzddnsiainveIn1sunsnsEaNveE e
Hunnndn 10° wih szanunsauenansTaaseenaniuldlaeansarhnsueniiieandadien
Wity Wy nsanazneunaslsadisiulessuaunsauenaaslsaloseu (CU ) 8onain
ansazaneiiileseudu 9 Yuag (Wu et al, 2000) 1w Tunsslessu (NO,) nszuIuNISLEN
Wodnansm (CLO,) Wadl szidnsdudiiinainnisunsnszansvesnaslsalumanidy
Yo (AeC) sawlaiduvennay (@sazatspaslss) Saunnluvasiilessuduiiates
imdlndaud nisueniivinldeseanysallasldnisuenifissnfafordu 3ondn Single-
stage process (Brown et al., 2002) f1815aza18UAaZFLAIEATIAIUYDINITUNINTZANY
waneinaiulaiann nisuenlvauysalanunsavilalagldnssuiunisuennany q ade 13undn
Multi-stage process (Leedham et al., 2002) nalnfiAngulunszuiunsuen ae AN
wsduwesansiaulassninaladona fafu walanswenisdisedondnogramien
Fractionation technique (Yohannes et al., 2011) Fvanunsouvalddnnanewuundusuin
vourainduveds vounar v (as1edl 2.1)

2.5.1 msuenlagn1sanaznau (Separation by Precipitation)

nskenlaenITanaznau fe inatiavesnisueninszlossunaulagegly

=3)

wlaveamarazgniinlinszaneaneglumavesudmionznould lnoifinansifinaaud
wngaudwiudufnnaznou makenannsansshldvianiundesudlnuiuiuegfu
ATILANANTE I HAAMTaINTAYA B TsAzNBULAAsTTaTln ATy uazaadutuTes
levauiinnpznou nswonlagiBnsanazneudesedunanvosanuuaniafiuseninsana

ANYBINITALANBYBINENBUNABINITUENBONAINAU ALNOUNTANAANYBINITALAIYAN

a

4111309NAENBUKENBBNNTLANBURLNBUNTAINAANYEIN1TATAEES TBN1TWENIALATT
anazneuluisnite azaan wasdeuldiusdraninandmsunisueniiduiunasnn § uad
Y a oA o a ¢ A . . i

Yaldy Av ANNAUTINNITNNITUILUBU (contamination)  UBIRENDULUUANALNBUIIM
(coprecipitation) (Wang et al., 2002) fsuiiinlossusisuniu (interference ion) agiiusunu

< o

woy 9 ey Mlvieeneunlaliuians nsaneznewiousnalsinensionavililansnaudn
° ‘fJ v Nad '

Liusans 9ndudesdiianistievilinenaunlausgns Jaunsaviilalasaiuny pH 909

A158018 Lavl0NFANALNDUNIANIZIANLA
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2.5.1.1 35Auan pH lun1suenuanlessunigidnisanaznauiu
faannznoukauleaaudmin lensenlen dalns aanaan Woamn wazaAsuaLun vinle
Tpan1saaumu pH vesasazane Misilnszueulossumariiluweulessuvaansngou N3
muauanUduduvedlalasiaulessu vve pH Yaswsavatealnarinliaiunsaniuauay
Wutuvesiauleeaumailla dnAmanuveInsavaevedlaneae o eglusuves lansen
lam panean v1a% Ja1ananuasyinliaiuisonnaznaukenlasauvadlanzeanula wWiavin
N13AIUAN pH UBIAITALANEY WNF18N15AIVAN pH yiliiAudutuvesiingnaumunzay
dmsunmsanezneauleseuvetlanzsig 9 16 (Huang et al., 2013)

2.5.1.2 35015,88NAANAZNBUNLANIZLANZIS Huwaulasaunane
yiafausannaznauiulosauvadanzianzuIafwiniti fakusesndu 2 Useinv A

(1) frnnnenauadunsy woulooauvaaansotunsdn ey
nsanmznaukenlossuvadlanslagiuanizianzas oun raslss wasdams Wudyu Aao
lsnanunsannaznauldiuRulossulurmzilossuvedanzdidu ¢ ldawsannaznauls
WALTANAAINNTORNHLNBULAN UL D0 UVDILULTIN RSN LAZENTBULTEY FIF1LITORENLA
(West & Conrad, 1950)

(2) Aanaenaudunse ladn1swauIag1InINarINstunistd
a1susEnaudunsdansuiasieilesauvadlaneMduaisodunss Metinsizaisusenau
Sunsdanunsaldiduraumandwalaudnsafinnnznaunsostalauda nsuvinliAndlunis
a ¢ ~ A o | ya o B ¢ a AN faa
AaszinvuLisudnulessuveslangeng q laa virlinis@nwiansusznaudunigni

wa o I QQIJ < | o o | = aa I3 a AN caa wa
AasantAnananilidududfydiumiiemviaiiingey a1susenoudunidninuaud
I3 L 19 a a 4:! [ @ &
Wusanaznaunulessuvedansivatsvils F9a1u1s0dndu 2 Usenn Ae
(2.1) vnznouniinuandfnaieinis a1susenay
a As a Ja va & | = ' ~ & Y
dun3dvllnllinuantmdunsndounsewadou Nanusannagnowdundeduuanlossu
El a a ¥
y3awaulonauvasarsodunsdla
(2.2) Winznouniiguauifiduaisusznouddou
1ud A.e. 1905 Tschugaeff lanwuian lawialnasendu aunsalinnaznaunuiniialagiin
] a v £ & & | & P ) P v a N ew A
Wuansuszneudstoutuduniiwsn aeantulaiinisiauilazAualmansdunidiau
~ P v a ada &£ v ~ va &
Naunsannaznauls a1suseneveeniluufadniintudeslauaudiduaisusenau

Jedouiifidnvazludian (Chelate Compound) (Hoffman et al., 1953)
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idens
YyUavaRWE Fovasnszuaun1sIATIE 79819 waBninanile
Solid-Liquid | 1. Precipitation asazane | vewdenyneuiiindy
2. Electrodeposition ansazany | vowwdsielansiineivn
3. Adsorption-Chromatography | ansazane | shgaduiiduveauds
4. Thin-layer Chromatography | ansazane | fgadufidunsvesudedn
DYUULHUNTTAN
5.lon-exchange asazany | vesudaroLsdudinsu
Chromatography uanasuleseudiiiuszq
1. Extraction asazans | veunarfildsauduiile
LRENAUAITAZANEAIDEN
2. Paper Chromatography aTazane ﬁ’aﬁwazmaﬁaﬁuﬂszmw
3. Thin Layer Chromatography | @13agane ﬁ%ﬁﬂaxawﬁ@@ﬂu%mvﬁﬂﬁ
JunsBnaguuwsiunszan
Liquid-Gas 1. Distillation finey YoUNAITARIINANT
ALY
2. Gas-Liquid Chromatography | fin [?Tqﬁmmwﬁﬁm@g'ﬁu
NG
Gas-Solid 1. Gas-Solid Chromatography Ay v o da “
WU Uured

[

a aea v a I3 a v A o Yy o ¢ &
a1sdunsdminlniangneuluaisusznoudsdouriindian fesdiilsituueaniu

Jueed@fnnin (acidic group) A fivy -H waz -OH w3slAvemufnin (Coordinating

group) Ao TeznauniiguesdiannsoudaszosdfnnInuazlneasfufinin seaglusiumis

A lidafaduaisusenauldsdauiulossuveadlans warlnaisusenaumduie 5 - 6

a A o Y A a ) ' ca ) . .
ARYUNLADYT LLa%Ia‘VwG]ENlIﬂ']LaSUE)@ﬂ‘ULWGU‘U LLasza“UIﬂaaimu%u (Oxidation number

and Coordination number) ﬁLWJ’lzam (Ettre, 1991)
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2.5.1.3 n1sAnwInasanaznauduylulnaydudlsuauluiiey
Fawnfinnadudusng o

nMskentaensanagneuluiite 2.5.1 Aana1itneny JadiEAny
msnnaznouduyiulnayauseueulindoudamnfinmududus q il

John R. Mills uagaaiz (2015) yhnsAnwies nsnsaaindusly
Tnayausnelilulrausaueufivedludsuveayudlagld mass spectrometry Fadonldi5nns
anazneuduylulnaydudsumenouludoudamniinandutuanviedu 40% - 50%
woulufondauia lnemenoufildduansminasagldtnasuazilunsatalagld mass
spectrometry

Mariam uagaase (2015) ymsAnwiFes mavihuiqniindlaauea
G Y8INIEM1Y Laun1sanngnaumgLanlullendainnlazis mixed-mode
chromatography e?fqLﬁaﬂii’ﬁ%mimﬂmzﬂauﬁm@u‘lﬂayﬁuﬁagﬂ,mmmaamﬁamzﬂau@ha
wosludlondamniinrundudugainedu 0% weslandloudaiin vinlile polyclonal 1gG 7
arududu 7.8 me/ml waganunsannaznaudayduldfis 72% uasvhuignsnadslaeld

SepFast™ MM  AH-1 column chromatography qﬂﬁw%’%’% ELISA  Tunsuansna

Doy

antigenicity 84398 19MAIINNTHIUTANG

Sadeq Eivazi Wamuy (2015) ¥INA1SANEILTY NSHEALAZNITT

1 A

UIansvedlnalaauealauiuednanunsanu IsG2b  Nusgnsvesyieglunsestgii

]
a =

panuwuuyanagaunskenlailulaaueaveny dudenldisnisanaznauduylulnayiuneg

Y Y

TudSuvesnsganefouenludondamniinrutudugavedu 50% wesladoudamn
wdsantiy dialysis lmgld tris-phosphate buffer (pH: 8.1) uwazld ion exchange
chromatography column Iumiﬁﬁﬁqwé anti-mouse 1gG2b

Yury kit wazansz (2015) ¥nsfnw3es msﬁm%qmé IsG ﬁﬁagﬂu
nszuIunslufunssuveseule sialidase fildndsuludonvesunudineldaestuneunas
Tasunlnns il Fadenl#iBmsmnmzneuduylulnayduiiegludonvostaslsalsarumisvie
lsAungiisiies (Systemic lupus erythematosus, SLE) srewenludeudamafianududy
anvinendu 50%  wouluidoudan uagyiuiavslaedslasunlnnsidsldnedutiiiy

protein G-Sepharose

Ref. code: 25595609032080CWR
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2.5.2 nmsuenlagaslasunlnns i (Separation by Chromatography)
Tasunlnnsfidumadanazisnsuendnuvunilaidonldiu
nfarnaniian venanigsanunsaldifumedalunsilvasasanedudusinty tne
ansauszendldlunslasgimusnnauarlunisuansendneal (identification) 3o

Aaseinaunnlame tasuilnns il A s lvidIuNaLYeIE1 A1 9heNAI8aNaIN

LY [ = 1 [ 24 a X £4 Y =
Aululgunsonvadunou 9 GZNLﬂﬂ%u‘lﬂ‘ﬂ’]ﬂﬂ’]iﬂigﬂ’]EJGZJENﬂ’]iWJ@EJ’]\T?SM’J’NLWﬁﬁENLWﬁ U

'
lw

wandls Ae wanedauiils (mobile phase) 8ninanils As laiiagiufl (stationary phase)

Y

o - S A Ay v o § ¥ a 4‘ =i ] a
ﬂ’]iLﬂﬁ@‘LAW‘UENLWﬁV]LﬂaE]‘Ll‘l/li@"\]g‘Wﬂ‘lﬁLﬂ@ﬂﬁiLﬂﬁ@UVI‘Uax‘iﬁ’ﬁNﬁNLL@ﬁS%UﬂIHﬁWiﬁ%@WS
LY 1 ' v = o 1% (Y] [ A [ 14 a o
foguana1eiy Juilvasuautenessnanfuluneu 9 niodulyula nszuIun1sne

gnazarswndeuiuensendainiulalaeddiviazateiiadeunladudimisenin 8adu

(elution) #38n158gN Fevazaelddusmdgnazaetuazgniseningdan (eluent)

©

uarfgnaganeTagndgnazsendt Bgien (eluate) (Giddings, 1991) Wgisunn15IATIE
] e~ gy ax a ¢ J 1% i o9 va
Ilasvnnsil nszgaununssudtmaliesizgriwuuiibuauusnlanuinnisuenivilviie

U

% '
= o A aa

Wulgunsotduneu g dulileunid 909¥038n157A5718%191 1Aasurlnns

(Chromatography) @a1a1nn1wInanAklain “@uazn1si@eu” (color and to write) A1

[ = £

lasunnnaildgnldunlagnasadniunisiasigniniinsuidaendn fauidnaglaingg
Aauwnadauazisnislu q Junleenisieszsiiuldlalilauniidiniy  (Ganetsos &
Barker, 1992)
2.5.2.1 N1SHUTRAYRLATUINNTIN
walndaunleusenaunie 2 wie fs vauraIkasiieg AatuIslasuIlnns i
= 1 I3 [ ::941
FUI9MTU 2 hUUd A9l
(1) Aelasunlnns1dl (Gas Chromatography) Usznausie

¥

a aa a ¢ aa ada I3 o a a ' . .
NAUALLAZITANITILATICY 2 10 AD 'JﬁWELGUGUENLW@'JL‘LJULWﬁ@%ﬂ‘UV]LiEJﬂ’J"I gas—llqwd

Al )}

= 1

chromatography (GLC) iaisudiunaumnedunaiinfounls drumanisuniuuniings

= 1

wnedunafiodiun warisnldvewdadumanagiui 5ot gas-solid chromatography

Y

(GSQ) (Saint Flour & Papirer, 1983)

(2) amdalasulnns il (Liquid Chromatography) {uislas

nnsinldveanandumanioun (Snyder et al,, 2011) @wnsanuslaonualeisaiues

Y

AUWMALAYDINISVLATUNINNTIN A
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2.1) nsvilasulnnsfuuuwiy fiSendn plane
chromatography 5WLWaa§J:ﬁUﬁL‘f]memm 138177 Liquid-Liquid Chromatography (LLC)
F10E19 19U N5 Paper Chromatography (PC) 3@ Thin Layer Chromatography (TLC)
UV 51’%1/\13@%1'%17‘1'@%@0&%& 138171 Liquid-Solid Chromatography (LSC) @18819 11w
N15%1 Thin Layer Chromatography

2.2)  asimlasuinnsidwuuaeauil (Column

'
NV v

Chromatography) nsvintasuninnsfwuuilidunddndud uwasihunldiuialy awnsaldld

= < a '

fulaegiuniidureumrad Sunin LLC wiseMduwauwds 158071 LSC

Y

T A

(2.3) fdunasdiuMduresndsiarunsananiUdey

Y

Tooould Wy 158U gy liAnmaliansIASIERABENIT ion exchange chromatography

(2.4) wlaegiud fe asililaunsafianisgadu

Y

a A

- " - = = a q'
wokusdunsananiUasulessu LLG]L‘U‘LJﬂ'ﬁVlﬁ’]@ﬂiﬂﬂ@%??ﬂﬂ’]imﬁ@u%ﬂ@ﬂimL’ﬁf}ﬁ"ﬂaﬂﬁ’ﬁ

¥
el 1 6

fheths esniisnguliansiedwudnlulfesizonmaiinvesnisiingeidin lendeag
Fulasulnns i (exclusion Chromatography)
2.5.3 mawgnuaziinlusauliudanslnewadalasunlnnsfluuusumne

1AsanlynsLUUIWIE (affinity chromatography) gnﬁwm%ﬂu
eIl e, 1960 -1970 Tasansiismnziulusfunseansfideanisweniinnsdadufuly
feussisgela 9 ansdudilidumgianzasdonindeuiiiiuasnmunedin aundeudasi
Aoan1skenagaelunaaul nduIiinislaasiidosnisusneenuluniends
(Cuatrecasas & Anfinsen, 1971)

2.5.3.1 wann1svaslasunlnnsiluuudnnwig Ussansamlunig

[y

wenlUsAudeIns Juegivnaaniivesasdmeisendn dunu (biospecific lisand ; L)

1Y
U a A

Fegninilgrliineguuinaasil (stationary phase) fegiuszlatausn Inginansiil
d11150158ndnTeniladn lwn3nd (matrix) NquveERNUANEARATULVSNEUSENI Awnun
39 (immobilized ligand) (Teng et al, 2000) Fsdmrudnwizlunsduivarsnaula
fodn1sazuen (S)  wasaniszlasisdunludnwizivannuneenlinunainaoauiiad
O = o o = 1y d' = o a I3 a
NUuIihnsUuanzielviansnaulanansenainnisadulaedunua (A 2.13 uay

AN 2.14) ANUAU

Ref. code: 25595609032080CWR
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2.5.3.2 Wu3ng (Matrix) wnsng Wudiuveslaseasianidlunise

1%
v o

LY a ¢ A o Y A & d' = U e va v 1 &
ﬁ]waqaLmummam‘mm‘wLﬂuiﬂiﬂasmmammaqL‘V\Iamaau‘vﬂ,‘uﬂaauummmammmma%u

q

a1

(1) fdudanaglassanadulaseandieniaungy

(2) fidnwauzidurowds nsenay

3) Laaaﬁiamiﬁ’mﬁﬂ%mﬁqmqLﬂﬁLLaz%’;mw

(@) Tanuduwglunisduivaunua

(5) daaulvaunudsieinnuiatesgeniy

fhegrsveauvingfdenldfuluilagiu 1w agarose, cellulose, dextran

way polyacrylamide (Cuatrecasas, 1970) Fouweeninognawes agarose gel Fuduwum
Sndteuldiuediawnn fdnvaelassadadulnduranlsdaensivemiisgesnuaning
Tnssadswes agarose tuAntuanmsidenledfures D-salactopyranose Woudhiu 3,6 -

anhydro-L-galactopyranose s 2, 4 linked (nwil 2.15)

)
7

AN 2.13 N15TUNUTENIERNUA (L) waziaulesifiaula () lnawadalas

1T UUINNIE (Scopes et al., 1988)

Ref. code: 25595609032080CWR
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Immobilize the igand

. Adsorb sample substancels} . .
3:9, Ds P 318 + Impurilies
- sample

" Desort bound substence(s) Y
%:_t)@ —_— 3:1) . 59}

AT 2.14 KanN15Y99ASUNINATIHLUUI NG kanIN1sIuiUsEIneansiaula (S) fu

aunugl (L) Tuvaureglumeduil Johnsson et al., 1991)

0
HO
0
D-galactose 3-6 anhydro
L-galactose
Structure of Agarose gel

i 2.15 Tnseadnaves agarose gel (Fatin-Rouge et al., 2004)

Ref. code: 25595609032080CWR
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2.5.3.3 Aunud aunudiudrudidyiian mssdudiuiidumegiv
ansfiaulagosnisuen (Novick & Rubinstein, 2012) ﬁﬂmamﬁ’ﬁﬁﬁﬁmﬁqmwﬁy

1) ferusuwziuasiidenisuenlagladvhlmanniside
anssansiegsfiaulaluvasiiinussiegady

(2) aunsaidenanizlunisyilviansiegsiaulavgaeen

NAWNUA LAY

(3) ansathendunusaseanduanldenlmilgsnads

@  A1sEesuiunsngaeInTeiiladswaslilinane
1AS9AS 198 9UNING

2.5.3.4 Spacer arm \flpsainuinaiidedhsenindiuinie
(active sites) vasansTInmsinoglusumisiilidievielimnzansenisidvihugnien
wenaninsinLsInIEisEniavinduasaunusenaialaliineviedmudunizs
B Msdufuseninlauineesveseulasifumming Sepharose 4B flussBaduroudisi
Jmgeoonaniuldite MnmarasananIdddudeniiBendn Spacer arm anvaglunisn
Jufuseriaunsnduardunudlianddy wardrelunsfiuituiindelonalunisduans
fhetiiaulaluuinadiedhlunmsiuiniewesansanmliuiniu (OCarra et al.,1974)
LAAIE NN TTUTENI B RNUARAZTE nTlnens wavwuull spacer arm  Heulagld
AMaNURYDY spacer arm fiastoluil
(1) Yanesnunilsanansainusanseyilunisiadusumming
165 Tuvniefivanedndnunilsdesdimnusingiatzadunisduduaunugd
(2) laivhu§izertuansiauladesnisuen
(3) PEMIRLMINAY nTzlinansusilalasindasening
ansfiauladeanisuendudunud ilianusunigianzaslunisduivansdiegieias 61
spacer arm g1 nAUlUARaYIlAAANITgAYeY spacer arm ANAwNUALAZINING LY
sewieiifinsvzansfisosnisuentd
2.5.3.5 madeudunudidriuiuming Ufnsenadildlunisnsziu
Uinavindlitanundeniisuiendunus vie spacer arm indulasendemyilsrduiioguu

Aunusnsudundn (Awi 2.16)

Ref. code: 25595609032080CWR
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2.5.3.6 NM3Uszanaldau nsiiewedalasunlnnsduuudnmg
WlFuludiusne 9 Tnesndudesdidunsulunisidenanngliinuivauniioliiin
Uszaninmlunisuenvesansnaulagaian wazdnwuzanuiieuldmelalasuilnnsiluuy

mganunsaagulanwialuil

s
a o 1

(1) mswenlsiunseeuledliuians fegradu n1svi

I3

woulasl horseradish peroxidase 1u3gnstiu (Towbin et al., 1979) Wunisuenarsnaule

pnuatialaflam Ity (Gel filtration) nau mﬂﬁ?ﬁmaﬂLﬁudauﬁﬁmﬁaﬂiimaulﬁzjﬁﬁgqm
sinlasuinnauuu g dehlrldeulsifaladonsueniinnuuianiunu

(2) anansaltlunisienniaiiapdda (Ghislain & Fish, 1996)

3)  awsaldlunisuenwataunlusdu  (Burnouf &
Radosevich, 2001)

@ asaltlun1snsiadesieians lnewmaila enzyme-
linked immunosorbent assay (ELISA) 1nga1@gA11Ud N2 52N UOURLIULAZLOURUDA
wsasemneulediuduiansy (Ferreira et al., 2008)

(5) aunsalyluniswenwaa (Kumar & Srivastava, 2010)

Il carbodiimide

§ =HH{CH;) COOH

- ¥ _NHIGH,) CONHRA
CH-Sapharose 48 ) ] RNH, CE 2

HH, (GH,),GOOH

o o5 . ¥ 1 RNH, E .
GHMBr-Activated Sopl a8 =

NH; (CH;)y NH,

Wl carpodiimide

L 3 _NHCHWNHCOR
S ) . CACOOH Py ) .
B o " i o
—NHICH, JNH, —NHICH; 1 NHGOCH(CH, ), SH
AH-Sephaross <8 " H-5 :

MH-CH—CO o
* ¢homocysteine thiclacione)

Le]
ErCHaEPO N

Q

v —NH(GH,),NHCOCH,Br

CLwm| o _ :

| tp-nitrobanzeviazide) : l:-j -

S o o ~0"a
[ Ha;S,0, (succinic anhydrida)
| {sodium dithionite)

© e hnoy

l inlirous ackd)

% -qu('cu,l.um;o-@-win )

§ CNHICH, ) NHEOICH; ), COOH

AW 2.16 UATensieNseseninsdunuaaziuvisng (Fatin-Rouge et al., 2004)

Ref. code: 25595609032080CWR



56

2.6 Enzyme-linked immunosorbent assay (ELISA)
91fan1sARURAEMaNIzIazasveaufivaf taskoufn udsldioulyl 1y
wulgiineseandina (peroxidase) %39 oulgdueanilauneaning (alkaline
= ¢ Y [ aaa [ Y & ad a dg” d‘ a aaa
phosphatase) Fueuleifudingrainufisenarunsavilimiudnisdu Weainujisen

senInueulesdiuasAsau (substrate)  FInANIUHATEITENINUBUAUDALAZUOURLIY T

[ (%
= £

¥ aa a I [ ] v a a Ao I Y 1
mmmmmawmmuuuLﬂummuﬂuﬂimmmmaumLawmagiumamﬂ (Engvatl &
Perlmann, 1971)

2.6.1 #anNN159¥9935 Enzyme-linked immunosorbent assay (ELISA)
% v a =) a aaa K Y ' 1 .
’t’]’mﬁmﬁﬂﬂ’]ieﬂﬂﬂLLE]‘LJG]L‘\]‘U‘Iﬁi@LL@U@U@@WNS%}ﬂU@’J@U’NIWSLﬂ’]%@QJJ‘U‘L! solid
phase 14 cellulose, polyacrylamind, nylon, polystyrene, polyvinyl %39
polypropylene 1ng solid phase mmﬁmmzagﬂugﬂﬁum tube bead %38 microplate W
v = aaa 1 & & g = 1 a av v yo aaa = &
s Faufisenluudastunsutuagdedinisuenenansauiuililainyiseneenly 3adu

Tndianuhiazaudnmizgs wuleindewldlun1svin ELISA e Horseradish peroxidase

v A v A

(maé%muwﬁam Ao O-phenylene diamine Iﬁﬁﬁﬁma), alkaline phosphatase (msﬁ”’qmuw
flwufe p-nitrophenyl phosphate Tdinang) Wudu (Gan & Patel, 2013)
2.6.2 ¥iAUdY ELISA
2.6.2.1 Direct method
nann13u9IN1INAaaulaeis direct  ELISA Ao n1siadau solid
phase  feuauRueffisnzdowoufnuiidesnisnsraniludiesns Weliufiog1and
woufiauasly weuRluiifieglusegisasdufuoufived vimniudednilaiihugase,

= o

AUDDN LALLAULOUAUDAAINADITILDUAUDALUIZIAINUINNIZADLOURLAUVDIAIDY1IN

[
aa Y

Fosnsaaduiularldfnaanueuivenismeeulududs Insldaslvlulsuadfiuiniy
W conjugate ﬂf‘:%ﬁﬁﬂﬁﬁ%mﬁ’uLLauauaaéfuLsﬂ dlevin15819 conjugate  d@uiilaivia
ﬂg’jﬁ%maamﬁaﬁu mmfu?«'iﬂLﬁmaﬁiﬁaﬁuaﬂﬂﬁmﬁﬁ%mﬁuLaulezjﬁ FanaidsunUases
ansnaduaviludndiulnonseiudsmaneuinuluiiedsiigenisasian Tag3snis
naaeuiionadundnediein double antibody sandwich assay technique #3® sandwich

assay (Bauer et al., 2014)
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2.6.2.2 Indirect method
Judsnsdmsuasiamueudueiaig q lneflndnnishe woufved
agyUfAsefueuRlauiifinog fulufnves solid  phase  wagld anti-human
immunosglobulin Feazfnaain (conjugate) M8LaUleyl (enzyme-labelled  detector
antibody) %399133g14 anti-human  immunoglobulin lallgFnaaindu detector
antibody nTuAUEIE enzyme-labeled anti-detector antibody LU1UATEAU
wauRvaffioglufognsfidesnsnsiamtu magos substrate azantesvdoifivslatuag
fulsinameseuiverlusegieiy 9 (Ackekman et al., 1981)
2.6.2.3 Competitive method
(1) Famstlanusansaamueuiivedaunsarils 2 e
(1.1) pdovU solid phase flELOUALIU wdantuLiy

weuRvediiinaanseeulslluliinaiuiveuasiuuatldiednfinninaziiveusuediog
asly Tneliiudsfudunoumiauiiog solid phase

(1.2) wndou solid phase SasuouAveR ndwntuaziiy
wouRtauiiinaaindieieuledasly nioudufegrafiaiaitaziueudvedegaslul

(%

waURUBANIERILEINUIUAULBURLAUNRARaNeeUle LazduSunuIdaRuadlUty

aad

(2) Tenstiensensiamueufiauanansald 2 33ae
(2.1) wdeu solid phase feueuRved ndwntuaziiy
LLauaLﬁmﬁammﬂﬁ’mLau%ﬁﬂ‘%mwuﬁuauaﬂﬂw%uﬁ"ué’hasmﬁmmwzﬁuauawuagaﬂ
U TWudsfudusuueufuedilegi solid phase
(2.2) wdeU solid phase FELOURLIU wdnTuazLHy
weuRveninnaandeoulelundey ”u@f’sasmﬁmﬁrjwzﬁLLauawuasiaﬂU Taglo
LouRuTEe L siusuiuLeuRveRTiRnaan daseuluduasAvadlUluusunad

9190 (Jordan, 2005) Substrate

Substrate )

Substrate
SUbSthlE \ Secondary Antibody InhlbltDr o 4
Conjugate \ Ant\gen

/)L\ «.E':Z:]iga'tznhbody /) Y{:apture Antibody /)L\

DIRECT ELISA INDIRECT ELISA SANDWICH ELISA COMPETITIVE ELISA

AT 2.17 ¥aveds Enzyme-linked immunosorbent assay (ELISA)

fisn: https://www.bosterbio.com/protocol-and-troubleshooting/elisa-principle
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A5n15998
3.1 NMIWIZIRBNTAd D1-4G2-4-15 (ATCC® HB-112"") waznnstiusuuwasd

3.1.1 AISMNNZIABNYAd D1-4G2-4-15 (ATCC® HB-112"") lusmsiaes
vaa Roswell Park Memorial Institute (RPMI) 1640 medium ﬁtﬁ%m’i’m 10% 671%"31
va9i18augnd (Fetal bovine serum)

1% '
o ! a

azanewwad D1-4G2-4-15 ag1asiaiiiluensiiguilaamgdl 37 o9
~ < & S & ¢
waldea lnglad D1-4G2-4-15 gnidedluaiumau 6 wqu (6 well) Ndlomnsideuead RPMI
1640 medium 7ka5une 10% @5u viquas 4 185805 (A1ANWIN A 15199 N.2.2.1 way

= Yo sa v A i 5 1 _a aa
wag AMNNUINT 2.1) Inglddnueadisuaununnd 5 x 107 waddeliadans T 1 vau
Fatfulaely Neubauer hemocytometer wanesiadad 3.1.3 nuuiluunlugeuigamall
37 perwalua NifwasSueulaeanlan (CO,) 5% wWuwian 3 - 5 Ju ek uluiui 1
Indudedinsdeuemsiionyad (Awawani 2.4) niounsdunadnvuzensaduay
nsiNdUYsITadnelindeanssAliIngu OLYMPUS Su CKX 41 (A WHuand

Y

9.6) Wawadidngdsrosutaiinigu (Exponential  phase) d1otvadluimgulnal
(subculture) TngldduumadfifidiniFusuiiunnndt 2 x 10° wadsefiaddns Tu 1 nuuas
foadin1s subculture vn 9 5 Jwdudrwruedatioy 3-5 nSs (passage) Wilolldioadid
AnLdausansondmSunaniululnausauouiiven
3.1.2 nsfiasiuaueed D1-4G2-4-15 (ATCC® HB-112™) Tuomsides
\wad Roswell Park Memorial Institute (RPMI) 1640 medium #iia3udae 10% @3u
¥297289ugn7 (Fetal bovine serum)
Yaadfiniuns subculture og13tios 3-5 passage 91098 3.1.2 wdiy

UIUEAS LReITNTT subculture aslunvuzNbiagnwas (flask) VUIA 75 ANSIBYURLLAT

'
a

(175 cell culture flask) Mntwinldunlugeuigumvgil 37 esmwaidea Nilfiie

9 Y

(% '
v o [

Asvaulaeanlan (CO,) 5% 1Wutian 3 - 5 Ju niouyadunndnwazI9wadwarnIsLi
uuveugadniglindesganssalindukazdvesomisideugad 9t subculture
wadaslunsusildifeswaguuin 162 ms1asudins (T162 cell culture flask) aruanau

Tngtwagann 175 cell culture flask ludluwidesdl 1,500 soudoundt Wuian 5 unil
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PAHINNTUAIANLNDUNIY BIMNSLALTAE RPMI 1640 medium Tvasunie 10% F5UVDIH7

1 [y

dougnia uagldaslu T162 cell culture flask Whluunludeuiionmail 37 ssrwaldes Nil

(23 s s

I3 1Y) = Y |a ¢ ' 6
faasusulaeanled (CO,) 5% Wunan 5 Ju seaulduSunaueaduinnin 1 x 10 wad

A

sofindans duvadilddusosdidnuusveneadiinuudius uassussveseadauysel
wiouldu Jsaunsatuswueadlngld Neubauer hemocytometer uanadstodi 3.1.3
3.1.3 nMstuIuIuwaalagld Neubauer hemocytometer
(1) Ywadfiiyivlnegluommadessaduinns 1 1adans g
ﬁ?ﬂﬂiﬂi%ﬁ]’]&lL%aéiﬂﬂimuiﬂiﬂL‘UGl(ﬁ(ﬁ]ﬂE]WMWiLgEJQLGZJaa‘%ULLa%aQ mntuildlunaenlule
SLURIAIT (microcentrifuge tubes, eppendorf) vu1a 1.5 fadans
(2) Vndansazareninunuug (0.4% Trypan Blue) adlunauriy

A5 UIURRYARANNDNTIEIUNADINSEIBINT L UNTHUWER

sal v =

(3) TnansuvIuaeewaangaunuanInwnuUgLaIlsuIng 10

lulasans emasuu Neubauer hemocytometer Inglsasuviuaneisaandoudindaui
4 1 1% = =3 < a 1 3 1 Y A

AelausunsEanmeLsINIandumugianIuaunandasldiwadiualan (ladsliusunaens

uriuasywasiniiulunseteaiull) antuivalandnsuiuaanaliuseune 1-2 i

(@) hdlandmiuiuganineuuwiualanveindeganssAlLuum

Vo o w

nduuazaudlnaingiideueey X  iienanssdmsutiuaauaviaaulugiuiiiaming

' (% '
= =

Awdsuusiayy ATNUNNN9 1 Tadwns wasiinnsneges 16 91519 3nUutugadene

wudlnadngindaee 10X vise 20X

cal v a o

(5) dusuwadndoudnd EU1Ruduradninendd) waslead?

a

foulifind (Imazviounanluwadifizin) MevualunnsaEnae U IUNUTIELNYIRNTI

(%
aa

P9@9991U LU UATUIUNIANUT LT UYL RaNTU LA luaaTaR (1)  3TAIUIUUN

Wosdudveusadfifiidin (% viability) wandsaunisaelil (Schrek, 1936)

¢ ¢ i FUIULLAANTTINVINLUA
Lﬂaswumaamaammm = X 100

(%
Y

FIUIURRNINUA

' 1
& 0%

A o Aaa ! A o Aaa { @ 1) | o~ q
1A89 INUIULAANLTINNIAUA = ANRALTILIURALTIRTATULS x AIN15139779 X 10

Lo

[
Y

° s aaa ! a o I Ao vy ! a 4
VMUIULLAAVIUYINVINRUR ﬂWLQaEJQ']u'JULGUaaGHEW]‘UUIW X AN x 10

FIUIUARNIVIUA FUIULRANLTIN + INUIULTAAAY
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3.2 NMSINZLIABIYaa I IsIaBIwaaNIusANT Sy
IMSasIgaanUs1AnTsunleluauided 2 ¥ Ao CD Hybridoma Medium
(Gibco) (MMWNUANT 2.9) wag Hybridoma-SFM medium (Gibco) (ATWeuIn? 2.10) uag

wisisiaeawadidu 2 35 e Direct adaptation uay Sequential adaptation

3.2.1 75 Direct adaptation

Wugad D1-4G2-4-15 Nignidesegluamsidesisas RPMI 1640 NaSusie

saa o I a a

10% #ugn Tngldleadiifisuoumead Suduognaios 1x10° wadredaddns arntuily
Huwdsaitrnnngs 1,500 seusiound Wunan 5 wift feveunawwilonzneu (supernatant)
LazdemznouEad 2 A%t faemsifinenmsiasneadiiusAendsa (CO Hybridoma
Medium %39 Hybridoma-SFM medium U3u1as 20 dadans iluusiesdinnusa

| a g a S o sa 1 Yy v X ¢
1,500 58UNUMN WA 5 U MNUUUUIRRNNIUNITANNAIYDIUSLAYUIAINUI AN

[
=< S

o & X | & ¢ a é ¢ a
YU 2 AN JJ’ILaENG]EﬂUﬂWuzLaENL"?Jaa“ﬂum 162 M1 1LYURLUANT BIUDIWITLAYILYRAN

a

N 1A a aa % fa v 6 s aa o i v
UsAnd@suegUsunns 50 dadans Ingldigadisunu 1x10° wadseladans dilvuslugeu

dlds’)l |4

Maumall 37 esrwaidua Nifwansueulaeenled (CO,) 5% Wuiian 3 - 5 Ju uazsied

[

[y] < o < = aa
13 subculture 9 9 3 - 5 1w WUTIWIU 3 passage waziUYBLVRIMTEAZNBUNNATIND
13 subculture 1WeoAsuU 3 passage Uaoeliwaanieusyuia 80% thludumesinnuiin
1,500 sousiowd Wunan 10 wiil udifvveanannionzneurisvunlingumgl 4 o9
=
walgud
3.2.2 75 Sequential adaptation

nwad D1-4G2-4-15 Ngnidesegluemsidessad RPMI 1640 MLasume

'
LY [ a1

10% FTuFgauandd NHIUN1T subculture UIAIDE19UBY 3 - 5 passage UIMINT

Y
v '

subculture 8nASY lnelUfguainemsiaessaaiiiasume 10% 35ugnia Wudnsdiuvag

a o

91MTLABLYARNELASUAY 10% FFugniddea sideuwadNusnmaIngsu Ae 75:25

e ¢

(passage 1) inlUvnlugeunigaumgil 37 esmueaidea niiwasueulaeenled (CO,) 5%

v a &

I o = Y A v a
Wulian 3-5 1u LLﬁ%C‘]@QNLﬂUsUaﬂLMﬁjquamgﬂaunﬂﬂiﬁV]Nﬂfli subculture lamamﬁﬂll 4

9 Y

17 i '
&

DIANLYALTYE MRIDINUUIINNIT subculture TAgUSUSHINEIUVDIDMNTLALLIARNILETUAY
10% FSugnivennmsiduueadnuiamndsudu 50:50 (passage 2), 25:75 (passage3)
way 0:100 (@wnsidsawadnus1AandSudy passage 4) muadu (Van der Valk et al.,

2010)
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3.3 Msuwas D1-4G2-4-15 Tululasiauman

3.3.1 msAuwad D1-4G2-4-15 fidsslusmsidsusadiiasunie 10% 5u
vasirdaugnialululasiauman

W38 freezing medium (90% Y09919SLALLYARTLESNA8 10% TSUVOIRIB0UAN

Y

saa

Y1 uag 10% Dimethyl sulfoxide (DMSO)) antutiuaansesnisasiiulilasnuiueadng
aa | v 7 s 1 _a aa a saaaa ! & o |

Fineenetles 1x10° wadreladans vsalluwaaniidinuinnin 90% andudwadldvann
wuRatvun 15 Jadans andudunledanusa 1,500 seuseufiduniat 5 wil e
ATULIAN WOIMNSABNYaaILENTUAUIENINRZNoULaa Y azanunznaulaeld freezing
medium uazwudldnaen cryovial aenas 1 Taddns waNuiguungll -20 osraded
1 Y] gj =3 PN a o) qy %4 A 1 o =3 (%
Jwnan 3 9lus nduiviigamgll -80 semwaldva  NelituAunauasduiuldds

lulnsiauinan (Nagahara et al., 2016)

332 NSIAUed D1-4G2-4-15 fidssluanmsiasawadinusiaandsavesia
gaugnidlululnsiauman

W3l freezing medium (92.5% vetMsiasausasiusAandsy Ausnsidu
50:50 9930 1Ms A IwadIUTIFINTSuTeT s e e siaBuras AU RN S RuLY

Beawad) wag 7.5% DMSO antiutiuiwadndainisaziAulilasuiueadnidineg1atios

¢ 1 | s xa ! ¢

7 7 a aa o 1 aa,)
0.5x10'- 1x10" wadnaliadans Mo uwadniainu1nnI1 90% Uwad ldnasmsuRnIg
U9 15 Tadans antudundesdininusa 1,500 seusauiduial 5 uil wWeaasutiad

(% '

LALVNBIWITIRYUYARNLENTUAUSEWINNAENBULTaa 7Y azaensnoulneld freezing

a

. 1 1 R a aa 2 o =
medium uazuudlavasn cryovial viaanayl UaaanT HASLNUNYUNRN -20 DNALYALY L

[ o ] 2 a IS L v Y A 1 o < (5%
Wuan 3 9alas MNUUNUNYEUNHA -80 @A LYALTYE VIQI’J”UW@J@UﬂE)U%ZU']LﬂUIﬁOQ

Tulasauman
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3.4 NagauaNuINNIzvRslululaausauauAUaR (Vaunawlionsnau (supernatant)
filFarnnisiBaead D1-4G2-4-15) dauauiiau

\AFoUnquYBIANN 96 YA (96-Well Plates) #e Goat anti-Mouse IgG fiA1n15130
g9ludnsdiu 1:400 fiwdeulu 6 mM carbonate buffer, pH 9.0+0.2 U3u195 100
lulnsdns vulifgaumgdl 4 ssmiwaiBos 4ruAu wagdese 0.5% BSA Tu 10 mM PBS, pH
7.4+0.1 A9 NTALAN 1% BSA 1 10 mM PBS, pH 7.4+0.1 viguaz 250 lulasdns TR
gaumgivieadunan 2-3 alus Wuvesvannilenzneu filsante 3.1 uay 3.2 Mhdu
mududuressieansing o sl liiieans, 15, 1:25, 1:125, 1:625 way 1:3125 thluvy
ﬁqmmﬁﬁamﬂunm 2-3 Falus ndnuRuLoURY (Dengue virus typel) fisnsaau
mnudiduressideans 12 Tneideandlu 0.5% BSA finaueglu 20% NHS (acetone
extracted) WA 10 mM PBS, pH 7.4+0.1 nquag 50 lulasans thluuudigamad 4 esm
waldea T1uAY waziy Human anti-flavivirus 16G-HRP Tneidaandlutmed 0.5% BSA 7
Nauagﬂu 20% NHS (acetone extracted) waz 10 mM PBS, pH 7.4+0.1 wiauag 25
lalasans fisl3Tigaumgiivies 1uinan 2-3 Falus 99nduiin o-phenylenediamine (OPD)
vauaz 100 lilasans (Mwkuandl 2.15) wagihluvuiignmgiviedudifiadunan 3015
Ui uazngaUFATe e 2M sulfuric acid (Awawani 9.16) thluiaAgandunasdiay

g1IAAU 492 UTULLAS

3.5 mannaznaudlswanlufoudamnduda
ﬁ’lﬁummmmﬁamzﬂauﬁlﬁmﬂmﬂgmL%é D1-4G2-4-15 Iummﬂgmmaﬁﬁ
U31A9 TS Anti-flavivirus group monoclonal antibody @ag ¢ auuanlulengawm
pdudlusmstdn 1:1 auldanudidiuaayneidu 50% wouludoudamn fgauvndl 4 asem
walvadsnmunasanauazialy (MArwan ¥ 2.1 was Mwauand 9.17) thlvdusied
AEY 10,000g Huaan 15 Wil imvsanavilenznouit wararanenznoudae 10 mM
phosphate buffer saline (PBS), pH 7.4 U311615 30-50% v83UsN1asUmanilonznou

Sudu (Sambrook & Russel, 2001)
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o a la‘ 't I
3.6 M3UIgNslagldislasunlnns i

3.6.1 Econo-Pac Serum IgG Purification Kit (Bio-Rad)
mMeiudandeislasunnnillagld Econo-Pac Serum IgG Purification Kit 4
Usznaulume 2 peduil e
(1) Econo - Pac 10 DG desalting column Tadmsuinsaudingng
(2) Econo - Pac Serum IgG Purification column I@'&Jﬂaﬁuﬁ%QﬂLLWﬂ

(pack) A8 DEAE Affi-Gel Blue column

g‘ o ) Q‘ . . . .

3.6.2 YuRBUN159U3gNSLAYTY Econo-Pac Serum IgG Purification Kit
3.6.2.1 msms8uRe19lagly Econo-Pac 10 DG desalting column

1 14 [ 6 Y o L% U e b ] % ¥ a . .
neuldredusawilineduuiinnuaunanseudmsuldau Inen1siu application buffer
USuns 20 Haddns (nanuan 9 3.1) aslupeauil Anduihngnauiiazaigdiy 10 mM
PBS USuns 3 adans ldasluneduilnensinisiva 1 Jadansnou?l uazvzaiy 4 Jaddes
299 application buffer vi1lwla 1 fraction MlufiueulidendanauzUunuieg1snaeng
LenFeanunsaneaeuUTinaLenludeudamnivionylanie Nessler's reagent @103

W38 Nessler’s reagent (ANANUIN U 2.2)

3.6.2.2 msﬁw%qw'é IgG 1aeld Econo-Pac Serum IgG Purification

column
neuldmeduinawihlvireduiliinnuaunanioudmiuldenu Inen1siiu regeneration
buffer U3as 40 fiadans (MARWan @ 3.2) asluredut 91ntush fraction 7i5iU3unns 4
fiaddns Feldannnsidauenludoudamngasaedut Econo-Pac 100G column ldasly

a

ARaNY Econo-Pac Serum IgG Purification column (BioRad) 7igms1nisiva 1 Jaddnsee

W 9 ntuEAae application buffer Usums 20 dadans netiu 4 faddnsme fraction
lag 1 59Uv0eN1siuTansaslavianun 5 fraction INUUGR1IABENUAIY regeneration

aaa

buffer Usu19s 20 1aans waziiusay fraction NialUIRUSLalUSAY
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3.7 mytavBinalusiunemue

USualdsiuimuaveshednefildannanisvusant 1ee neld Econo-Pac Serum
IsG Purification column alagle3s Bradford assay (Bradford, 1976) (A WHuINT 2.18)
1ngld Bovine serum albumin (SIGMA, USA) {ulusfiuannsgiu nsinieuanududuves
TUsAuanAsgIud 0, 25, 50, 100, 200, 400, 800 wag 1,600 lulasnfusiefiaddns nuady
aslu 96 well plate (nwit 3.1) nthhnsdesethsiideinsinusualusiuiinana
NTUsNg 9 Mudeanis wazldlu 96 well plate Usuns 160 lulasdnsma 1 vau uaz dye
reagent concentrate U110 40 lailasansele 1 viqu seidlifigungiviosegnaios 5 und

waldmashiunwiy 1 ilue wasihluiaAgenduasinnueniadu 595 uiluwng nely

TUswN5U SOFTmax PRO 4.3.1 LS

1?2 3 4 5 6 7 8 9 10 11 12
NG®

B\. <IN .
essosesesses
el ¥ )

£

Ch_A_

HOO OO

MW 3.1 JURUUTBINSWTENANINTUYedlUsAuansguatiu 96 well plate
3.8 MsinUsuuduylulnayau

3.8.1 MInagaun1sdanuWmes (blocking) dusutianldiausunauasduylu
Inayaulagls ELISA
Fwlesiidonthumadeuimunil 3 via fio
(1) 13.5% Normal Humam Serum
(2) 5% Skim milk + 1% Tween20 Tu 10 mM PBS i pH 7.4+0.1
(3) 0.5% Casein + 0.5% BSA T 10 mM PBS 71 pH 7.40.1
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Maww3uasdmiuh ELISA (anakuan ¥ 1) niuindounquueinin 96 viqu
(96-Well Plates) At Goat anti-Mouse 1gG fiw3ewly 18 mM carbonate buffer, pH 9.0
Unms 100 Tailasdns thluvalifigamad 4 esmwaldea fwdu wagdrsng 10 mm
phosphate buffer saline (PBS), pH 7.4 seantiu block #ae Triwesfidesnisthumadey
faanuiin S1en1avauainiild Mouse 166 finandudu 0, 0.015, 0.031, 0.062, 0.12,
0.25, 0.5 waz 1 lulasn3udefiaddng Uuns 50 lulasansreviau wlutuiigumgil 37
ssrwadea Wuan 23 9l aennavauuazld Goat anti-mouse 1gG-HRP conjugate
(1: 10000) U3ams 30 lulasdng thluvuiigamgll 37 esrwaidea Wuna 1 dalus &
mm%aﬁmgﬂﬂ%’jﬂuaﬂﬁ SureBlue"" TMB Microwell Peroxidase Substrate (1-Component)
(KPL, USA) Ususs 100 lulpsdng ﬂmﬁqmmﬁﬁamﬂunm 5-15 W19l mﬂﬁ?wqmﬂﬁﬁ%m
TngiAin 0.2 M sulfuric acid U3anns 50 lalasansrevauihluindigandunasinimeinay

450 U LULUAT

3.8.2 NMSNAFDUANULTUTUVDY Goat anti-mouse 1gG-HRP (conjugate) 8195V
anldinUsuuvesduylulnayaulagls ELISA

\AdoUnauUBIANA 96 My (96-Well Plates) #18 Goat anti-Mouse 1gG iwSeily
18 mM carbonate buffer, pH 9.0 Usu1ns 100 lulasans ﬂul”iﬁqmmﬁ 4 peALaLTYd
AU WAZAa19RIY 10 mM PBS, pH 7.4 #9911 block e trlmesiidenldlude 3.6.1
&enanquatniild Mouse 1gG finnandudu 0, 0.015, 0.031, 0.062, 0.12, 0.25, 05 ua
1 lulasn$usiefaddns Usums 50 llasdnseengy vuilonmgll 37 esmiwadoa 1unan
23 dlug aenavquuazld Goat anti-mouse I1gG-HRP (conjugate) MNuBRIIAIUAIY
diuduiidiosnisnaaey Tdud 1:1000, 1:2000, 1:2500, 1:3000, 1:3500, 1:4000, 1:4500,
1:6000, 1:8000, 1:10000, 1:20000, 1:30000 Waz 1:40000 Usuns 30 lulAsans Uuil
gounindl 37 esmneaidea Wunan 1 d9lus Avaenquinedauarld SureBlue™ TMB
Microwell Peroxidase Substrate (1-Component) (KPL, USA) U3us3 100 lulasans Ui
punpdvieadunan 5-15 wif Mindungrufiserlasidiu 02 M sulfuric acid U3uns 50

lulasdng ihluinAgandunasianuenindy 450 wluns
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3.8.3 JaUTanauvesduylulnaydulagds ELISA

SnuFmnamosduylulnaydulaeis ELISA Faadounquuesann 96 wau (96-
Well Plates) A28 Goat anti-Mouse 1gG fiw3ewly 18 mM carbonate buffer, pH 9.0 Uuld
flgamndl 4 esauaiBea Srufu &9 10 mM PBS, pH 7.4 sioannifu block de 5%
skimmed milk, 1% Tween 20 fin3oalul0mM PBS &1en1angu ntldsegneiidan
maviudgvdadunsazrgu uasld Mouse 196 1HulUsAUINASEIU Unilgnmgil 37 eamm
wadea Wuan 23 alus a1901anau wazld Goat anti-mouse 1gG-HRP conjugate (1:
100000 Unfigamndl 37 esmnwaidea una1 1 dalus drenievquinass uarld
SureBlue”" TMB Microwell Peroxidase Substrate (1-Component) (KPL, USA) Yl

gaumnivesduian 5-15 w1l nUungaUfAzelaedn 0.2 M sulfuric acid (H,504) 11y

9 Y

[ 1 =Y

mm@mﬂauumﬁmmmmﬁu 450 WLULUAS

3.9 nagauAMuINIzVaslululAaURALIURUBARD L URLIY
3.9.1 NAGABUANUINNIZYBY anti-flavivirus group antigen clone D1-4G2-4-
15fianadududing q dewaufiau
nsneaauANaINIsaveslululaausatsuAveflunIsTUAULOURALIULAY
3% typing ELISA 983nsu3Nenenansnsunmeniang (nnis et al.,, 1989) (Awwwand a.
19) 1ARBUNANYBINIA 96 Mgy (96-Well Plates) #8 Goat anti-Mouse IgG 71AN15138979
Tudnsndiu 1:400 Mw3enlu 6 mM carbonate buffer, pH 9.0+0.2 Usuns 100 lulasdns
Unlifigamadl 4 esmiwaioa druAu wazd1sine 0.5% BSA Tu 10 mM PBS, pH 7.4+0.1
sioantiuin 1% BSA Tu 10 mM PBS, pH 7.4x0.1 stgquay 250 lalasans Mdlifigumniives
Huan 23 $alus iy antiflavivirus group antigen clone D1-4G2-4-15 Firun1svi
U'%qw'émﬂﬁﬁa 3.4.2 fisasiduanuuursnsideaneng f sail 1:10, 1:100 wag 1:1000
LLazﬁﬂlﬂﬂmﬁqmmﬁﬁmLi‘]unm 2.3 §alue ndeniiunfnueuiay (Dencue virus typel)
finududureaninienns 1:2 Tasideandlu 0.5% BSA fnaueglu 20% NHS (acetone
extracted) Wag 10 mM PBS, pH 7.4+0.1 nqua 50 lulasans tnlUuufigamad 4 osm
waldua $1uAy waziin Human anti-flavivirus 19G-HRP Taetdeardluties0.5% BSA 7
Namgjs[,u 20% NHS (acetone extracted) tag 10 mM PBS, pH 7.4+0.1 vauag 25

lulasdns Nelingaumafivies 1Wuan 2-3 F7lus 1y o-phenylenediamine (OPD) waua

Y

a v

100 lulpsdns Uuigamgiivieslundaduian 30415 wii uaznaauizendie 2M sulfuric

Y

acid thluinApandukasinue1Inay 492 unlulins
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3.9.2 VAFIUANUINNIZYDY ¥D9 anti-flavivirus group antigen clone D1-
4G2-4-15 BLaumLIUY
\AdUNLUBIANN 96 11qu (96-Well Plates) fe Goat anti-Mouse G 711
maFearsludnsdn 1:400 fiwSexlu 6 mM carbonate buffer, pH 9.0+0.2 U3uns 100
lulasang Unlifionmgll 4 ssewaldoa T1ufu wazdesne 0.5% BSA Tu 10 mM PBS, pH
7.4+0.1 #ONTULAY 1% BSA Tu 10 mM PBS, pH 7.4+0.1 auaz 250 lulAsans TRt
gaumgiiiesduan 2-3 9 Wi anti-flavivirus group antigen clone D1-4G2-4-15 7in
mMeviuiavsande 3.4.2 Adhndumnududuresnsidenndi 1:1000 Uuitgumgiivies
Hunan 23 Halus ndanduduweuiau Tneldueufiouie Dengue virus typel waz
Japanese Encephalitis Vaccines laun CD.JEVAX® (Inj.) ¥83 UTEM Chenegdu Institute of
Biological Products Uszinedu, IMOJEV® wasu3®m Sanofi Pasteur Ltd. UszindaaaLasias
, JE. (Beijing) - GPO watasdnisindunssudsemealve way JEVAX T v09USEW Liaoning
Cheng Da Biotechnology Co., Ltd. UsglnAfu 8nT1dIUAMNLTNTUYBIN1TII0 1L URALIY
oA lde919, 1:2, 1:10 war 1:50 lneweumaugniieaidly 0.5% BSA ﬁwauagﬂu 20%
NHS (acetone extracted) Wag 10 mM PBS, pH 7.4+0.1 nquag 50 lulasans Uniigamnd
4 peAlwalded UNAY WaglAL Human anti-flavivirus 1G-HRP Tnatdenanslutwines0.5%
BSA ﬁmamgﬂu 20% NHS (acetone extracted) ag 10 mM PBS, pH 7.4+0.1 “auag 25
lailasans slifigungivios Wunan 23 #alus Wi o-phenylenediamine (OPD) viauas

Y

100 lulpsdns Uufinamgiivieslundaduian 30+15 w1 waznaauisense 2M sulfuric

U q

acid thluinAganiukasinIue1Inay 492 ullulins

cDJEVAX® (Inj)  JEVAX'" J.E. (Beijing) - GPO IMOJEV®

AT 3.2 LOURLUAIMSUNAABUAIIUTLNIZVOS anti-flavivirus group antigen clone

D1-4G2-4-15
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3.10 NAgdUAINUAINUYBYN anti-flavivirus group antigen clone D1-4G2-4-15
NISNAABUAIIUAINUTOY anti-flavivirus group antigen clone D1-4G2-4-15 vilay
WUS anti-flavivirus group antigen clone D1-4G2-4-15 ﬁﬂwumaﬁw%qw%‘ﬂu 10 vaon
vaonay 1 fadans iuflgumgil -20 esrmivaidea nduthiegnefiivimagouani
Aalagds typing ELISA mude 3.7.1 Tnsldueufiaudifausunietuiva flavivirus fe
Dengue virus type 1 wnndua1vi daviay 1 vaen supsudiunaniaun 10 dai

(Morgenthaler et al., 2006)
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uni 4
NAaN158LazaNUs1gNa

4.1 MazAsaad D1-4G2-4-15 (ATCC® HB-112") uagnaifiusiuiuead
MeNzEsNYad D1-4G2-4-15 Tuawnaidsaead RPMI 1640 medium fia3udae

10% @5uvesiiseugn® (FBS) lasiSuainnisazaioiwad D1-4G2-4-15 Aignifulily

lulnsiumadlugwnaidsasad RPMI 1640 medium fia3udng 10% 3uraswisougnta

Tu 6 well plate wagiilionatiuly 24 F2lus WasueMsIAuNLas 1 AT Wavdunnanuuy

a

YDUBAALALAVDIDIMITHAYUTAS (AIWHUINTA 2.2 AT ATWHUINA 2.3) SAUDINTLAY

wuengadnelindasganssadmnduilunat 3 - 5 Ju (Wi 4.1) wuImaRnadl

N9AYANUARAY D IMNSLANYARTILASUMIUYSULALUAIUDIMISNAIINALANULTAA WAIUY

f &

wadtdanwaregiudungy 9 adrewisedu lwaddmnulasiunnveuSey (nwil 4.1 n) &
Unisemanevinlaiinisinnzides hybridoma cell luommsiasasad RPMI 1640 7a3uane
10% F5uuieniu Tnefodwoneadiinvdedduemsiassead 1oun D1-4G2-4-15
(Watanabe & Vasudevan, 2014), EHMES-1 human mesothelioma cells (Umitsu et al.,
2016), murine IL-3 dependent pro-B cell line (Kawada et al., 2017), Monoclonal
Antibody Against Human Sortilin (Ghaemimanesh et al., 2015) \Uuu sounilonuly

48 39 (ud 2) waasudinsmeiunnndu lngazdunaviuwadaefiiunguiulanvue

'
a

Jungnauyey 9 waziwadudiusuiidgulila vevvesgadaziidnvauzndn wneany

1R v a v A

wadwantinulldunaziinnsaneiiudu wendadliwaduszunn 70 Wasidud Jalldnvae

YDuLAATIlE 217 VBUTHY uAgadazisunsrangeanduwadiaed o lifinnsedidungu (aw

v a

7 4.1 ¥) Wenuly 72 F2lus (Fuil 3) 199ndveseImisiasagasniasumedsuiUasudy

= = A @ A A = v o = & sad a Y Ao | ° cal
ﬁI@ﬁaﬂﬁLﬂ@‘U%gL‘UuaW‘a@ﬂ‘ﬂﬂ@]@ﬂNﬂ']ﬁL‘UaEJu@']‘VHﬁLa‘ENL%aamLﬁiN@'ﬂUaﬁimiﬂu LLASUILYAAN

'
P

medelanvuzilunznouyevn o ansawiuiivinaiuvquesn Weliwadnidinsensin
)

¢ o a a vaf o s =] = |
ﬂqiagﬁqﬁLsﬁﬁauuaqllfl'ﬁﬂL"ﬂﬁﬁgLMUImlﬂﬂsﬂu anNWULYRILEaa (N1wn 4.1 A LN@L']E‘]']N"]UVLU

[

96 Flua (Juii 4) wad

[

Aaaa a a o X I3 sl
V]NSU'J@5@@IllﬂqiLWMQWUUUNWﬂ‘UUQULWQJWQQJ L‘(jaaﬂaﬂﬂf}mgiﬁ 11
)

[y

a a 8 v < v & o v e s &
YBULIYU (AN 4.1 9 L%ﬁiﬂﬂﬂﬂﬂML“ﬂNLLNWiE):umIML%aauaﬂwmmaﬂLGU@@VILLGUQLLN

¢ v ° o & & s SN =
aNgﬁmWﬁaﬂJﬁWWﬁUﬂ']ﬁw\n%l,aﬁ]ﬂLsﬁﬁfﬂuaflﬁflﬁlﬁﬁlﬂL%aamﬂﬁqﬂﬁﬂﬂ‘?ﬁﬂ (a1 n 4.3 wag an

a

2Aq (Exponential phase)

Y

HUINA 2.7) F95uv1N1T subculture LowaaidngszesuUim

Y

= v Y o 1 ¥ o s a 1 5
Jadeadluimnzidesdmaulvg (subculture) Tnglddruueadsudununndl 2 x 10

& 1

wansedadanslu 1 vau (1nANwINa.5) uavdedinig subculture nn 9 3 - 5 Jwldu
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sala o ¢ v o

UIUBYUBY 3 - 5 ASY (passage) LplilalwaaNilanuLTsauysal Wiondmsunanly

v [

Y
TulPaueaLaURUaf %a1a1n subculture ASIN 1 ANWASVDILAE LaNBULVDINITAIYARN

'
3

tovas wadhitinsenuazifiusrunuduildnuae veudeu Ta 11 (A nd 4.2) dnunizues
WASWEI9In  subculture SR 1 Aindeweny 10X, 20X, Way 40X  @@9NuiinIg
subculture Assft 2 adly flask T75 wlewfiusuauwad way subculture ased 3 asly flask
T162 ioifiusunuwadlvnniulasniey 1wad D1-4G2-4-15 1#&991nn13 subculture A%

73 (MWKUINT 2.8)

AN 4.1 Snwizvauwas D1-4G2-4-15 Aneundinisazaiewasnanaulilu

Y

Tulasiaumaladiua1msasasaa RPMI 1640 medium Aa@susg 10% 354

N, Wwad D1-4G2-4-15 Tuewnsiasawasd RPMI 1640 medium MLaSugae 10%

' '
U ]

51U ndnazanswadidunal 24 $alug (ui 1)

9. wagd D1-0G2-4-15 Tuewnsiaeawad RPMI 1640 medium MLaSugne 10%

'
o

F5U ndsnazatswadidunal 48 dalua (Yun 2)

A. 1988 D1-4G2-4-15 Tuewnsiaswad RPMI 1640 medium 7a@Sudie 10%

o

F% widsnavanswadidunan 72 $alus (uil 3)
1. wad D1-4G2-4-15 Tupnsiasawad RPMI 1640 medium MiaSudie 10%

'
o

F5U Mdsnazatgwadldual 96 H1lua (YU 4)

Ref. code: 25595609032080CWR



71

[ '

AN 4.2 dnvalziwaa D1-4G2-4-15 #8315 subculture ASIN 1 ANAWEIUAN

. anwazas D1-4G2-4-15 %8905 subculture ASIN 1 NANFIVENY 4X

v

9. anwaLad D1-4G2-4-15 #aan1s subculture ASIN 1 ARS8 10X

[

A. anwLad D1-4G2-4-15 #aan1s subculture ASIN 1 ARS8 40X

AW 4.3 SnuasIRueas D1-4G2-4-15 Anasveny 40X 189N subculture ASIN 3 9

wlaussauysaindoufinvihllimsideduemsideigadiusaandsy
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4.2 MANIREUYEE D1-4G2-4-15 (ATCC® HB-112) TuanmnsiaeauadfiusnAan
F5u

MszasLgasluemsasneadiuseandsa Tnsulsianmsimziasasad
panidu 2 35 Ae 35 Direct adaptation wag Sequential adaptation Fausarigldenmsaes
\wad 2 ¥in Ae CD Hybridoma medium (gibco) way Hybridomna-SFM medium (gibco) R

P oa o aa ] a & s N o = = o 19
‘W‘U'J']Lll@u’]LLWa%'ﬂﬁLLa%LL@aZGU‘U@I‘SU@ﬂ@TV]'ﬁLaEJQL"?jﬁﬁ'ﬂﬂﬁ']ﬂ"ﬂ']ﬂ%iﬂll']l,ﬂiﬁllL‘VlEJ'Uﬂ‘lﬂﬂ

(%
a

NaN15I8Rare Ul

4.2.1 CD Hybridoma medium
WadTnzLaggeIMSIagueaa CD Hybridoma medium (Aweuanil 2.13)
HAN1SIIENUIN HaLUSUUTIEUAMUNUILLUTDUYAd D1-4G2-4-15  98935W9a097D A
Direct adaptation wag Sequential adaptation (75:25, 50:50, 25:75 wag 0:100) Tue1ws
x . y , . . » X X
Weaaa CD Hybridoma medium Wy AUNULUUVDUTAATLNIELAB UM SLAE S
s a v o a | a A = = 1Y) ' ¢
waRTlETIMY 10% TS0 HdanuruiwiugangadlaSeuiiguiunnumuiuuYe L ya e
nziaesluommsifeugaanusiAandsuiiasslunsassld uwallolUSeuisuanunuILLy
Yougaaiinzldsslue mssusaanus AT UL UAULAIDNITINIZLAL ST ULANAT
) | 1 ¢ X & ¢ N aa
AU NUIIAURUILUUYDLgaaNNIgLResluInISIasLgaanUs1AanTsy Taedd
Sequential adaptation #AUVUILUUEININYATTIIEIALlALTT Direct adaptation waz
Wealssuiisuanuruiiiuveswadfinigiaedusmsidoawadnusimandsy 1agldis
Sequential adaptation Tugnsd@IUA & WUIMBATIAIU 75:25 HANURUILULVDILTAR
gegailalUTeuiguiugnsdiui 50:50, 25:75 uag 0:100 MUFPU ALAREAIHUNUILIY
voraaviTInsonlunInIidsawad CD Hybridoma medium f1@n17gA14 ¢ (AMANWIN A
A1919 A.1) Wwaa D1-4G2-4-15 fszey lag phase Twiudl 0 - 2 YINITWNIZIALUYAE dIu
ety exponential phase 15ufuil 3 wardugnvessvey exponential phase aslu Jui 5
VRINMAMZFLUTAR FAVNEIadidngdyieseey stationary phase luTuil 6 oInTINELRLS
wad (NN 4.4)

¢ @ (3

deSsuiiuesifuduonead D1-462-0-15 AilTinson Tuemsiaoawadiasy
28 10% 35U uarluemsiasseadfiusAanndsu (CD Hybridoma medium) (nwdi 4.5)
wuinUediduraonwad  D1-4G2-6-15  Sudufiiitiefluinnin 90%  fAeuflezviinig
subculture adluemnsiasuradiusmandsa Tnefesdudvossad D1-4G2-4-15 il

Finsonilnzidedlneds Sequential adaptation fiesifudvessad D1-4G2-4-15 ATIn
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FOANINNINTAATILNNZLA89lAYAT Direct adaptation wagigaaiiniziasslue1msiaueadi
Us1Aa1nE5u 1ne3s Sequential adaptation fisnsndu 75:25 fesidudveswad D1-4G2-

(% 1

4-15 PiiTInsenginganazfidnsdn 50:50 Twesiduinnuiidinsenuinninfidnsidiu

(%
a

25:75  wag 0:100  aud1eu Wesiiudn1sidinseonvenmadiiniziasslneds Direct
. = v 1 < 1 s dy aq . .
adaptation HlTUUNTanNaI0e193IAL 5N Yad NI ZLas9lAe7s Sequential adaptation
nmswssufisunswanlululaauealoufivefveiwas D1-4G2-4-15 Tuemsidsawadiiiasy
fy 10% F5u uazluemisiasswaaius@mandsu (CD Hybridoma medium) laginan
AANAuLaN 492 wiluuns wazAllaannsiauinnimieawitiu 0.2 awnsoagulaindu
positive  MU8AIIUINGAE D1-4G2-4-15  dn1suanlululpausaloufuafnInIzee
woudauiiedluidta flavivirus 919 Dengue  virus  typel uuneufiausiiunuvesiia
Aavivirus Tun1snegeunudwizveslululrausausufveniiwad D1-4G2-4-15 NNARTU
NI IEENAETT LAz UTIARNT TUYD V@RI N5 AT slin SIS unaR Tl
TAaUDALOUAUDARILATULINYBINITIABLTAE (AW 4.6) Lae?idnvalzuasad D1-4G2-4-
15 Amnzidesluomsideaeadiusiaain@su (CD Hybridoma medium) 1agA3 Direct
adaptation nasnsiwzidsswaaiduial 7 Ju (0wdl 4.7) uazanwgiwad D1-4G2-4-15
MNZIA899aa UM TIA899aaNUs1AINT5H (CD  Hybridoma medium) 1ag3%
Sequential adaptation (nw#l 4.8)  WesiduaauiiTinsenlusmisiasusas CD
Hybridoma medium #1@n172#14 9 (AMANWIN A A1519 A.2) neINASIas Ladidu
o Ao w i ! ¢ PN & aa ., . a
nan 7 U ANSweneag o nuanead D1-4G2-4-15 Mwziaeslaeds Direct adaptation i
(% & 1 (= [ | = [ ¢ PN v a ¢ (5
dnwazveuwadduvgiluveundn de Fwaviluwadineluian wavdlliwadineagiu
& 13 =~ aa . . I3 X sa a
PInLdsTaa Uz 80% L189a1nI5 Direct adaptation 1Uun1siwizlassaailuasuain

a v a

91MsLasuTadTiasuAe8 S Tuemsidsaradiiusiaandsunuuiud Tagldiinns
subculture sEminsimnzidsaadluemsiasseadiuandsusvinliwadisnsinis
meiududes o Faunneea1nds Sequential adaptation #1513 subculture Tunn 9
Sasrduuazaey 9 anesiduvetomsisuvadacediedn q Soiliwadiignvain la

a I 1 1=$ 1 s 7 13 salaaa I 1 =
VBULIYU L“U‘Uﬁ’)u%ﬂiy%ﬂﬁm’]ﬂﬂ’l’]ﬂﬂL“lfaaL‘Via’]‘uuL‘IJ‘LlLGZIaaVlﬂJ‘U’NﬁE]ﬂLL@SLL%QLL?QBQ@&@@‘N

wionaznanlululpaueateuivesnilauTnnzdslauduegludda flavivirus
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AMUNUIMUUVB YA D1-4G2-4-15

)

o
Zﬁ% 3,900,000 g 10% FBS
& 3,400,000
& :
@ «=JJ}— Direct
S 2,900,000 i
= adaptation
'€ 2,400,000 75:25
g 1,900,000
= 50:50
§ 1,400,000
g 900,000 =
(=

400,000 == 0:100

0 1 2 3 4 5 6 7

a1 (3u)

A 4.4 NMSUSEUTIEUAMUNUNILUUYDNYAa D1-4G2-4-15 MNgLaed lua1msaeLYas

Tesuie 10% @53 wazluesiasusadiusiAandsy (CD Hybridoma medium)

(-9 MsinziEsaeed D1-4G2-4-15 Tuomsiaseadiesude 10% 33y

(-m) Mmszidsagad D1-4G2-4-15 Tuemsiasawadiusiaandsa Tne3s Direct
adaptation

(- A-) MIWzABuYas D1-4G2-4-15 Tneia Sequential adaptation lusnsau
SYWIN T5%  UDI0IMISLABIYRaTLATUARE 10% T3 6B 25% T890IMNSLABUTART
U51MR1nT5U (75:25)

(X) MswIzlaBead D1-4G2-4-15 Tnes Sequential adaptation Tusmstdu
SYWINT 50% UDIOMISLABERSTLASIADY 10% D3 se 50% V8@ IMSLALTART
U51A91n35U (50:50)

() Mswziienead D1-4G2-4-15 Tneds Sequential adaptation lugnsndau
SEWIN0 25%  W80IMISIABUTARTIES LAY 10% T30 e 75% w8teMISIABYaRT
U5ANTSu (25:75)

(@) MstnziaBueas  D1-4G2-4-15 lusmnsiasawadfiusdaindsy laeds

Sequential adaptation (0:100)
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Aaaa
9

<
Wasiiunvaawaa D1-4G2-4-15 NigInsan
100 —@— 10% FBS

[N .

VQ «=fi}— Direct
qg adaptation
1o 75:25
12
G

G

® 50:50

e

F

L e 25:75

80
0 1 2 3 4 5 6 7 g —®—0:100

181 (W)

AN 4.5 MsSeuiisuasiduduaawas D1-4G2-4-15 N133nT00 Tus misiaes

waavilesume 10% @5u warluomsiasasaanusAandsu (CD Hybridoma medium)

(-4 msnzidsurad D1-4G2-4-15 luemsiasawad RPMI 1640 fidsudne
10% B34

(-m-) MsnzidsaTad D1-6G2-4-15 Tuemsidsuwadiusiranndsa Tne3s Direct
adaptation

(A2 MIMzELead D1-4G2-4-15 Tne3s Sequential adaptation lugnsna
SYWING T5% U0I0IMISLABIYadTIETUAIY 10% T3 sie 25% Y890 IMNSLABUTART
U51A91nT5u (75:25)

(X) M3wnziEssead D1-4G2-4-15 Tagds Sequential adaptation lugnsndiu
YW 50% YeITMSIAsuTadTIiEsIAe 10935160 50% vetennsiasuTadAiUsIAan
5w (50:50)

() Msziienead D1-4G2-4-15 Taeds Sequential adaptation lughsndau
SEWIN0 25%  W80IMISIABUTARTILESLRE 10% T30 e 75% WeeMISIABYaRT
U5ANTSu (25:75)

(@) MstnziaBueas  D1-4G2-4-15 luomnsiasawadfiusdaindsy laeds

Sequential adaptation (0:100)

Ref. code: 25595609032080CWR



76

msnaanlululnaveaneufuefvouwaa D1-4G2-4-15

4.5

—0—10% FBS

—— Direct
adaptation
75:25

492 W Tuas

50:50

A

£

=¥=25:75

ANITAANAULLEAN

=0—0:100
0 1 2 3 4 5 6 7 8

a1 (1)
AW 4.6 mswFeuiisunisnanlululraueausuivefvensad D1-4G2-4-15 Tuomsides
wadEsude 10% 35u warluensiasaumadiusirnndu (CD Hybridoma medium)

(-4 msnzidsurad D1-4G2-4-15 luemsiasawad RPMI 1640 fiaSudne
10% @34

(-m) Mszidsasad D1-4G2-4-15 Tuemsiasuwadiusinanndsa Tne3s Direct
adaptation

(A2 MIzELead D1-4G2-4-15 Tne3s Sequential adaptation lugnsna
SYWING T5%  U0I0MISLABIYRdTIATUAIY 10% T3 sie 25% T8I0 MNSLABTART
U51A91nT5U (75:25)

(X) M3wnziEsaead D1-4G2-4-15 Tagds Sequential adaptation lugnsndu
5¥WI19 50% W80 IMISIABUYARTIES A E 10% T30 e 50% W8eIMISIABYART
U51Aan@5u (50:50)

() Msziienead D1-4G2-4-15 Taeds Sequential adaptation lughsndau
SEWIN0 25%  WB0IMISIABUTARTILESRE 10% T30 e 75% w8eIMISIABYaRT
U5ANTSu (25:75)

(@) MstnziaBueas  D1-4G2-4-15 luomnsiasawadfiusdaindsy laeds

Sequential adaptation (0:100)
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2NN 4.7 waa D1-4G2-4-15 MWziagdlua1nsiagwsadnusaanngsy

(CD Hybridoma medium) 1n&33 Direct adaptation #aan1siwzdessaaiiung 7 Tu 9

[

ANRUEIBHY 9

25: 75 (10X) 25: 75 (40X)
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0: 100 (10X) 0: 100 (40X)

AN 4.8 wad D1-4G2-4-15 MNILLR8S USRS NTRANUSIAINNTSY
(CD Hybridoma medium) 1ngA5 Sequential adaptation Tugnsid@iuvesoMISIALUYAN

LEBUAIBT TR TALTAATIUTIAINTSN TIAIRIVEI8RANN

4.2.2 Hybridoma-SFM medium

mamziasasadlngldomisiasusad Hybridoma-SFM  medium (AMwauand
2.12) mansisenui dewdsuifleuaumnuiuwonead D1-4G2-4-15 vasiaveaedis
#® Direct adaptation wag Sequential adaptation (75:25, 50:50, 25:75 wag 0:100) Tu
ansiaead Hybridoma-SFM medium wuin Anavunuduvesadiiinzaedlueims
dosgadiaiudie 10% % faumuiuiugean Weifleufuamumuiutiuvesadly
0 1MsLasRwadTius AN ESuvetiaes widlowisuiisuaunuiniure ueadd
inzidedluemsiasaad Hybridoma-SFM medium fimiloufuudianisiassiiwansinaiu
it nansIsenummudureuwasinzasdluo s dsntasTiusAnnd sy Tneds
Sequential adaptation ﬁmmumwuqm'jﬂL%aéﬁt,?i”aﬂ@m%% Direct adaptation tag
Wisuifisuaunuiniure eaddimiziasdusimsiasueadfiusaandsulaeldis
Sequential adaptation ludasdusa q wuiiidnsid 75:25 PR VRIRIEAGE) e
Weufusnsd@Iuit 50:50, 25:75 uaz 0:100 ANAIFU ANLAAALAUILLLYDITAATIITIR
sonluamsiasawad Hybridoma-SFM medium #i@n172619 9 (A1ANWIN A A1579 A.3)
\wad D1-4G2-6-15 fiszey lag phase Tuiufl 02 vesmsmnzidsasad sver exponential
phase 13uufl 3 uarAuaniufl 5 veamameiAsayad gnvnewanlingyiesyee stationary
phase lufuil 6 vosmsmziAssas WudsrTuemsideagad CD Hybridoma medium

(mwﬁ 4.9)
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Sossuiieudeiifusvensad D1-4G2-4-15 7ilFinsen Tuomsiapuvediiasy
de 10% @50 uavluermsiasaeadfiusaanngsy (Hybridoma-SFM medium) wui
WosidudwadSuduventad D1-4G2-6-15 AifdRnsendiuanni1 90% rewfiay subculture
aduomsdoaradfiunendsy Tnefiedduivecead D1-4G2-4-15 AidAnTiaodae
3% Sequential adaptation fiedifuduansad D1-4G2-4-15 HiTAnsERLNNITASTIAS
10633 Direct adaptation uezwasiuzdeduemsidswvadivnanisaleeia
Sequential adaptation #dnsdw 75:25 fedfidusvensad D1-4G2-4-15 7ifiTinsen
geanuazRdad 50:50 esidudeuiTinsonunninfidnsidin 2575 wag 0:100
auddy Wodudmnuiidinsenlusmsiaeasas Hybridoma-SFM medium #ian1igeng
9 (MANWIN A 1519 A.4) LUeslduRnsTenTinveuwaalagdd Direct adaptation &
wltirasnsanategssninirasinztodneis Sequential adaptation
Wuiafiunnsiaeedae CD Hybridoma medium (nwii 4.10)

nswisuiisunsranilulrausaneuivenveasad D1-4G2-4-15 lusmsiaes
wadiasude 10% 451 warlustmsiasaadfiusaaindsa (Hybridoma-SFM medium)

AauyiuTans wudead D1-4G2-4-15  @nunsandalululaausatoufiuedndnnigse

wauRuluIYE flavivirus TUNIIUB ISR ATAANLESUAILTSULALUTIANTTUVRIVIIE DY

[
=< (%

Fnsdsdinsnanlilulnauesaueuiveisuius s fuusnrsinsinnziEsLeaduasnanly
Tulrausauaufvedldrgandunasiilndifesiu nszasduaunsaldlévaesislunis
nzdeuwad D1-4G2-4-15 ilenanlululrausaweufiven (nmdl 4.11) Snvarveusad
D1-4G2-4-15 Amnzidesluemsiasasadiiusaandsa (Hybridoma-SFM medium) Ine3a
Direct adaptation &sneiseadidung 7 fu (nndl 4.12) uas Snvazvougad
D1-4G2-4-15 Amnzideslusmsiasasadiiusaandsa (Hybridoma-SFM medium) Ine3a
Sequential adaptation wdsdsseadifuna 7 Tu ifmdwenesg q (i 4.13)
WUINEad D1-4G2-4-15 iwzdedlneids Direct adaptation fidnwarvenvaddnlngdu
gaundn o warmeInNIWad A 8aETs Sequential adaptation Ineisadanlng)
Y o

a A ) ¢l X % & ¢ .
JUANWEUSIND 13 YDULIYU bYULAYINULLARVLNILLAUINIYD1NRTEAELaa CD Hybrldoma

medium

Ref. code: 25595609032080CWR
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ANUNUILUUVDILYAE D1-4G2-4-15

3,900,000

)

efp— 10% FBS
3,400,000

a _aa

el Direct

adaptation

2,400,000 75:25

2,900,000

¢

anadaaans

(1@

'3

AMUNUIUUYD LGRS

1,900,000 50:50

1,400,000
e 25:75

900,000

400,000

a ()

AN 4.9 NSIUSIUTEUANUNUILUY D1-4G2-4-15 NLTINTo0 Tua1msiaguwas

AEsumY 10% @50 warluomsiasasaanusAmngsy (Hybridoma-SFM medium)

(-4 msnzdsuead D1-4G2-4-15 luemsiasawad RPMI 1640 fiidSudne
10% @34

(-m-) Msinzidsasad D1-4G2-4-15 Tuensidsuwadiusiaanndsa Tne3s Direct
adaptation

(A2 MIzELead D1-4G2-4-15 ne3s Sequential adaptation lugnsna
SYWING T5%  U090IMISLABIYRaTIATUAIY 10% T3 sie 25% T8I0 MNSLABUTART
U51A91nT5U (75:25)

(X) M3mziEsead D1-4G2-4-15 Tagd3 Sequential adaptation lugnsna
5¥WI10 50%  W80IMISIABITARTILESLAE 10% T30 e 50% W8 MISIABYART
U51Aan@5u (50:50)

() Mswziienead D1-4G2-4-15 Taeds Sequential adaptation lughsndau
SEWIN0 25%  W80IMISIABUTARTIES LAY 10% T30 e 75% w8teMISIABYaRT
U5ANTSu (25:75)

(@) NstNNzLAsIas  D1-4G2-4-15  lusmnsiasamasiusirandsy Tneds

Sequential adaptation (0:100)

Ref. code: 25595609032080CWR
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Wosdudvaawad D1-4G2-4-15 NNl InTan

100 =l 10% FBS

&
[l .
g§ 95 v / = —J— Direct
_ES > adaptation
g 75:25
5 90
@
= 50:50
X 85
= 25:75
80
=) 0:100
0 1 2 3 4 5 6 7 8
1381 (3W)

]
aaaa

AWA 4.10 nsilSeuisulUesidudvaawas D1-4G2-4-15 8T Ansan Tuans
Wdeagaaiiasunig 10% &5y wazlue1misifeuwadnusnaa1n@sy (Hybridoma-SFM

medium)

(4 nsziEsaTad D1-4G2-6-15 luemsiapaead RPMI 1640 Tiadudae
10% @34

(-m) Mszidsasad D1-4G2-4-15 Tuemsiasuwadiusinanndsa Tne3s Direct
adaptation

(A2 MIzELead D1-4G2-4-15 Tne3s Sequential adaptation lugnsna
SYWING T5%  U0I0MISLABIYRdTIATUAIY 10% T3 sie 25% T8I0 MNSLABTART
U51A91nT5U (75:25)

(X) M3wnziEsaead D1-4G2-4-15 Tagds Sequential adaptation lugnsndu
5¥WI19 50% W80 IMISIABUYARTIES A E 10% T30 e 50% W8eIMISIABYART
U51Aan@5u (50:50)

() MsIELABNTad D1-4G2-4-15 Taeia Sequential adaptation Tugmnstaiu
SEWIN0 25%  WB0IMISIABUTARTILESRE 10% T30 e 75% w8eIMISIABYaRT
U5ANTSu (25:75)

(@) MstnziaBueas  D1-4G2-4-15 luomnsiasawadfiusdaindsy laeds

Sequential adaptation (0:100)

Ref. code: 25595609032080CWR
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nsHanlululAaudALIUAUDAYRILYAd D1-4G2-4-15

4.5

4 )= 10% FBS
3.5
«={}= Direct adaptation
3

2.5 75:25

a9t 492 wiluins

2
50:50

Aganauu

1.5

1 e 25:75

0.5
—@—0:100

0 1 2 3 4 3 6 7 8

a1 (3w)

AMNN4.11 nsUSeuisunsaniululaausakaufusfveead D1-4G2-4-15 Nl

339 Tue s usaamasualy 10% 354 warlue uisiagwrasnusiAanndsy

(Hybridoma-SFM medium)

(-4 msnzidurad D1-4G2-4-15 luemsiasawad RPMI 1640 fidsudne
10% T34

(-m-) MsinziasaTad D1-4G2-4-15 Tuemsidsuwadiusiranndsa Tne3s Direct
adaptation

(A2 MIzELead D1-4G2-4-15 Tneds Sequential adaptation lugnsna
SYWING T5%  U0I0MSLABIYadTIETUAIY 10% T3 sie 25% T8I0 IMNSLABUTART
U51A91nT5u (75:25)

(X) M3wnziEssead D1-4G2-4-15 Taeds Sequential adaptation lugnsndu
5¥WIN0 50%  W80IMSIABuTARTIEs LAY 10% 850 de 50% W8d01MsLapaeadi
U51Aan@5u (50:50)

(o) MswziieLead D1-4G2-4-15 Taeds Sequential adaptation lugnsndau
SEWIN0 25%  WB@IMISIABUTARTIES LAY 10% T30 e 75% w8teIMISIABYasT
U5ANTSu (25:75)

(@) Msziasarad  D1-4G2-4-15  lusmnsiasueadnusiaandsy laegia

Sequential adaptation (0:100)

Ref. code: 25595609032080CWR
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4X 10X 40X

AN 4.12 Wwaa D1-4G2-4-15 MnnztagsluaIvsiaeuwaanusiAanngsy

(Hybridoma-SFM medium) Tag?35 Direct adaptation wdudsasadiduaan 7 Yu

o v |

ATANVYIURAN €

25: 75 (10X) 25: 75 (40X)

Ref. code: 25595609032080CWR
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0: 100 (10X) 0: 100 (40X)

AT 4.13 wad D1-4G2-4-15 MW12La89lueMnsa8ugaanusAangsy
(Hybridoma-SFM medium) 19835 Sequential adaptation N8R IUVDIDNTLALULAAT

'
[ [

LESNAMBTINADOMTIRBNTARNUTIFRNTSH NASIVI8A 9
4.3 NMsvinuIgnslululaaueauauiuad

Mnmaivesmauniionsneuildnmanizsdseadluemsiivsmain
%1 Ao CD Hybridoma medium uaz Hybridoma-SFM medium vessdesiaildiasead
f® Direct adaptation wag Sequential adaptation wad@suAILTNWIzYRUlUlAAUDE
LLauﬁuaﬁﬁiaLLauﬁLﬁ]uﬁagjﬂlu%ﬁa flavivirus T0e33 tryping ELISA Huainuan1snageunuia
Tureunanmiongnauildainnsmnedsnsadluemnsiiunamndudarudumzvedla
Tulrausausufiveddeusufiauiiogluita flavivirus Inimesvainiensneutusnii
U3gvilaeisuduinnsanazneusieindousslindendamndaduisfannsoanuiuna
feganagiugnssuylulnayauldituils Ineindeusuluiendaminduiifuuldaiu
udugavinedu 50% indeuenluioudauinduin udnnismnagneuingnauiildin
azanedae 10 mM PBS wvhusavdluduneusioly Tasléisnmmhuianiuazaosuilude
3.6 Fapeduil Econo-Pac 10 DG desalting column lddmsuinieusiagraiiaonnie
wosluflondauniiuzuuagiumedslutunounisannznouaen ndsaniises sy
Aedutluda SuhumedeulSinasndousyluideudaingae Nessler’s reagent thenuiiai
wisnTuainnsraudsenaaslsd (HeCl) TWadeulololas (<) luasazaresnsiilale
ansUszneu KHl, LAt Gﬁﬂaﬁmﬂsaﬁﬁﬂﬁﬁ%mﬁ’uLLamIaJLﬁsﬂﬁ (i 4.14) sl ldnznou

P P P Y a AN A ) ' o
dndes du visermatuivUiinaneludlenfegludiogns (nwil 4.15)

Ref. code: 25595609032080CWR
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2N

2 K,Hgly + NH; + 3KOH —* O NH,l + 7 Kl + 2 H,O
\H/

AN 4.14 Nessler's reagent vufAsendukenlullelanzneudvdes du viiauiniatuiu

Usunauenlaily (Zhou & Boyd, 2016)

27 4.15 fog1erednll Econo-Pac 10 DG desalting column wazinanvadeunie

Nessler's reagent

= U

Welivsnannfeweuludendamneg Usunaunnvivillienaaeuuailingnoud
a v o 1 d' X s a a I~ Y] | o 1 =
wideseuduludiegeivaasy widldivTunaundeueuludoudainnegludiagiaile
nagouLalIfiegsazaududunladuiy 9 nduddiedesiiiuneduy Econo-Pac 10 DG
desalting column :mLLEJﬂaugiuiﬂauﬁuimsl‘i’fﬂaéjuﬁ Econo-Pac Serum IgG Purification
= [ U I 1 [y 4 Y A a a aa J
column  FwmdsandegisknuneaudazlauSuuasazane oG Usu1ws 4 Uadansme
fraction a8 1 seUv0INIYIUTaVEaLlavianua 5 fraction e fraction lUinuTuna
TUSRUNIMUANAIANTULES 595 WTWWAT (ATARWIN 4 A1919 9.1.1) 9 ndutnass

=

N9l (il 4.14 uag awdl 4.15) wuiiazdidiuvesseniindaiu fraction Aifldgandu
wasfisnniian 1-3 Sufu wandugavesnswiieglursnandun) dusufuiiefazlua
U3 1gG Aldannsviuianslagds ELISA sely Ssiinalusiuimuaduanansafuan
WisuAulusAusmsgiu (BSA) (nwauanil ¢ 2.3.1) uazAedAsAganAulaaz Ui
TWsuluownsideawasd CD Hybridoma medium wag Hybridoma-SFM medium Tngld3a

Bradford assay (A1ANUIN 9 ANFINUINT 9 2.3.1 uae 2.3.2)

Ref. code: 25595609032080CWR
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TasunwnsuUsu1lUSA UL

0.9

0.8

595 U TULLAT

0.7

A

ANNANAULAIN

0.6

0.5

q

04

0 1 2 3 a
Fraction

(S}
o

2416 lasuilvunsunisinusinalusauviavaaiiriganaunas 595 wiluling

Youwadngniiesluemadeusas CD Hybridoma medium

TasuNwNsUNTInUSINULUSAUN VLA

-
=

< 09

=

=

=

= 08

o

n 07

-

© 06

=

1@ 05

[em

=

& 0s

& 0 1 2 3 4 5 6

Fraction

AN4.17 lasunlnunsunisinusunalusiuiavaniaiganaulas 595 wilumns

voaangnidedluemaiesead Hybridoma-SFM medium

Ref. code: 25595609032080CWR
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4.4 MydauTunaduylulnayiy
n3IauSunalusiulaeds ELISA tdudududedinsidenduines (blocking) 7ile

&Y

= v A = o Y a a a « v Y a
aanduuadlng 0 annfigaiiesainagyinbilaUsunaduylulnayduiignseawyiase szt
=
Q)

4 IS

wndudesdimmageutiieide 3.8.1 Tnetesiidenminnnaaouomnail 3 win
Ao

(1) 13.5% Normal Human Serum

(2) 5% Skim milk + 1% Tween 20 Tu 10 mM PBS i pH 7.4+0.1

(3) 0.5% Casein + 0.5% BSA lu 10 mM PBS #i pH 7.4:0.1
mﬂﬁhLaﬁaﬁﬂ@mﬂﬁuLLaﬂmaﬂﬁwLW@%ﬁﬁwmmaaU (151971 4.1) nuiufleneaeuiiles
Tneld mouse 19G Airududiusing q dus 0-1 lulnsndudefadans Anedeiildainnisia
ApAndunasd 595 uiluang 16 finrandudu 0 lulasniudediaddnstu ddwines 13%
NHS Tanedsvesrgandunanyiniu 0.100 @udvimes 5% Skim milk + 1% Tween20
Teadnvesrgandunanyindu 0.001 wag (e 0.5% Casein + 0.5% BSA Trade
voarganduayinfy 0003 eAsamnisuifisutunui Aindsvesdngandu
wasvos UWines 5% Skim milk + 1% Tween20 wag 0.5% Casein + 0.5% BSA dif
TndiAes 0 annfigndamnzaudmiunmahlulfidudrmeslunisinuium s Tne3s
ELISA m@ﬂﬂﬁmmwmﬁ’wLW@%ﬁqawmﬁ@ﬁmmmLﬁamwaq Goat anti-mouse 1gG-HRP
1:1000 waz 1:2000 (AAKWAN € M519 9 2.1) Feenuddeiildidon Triwles 5% Skim milk +
19 Tween20 1114 iifosarntuneumswssutmlesieuazldinainismioutosninnis
w3ey Yaiwes 0.5% Casein + 0.5% BSA

N1SNAABUAINULTNTUYBY conjugate dmSutuldinuTu1avesBuylulna
yaulaeTs ELISA dade 3.8.2 1ty Aadsriganduuasmes Goat anti-mouse IgG-HRP fiAa7
F0919909 9 (AMAKLIN 1 A1919 2.2.1 waz A58 2.2.2) wudniimnaduduves Goat anti-
mouse 1gG-HRP (conjugate) 7in1x39919 10,000 111 ﬁh@jmﬂﬁuumﬁmwmsﬁmﬁu IsG 74
q tuflnegaening 0.000-1.661 wazszeznarlunangaufiten 15 unil deegseuing
30+15 Wil aufirnualifadenld Goat anti-mouse 1gG-HRP fin1339919 10,000 111
dlodentniestagld 5% Skim milk + 1% Tween 20 uag denld Goat anti-

mouse IgG-HRP 7iA1mLF0919 10,000 Wi tleldlunsyuImaduylulnayausede 3.8.3
wazAualagldnsmlusfiuunsgiuves Mouse 1gG Aianandudusing (nakuan ¢ aw
wuandi 9 2.4.1) vlFlAUs Il sRutoen wesdiinuduylulnayiuluomaidsasad

CD Hybridoma medium Wag Hybridoma-SFM medium (mﬁ']\‘l‘f/'i 4.2 waz A13197 4.3)

Ref. code: 25595609032080CWR
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pruddu Mnwadiigninizideddueimis CO  Hybridoma medium a3 Direct
adaptation  villdusunalusiuionuenade 307.58+90.52 lulpsniureiadans uay
Usinaduylulnayduadewinfy 36.47+6.22 lulasniudefadans diulidsalned’
Sequential  adaptation ¥inlldUSunalusiiutenunade 359.96+89.89 lulasniuse
fadans uarUinuduylulnayduadowiity 38.68+6.32 lulasniudeiadans aniwad
gnungidiedlugmsidsasad Hybridoma-SFM medium Tag8 Direct adaptation vil¥ilé
USnaldsfuiemuniade 361.60£90.52 lulasniusiofiadans uazUiinabuglulnaydu
WAswiTu 41.82+5.93 lalasnSusefiadans dufinisideddnedd Sequential adaptation
yhlldUalusiuianuniade 425449058 lalasniudefinddns uazUhinaduylulnay

Audswiniu 68.88+8.18 lulasnsuseladans (m15199 4.3)

M13199 4.1 ARGeveAIgAnAuLas 595 urluwns vesdwimlesniumegeudwiuldly

nsiaUsunaduilulnaydu (IsG)

AMULIUTUY Uniles

Va4 IgG 5% Skim milk + 0.5% Casein +

(pg/mD) A B 1% Tween20 0.5% BSA
0.000 0.100 0.001 0.003
0.150 0.742 0.694 0.695
0.031 1.209 1.006 1.011
0.062 1.652 1.256 1.273
0.120 1.967 1.413 1.650
0.250 2.188 1.585 1.807
0.500 2.359 1.667 1.737
1.000 2.460 1.953 1.969

Ref. code: 25595609032080CWR
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a9 4.2 YSunaldshunmuawazyTunaduylulnaydvluemisifeagad CD

Hybridoma  medium (pg/ml) a9 1nduABUANTYINUTENT VRS anti-flavivirus  group

antigen clone D1-4G2-4-15

Direct adaptation Sequential adaptation
SR Usunaulushu Usunaulushu
£ q Usua IgG & Usunal IgG
NINUA NINUA
1 72.5160 20.7400 80.7006 21.3773
2 1.37.9931 278112 228.0242 29.2783
3 481.7482 47.3542 612.7026 50.9902
4 825.5034 73.6621 881.1589 75.9436
5 732.1984 65.7697 776.3955 67.3570
6 324.6030 36.0794 383.5325 40.8076
7 296.7752 31.5695 319.6923 33.8310
8 105.2545 23.6771 177.2794 25.8218
9 56.1467 19.5430 72.5160 21.1640
10 43.0512 18.5020 67.6052 20.2155
v’i"ILQa‘IEJ 307.5790 36.4708 359.9607 38.6786
f’i’]LﬁENL‘lJuﬂJ"Iﬁligﬂu 286.2460 19.6633 284.2505 19.9760
AMUAMALAGOUYRIAREE  90.5189 6.2181 89.8879 6.3170

N o a Yaal
TnUsueulnglgis Bradford assay

" SaUsunadlaeldis ELISA

Ref. code: 25595609032080CWR



90

M1319% 4.3 YSanalushunmuasarUsinasuylulnayiuluemnsidesead Hybridoma-

SFM medium (pg/ml) #asanduneunsyinusansves anti-flavivirus group antigen clone

D1-4G2-4-15
Direct adaptation Sequential adaptation
yaANA Usuaulusau . Usinalushiu
& 1 Usua IgG 5 Usueu IgG
NINUA NINUA
1 126.5346 28.5628 175.6425 43.5959
2 192.0118 31.5695 224.7504 54.1191
3 535.7669 51.8641 584.8748 81.9302
4 879.5220 77.4203 944.9992 99.9699
5 786.2171 70.0541 868.0635 107.6368
6 378.6217 39.8376 394.9910 92.4534
7 350.7939 38.3343 416.2711 75.9170
8 159.2732 30.9681 290.2275 53.5177
9 110.1653 26.3079 208.3811 41.3410
10 97.0699 23.3013 146.1778 38.3343
v’i"lLQgEJ 361.5976 41.8220 425.4379 68.8815
F’i’]LﬁEJ\‘lLU‘LJSJ’WISﬁ’m 286.2460 18.7488 286.4238 25.8818
AMUAMALAGOUTRIARRE  90.5189 5.9289 90.5752 8.1845

[AIEY] a Yaal
TnUsueulngleis Bradford assay

" Yausunalesldis ELISA

Ref. code: 25595609032080CWR
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M19197 4.4 asuUsinalusiuiamuasarUsinasuyglulnayauluomsibedsadnusimain

F34 (ng/ml) NFINTUNBUNITINUIANTVBY anti-flavivirus group antigen clone D1-4G2-

4-15 (WEANIHALAYARAY+ATIAINUARIALARDUYDIALRAY)

asianwad Direct adaptation Sequential adaptation

= =g Usunaulushiu Usunalushiu

msAnYsa Y U3uau IgG” . U3uau IgG
NN MU

CD Hybridoma medium 307.58+90.52 36.47+6.22 359.96+89.89 38.68+6.32

Hybridoma-SFM medium 361.60+90.52 41.82+5.93 425.44+90.58 68.88+8.18

A58 4.5 aguAnisvadeuneaiivesemsiieawad CD Hybridoma medium uaz

Hybridoma-SFM medium 7135n15La84NLANAINAY

F - test T- test
pwnsihgawas  USunalusiu s Usunaulusiu
, , y Usua 1gG ; Usua IgG
NUAINTITY NNUA NINUA
F Sig. F Sig. T  Sis T Sig.
CD Hybridoma
0.052 0.821 0.016 0.902 0.400 0.694 0.249 0.806
medium
Hybridoma-SFM
0.001 0973 3.045 0.098 0.499 0.624 2677 0.015
medium

Ref. code: 25595609032080CWR
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1%
aad (Y a

nsasuAanAfiugIuresiiLlImu (Usnulsiunmuaiasusunusuylulnayau)

3 Y
[ £%

Tnesuunauisiiesyad (Direct adaptation uaz Sequential adaptation) luamsides
wad CD Hybridoma medium wag Hybridoma-SFM Tnenavaslusunsy SPSS 1asdu 20 7
nsvaseuifsteluil

msvaguATILUs LRI SnulUsiutvnildnnisadignine deduoims

\Agawad CD Hybridoma medium (Inglg@1adiil F-test ) Usang3n e F-test iy 0.052

o w aa

NpdANIeana (Sig) Nszau 0.821 1AIMINNIT 0.05 Wansd1 ANULUTUTINYRIUTUIM

'
°o w aa

TUSAUMINUATILINZ LA YA AIUED I NI TINZ A NLANAS A UeE 19 T T d1Agynsada

dUN1INeERUANNRUTUTINYBIUTIA 186G UsINg31 AN F-test wirriu 0.016 rleddgynig

'
a =

aii (Sig.) Nigstu 0.902 deAnndn 0.05 wanedn ANuLUTUTINYBIUTINUBUylulnay AU
IWglasTaamBdaIo NSz sAnAueg 1 lilidud A 1En A
d' ~ a ' a a a O av v s
nsnadeuItalUTsuguAtade vesUSualUsiuanualaaneadign

wnzidedluamsidetas CD Hybridoma medium (ngldradia T-test) Usingin an T-

a

test WAV 0.400 HtvdrAgyn19ana (Sig) N5zAU 0.694 HAMINNT 0.05 LARIINITNLS

LAY ARNIIEDIID L UDIMISIASUTAALUULAEINY AR IUSU Ul UTAURINUA

waneineiueg e liitedAyn1sadi@anszau 0.05 1ae3s Sequential adaptation HU3ua

'
1 A

lUshunmunadegendnie Direct adaption @un1svageuiteIeuiguAadevadlusiu

o w

IsG U51n931 A1 T-test Wiy 0.249 feddgyneana (Sig.) fisziu 0.806 fiAunnia

<

(%

0.05 WAAIINISAITNIZLALUYARNIADIID L UDIMNTIAUTAAWUULALINUALRALVYDIUSU

o w

TWsfu 166 wnnesfiuegnslafiduddyniadffisedu 0.05 1835 Sequential adaptation
Lafﬂiagﬂﬂdﬁ% Direct adaptation
nsnadeuAuLlsUTInveialsiiutomaildnnwadiimnzidedy
91 91ABEAd Hybridoma-SFM  medium  (IngldiA1adf F-test ) Usingdn A Fotest
WU 0.001 Sifedduneadn (Sig) fisedu 0.973 FAmnndn 0.05 wansin AALUTUTIY
veslSmalusiutmuniinnzidowsaddegodiinsassunnsiaiuedsldiivod fynis

a 1

atd dunsnadeuauwlsUTIUTeIUTINMBuylulnaydy  Usingidn A1 Ftest Wiy

= Y

3.045 fvsd1Agyn19ana (Sig) N15zAU 0.098 UAIWINNTT 0.05 KAAIIT AULUTUTIUVDS

v o w aa

USunaduglulnayduimzifeseadmeaeisnsidewnnsiuegslifiveddgymeada

Ref. code: 25595609032080CWR
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nannaeuifialIeuifleuaiads vesUinalusiuimunildaneadion
wngiAsneadluemsiisasad Hybridoma-SFM medium (agldaada T-test) Usingin
AN T-test wifiu 0.499 Sifudfeymneadn (Sig) fisesu 0.624 A1annndn 0.05 waneI1sa
THnzidsaradisaesisluemaisusaduuuifieniudnadovosusinalusiuimun
waneafueglifitedfyvnsadffisedu 0.05 a8 Sequential adaptation fiU3una
TUsAulaAugenin3s Direct adaptation drunsvaaeuiiioiUsuiiisudadsveslusiu IsG
Usingan A T-test Wity 2677 Tudifynsada (Sig) Aszdu 0015 fldtfesnin 0.05
wanaiIsTldne e seadisaeislue s dsnsadeiinfeituriaisvesimalusiu

I5G umnsaiuegelitedAymeatiafiseau 0.05 1agld Sequential adaptation Ladggini

75 Direct adaptation

PN | aa ao & s . .
M1919N 4.6 a?‘ﬂ?‘nﬂ"]i‘ﬂﬂa@umqqaamﬂaqaﬁﬂ’]3LW']3LaENLGUaaLLUU Direct adaptatlon LLae

Sequential adaptation 7ldsdluoMsiduTaaNILANAISTY

F-test T- test
N . Usunalushu / Usunaulushu
eFRENLETS % UYsunal IgG 5 Usuau 1gG
TR INTET
F  Sie F Sig. T Siee T  Sie

Direct adaptation 0.000 1.000 0.021 0.885 0.422 0.678 0.623 0.541

Sequential
adaptation 0.068 0.789 2097 0.165 0500 0.623 2921 0.009
msasUAaiffiugIuresulsny (Uinalusiuiomnuasyinuduylulnayau)

Iﬂm‘hLmﬂmmﬁuﬁmﬁummmﬂgmmaé (CD Hybridoma medium wag Hybridoma-SFM
medium) AaASA15EeLUU Direct adaptation waw Sequential adaptation Ingnaves
TUsunsu SPSS 11853u 20 Fivmsvaaeuiieelui (ms1edl 4.6)
AsnAgeUALuUTUTIwweslUsiuaunfinzidoaradlagds Direct adaptation
Tueaiisawadiivaessiin (lagldeadd Ftest ) UsIngd1 A1 Ftest Wity 0.000
Todfuvneadn (Sig) 7iszdu 1.000 FA1a1nnd1 0.05 wanedn AuLUTUTILYeIUSIa)
Wsiumunlueims e ueadndessiauanaisiuedcliiitoddynieadn daunts

v o

NAAUAINLUTUTINYDIUTINUBNYIUINAYAUUTING 1 A1 F-test Wiy 0.021 HadAgy
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MN9adA (Sig) NeeiU 0.885 AANINATT 0.05 Uand ANLUTUTINVBIUTIBNylulnaY

o w aa

Aullnzidsadme e siasgaayidesdaunnasiuegelulitdudAgniead

[
a (3

ANSNAFBULNDLUSBULNBUAILRASVDILUSAUTNINUA TINLLA89aaLAe3D Direct
adaptation Tuownsidssgaansaesyiin (eelda1ada Ttest) Usingin A1 Ttest Wiy

0.422 HtlvdrAgyn1sana (Sig) N19zAU 0.678 HAMINNTT 0.05 LAAIINDIMITALTNIZLALY

[ PN LY

wansasdadinadvresUSunalusAummuaianansiusgslidddedrAgnisedanssau

0.05 laga1sidsagaasiia Hybridoma-SFM medium HuUsunalUsAuriamuniaasdsnin

Y

mmn??mmaé%ﬁm CD Hybridoma medium drunsnegdeuiiaiUSoudisuadeves
TusAuduylulnaydudsingin A1 T-test wirdu 0.623 Sfadrfiymsadia (Sig) fisediu 0.541
fifnannnt 0.05 wansiemsildmnziisaradassiiaddiadovesUmnlusiuduyly
Tnayduuandstuegrsliidedidynisadifszdv 005 Tagomiadsausadvia
Hybridoma-SFM medium ﬁﬂ‘%mm‘lﬂiauﬁmﬁﬂﬂagauLaﬁaqmd’]amm?:mmaémﬁm CD

Hybridoma medium L¥uLAgIAY

N1INAFBUAMNLUTUTIUVDUTAUTINUA NN Z a8 Lwaalnedd Sequential
adaptation Tuosidsaeadnsaessiin (nelda1ads F-test ) Us1ngin a1 F-test iy

0.068 AtipdAyNNana (Sig) N152AU 0.789 HUAININNT1 0.05 LAAIT1 ANULUTUTIUTDY

o w

U3l Us AU IUA TN ZL A8 aa MM SL AL NIa@RIT RAWANANI AU g 19 ke dAny

o

N9EdR d1unN1INAaUANLUTUTIVVEIUTINABuYUTNayauYIINg TN AN F-test Wiy

'
al

2.097 fvsd1Agyn19ada (Sig) M52 0.165 UAIWINNIT 0.05 KAAITIT AULUTUTIUYDS

Usunaduylulnayfuinigideueadmeainisiisugaaniaosyidaunnd1eiueg1elaidl

Y

HydA

[

UN9EDR

o

nsnagaULiiallIsuisuaafsredlUsAunsiuainzideusadlngidd Sequential
adaptation Tuownsidessgaansaesyiin (aglda1adia T-test) Usngin A1 T-test windu

0.500 Hpd1AgyNIeana (Sig) NIzAU 0.623 HAIWINNIT 0.05 WAATINBIMITNLTLINIZLAYY

'
aa [y

wanasrndaaderesUTunalusiuiuiaianasiuesgsliidedAgynisedfnszau
0.05 lngomsildwizidsawaatia Hybridoma-SFM medium fuSunalusAunsmuaiage

i & ¢ a . . ! P = a ! a
Ej\‘iﬂ’)']@']%']il’aﬂ\‘il,‘fjaa?ju@ CD Hybrldoma medium @IUNISNAABULNDLUTLULNYUALRAY

C

vaalusAuduylulnaydulsingdn A1 T-test winiu 2.921 ddeddynneadia (Sig) Nsedu

(%
Y a

0.009 fAeN31 0.05 LAAIINBINISN Y NIZLASUYARNIFDITRATARAYIUTUN

v o

Tshiu Buglulnayduusnseiuegilideddgnisadanseau 0.05 Ingemsiizideuad
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¥iln Hybridoma-SFM  medium  #Usanalusiuduglulnaydudsgnitenmsideweas

%¥im CD Hybridoma medium

agulddn flemnzidsasad D1-962-4-15  TuenaiAsawadfiusaandsy (CD
Hybridoma medium uag Hybridoma-SFM  medium) Tagld3amsimneiasandis fe
Direct adaptation Wag Sequential adaptation lnetUIsulisunuLUTUTINTDIUTIN A
TusfutomauasUinaduylulnaydureniaeisuaremsdsneadieansia 404 F-
test TunsvaaeuANLUsUsIL Ui AnuuUsUsIUlinandsiunsada WeRiansannis
nagouiienIsuioudiadsreddusiuimunuasUiinaduylulnayaulagld T-test wuin
AndsvesUmalusfuiaunuesisansituazonmaifeead eansdaliuansatumg
affuArdsvesUsnadugiulnayaulueaiisnsad Hybridoma-SFM medium iield
Fawsdssiwnsatuatedsvesinasuyiulnayduiauusndsiumadiuasiile
WisuieuAndeySunn amgiuiﬂagauﬁLWWSLé{ENIﬂEJSJ% Sequential adaptation Tua1113

LAeUradNIanIvrlalANULANANAUNIEDR

4.5 NAFDUANNINNIZUDY anti-flavivirus group antigen clone D1-4G2-4-15 ¢
LaUALIY

dleth anti-flavivirus group antigen clone D1-4G2-4-15 ﬁﬂhuﬂ’]iﬁ’m%ﬁjm‘ﬁg
NYINITNAARUAMNT NN IZROLOUALAY LnelduouRlaume Dengue virus typel Uag
Japanese Encephalitis Vaccines taun CD.JEVAX® (Inj.) ¥8¢ US¥N Chengdu Institute of
Biological Products Usginadu, IMOJEV® 903US®W Sanofi Pasteur Ltd. 1nUszine
geawside, JE. (Beijing) - GPO vadasAnIsndunssu Usemalve wag JEVAX  v0eUSev
Liaoning Cheng Da Biotechnology Co., Ltd. Usginadu Imsﬁ’mﬁhaﬂﬂﬁuumﬁmmm’;ﬂﬁu
492 wlulms AedsAiganAulAssEURUs AR UALILNSRIEIUNNTITe RS 4
(AIAKLIN 4 A1TIIHUINT 9 2.5.1) HANTNAROUAIIUT AN anti-flavivirus  group
antigen clone D1-4G2-4-15 siauaufiay (M15199 4.7) WU anti-flavivirus group antigen
clone D1-4G2-4-15 fianusnmissousufiau Moun Beijing-GPO, JEVAC'" way Dengue
virus typel Bslmgandunasdinueniady 492 ululuas anndvdeiviniu 0.200 e
Tiwauan (positive) AulouAlauLag anti-flavivirus group antigen clone D1-4G2-4-15 14id
mﬂ:mi’ﬂwasm'aLLauﬁLw%ﬂﬁm@mﬁuLLmﬁmmm’mﬁu 492 unluAs U9ena1 0.200 #30
Tnaau (necative) Auwouau 1dwa CDIEVAX Inj. uay IMOJEV® &3 Beijing-GPO 1Ju

[

Trguvliaweneniniziieueluaueany (Inactivated mouse brain JEV) lagazanae
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¢
a 2 ! v

h¥amevesunaulazsinunszuiumsilnuians dwiadu JEVAC Juteduriaidonsd
Tnefiananzdewuilnead suuuumiuisdunionanniamzidoaiewus Bejing P3
vidlswaduazvhlfideneseunusdlewanlau (beta-Propiolactone) way Densue
virus typel Lﬂulﬁaﬁdaiﬁﬁmimisﬂlﬁamaaﬂﬁaq'slulmﬁ?{ﬂaviviridae druindu
cDJEVAX Inj. \ufedudeduiivilidounns dddannsmsdedsfaldavesdniauiad
anenug SAL4-14-2 luwadlnveanyueuames (Primary Hamster Kidney : PHK) fwen
sonuneidsndumadiuioinas Yadu IMOJEV® nanlaslumadaiugimnssulasnisda
fuanu PV wag E vashialvausssniauiadaneiug SA14-14-2 Tawunluunu 18u PrM uas
£ voshialumdes aeiug 17D ielulali3aiil structural protein wilouli¥alvanes
SmauLas uawdl nonsstructural protein wiloula¥aluindos msizaztu anti-flavivirus
group antigen clone D1-4G2-4-15 ﬁﬁwumsﬁm%qwéuﬁaﬁmmaﬁ’%wwﬁ’ui’ﬂ%uﬁﬁma
Snauiiduoniouazlada Dengue virus typel 6?5@L‘fJuéTaLmueuaal’g%’aﬁagstULLWﬁ?i

flaviviridae

A151991 4.7 NaN1IVAFBUAIILINNIZUDY anti-flavivirus group antigen clone D1-4G2-4-

15 poLauRLau (positive >0.200>negative)

9A3187UN5LADY anti-flavivirus group antigen clone
LOURLIU D1-4G2-4-15
Tieans 1:2 1:10 1:50
CD.JEVAXInj. - | ] ]
IMOJEV® : - ; ]
Beijing-GPO + + + +
JEvAC™ + + N N
Dengue virus typel + + + +

Positive (+) #u1904 anti-flavivirus group antigen clone D1-4G2-4-15 &
ANIUNIZADLOURLIY
Negative (-) %1883 anti-flavivirus group antigen clone D1-4G2-4-15 lgjﬁ

AU NNIEADLDURLIY
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4.6 NAEUAIUAINUYDY anti-flavivirus group antigen clone D1-4G2-4-15

(uguuuuin)

N1INAFDUAINUAINUYBY anti-flavivirus group antigen clone D1-4G2-4-15

a

Meun13vinusgns laeulineamagll 20 esrigaided fe3s typing ELISA aude 3.7.1

q

[y

UL UALAUNTANUT NN Z AU

Y

@ flavivirus fi® Dengue virus type 1 nduanii 1lurian
12 U9 WU NAABUAIIUAINUTOY anti-flavivirus group antigen clone D1-4G2-4-
15 fIANAIILF9919 1:10, 1:100 waz 1:1000 Tupsausnduansidl 0 Winaidu positive N

AULIDD (MN57199 4.8)

A1997 4.8 HANITVAGDUAINAINUVD anti-flavivirus group antigen clone D1-

4G2-4-15 (positive >0.200>negative)

s ATN151383749 anti-flavivirus group antigen clone D1-4G2-4-15
1:10 1:100 1:1000
0 0.997 (positive) 0.834 (positive) 0.241 (positive)
1 0.991 (positive) 0.802 (positive) 0.209 (positive)
2 0.993 (positive) 0.836 (positive) 0.219 (positive)
3 0.990 (positive) 0.822 (positive) 0.232 (positive)
il 0.981 (positive) 0.847 (positive) 0.204 (positive)
5 0.991 (positive) 0.819 (positive) 0.242 (positive)
6 0.973 (positive) 0.807 (positive) 0.238 (positive)
7 0.952 (positive) 0.811 (positive) 0.206 (positive)
8 0.964 (positive) 0.835 (positive) 0.244 (positive)
9 0.913 (positive) 0.799 (positive) 0.195 (negative)
10 0.942 (positive) 0.784 (positive) 0.183 (negative)
11 0.927 (positive) 0.792 (positive) 0.196 (negative)
12 0.905 (positive) 0.795 (positive) 0.197 (negative)
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Slovaaeuyn q dUasi nudn Tuddawid 1-8 el positive A
Foa1uduierfudunviil 0 uaznaasuaduamuseiodluduaif 9-12 Tinaidu
positive 7iA1ANT0919 1:10 waz 1:100 inawdu necative fidnaruiiosns 1:1000 3
a1unsoaguladn anti-flavivirus group antigen clone D1-4G2-4-15 #AuAINUMEaUU
dasin 0 liwAsuuas aunawiuly 8 dani fgamadl 20 ssmwailea wuin anti-
flavivirus group antigen clone D1-4G2-4-15 fipuasnuanat tnsanadludua1vidl 9 fian

AMUED919 1:1000 Fal¥An negative

NNUANTIFENNAIIUATWYITINER a0 TaRsUUNANIIREY
ARRUNIUINTAITINYIANENST UNINENaEULSAIT (NU. International of Science) &alasu
msneuiulideunanaideasiiuianngiansal (reviewer) (AMAKUIN ) FeunAuIdeil

anunsathllglunistnlasimsvesdrinaunamuatuayuniside (@na.) Tulasaniswmun

Y

UnIfuuaruideioanannssy (wie.) dyaasi MSD5710119 uazdelaunausltuiu

ya o

Uszuidvniseng 9 Weldunismewnsnuddeliiayselesiseld saudmnadiden

q

[

Lo

1 o Y a o v a

AuNEeATasveR LY MR UANTURTAmMTUITMTIzdsradlu I siaewad

Us1ANNYSudNee
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d3UNaNsAB AT UaLE UL

msv‘iw%qw%“lmiu‘lﬂaua'ﬁLLauauaﬁ anti-flavivirus group antigen clone
D1-4G2-4-15 wieldlunsiaunTusiuvinfaveshialsaldanessniauadlufia Taenis
WNEABUaE D1-6G2-4-15 Fadu hybridoma cell Tupmnsiasawad RPMI 1640 filas
fe 10% F5uvesiiseugnts ndsanazaeiwaduduiuna 24 $lus Insdsueimis
{Ap9ad Liednaen freezing medium sen wasiasseadiendou subculture WWusAY
passage 8E9tan 3 passage Liiolhead D1-4G2-4-15 tuiinuudause augsaﬁw%auﬁ%

& o L3

3AUTalue 1839 NIUTIAIINTT F9A0tinITFUNARNYULVDILYAR TNUIUTAE

]
falal

wazlAvTRIMaIUTenznaUt19EELD 1audNYULYITAaNLTInTantUIIaNYLwad
q' ¢ a o & ' Y \ & ™ N Al

7 1 Ta vauwaas ey agAulunquanenisedu 1AD1M5LA8 AR NUISIAINNTSUN LT LU
NUITEUL 2 UL Ae CD Hybridoma medium wag Hybridoma-SFM medium  tagiud

<

Femsdsuvadesndu 2 33 Ae Direct adaptation waz Sequential adaptation Iagldigag
Sudu 1x10° waddefiadans Weasusmsidswvadiiasudie 10% d5udusmsiaes
wadTUsIrNTsuudadesdinsdunndnuaziad Suiuwad wasifiureunaimilenzneu
sgsasianeuiy threanaivionsnaulunadeuainusnzreweuRvefsowauflay
Tneld33 ELISA deanduiailunnnzneusieindeueyludoudamaiinududuantiie
Wiy 50% LﬁaLﬁumw‘hU%qm%‘sﬂ”’uﬁu sudinsanUiamesvamionsnoudiisliiaiig
Auduvedululaaveausuiivenuiniu waziidiedeiildndannisanaznoudiae
worludondauinuviuiandlaeliislasulnnsfluuudume Sdudofinnsanfiviunm
anti-flavivirus group antigen clone D1-4G2-4-15 ﬁiﬁwé’ﬁmﬂmiﬁ’]ﬁqwéuﬁu WUINDIT
Aougadiiusinanndduaiia Hybridoma-SFM  medium  faedlneds Sequential
adaptation lAUTu"a anti-flavivirus group antigen clone D1-4G2-4-15 g4gn wiidle
frsumisadfndianuwususuldunnaiatunieads lefiansainisnagauiie
WisuisudnadsvedusiuimuaasUiinaduylulnaydu  aesdsmansidsuas
pnsdsngadisaesyinliunneieiunisada FdlumafiRfidesnsUsinanavieild
Uszgndldlunimguamngsy anunsnidenliisnisimeifeaeaddies Direct adaptation
dlosnduisildszesnatlunisudn anti-flavivirus group antigen clone D1-4G2-4-15 &y

17179 Sequential adaptation A®75 Direct adaptation ldatlun1su@s anti-flavivirus
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group antigen clone D1-4G2-4-15 8819iloy 7 Tu @1u35 Sequential adaptation Tdiaalu
NMSHAR anti-flavivirus group antigen clone D1-4G2-4-15 981498 25 Tu dIUDIMSIADS
wadmaitovouupilild ewnsfidsnsadiiusiaandsuvia Hybridoma-SFM medium
Hosndsagnnit Gamaidenlditnsdeaneaduun Direct adaptation wazewnTiAes
\9aq Hybridoma-SFM  medium  3s9iganszeziiatwazaunulunisuds  anti-flavivirus
group antigen clone D1-4G2-4-15 saudeanunsaanmsvudion 1h¥a wuafide vide ms

[

Yuloune 9 Nikanenisiasyiulavousas niounsdiaunsadisantunoulun1snidm
Tsfunduesdusznauvesdsulutuneunisviudans viliduneunisiuiavsiudietu
a1 anti-flavivirus  group antigen clone D1-4G2-4-15 11MAABUAMNINNIZVDY
LL’eJua‘U’eJﬁm'aLLauaLﬁ]uﬁagﬂuﬁﬁﬁﬂavi\//'rus WU31 anti-flavivirus group antigen clone D1-
4G2-6-15 fipudnmzsewsufiauiegluita flavivirus Faaunsaventainaideiduly
) 3 Av dovyy Yo a a = . ..

mudnguszasavesnuifenaalitisiune awnsondnlululraueanouiiued anti-flavivirus
group antigen clone D1-4G2-4-15 UTaNs wagdnzsanauRlauvesdla flavivirus Lite
inlUlglunsvaunldsfuriaidivesdida 91nUuleunfeg19u11n15AdaUAI LAY
Y99 anti-flavivirus group antigen clone D1-4G2-4-15 ﬁagﬂugmwuﬁﬂﬂaLﬁuﬁﬁqmmﬁ -
20 ssrwalded Wunanvianue 12 dUanst wudn anti-flavivirus group antigen clone D1-
4G2-4-15 faanunsaduivieudiau Negludda favivirus laeg1edinig Waiusseziianly
nsiAuSnw anti-flavivirus group antigen clone D1-4G2-4-15 lagiunuanndu Inennsvi
wiswuuBenuladsiazaindenisiiusnwinasnistdaunazunldlun sfnunmueauds
yilpivedhialvavednauadluluagudely wasilmunvasanvesinidedluddusaly
duaziunsdufosweandnsvnsdiuladiuniswesnssuiunsive vsonandusinlaly

I~ £ %4 o L4 dl 4 =
auran lastdunislduinnssuvesaulyne areliladesnuianisanlne wazimalulad

= av & I~ o i v ! vy o a9 v X

melulseina Feuideiionvainsiauseluliuasdmalviimsiauimalulaglvigauy
FagrvanszeziakazAldinelun1sidewasiauindndue 1a1AgnaINsTuaIuIse
U UTElun sAiRININSHENFUAT aAAUYUNITHERFUA LA BYaALRY USuUTaRun N
yosduAazilunisannisisninienisindimalulagaindislssme Weguamuazeundy
sAnAudslwl o NlUszlovululdangsy

<9

Y9eUsEY1vUNATY Iagdiugiuainnisusehv

anunsaUszendldliasegnnlugusssulaluemandulngil
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AMANUIN N

MR ENMNS A LA AR UNMSINNZIRB U Yad D1-4G2-4-15
n.1 sunsasaYadiunAINgsa
N 1.1 25W384 CD Hybridoma medium U31105 1 805
CD Hybridoma medium (Catalog No. 11279-023) 1 ang
L-glutamine 40 Uadans

naudIUNaNTsaeddeiulag CD Hybridoma medium #ild@edie gibco
489U3¥W Thermo Fisher Scientific (Catalog No. 11279-023) iilewaufuiasaud deuld

lguinaaumall 37 sseivaided

N.2 PIMIALUIAATIATUAY 10% TIUFIToUVRIPNTI
n 2.1 Fam3eu OPI U3u1ns 100 Uadans

AS19RUINT 1. 2.1.1 99AUTENOUVRINISHHIBY OPI Usu1ms 100 Jaddns

Y o Catalog Lot Uuns
29aUsENav g9
Number Number (ml)
1. Oxaloacetic acid MW132 SIGMA 0-4126 112F-0709 1.320 gm
2. Pyruvic acid MW 110 SIGMA 127-17-3  064K06182 0.550 gm

3. CrystalineBovine Insulin 25 units/mg SIGMA I-5500 23F-0678 0.080 gm

4. Milli Q water (Usuasaaving 100 ml) N/A N/A N/A 100 ml

Handunay 1 uay 2 1Wvieduauazanelullefeniufionmgl 37 agen
Wwallya nnTuNaLdIuNau 3 auazateduiloeiiukazusulsuaslile 100 faddns

INUUNTBINIUNTEATNTBINANNALLBEATNTY 0.2 luATeu
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2.2 351384 Roswell Park Memorial Institute (RPMI) 1640 medium t&31n28

10% F3UA28UV09gNI2 UsuAT 120 Nadans

ASIHUINT N.2.2.1 gRTemslaBawad Roswell Park Memorial Institute (RPMI) 1640

. A a v Ay w1 o o ) X ¢ ®
medium NLEIUNY 10% ‘?jim@n@@umaﬂ@jﬂ?'ﬂﬁ']%i‘Uﬂ'ﬁLW']gLaﬁNL"Uaa D1-4G2-4-15 (ATCC

HB-112"")

y o Catalog Lot Uuns
9aUsznav )

Number  Number (ml)
RPMI 1640 medium GIBCO 11875-093 289890 80
NCTC 109 medium GIBCO 21340-039 1271419 10
Heat Inactivated Fetal Bovine Serum GIBCO  26140-079 1342224 10
OPI 100X N/A N/A N/A 1
L-Glutamine 100X GIBCO 25030-081 1375798 1
100X Non-Essential Amino Acids GIBCO 11140-050 403895 1
Penicillin-Streptomycin (10,000 U/mL) GIBCO 15140-122 308642 1
HEPES (N-2-hydroxyethylpiperazine-N- 2-  GIBCO  15630-080 396578 a4
ethane sulfonic acid) 1 M
7.5% NaHCO4 SIGMA 23652-7 14731KF 2
Total 110

NANAIUNALVIOMUA SR8 A uUazana DU oA g UIINTUNT IR

PN a i Y o oA a a
nsgAwnseInAuazdungngy 0.2 luaseu neuldinlugunaamall 37 esrwaidya
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ANANUIN U

= =
NT3ILAYUEILAU

1. NSM3ENAITEMTUNT enzyme-linked immunosorbent assay (ELISA)

1.1 A5n15W38U Goat anti-mouse IgG
Goat anti-mouse lgG 5 lulasang
0.006M carbonate buffer pH9 + 0.2 19.995 lulasang

wanlidullaweniuiigaugivies lnenmswseulndnnaseneuiluly

1.2 301510584 1% BSA Tudnsazane 10 mM PBS, pH 7.4 U3u1as 25 daaans
Bovine serum albumin (BSA) 0.25 n3u
Phosphate buffered saline (PBS) 25 1a9an3

wanlidulaweiusaziuliigamgl 4 esmwaded

1.3 35n15%38U Human anti-flavivirus 1gG-HRP U310 3 diadans
Human anti-flavivirus 1eG-HRP 6 lulasdns
0.5% BSA in 20% NHS Tu 10 mM PBS pH 7.4 + 0.1 g 1adans

va & o o A a v = i & ° v
e lmluiloweiunigauniivies lnemawseslvavnasaneuiluld

1.4 35n151038U O-phenylenediamine (OPD) U3u1ns 10 dadans

O-phenylenediamine 0.5 Hadnu
0.01% H,0, 33.3 Lulnsdng
0.1M citrate phosphate pH 5.0 + 0.2 10 s

VY & & o o A a v = 1 S o £
naslidulledediunonmgivies lnemswseulndnnasaneutluly
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1.5 35n15tM384 0.1 M Phosphate Buffered Saline (10X PBS)

Sodium chloride (NaCl) 320 N3y
Potassium chloride (KCl) 8 N3y
Potassium phosphate, monobasic (KH,PO,) 7.6 N3
Sodium phosphate, dibasic, anhydrous (Na,HPO,) 36 N3
MQ water 4000 dadang

a v

v I3 X o Y] I3 v
Naﬂiﬁa%a’]ﬁlLUULuaLWEJ’JﬂULLagLﬂUVL’JV]QﬂJVﬂNﬁEN

Y

1.6 75n15LM38Y 0.5% Casein waz 0.5% BSA ludnsazata 10 mM PBS pH 7.4

Casein 5 Ny
Sodium hydroxide (NaOH) 3 RRALE
Phosphate buffered saline (PBS) pH 7.4 600  1adans
Bovine serum albumin (BSA) 5 N3
MQ water 300  dadans

W3sd MQ water aslutninesuuin 1 85 uagifu Sodium hydroxide mﬂﬁ?u
AuauinlanIzUIadng o Ininesgamgiiuseanu 80-85 asrnaaided iu Casein asly
ansazaneuaviiliaraefutloiforiuiigamgiives eazareudauin 10mM Phosphate
buffered saline vilwazaneifuiilaifeafusaziin Bovine serum albumin aMntuusud
Y38 2N HCL %39 1N NaOH anavineusuusunnslila 1,000 fiaddnsaie 10 mM

Phosphate buffered saline (PBS) pH 7.4

1.7 3501569384 5% skim milk waz 1% Tween20 Tud1sazate 10 mM PBS

pH 7.4
Skim milk 10 nsu
Tween 20 2 Uadans
10 mM PBS 200 Hagans

pal Skim milk waz 10 mM PBS Taduitadeiiuaintiuiiy Tween 20

ey magnetic bar waulidniufignmgivies vananldainiuionngl 4 esmiwades
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1.8 75115384 0.018M carbonate buffer pH 9.0+0.1

Sodium carbonate (Na,CO;) 0.152 N3
Sodium bicarbonate (Na,COs) 1.400 N3
MQ water 1,000 Hagans

nadlmdudamediunazysuievlls 9.0+0.1 a8 2N HCL 458 1N NaOH
gavneUTulsunsTile 1,000 Saddns

2. Mmamsguasadidmiunsanaznauduylulnaydu
2.1 A5n15w38U Saturated (NH,),SO,
Ammonium sulfate (NH,),SOq 76.1 N3
MQ water 100 1adans

[V 7
o a v

nadlidulloweniu wagdiialingaumalives iWunan 16-18 Halus 910t

USuditealola pH 7.8

2.2 5n19Lm388 Nessler’s Reagent
#1588 1
Potassium iodide (KI) 10 A4
thndu 10 Hadans
#138¥a18 2
Saturated mercuric chloride (HgCl,)

#1358818 3

Potassium hydroxide (KOH) 30 nsu
Sndu 60 FIGRRIZE

Winansazate 2 asluansazaty 1 981971 9 Iagn1sigIMIanIuaunTeng

& 1 ] a & LY a =
mﬂauumuulmmiazma INUUBNAITAZANY 3 NPUIRN LWaspNaITaEa8 2 an l

addns wunaulils 200 fadans wanlimdudameitusazaaiailinnnznay AALEN

¥

drutinlauly

Ref. code: 25595609032080CWR



126

3. mMaaseuasalidmIumMsinuIgnsduylulnayauy

3.1 35n151m38u application buffer USu1ns 300 Aaaans
application buffer powder 1.3
MQ water

nsu

300 1adans
wendunalvazanefuiomenfusaruSuiitonlild pH 8.0 + 0.2 910t

maaé’wmzmwmaaﬁmmazL%amgwqu 0.2 lupsou

DD

3.2 39n151M383 Regeneration buffer Usu1ns 100 daaans

Regeneration buffer powder 12.1 N3y
MQ water 300 Hadans

navduNaLlazanaduilofentu 3NTUNTaIRIENTEANENTDINAILAZLDYN
sy 0.2 lumseu
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ANRAYAMUVUILLLYBIUILTadLasUas T uAANNTan TN aN12ZANe 9

AS19NUINT A.1 ANLRASANUNUILUUYDITAANI]

Hybridoma medium 71dA1Z#4 9

FInsenluamsiaeasad CD

. AUV ILLLVDUTAATIATINT0N (Wadnafiaddns)

JI1UIU
o RPMI + Direct Sequential adaptation
™ 0% FBs adaptation  75:25 50:50 25:75 0:100
0  500x10° 600x10° 500x10° 500x10° 500x10° 500 x 10°
1 550x10° 640x10° 540x10° 530x10° 520x10°  5.09x 10
2 785x10° 620x10° 850x10° 7.90x10° 560x10° 530x 10"
3 170x10°  650x10° 1.90x10° 9.00x10° 7.80x10° 6.90x 10°
4 290x10° 750x10° 250x10° 1.80x10° 1.20x10° 805x10°
5 350x10°  755x10° 285x10° 255x10°  165x10°  9.50 x 10°
6  354x10° 753x10° 285x10° 253x10° 1.63x10° 9.47x10°
7 352x10°  751x10° 284x10° 253x10° 1.63x10° 9.46x10°

A1519WUINT A.2 Woslduimnuditinsonlue1mns CD Hybridoma medium @n12gmg 9

. Wesiudanuilidinsenvauwas
1Y
. RPMI + Direct Sequential adaptation
o 10% FBS adaptation 75:25 50:50  25:75 0:100
0 90.0 93.0 90.0 90.0 90.0 90.0
1 93.0 95.3 90.6 90.9 91.8 91.3
2 93.7 97.0 93.2 92.5 92.5 92.5
3 94.0 97.5 94.0 93.6 92.0 92.0
4 96.2 95.8 96.8 96.0 94.5 93.2
5 95.0 93.6 95.4 94.5 92.8 90.6
6 93.5 88.4 95.0 92.0 90.3 87.1
7 91.3 85.2 93.8 90.0 87.0 83.0

Ref. code: 25595609032080CWR



128

a ' a ! ¢l aaa X I3 .
AINHNUINT A.3 f’nLQaEJWQWNWUWLLUUSU@QL"Uaﬁ'vmsmG’]iaﬁﬂuaqwqﬁLaﬁNL‘Uﬁa Hybndoma—

SFM medium 7@n17g6g 9

MU

o]

~N O U0 A VLW DN

AULIRLLTELTRATATINSen (waddeliaaans)
RPMI + Direct Sequential adaptation
10% FBS adaptation  75:25 50:50 25:75 0:100
500107 6.00x10° 500x10° 500x10° 500x10°  5.00x 10°
552x10°  630x10° 538x10° 525x10° 521x10° 503 x 10
779x 100 623x10° 841x10° 797x10° 559x10° 521x10°
1.74x 10" 650x10° 192x10° 9.05x10° 7.89x10° 6.92x 10"
296 x10°  757x10° 254x10° 183x10° 127x10° 835x10°
356 x 10°  7.59x 10" 291x10° 257x10° 1.69x10° 957 x 10°
359x10°  8.01x10° 295x10° 258x10° 1.70x10° 9.68x 10°
355x 10"  807x10° 299x10° 262x10° 172x10° 9.81x10°

A1519WUNT A4 Wesiumuiidinsenluomisidesad Hybridoma-SFM medium 7

ANTIZHAN 9

. Wesibudanuilidinsenvaawas

U
. RPMI + Direct Sequential adaptation
™ 10% FBS adaptation 75:25 50:50  25:75 0:100
0 90.0 93.0 90.0 90.0 90.0 90.0
1 93.4 95.5 90.7 91.3 91.9 91.5
2 93.9 97.3 93.4 92.7 92.7 92.7
3 94.5 97.4 94.2 93.4 92.4 92.2
4 96.3 95.7 96.9 96.3 94.6 93.1
5 95.4 93.9 95.6 94.9 92.7 90.9
6 93.7 88.6 95.3 92.2 90.7 87.5
7 91.8 85.7 93.7 90.5 87.4 83.6
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1 1. ANRAgYRIAInANTULEIYRYRIMaIMLEanZNaY (supernatant) ABURIUATTYN

U3aNs

9

M139KUINT 4.1.1 Anaferganduaesvesvalnilongneuilaainnisideasadlagis

Direct adaptation nauH1UNSVIIUTENE

awnsiAsawas Su  lLideans 1:5 1:25 1:125 1:625  1:3125
RPMI+10%FBS 3 3.416 3.417 3.442 3.295 2.415 0.836
1 3.692 3.632 3.560 3.415 3.241 2.351
2 3.745 3.853 3.524 3.613 3.142 2.835
3 3.840 3.973 32.590 3.157 3.214 2.535
CD Hybridoma
il 3.600 3.882 3.516 3.583 3.433 2.357
medium
5 3.354 3.887 3.303 3.383 3.261 2.217
6 3.262 3.263 3.447 3.517 3.330 2.520
7 3.474 3.377 3.359 3.333 3.149 2967
1 3.354 3.401 3.356 3.352 3.215 2.856
2 3.356 3.451 3.476 3.356 3.278 2.843
3 3.395 3.424 3.412 3.312 3.264 2.870
Hybridoma-
il 3.398 3.413 3.310 3.353 3.286 2.371
SFM medium
5 3.473 3.691 3.412 3.414 3.435 2.871
6 3.379 3.420 3.325 3.357 3.350 2.832
7 3.431 3.430 3.443 3.399 3.451 3.225
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o ! a a ~ av v & aa
AIINNUINT 9.1.2 ﬂWLQaﬂﬂqaﬂﬂaULLaﬁmﬂﬂﬂJaﬂL‘V]a'lquaﬁzﬂauw‘lﬂ‘ﬂjﬂﬂ'ﬁlﬁENL"UaaKI@EJ']ﬁ

Sequential adaptation Mg IMNsIAELEad CD Hybridoma medium fauNIuNSYIusans

ansdIu e}y Laildoans 1:5 1:25 1:125 1:625  1:3125
1 3.416 3417 3.442 3.295 2.415 0.836

2 3.423 3472 3.418 3.241 2.456 0.857

75:25 3 3.442 3478 3.484 3.254 2.489 0.945
q 3.452 3.456  3.470 3.274 2.524 0.973

5 3.468 3480  3.409 3.257 2.584 1.947

1 3.483 3492  3.283 3.268 3.157 1.348

2 3.479 3535 3957 3.257 2.925 2.162

50:50 3 3.453 3570  3.188 3.287 2.947 2.047
q 3.451 3297  3.744 3.310 3.015 1.937

5 3.470 3926  3.823 3.536 3.285 1.814

1 3.479 3.266  2.947 2.924 2.306 1.736

7 3.425 3390 2974 2.823 2.385 1.926

25:75 3 3.328 3293 2.745 2.835 2.745 1.631
q 3.396 3108  2.957 2.922 2.537 1.937

5 3.253 3003  2.896 2.765 2.753 1.927

1 3.363 3311 3.028 2.922 2.728 1.823

2 3.495 3424 2931 2.832 2.638 1.028

0:100 3 3.468 3395  2.820 2.912 2.830 1.935
4 3.368 3381 2983 2.846 2.539 1.482

5 3.562 3419 3.099 2.974 2.293 1.943
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o ! a a ~ av v & aa
AN UINT 4.1.3 ﬂWLQaﬂﬂqaﬂﬂaULLaﬁmﬂﬂﬂJaﬂL‘V]a'lquaﬁzﬂauw‘lﬂ‘ﬂjﬂﬂ'ﬁlﬁENL"UaaKI@EJ']ﬁ

Sequential adaptation AEO1MTABUYAA Hybridoma-SFM  medium  ABUNIUNITIN

U3avs
onsdw U 1 1:5 1:25 1:125 1:625  1:3125
1 3529 3498 3.204 3.102 2.531 1.537
2 3.491 3.405 3.399 3.105 2.635 1.482
75:25 3 3.184  3.090 2l 2.849 2.492 1.148
4 3573  3.284 3.240 3.126 2.784 1.049
5 B95 \3.002 2.937 2 (69 2.329 0.936
1 3.461  3.392 3.193 3.004 2.847 1.246
2 3.402  3.365 3.249 3.142 2.946 1.500
50:50 3 3491  3.400 3.182 2913 2.765 1.391
4 3.530  3.204 2.947 2.769 2.392 1.570
5 3.475  3.294 2.837 2.583 2.193 1.273
1 3.464  3.329 3.045 2.956 2.375 0.973
2 3482  3.274 3.002 2.810 2.535 1.048
25:75 3 3.428  3.284 3.103 2.736 2.548 1.076
4 3.384  3.301 3.054 2.860 2.473 0.946
5 3.381  3.193 3.092 2.946 2,571 0.921
1 3492 3.294 3.183 2.919 2.752 1.837
2 3402  3.243 3.149 2.397 2.018 0.934
0:100 3 3.475  3.255 3.082 2.858 2.764 1.057
4 3310 3174 3.007 2.746 2.384 0.962
5 3397 3.122 3.102 2.877 2.463 1.082
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2. ARRYAINANAULEIYRIYBLMAIMTanTNaY (supernatant) NEWKNUNNTVINUTENS

2.1 AnadeAganaundsvasnimagaudninasdmiuldlu ELISA

MTNUINT 9 2.1 ArganFuLaasiveiNsauyilniiA1AIU39319U89 Goat anti-

mouse 1gG-HRP 1:1000 wag 1:2000

Goat anti- unwas
Mouse IgG
mouse 13.5% Normal 5%skim milk + 0.5% casein +
(mg/ml)

IgG-HRP human serum 1% tween 20 in PBS 0.5% BSA in PBS

1:1000 0.150 0.042 0.096
0.000

1:2000 0.105 0.001 0.044

1:1000 1.001 0.719 0.860
0.015

1:2000 0.704 0.668 0.527

1:1000 1.439 1.214 1.326
0.031

1:2000 1.214 1.087 0.979

1:1000 1.768 1.687 1.727
0.062

1:2000 1.602 1.456 1.404

1:1000 2.432 1.976 2.204
0.120

1:2000 2.030 1.719 1.738

1:1000 2.394 2.133 2.263
0.250

1:2000 2.150 1.787 1.869

1:1000 2.503 2.110 2.307
0.500

1:2000 2.219 1.881 1.885

1:1000 2.525 2.283 2.404
1.000

1:2000 2.495 2.077 2.060
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2.2 ANLRAYANAANAULAIYBINITNATBUAMMTNTUVDS Goat anti-mouse
IgG-HRP a@nusulaTu ELISA

ATNHUINT 9 2.2.1 ALRRLAINANGULEY Goat anti-mouse 1gG-HRP IAN13L38919119 9

Mouse IgG AMUTUTUYDY Goat anti-mouse IgG-HRP

(mg/mL)  1:2000 1:2500 1:3000 1:3500 1:4000 1:4500
0.000 -0.003  -0.001 0.000 0.003 0.002 -0.009
0.015 0.645 0.526 0.792 0.619 0.602 0.510
0.031 1.166 0.949 1£25 1 1.141 0.718 1.012
0.062 1. 27 1.470 1.816 1.740 1.766 1.359
0.120 2.069 1.701 2.096 2.074 2.058 1.623
0.250 2.384 1.978 2.357 2.274 2.350 1.859
0.500 2.178 2.050 2.528 2.375 2411 2.071
1.000 2.466 2.399 2.731 2.489 2.567 2.120

ATNUINT 9 2.2.2 ANRRYAINANTULEAIYBY Goat anti-mouse IgG-HRP A13L30919

F 9

Mouse IgG AMULINTUVDY Goat anti-mouse IgG-HRP

(mg/mL) 1:10000 1:20000 1:30000 1:40000
0.000 -0.005 -0.003 -0.004 -0.003
0.001 0.006 -0.002 0.002 0.000
0.002 0.021 0.004 0.013 0.008
0.004 0.048 0.017 0.032 0.024
0.006 0.074 0.026 0.050 0.038
0.008 0.135 0.043 0.089 0.066
0.010 0.187 0.061 0.124 0.092
0.020 0.342 0.140 0.241 0.190
0.040 0.664 0.285 0.474 0.379
0.060 0.812 0.413 0.612 0.512
0.080 0.932 0.506 0.719 0.612
0.100 1.202 0.650 0.926 0.788
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2.3 AedeAganaulasazUsinalusivveanauvilensnau

% ] o = Q‘ ac
(supernatant) %aﬂmumiwwiqwﬁiﬂﬂ%”aﬁ Bradford assay

FTBGRIGE))

a

BSA (lulasnsu/

v

AMULTUTUVD

1.6
1.4
1.2

0.8
0.6
0.4

0.2

n31lUsAuNInIgIU

0 0.2 0.4 0.6 0.8
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MTIRUINT 9 2.3.1 AndeAgandukatazUsnulusauluemsideasas Hybridoma-

SFM medium lagle3s Bradford assay

Direct adaptation Sequential adaptation
ot AANAULES Ysuaulusiu AINANAULES Ysuaulusiu
1 0.4930 126.5346 0.5230 175.6425
2 0.5330 192.0118 0.5630 224.7504
3 0.7430 535.7669 0.7730 584.8748
4 0.9530 879.5220 0.9830 944.9992
5 0.8960 786.2171 0.9260 868.0635
6 0.6470 378.6217 0.6770 394.9910
7 0.6300 350.7939 0.6600 416.2711
8 0.5130 159.2732 0.5430 290.2275
9 0.4830 110.1653 0.5130 208.3811
10 0.4750 97.0699 0.5050 146.1778
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MTNUINT 9 2.3.2 AndedganaukatasUsnalusiuluamnsifeasas CO

Hybridoma lagl435 Bradford assay

Direct adaptation Sequential adaptation
ot AANAULES Ysuaulusauy AINANAULES Ysualusau
1 0.4900 72.5160 0.495 80.7006
2 0.5300 137.9931 0.585 228.0242
3 0.7400 481.7482 0.820 612.7026
4 0.9500 825.5034 0.984 881.1589
5 0.8930 732.1984 0.920 776.3955
6 0.6440 324.6030 0.680 383.5325
7 0.6270 296.7752 0.641 319.6923
8 0.5100 105.2545 0.554 177.2794
9 0.4800 56.1467 0.490 72.5160
10 0.4720 43.0512 0.487 67.6052

2.4 AnldeAganauldsazUsInalsivveunauvilensnau

(supernatant) wasRIUN1TYINUTENS LA TS ELISA
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MTNUINT 9 2.4.1 AndeAgandukatazUsalusiulueamnsifeasas CO

Hybridoma #3alagl433 ELISA

Direct adaptation Sequential adaptation
ot AANAULES Ysuaulusauy AINANAULES Ysuaulusau
1 0.0276 20.7400 0.028 21.3773
2 0.0370 27.8112 0.039 29.2783
3 0.0630 47.3542 0.068 50.9902
4 0.0980 73.6621 0.101 75.9436
5 0.0875 65.7697 0.090 67.3570
6 0.0480 36.0794 0.054 40.8076
7 0.0420 31.5695 0.045 33.8310
8 0.0315 23.6771 0.034 25.8218
9 0.0260 19.5430 0.028 21.1640
10 0.0246 18.5020 0.027 20.2155

MTNRUINT 9 2.4.2 AdeAganaukatazUsnulusauluemsideasas Hybridoma-

SFM medium 713alaeld3s ELISA

Direct adaptation Sequential adaptation
ot AANAULES Ysuaulusiu ANNANTLLES Uunaulusiy
1 0.038 28.5628 0.058 43.5959
2 0.042 31.5695 0.072 54.1191
3 0.069 51.8641 0.109 81.9302
4 0.103 77.4203 0.133 99.9699
5 0.0932 70.0541 0.143 107.6368
6 0.053 39.8376 0.123 92.4534
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MTNNUINT 9 2.4.2 AndedganaukastazUsnalusauluemsideasas Hybridoma-

SFM medium 713alagldas ELISA (si0)

Direct adaptation Sequential adaptation
Hot AANTULES Usunalushiu AINANAULEN Usunaulushiu
7 0.051 38.3343 0.101 759170
8 0.0412 30.9681 0.071 53.5177
9 0.035 26.3079 0.055 41.3410
10 0.031 23.3013 0.051 38.3343

25 f»hLaﬁﬂﬁh@ﬂnﬁuuawmmswmaaumwﬁquzﬁuaa anti-flavivirus group antigen

clone D1-4G2-4-15 AiaLlaumLaU

ATHUINT 9 2.5.1 ALRRLAINANAULAIYBILBUAUDAABLOURLIUNIENTIAIUNTTBIN

F9 9
A A8 U anti-flavivirus group antigen clone D1-4G2-4-15
LLaURLIU -
N13L39919 1:10 1:100 1:1000
0 0.9965 0.802 0.3075
Dengue
1:2 0.5[(2 0.4685 0.2085
virus
1:10 0.0315 0.02 0.176
typel
1:50 0.973 0.8245 0.0115
0 0.009 0.001 0.0065
CD.JEVX® 1:2 0.0205 0.0115 0.0015
(nj. 1:10 0.007 0.005 0.005
1:50 0.0025 0.011 0.0065
0 0.004 0.001 0.0035
® 1:2 -0.002 0.0025 0.0035
IMOJEV
1:10 0.007 0.006 0.0015
1:50 0.0085 0.0035 -0.0005
0 0.692 0.4225 0.3185
Beijing- 1:2 0.472 0.3105 0.085
GPO 1:10 0.119 0.1005 0.0335
1:50 0.02 0.015 0.0095
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AMARNUIN 3

Uszuran1nnisaiuanulae

AMEUINT 2.1 MIwBenensEssead RPMI 1640 aSusie 10% d5u
n. B9AUSENEUTBIBINSIABIYEE RPMI 1640 Tiasudne 10% 33y
v msazaneansliiudedoulagld magnetic stirrer
A. NIINTOIETALANYAIY syringe filter ﬁﬁmmauﬁmgwqu 0.2 lupsou

4. 9IN5L8899a8 RPMI 1640 M@sunle 10% f5u
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AMKUINA 2.2 1988 D1-4G2-4-15 Ba9anNazalsigaaadbuaIvsaeasas RPMI 1640 9

'
[

\E@SUAEY 10% 54

AMMKUINA 2.3 988 D1-4G2-4-15 NaUNSUALUDINITNIMNSIALUEAA RPMI 1640 7Lasy

{
o

M8 10% F5U

'
o

AWHUINT 9.4 NM5WABUDIMNSLAELYAa RPMI 1640 M@sunie 10% F5u
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AMNRUINT 2.7 FU09919N5L889.9a8 RPMI 1640 M@suale 10% &34 nou subculture
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GIbCO" o £efe roctmnigan
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Chemically Detinsd Mediuimn

1000 mi

'
a o

AMNRUING 2.9 9WNTELLTAAUTIFNTSUTTON19IN19A Ao CD Hybridoma medium

N

AMNHUANT 2.10 915188 UTIFNNTTULTON19N15AT AB Hybridoma-SFM medium
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ARYINT .13 1wad D1-4G2-4-15 Tuemsiasawad CD Hybridoma medium

Ref. code: 25595609032080CWR



143

AMHUINT 2.14 VAFBUANNT N IZVBILBURVBAMBRBUARUL DI UNBUNTYINUSANSLaY

35 ELISA

AMwHuINT 2.15 MsiadSinaduylulnaydu lag35 ELISA duneundinisldduainsy

Tne3s ELISA

AEUINT 9.16 n1siausunaduylulnaydu 1ngds ELISA Junaunsreaujisesie

0.2 M sulfuric acid
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AMNHUINT 2.19 N1SNAFBUANUIWINNEVBIUIULAALDALDURUDARBLEURLAULAEIT ELISA
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The Purified Monoclonal Antibody of Anti-Flavivirus Group Antigen
Clone D1-4G2-4-15 for Development of
Japanese Encephalitis Virus Surface Proteins in Plants

Preeyanuch Sayboonruan’, Wassana Wijagkanalan?,
Butsaya Thaisomboonsuk® and Wipa Tangkananond"

! Department of Biotechnology, Faculty of Science and Technology,
Thammasat University, Rangsit Campus, Pathum Thani 12120, Thailand
2BioNet-Asia Co., Ltd, Hi-Tech Industrial Estate,

Phra Nakhon Si Ayutthaya 13160, Thailand
3 Department of Virology, Armed Forces Research Institute of Medical
Sciences, U.S. Army Medical Directorate, Bangkok 10400, Thailand
*Corresponding author. E-mail: w_tangkananond(@yahoo.com

ABSTRACT

Production of Japanese encephalitis virus (JEV) surface proteins in plants requires
monoclonal antibodies specific to some part of antigens of JEV as a tool of detection. This
research is to develop anti-flavivirus group antigen clone D1-4G2-4-15 monoclonal antibodies
specific to the envelope protein of viral particle of genus Flavivirus in serum-free media by
mside adaptation culture method. The monoclones grew quickly in serum-free media and were
purified from cell culture supernatant by precipitation with 50% saturated ammonium sulfate
and fractionated by affinity chromatography. Then. the product was tested for antibody
specificity by typing ELISA. The test results were positive with Japanese encephalitis vaccines
and Dengue virus type 1. The stability tests were performed at -20 ° C for 10 weeks. The
detection of antibodies against the Dengue virus type 1 can be used at a dilution of 1: 1000. The
cost of production can be reduced when compared to the price of the cells can produce antibodies
m serum media because this technique is simple and applicable for research with less budget
constraint. The monoclonal antibodies derived from this research are stable and specific to
Flavivirus antigens. It can be used to study the properties of the JEV surface protein production
in plants and other research of the genus Flavivirus.

Kevwords: Japanese encephalitis virus, DI1-4G2-4-15, serum-free media, purification.
INTRODUCTION

Japanese encephalitis virus (JEV) 1s an important cause of virus encephalitis
in Asia. It 1s estimated that each year there are Japanese encephalitis (JE) patients
approximately 68,000 cases and deaths of approximately 15,000 cases (Campbell et al,
2011). Japanese encephalitis vector is Culex tritaeniorhynchis mosquitoes and
amplifying vertebrate hosts include pigs and water birds (De Wispelaere ef al.. 2015).
Pigs are infected with JEV and showed asymptomatic appearance with JEV i their
blood. Mosquitoes that bite these pigs were infected and had high level of JEV in blood
circulation, the bitten mosquito can spread the viruses to humans. JEV 1s a member of
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the Flavivirus genus in the Flaviviridae family and it is an enveloped virus of ~ 50 nm
in diameter with a positive-sense ssRNA viruses. JEV encoded proteases into ten
proteins: three structural proteins include envelope (E), pre-membrane (prM), and core
(C) Among all three the envelope protein is the most studied and is the most important
one. Envelope protein is a major structural protein that contains numerous
neutralization epitopes, membrane fusion, attachment of the virus to host cells and
entry of the viruses into the host cells (Kant Upadhyay., 2013). It is the major target of
humoral immune (Misra & Kalita., 2010). There are seven nonstructural (NS) proteins
are included NS, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (De Wispelaere ef al.,
2015; Saxena et al., 2013; Unni ef al., 2011).

Monoclonal antibodies (mAbs) are very specific and homogeneous
immunoglobulins as known “hybridoma”. They have been widely used in
immunotherapeutics, immunoaffinity chromatography, immunodiagnostics, and
development of immunoassays (BASALP et al., 2000; Poonam Rajak., 2012). In recent
technology, hybridoma is produced in vitro by cell culture method. The culture of
hybridoma cells requires supplement composed of Fetal bovine serum (FBS), amino
acids, growth factors and vitamins for the production of monoclonal antibodies (Draber
etal., 1995; Kohler & Milstein., 1975; Spriggs et al., 2011). FBS is the preferred animal
serum for cell culture enhancement. There are abundance of high proteins content,
enzymes, growth factors and other chemical components for promoting cell health and
growth in FBS (Even et al., 2006). However, FBS in cell culture have disadvantages:
serum has various factors in cell culture and defined medium supplement (Bjare.,
1992). The serum is a qualitative change of the composition and serum batches display
quantitative, and serum as a source of contamination of bacteria, viruses, fungi etc.
(Peyrin ef al_, 1999). The disadvantages in the use of FBS 1in cell culture allowed the
researchers to develop methods of cell culture in serum-free media.

Purification 1s an mmportant method for antibodies specific antigens use
research and pharmaceutical industry. The antibodies specific antigens also allow the
functional manipulation of target antigens. The purification of the therapeutic
antibodies produced, equivalent to 50-80% of total process costs (Azevedo et al., 2009).
The purification IgG in the industry has reduced significantly in increases antibody
treatment. In general, selecting the appropriate purification method based on the desired
antibodies for example, application, the purity and recovery of IgG usually purified by
either purification methods such as precipitation method or chromatography (Zaidi et
al., 1995). Purification by chromatography 1s widely used to purify proteins at high
prices because of to the high purity of the product. The purification of the protein can
be processed under varying parameters such as flow rate of the mobile phase, pH and
type of the buffer, the length of gradient elution, and ionic strength (Yang et al., 2009).
Other method include ammonium sulfate precipitation which is used as downstream
processing at the first stage which has a high recovery of antibody, usually successtul
and easy purification method (Mariam er al., 2015).

In this work, researchers focused on 2 aims: (1) the development cell culture of
anti-flavivirus group antigen clone D1-4G2-4-15 1 serum-free media for producing of
monoclonal antibodies specific to the antigen of the genus Flavivirus. (11) Purification
of anti-flavivirus group antigen clone D1-4G2-4-15 from a serum-free cell culture
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medium with the specificity to Flavivirus antigens obtained and stability of monoclonal
antibody derived from this research can be used to study the properties of the Japanese
encephalitis virus surface protein in plants.

MATERIALS AND METHODS

D1-4G2-4-15 (ATCC* HB-112™) Cell Culture and Expansion

Frozen cells of D1-4G2-4-15 (Genfry ef al., 1982; Henchal ef al., 1982)
were rapidly thawed m a 37°C water bath and transferred the entire contents of the
cryovial into 6-well tissue culture plate (costar®3516. USA) containing pre-warmed
complete Roswell Park Memorial Institute (RPMI) 1640 medium (Gibco™, Grand
Island, NY, USA) supplemented with 10% heat-inactivated FBS (Gibco™) and final
concentration of 2 mM L-glutamine (Invitrogen), 100 LU./ml penicillin (Invitrogen)
and 100 pg/ml streptomycin (Invitrogen) of which was called the complete RPMI 1640
medium and incubated at 37°C in a humidified atmosphere of 5% CO,. Cells were
subcultured during an exponential phase at 3-5 days post-thawed, at a seeding density
of 5 x 10° viable cells/ml. They were subcultured at a minimum of 3 passages before
expansion.

Cells were expanded by subculturing to T75 and T162 cell culture flasks
containing complete RPMI 1640 medium respectively. When viable cell density
reached >1 x 10° viable cells/ml, and incubated at 37°C in a hunudified atmosphere of
5% CO; and grown for 5 days.

Adaptation of D1-4G2-4-15 Cells to Serum-Free Media Cell Culture by

Inside Adaptation
Viable cell density was determined using a Neubauer hemocytometer and
cells were seeded at =1 x 10° viable cells/ml in T162 cell culture flask containing
complete RPMI 1640 medium. D1-4G2-4-15 cells were washed 2 times by using CD
Hybridoma medium supplement with final concentration of 8 mM L-glutamine
(Invitrogen) which was called the complete CD Hybridoma medium and centrifuged at
200g for 5 minutes and subcultured to 6 x 10° viable cells/ml in fresh pre-warmed
complete CD Hybridoma medium. Cells were incubated at 37°C in a hunudified
atmosphere of 5% CO; in the air and grown for 5 days. Then, cells were monitored and
passed for 3 — 5 passages until consistent growth was achieved. After cells were
subcultured, the supernatant was harvested from cell culture by centrifuging at 200g
for 10 minutes and supernatant was stored at -20°C for testing their antibody activity.

Ammonium Sulfate Precipitation

The supematant from DI1-4G2-4-15 in serum-free media cell culture was
transferred to the beaker containing a stir bar, placed on the magnetic stirrer and
saturated ammonium sulfate was slowly added to the final concentration of 50%
saturation at 4°C and stirred for overnight and the precipitate was centrifuged at
10,000g for 15 minutes. The pellets were resuspended in phosphate buffer saline (1X
PBS (Gibco™)), pH 7.4 with the minimum volume. (Arora ef al., 2014 ; Sambrook &
Russell., 2001)
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Chromatography Purification Process

Sample purification is simplified by using the Econo-Pac® Serum IgG
Purification Kit (Bio-Rad, Richmond, CA, U.S.A.). It composed of Econo-Pac 10DG
and DEAE Affi-Gel blue gel column. According to the manufacturer’s instructions,
each Econo-Pac 10 DG column can process up to 3 nulliliters of pellet dissolved n 1x
PBS (Gibco™) per cycle and qualitative detection of ammonia sulfate by Nessler’s
reagent. Then, apply prepared sample to the DEAE Affi-Gel blue gel column and elute
the IgG with 20 ml of application buffer collect fractions 4 ml/fraction. The
determination total protein using Bio-Rad Protein Assay can be used for the
determination of total proteins in each supernatant by measuring OD at 595 nm with a
microplate reader following Bradford (Bradford., 1976). The Mouse IgG protein
standards (SIGMA, USA) were used for calculation of protein fraction concentrations.

Immunoglobulin Determination

The determination of immunoglobulin concentration by using ELISA, the
96-Well Plates were coated with goat anti-mouse IgG prepared in 18 mM carbonate
buffer (pH 9.0) and incubated overnight at 4°C. Then, the coating solution was
removed and the plate was washed with 1X PBS. pH 7.4 (Prepare from 10X PBS
contains 1.37 M NaCl, 27 mM KCl, 63 mM Na>HPOs, and 13.9 mM KH,PO, at pH
7.4). The remaining protein-binding sites was blocked by blocking buffer and incubated
for at least 1-2 h at 37°C. The plate was washed with 1X PBS (pH 7.4). Diluted
samples and mouse IgG standard curve to each well were added, compared to unknown
samples, incubated for at least 2-3 h at 37°C and the plate was washed with 1X PBS
(pH 7.4). Conjugated secondary antibodies was added and incubated for at least | hr.
at 37°C, and the plate was washed with 1X PBS (pH 7.4). SureBlue™ TMB Microwell
Peroxidase Substrate 1-Component (KPL. A SeraCare Company) was added to each
well and incubated for 15-30 min, 2 M H,SOs stopping solution was added and the
optical density at 450 nm was determined.

Antibody Specificity

To test the antibody specific antigen by using typing ELISA was
performed by the protocol which established at Armed Forces Research Institute of
Medical Sciences (AFRIMS) laboratory (Jarman ef al., 2011). The antigens were
Denguie virus typel and Japanese Encephalitis Vaccines as follows: (I) CD.JEVAX®
(Inj.) from Chengdu Institute of Biological Products, China, (IT) IMOJEV® from Sanofi
Pasteur Ltd, Australia, (III) J.E. (Beijing) — GPO from Government Pharmaceutical
Organization, Thailand and (IV) JEVAX™ from Liaoning Cheng Da Biotechnology
Co., Ltd., China. The 96-well plates were coated with Goat anti-Mouse IgG in 6 mM
carbonate buffer (pH 9.0£0.2). The plate was read on a microplate reader at an
absorbance of 492 nm.

Antibody Stability
Ten aliquots of anti-tflavivirus group antigen clone D1-4G2-4-15 were
prepared and stored at -20°C and tested every week for 10 weeks by typing ELISA to
determine the specificity and stability of mAbs. The D1-4G2-4-15 mAbs was ten-fold
serially diluted for testing specificity of antibody (Morgenthaler et al., 20006).
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RESULTS AND DISCUSSION

The basal media for hybridoma cell cultures are Iscove's Modified Dulbecco's
Medium (IMDM), Dulbecco’s modified Eagle’s medium (DMEM), and RPMI-1640,
supplemented with FBS (Butler & Dawson., 1992). D1-4G2-4-15 cells were cultured
in complete RPMI 1640 supplement 10% FBS at a minimum of 3 passages before
adaptation to serum-free media. Serum has growth factors which are important for cells
and helps promote the growth of cells, including substances that help adhesion to the
surfaces. In addition, serum also serves as good source of minerals, lipids,
carbohydrates, enzymes and hormones etc. (Gstraunthaler., 2003) so the cells are in
good health and ready to adaptation for growth in serum-free media by Inside
adaptation when seeding of cells at 1 x 10° viable cells/ml in CD hybridoma medium.
The morphology of growing cells was observed using an Olympus phase contrast
inverted microscope at 20 x. 40 x magnification. The D1-4G2-4-15 cells were grown
well similar to cells in complete RPMI 1640 supplement 10% FBS (Fig. 1).

Cell density clone D1-4G2-4-15

800000
stationary phase

'E 750000 \Q%@ /}r—ﬁ——c— — 9

2] /

3 700000 {;&\ﬁ«’ (B)
g ALQ°&,

5 650000 P

; lag phase —

& 600000 -

0 1 2 3 4 3 6 7

(A) Time (day) (©) o

Fig. 1. D1-4G2-4-15 cells were cultured in serum-free media (A) Growth curve for
D1-4G2-4-15 cells, showing cell density during day 0-7. Cells should be subcultured
during the exponential phase. (B) D1-4G2-4-15c¢ells at 20x magnification (C) D1-4G2-
4-15 cells at 40x magnification

Suspension of cells is composed of population of a single cell and cells in group
with various ratios. Most viable cells contained a shiny circular shape. For the size and
characteristic of cells, depend on the type and concentration of ingredients of the media,
in particular, growth regulators. Range of lag phase 1s on the 1% day, exponential phase
is during days 2" - 4® and stationary phase is during days 5% — 7% while subculture
range is optimum at the exponential phase on days 3*. Researchers have adapted
various kinds of cells to serum-free media such as CB. Hep-1 hybridoma cells (Aragon
et al, 2013), Chinese hamster ovary cells (Costa ef al., 2013), HEK 293T and Huh 7.0
cells (Paschoal ef al., 2014), BHK 21 cell lines (Reddy ef al., 2016) and hybridoma cell
lines: C4B, 10C2G5, 6C5F4C7, 2D10G11(Manna ef al., 2015).

Previous researchers prepared immunoglobulin by using 50% ammonium
sulfate precipitation from cell supernatant of D1-4G2-4-15 1n serum-free media cell
culture (Burgess., 2009, Cruz et al., 2013) Sample purifications were simplified by
using the Econo-Pac® Serum IgG Purification Kit (Bruck ef al., 1986; Bruck et al.,
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1982; Mendelson ef al., 1985). The total proteins were determined by using Bio-Rad
Protein Assay with the absorbance at 595 nm of each fraction, using a microplate reader
and combine effluent tubes containing the unbound protein peak. The determination of
immunoglobulin concentration of protein peak was using ELISA. The concentration of
anti-flavivirus group antigen clone D1-4G2-4-15 was 0.2 mg / ml calculation equation
from Mouse IgG standard curve. The yield of anti-flavivirus group antigen clone D1-
4(G2-4-15 was 96.27%. The yield was defined as the ratio of the purified anti-flavivirus
group antigen clone D1-4G2-4-15 to the initial amount of anti-flavivirus group antigen
clone D1-4G2-4-15 in the cell culture supernatant and it was expressed as a percentage
(Mariam ef al., 2015). The purity of anti-flavivirus group antigen clone D1-4G2-4-15
was 97%. The purity of anti-flavivirus group antigen clone D1-4G2-4-15 was the
amount of anti-flavivirus group antigen clone D1-4G2-4-15 as a percentage of the total
protein present in the cell culture supernatant (Poonam Rajak., 2012). The product was
tested for antibody specificity by typing ELISA. The antigens tested included Dengue
virus type 1 and 4 types of Japanese encephalitis vaccines as follows: (I) CD.JEVAX®
(Inj.), live attenuated viral vaccine, prepared by passaging Japanese encephalitis virus
strain SA14-14-2 in a monolayer of primary hamster kidney cell culture and lyophilized
(I1) IMOJEV®, live attenuated viral vaccine, prepared by using the pre-membrane
(prM) and envelope (E) coding sequences of the SA14-14-2 live attenuated Japanese
Encephalitis vaccine virus, a recombinant DNA technology used in the 17D-204 yvellow
fever vaccine virus of which two genes have been replaced by the corresponding genes
from Japanese encephalitis virus. (IIT) J.E. (Bejjing) — GPO. an inactivated mouse
brain-based Japanese encephalitis vaccines, strain Beijing-1 and (IV) JEVAX™ an
inactivated Japanese Encephalitis Vaccine, prepared by passaging Japanese
encephalitis virus, P3 strain in Vero cell and inactivated with B-propiolactone and
sterile Iyophilized vaccine for intramuscular use or subcutaneous, (Ishikawa et al.,
2014).

Table 1. The result of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs
was tested for antibody specificity by typing ELISA (positive = 0.2 > negative)

Anti-flavivirus group antigen clone D1-4G2-4-15

Antigen
Undiluted 1:10 1:100 1:1000
CD.JEVAX*Inj. g s - ,
IMOJEV*® - - - -
Beijing-GPO + + + +
JEVAC™ + + +
Dengue virus typel +

The positive outcome is determined by the absorbance measurement at 492 nm
to be greater than or equal to 0.2 means, while negative control is less than 0.1 means.
The results of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs were positive
against Dengue virus type 1, Beijing-GPO and JEVAC™ (Table 1.) of which, Beijing-
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GPO and JEVAC™ were 1nactivated Japanese Encephalitis Vaccine. Scientists have
produced a vaccine by killing the virus that causes disease with heat, chemicals or
radiation. The inactivated vaccine is safe and stable than the live vaccine. The
mactivated vaccines can be stored easily and delivered in a freeze-dried form, which
makes them more accessible to people in developing countries. (Petrovsky & Aguilar.,
2004).

The stability test of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs when
stored at -20 ° C and tested every week for 10 weeks to determine the antibody
specificity against Dengue virus type 1 showed that the anti-flavivirus group antigen
clone D1-4G2-4-15 mAbs can be used at undiluted and ten-fold serial dilutions (1:10,
1:100 and 1:1000).

Stability Test
1.6
14
E 12 m Undiluted
=N 1
: os m1:10
£ 06
% 0.4
| m1:1000
0.2
0

Time (w eel\)

Fig. 2. Stability test of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs when
stored at -20°C and tested every week for 10 weeks by using typing ELISA at various
antibody dilutions [(Undiluted (m). 1:10 (m), 1:100 (=), 1:1000 (m)] (positive > 0.2 =
negative).

The results showed that the anti-flavivirus group antigen clone D1-4G2-4-15
mAbs was stabled for 1-10 weeks when stored at -20°C by Typing ELISA. The OD,
which was greater than 0.2, was positive. It meant, that anti-flavivirus group antigen
clone D1-4G2-4-15 mAbs with OD greater than 0.49 (Fig. 2) was stable and antibody
specific to Dengue virus type 1 antigen was retained for 1-10 weeks. And Anti-
Flavivirus Group Antigen Clone D1-4G2-4-15 mAbs at dilution 1:1000 can interact
with an epitope on Dengue virus type 1 antigen binding site (Bobrovnik., 2003).

The anti-flavivirus group antigen clone D1-4G2-4-15 at the concentration of 0.2
mg / ml from the Absolute Antibody Ltd. was $300 or 10552.5 baht (rate 35.175
baht/US) while the cost of total production process/unit was 680.97 baht of which can
reduce the cost of all process by up to 93.54 percent. Details of the cost and cell culture
assumptions are as follows: medium costs 11,300.00/500 ml bottle; fetal bovine serum

costs 818,000.00 /500 ml and other supplement containing Medium NCTC-109 (1X).

OPI (Oxaloacetic acid, Pyruvic acid, Insulin), L-glutamine, NEAA (non-essential
amino), HEPES [4-(2-Hydroxyethyl) piperazine-l-ethanesulfonic acid, N-(2-
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Hydroxyethyl) piperazine-N'-(2-ethanesulfonic acid)]. 7.5% NaHCOs, penicillin and
streptomycin are shown in Table 2. The total cost of D1-4G2-4-15 cells grown 1n the
medium with 10% FBS and switching to serum-free media, were only 3,145 bath/bottle,
an approximately of 33% total saving from all the process to produce Anti-Flavivirus
Group Antigen Clone D1-4G2-4-15 mAbs.

Table 2. Potential cost saving from reducing use of FBS 1n cell culture.

Medium with 10% FBS Serum-free media

500 ml medium #1,300.00 CD hybridoma 83,145.00

50 ml FBS $1,800.00

supplement etc. 31,601.70

Total ©4,701.70 Total 83,145.00
CONCLUSION

This research aimed to develop anti-flavivirus group antigen clone D1-4G2-4-
15 cell culture method to produce monoclonal antibodies specific to antigens of the
genus Flavivirus in serum-free media by inside adaptation. The cells can be grown 1n
serum-free media quickly. Range of lag phase on the 1* day, exponential phase during
days 2% 4® and stationary phase during days 5% — 7% showed similar cell growth profile
to the cells cultured from RPMI 1640 supplement with 10% FBS. The concentration of
anti-flavivirus group antigen clone D1-4G2-4-15 mAbs was 0.2 mg / ml by calculation
from Mouse IgG standard curve. The yield of anti-flavivirus group antigen clone D1-
4G2-4-15 mAbs was 96.27% and the purity was 97%. The antigen specific binding to
several viral vaccine products against flavivirus was performed in commercial products
by ELISA. The result of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs were
positive with Dengue virus type 1. Beijing-GPO and JEVAC™ which. Beijing-GPO
and JEVAC™ were mnactivated Japanese encephalitis vaccine. The anti-flavivirus
group antigen clone D1-4G2-4-15 were stabled for 1-10 weeks when stored at -20°C
and the specific activity of anti-flavivirus group antigen clone D1-4G2-4-15 mAbs at
1:1000 dilution retained. The process of producing anti-flavivirus group antigen clone
D1-4G2-4-15 mAbs can reduce production cost by up to 93.54 percent when compared
to the price of Absolute Antibody Ltd. at the same concentration of 0.2 mg / ml and
could save approximately 33% of the first step from all production process of anti-
flavivirus group antigen clone D1-4G2-4-15 mAbs.

ACKNOWLEDGEMENTS

The authors would like to thank the Research and Researchers for Industry
Program, The Thailand Research Fund (TRF) Bangkok THAILAND Grant code

Ref. code: 25595609032080CWR



154

number: MSD5710119. and BioNet-Asia Co., Ltd, Hi-Tech Industrial Estate, Phra
Nakhon S1 Ayutthaya for funding this project. We would also thank the Department of
Virology, Armed Forces Research Institute of Medical Sciences, US Army Medical
Directorate, Bangkok and the Department of Biotechnology, Faculty of Science and
Technology, Thammasat University, Rangsit Campus, Pathum Thani for supporting
materials and laboratories.

REFERENCES

Aragon, Hasel, Marcos Gonzalez, Rodolfo Valdés, Tatiana Alvarez, Enma Brown, Yadira
Rodriguez, Tatiana Gonzélez, Regla Somoza, and Mayra Wood. (2013). Replacement
of serum supplemented medium for CB. Hep-1 hybridoma cell freezing and
monoclonal antibody production. Bietecnologia Aplicada 30 (1):57-62.

Arora, Sushrut, B Vijayalakshmi Ayyar, and Richard O’Kennedy. (2014). Affinity
chromatography for antibody purification. Protein Downstream Processing.: Design,
Development and Application of High and Low-Resolution Methods:497-516.

Azevedo, A. M., P. A J. Rosa, I F. Ferreira, A. M. M. O. Pisco, I. de Vries, R. Korporaal, T.
T Visser. and M. R. Aires-Barros. (2009). Affinity-enhanced purification of human
antibodies by aqueous two-phase extraction. Separation and Purification Technology
65 (1):31-39.

BASALP, AYNUR. BEYAZIT CIRAKOGLU, and ENGIN BERMEK.(2000). Simple
production and purification of monoclonal antibodies in serum-free medium. Turkish
Jowrnal of Biology 24 (2):189-196.

Bjare, Ulf. (1992). Serum-free cell culture. Pharmacology & therapeutics 53 (3):355-374.

Bobrovnik, S. A. (2003). Determination of antibody affinity by ELISA. Theory. Journal of
Biochemical and Biophyvsical Methods 57 (3):213-236.

Bradford. Marion M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analviical
biochemistry 72 (1-2):248-254.

Bruck, C., D. Portetelle, C. Glineur, and A. Bollen. (1982). One-step purification of mouse
monoclonal antibodies from ascitic fluid by DEAE Affi-gel blue chromatography.
Journal of Immunological Methods 53 (3):313-319.

Bruck, Claudine, Jeffrey A. Drebin, Corinne Glineur, and Daniel Portetelle. (1986).
Purification of mouse monoclonal antibodies from ascitic fluid by DEAE affi-gel
blue chromatography. In Methods in Enzvmology. 587-596.

Burgess, R. R. (2009). Protein precipitation techniques. Methods Enzymol, 463, 331-342.

Butler. Michael, and Maureen M Dawson. (1992). Cell culnure labfax: BIOS Scientific;
Distributed in the US by Academic Press. 226-236.

Campbell, Grant L, Susan L Hills, Marc Fischer, Julie A Jacobson, Charles H Hoke, Joachim
M Hombach, Anthony A Marfin, Tom Solomon, Theodore F Tsai, and Vivien D Tsu.
(2011). Estimated global incidence of Japanese encephalitis: a systematic review.
Bulletin of the World Health Organization 89 (10):766-774.

Costa, Ana Rita, Joanne Withers, Maria Elisa Rodrigues, Niaobh McLoughlin, Mariana
Henriques, Rosario Oliveira, Pauline M Rudd, and Joana Azeredo. (2013). The
impact of cell adaptation to serum-free conditions on the glycosylation profile of a
monoclonal antibody produced by Chinese hamster ovary cells. New biofechnology
30 (5):563-572.

Cruz, D. J. M., Koishi, A. C., Taniguchi, J. B., Li, X_, Bonoftto, R. M., No. J. H. and Windisch,
M. P. (2013). High content screening of a kinase-focused library reveals compounds
broadly-active against dengue viruses. PLoS neglected tropical diseases, 7(2), e2073.

Ref. code: 25595609032080CWR



155

De Wispelaere, Mélissanne, Marie-Pascale Frenkiel, and Philippe Després. (2015). A Japanese
encephalitis virus genotype 5 molecular clone is highly neuropathogenic in a mouse
model: impact of the structural protein region on virulence. Journal of virology 89
(11):5862-5875.

Draber, Pavel, Eduarda Draberova, and Martina Novakova. (1995). Stability of monoclonal
IgM antibodies freeze-dried in the presence of trehalose. Jowrnal of immunological
methods 181 (1):37-43.

Even, Megha S, Chad B Sandusky, and Neal D Barnard. (2006). Serum-free hybridoma
culture: ethical, scientific and safety considerations. TRENDS in Biotechnology 24
(3):105-108.

Ferreira, Rosana BR, Yanet Valdez, Brian K Coombes, Subash Sad. Joost W Gouw, Eric M
Brown, Yuling Li, Guntram A Grassl, L. Caetano M Antunes, and Navkiran Gill.
(2015). A Highly Effective Component Vaccine against Nontyphoidal Salmonella
enterica Infections. mBio 6 (5):e01421-15.

Gentry, MK, EA Henchal, IM McCown, WE Brandt, and JM Dalrymple. (1982).
Identification of distinct anfigenic determinants on dengue-2 virus using monoclonal
antibodies. The American journal of tropical medicine and hvgiene 31 (3 Pt 1):548-
555,

Gstraunthaler. Gerhard. (2003). Alternatives to the use of fetal bovine serum: serum-free cell
culture. Alrex 20 (4):275-281.

Henchal, E. A, M. K. Gentry, J. M. McCown, and W. E. Brandt. (1982). Dengue virus-
specific and flavivirus group determinants identified with monoclonal antibodies by
indirect immunotluorescence. 4m J Trop Med Hyvg 31 (4):830-6.

Ishikawa, Tomohiro, Atsushi Yamanaka, and Eiji Konishi. (2014). A review of successful
flavivirus vaccines and the problems with those flaviviruses for which vaccines are
not vet available. Vaccine 32 (12):1326-1337.

Jarman, Richard G, Ananda Nisalak, Kathryn B Anderson, Chonticha Klungthong, Butsaya
Thaisomboonsuk, Winai Kaneechit, Siripen Kalayanarooj, and Robert V Gibbons.
(2011). Factors influencing dengue virus isolation by C6/36 cell culture and mosquito
inoculation of nested PCR-positive clinical samples. The American journal of
tropical medicine and hygiene 84 (2):218-223.

Kant Upadhyay, Ravi. (2013). Japanese encephalitis virus generated neurovirulence,
antigenicity. and host immune responses. ISRN FVirology 2013. 1-24.

Kohler, Georges, and Cesar Milstein. (1975). Continuous cultures of fused cells secreting
antibody of predetined specificity. nature 256:495-497.

Manna, Laura, Tiziana Di Febo, Gisella Arnullotta, Mirella Luciani, Antonella Ciarelli,
Romolo Salini, and Mauro Di Ventura. (2015). Production of Monoclonal Antibodies
in Serum-free Media. Monoclonal antibodies in immunodiagnosis and
immmmotherapy 34 (4):278-288.

Mariam, SHS, CW Ooi, WS Tan, OA Janna, A Arbakariya, and BT Tey. (2015). Purification
of rabbit polyclonal immunoglobulin G with ammonium sulphate precipitation and
mixed-mode chromatography. Separation and Purification Technology 144:133-138.

Mendelson, Carole R., Elizabeth E. Wright, Claudia T. Evans, John C. Porter, and Evan R.
Simpson. (1985). Preparation and characterization of polyclonal and monoclonal
antibodies against human aromatase cytochrome P-450 (P-450AROM), and their use
in its purification. Archives of Biochemistry and Biophysics 243 (2):480-491.

Misra, Usha Kant, and Jayantee Kalita. (2010). Overview: japanese encephalitis. Progress in
neurobiology 91 (2):108-120.

Morgenthaler, Nils G, Joachim Struck, Christine Alonso, and Andreas Bergmann. (2006).
Assay for the measurement of copeptin, a stable peptide derived from the precursor
of vasopressin. Clinical chemistry 52 (1):112-119.

Ref. code: 25595609032080CWR



156

Paschoal, Juliana F Beltran, Sandra S Patifio, Thaissa Bernardino, Alexandre Rezende, Marcos
Lemos, Carlos A Pereira, and Soraia A Calil Jorge. (2014). Adaptation to serum-free
culture of HEK 293T and Huh?7. 0 cells. BMC Proceedings. 259.

Petrovsky, Nikolai, and Julio Cesar Aguilar. (2004). Vaccine adjuvants: Current state and
future trends. lmmunol Cell Biol 82 (5). 488-496.

Peyrin, Jean-Michel, Corinne Ida Lasmézas, Stéphane Haik, Fabrizio Tagliavini, Mario
Salmona, Alun Williams, Diane Richie, Jean-Philippe Deslys, and Dominique
Dormont. (1999). Microglial cells respond to amyloidogenic PrP peptide by the
production of inflammatory cytokines. Neuroreport 10 (4):723-729.

Poonam Rajak, M. A. Vija yalakshmi and N. S. Jayaprakash. (2012). Purification of
monoclonal antibodies, IgG1, from cell culture supernatant by use of metal chelate
convective inferaction media monolithic columns. Biomedical Chromatograpiy 26
(12):1488-1493.

Reddy, B Pulla, B Prsanna Reddy, and D Jayasimha Rayulu. (2016). Effects of fetal bovine
serum concentration on the growth and survival of BHK 21 cell lines. 123-127.

Sambrook, J, and DW Russell. (2001). Molecular cloning: a laboratory manual. 3rd edn. 594
Cold Spring Harbor Laboratory Press. Cold Spring Harbor. 104-121.

Saxena, Shailendra K, Asha Mathur, Madhavan PN Nair, Raklhi Saxena, and Sneham Tiwari.
(2013). Japanese encephalitis virus: the complex biology of an emerging pathogen:
INTECH Open Access Publisher. 161-180.

Spriggs, Franklin, Poonam Aggarwal, Shibing Deng, Catherine Soderstrom, and Carol
Donovan. (2011). Comparison of an antibody capture and a cell capture ligand-
binding assay to quantify a monoclonal therapeutic in serum. Bioanalysis 3 (6):605-
611.

Unni, Salim Krishnan, Daniel Ruzek, Chintan Chhatbar, Ritu Mishra, Manish K Johri, and
Sunit K Singh. (2011). Japanese encephalitis virus: from genome to infectome.
Microbes and Infection 13 (4). 312-321.

Yang, Haiou, Patrick V. Gurgel, and Ruben G. Carbonell. (2009). Purification of human
immunoglobulin G via Fc-specific small peptide ligand affinity chromatography.
Journal of Chromatography A 1216 (6):910-918.

Zaidi, S. 1. A, K. P. Singh, S. Raisuddin, A. Jafri, A. K. Saxena, S. Choudhary, and P. K. Ray.
(1995). Modulation of Primary Antibody Response by Protein a in Tumor Bearing
Mice. Immunopharmacology and Immunotoxicology 17 (4):759-773.

Ref. code: 25595609032080CWR



157

U

UsedIngileu wagdvinig

p) WNANUTY d18YYSoU
Yuaeutiin 5 @Ay w.A. 2533
NUAISANEI W.A. 2557: lasan1siaudnideuasauideive

[y a

2RAMNTIN (W39.) S8AuUTYIn s9UTN 2 Usednd

suUseaal 2557 dayauaail MSD5710119
NAIIUNIGIVING

USeye aneygiiew, awn IWnvandyd, yee neauysalay, uagdnn faauiuui.
(2558). ManAslUsiurdaRientohialdauesdniauadluiv. RRI TU Forum
2016. UnusTil: aMINeNdesITUAENS AUESEn (VnavenavIuIveuvuYIn
1Wa)

USeye aneygiiow, awn IWnvandyd, yse neauysalay, uagdnn faauiuui,
(2559).  nnsviuianslululnausaueufiuefives ANTIFLAVIVIRUS — GROUP
ANTIGEN CLONE D1-4G2-4-15 titeldlunmswannlusiuriafiavedhialiaues
Sraviadluiie. msUszgnivinisssdved “Inermansise” A 8 wih 122).
WeLYN: UNINURENLLEN (UnARER & UnFuaNaIIuIVBUUUYINUET)

UTEy aeugisou, aul InvNaYE, Yol eauysalgy, waing Asnuiuum.
(2559). msuAnlUsAuviafventelialianesdniauadlufiv. Tu Ussiass m

v ¢ o A

dus (UsIUNBNN9), sz dvinislasammimuinIdeuazeuiveiiognaInnssy

v
o

A3IN 2 (M 133). NTUNNUNIUAT: gius?msﬂazﬁqml,mmaﬁ%ﬁﬁ (unAnde &
YnauanasIvenvuluanes)

Sayboonruan, P., Wijagkanalan, W., Thaisomboonsuk, B., & Tangkananond, W.
(2016). Comparison of adaptation methods for the production of
monoclonal antibodies from clone D1-4G2-4-15 in serum-free media.
Poster session presented at llth International Symposium of the Protein
Society of Thailand (pp. 119-127). bangkok: chulabhorn research institute.

(Proceedings & Poster Presentation)

Ref. code: 25595609032080CWR



158

Sayboonruan, P., Wijagkanalan, W., Thaisomboonsuk, B., & Tangkananond, W.
(2017). Purified monoclonal antibody of ANTI-FLAVIVIRUS GROUP ANTIGEN
CLONE D1-4G2-4-15 for using in the development of Japanese encephalitis
virus surface proteins in plants.Naresuan University Journal: Science and

Technology (preparation publication) (AMMARUIN )

Uszaumsaliineu w.fi. 2555; WmthiesufiRnsitdadelsn
UTEN 918991AAINEEIU (SyAqua Siam Ltd.) @il
733/8 v 8 #UaRARN 81LNBE1GNNT NI
Unusndl 12130 lasussianisideouasimun
wanfusiaeiu Liesaniauyamaaeudmiuns
m57315A covert mortality nodavirus (CMNV) Tu
fgjﬂm’a (Litopenaeus vannamei)
WA, 2550; Wt iviesUfiRng
U3t wiila Sumediuduiua ngw wIake S
\aa?l 55/5 vy 1 w08 auuviniFe-Taune suaman
a0y B1LNBNITe JmTanszuATATeYsEe 13130
WA, 2550: lmThiruRuAAAIMANSHER
U3en Asfaaind (neuawd) 31in
W@l 23/1 vy 2 nuumthmszatu-tuai dua

U139 SUNBNTENNTUIM JanTnasey3 18120

Ref. code: 25595609032080CWR



159

RRi TU Forum 2016
Fungwauii 19 waARn1ey 2558 1381 08.30 — 12.00 .
WoeUszyudineIuesnisud 1 Tu 2 1A1581nUeENITUA

UMNINYIALTIINAENT AudTedn

Ref. code: 25595609032080CWR



160

RRi TU Forum 2016
Fungwaunii 19 waARn1eu 2558 1381 08.30 — 12.00 1.

U4 o W a = g - a =
waaﬂszyumumﬂuaﬁmiim 19U 2 BIATAIUNIIUBENITUA

(4

UMINYIALTITUAENT ALdTedn

1380 eMGETRE

08.30 - 09.00 . awmzilounaziulenans

09.00 - 09.10 4. naTANU IREUSTUNINeNSesTTUAEnS

09.10 - 0930 u.  Uszwduiusyuiauntinifouazanddoiiegramnisu T
399A1ANT19158 A5 UTBIERY Ndud
Feemslasimstanniinifoussaideiiognamnssy (wie.) sy
UMY

0930 - 10.45 u.  tndAnwfilafumsaduayuyu we. thiausauiimihvesnuideluguuuuin
wWa (PowerPoint)
PHD5610060 u19@1LA3Tad 1Aty (U.lon s35ua1ans)
Fes maifindsdvBamiBsauvesgunsalirowmdsnurinaunilng Tnelitagu
pzdmiuieu-@euwuuldainuiou
MSD5710114 U 1530A3 fTaews (UIn ams.Sa3)
3os matawedalnlndidniaseenslataiiondnielslasauannisueniiio
Tdmsunszuaunislelnsiudu
MSD5710115 unsaidausigo wlugassas (Un uns.Sayys)
509 miﬁmmmsm%‘a:uwaﬁL@J@%Lmﬂﬁaﬁﬂﬁuﬁ’]ﬁuwamzmas’hanizmumﬁ
duATEiuuuLYILaRY

10.45-11.00 4. WATUUTEMUDIMTIN

11.00 - 12.00 u.  tinAnwiildFunsatuayunu wie. drausarufivivsseuidelusuuuy
Urndan (PowerPoint)
MSD5710119 u1ea13U3euyY deyayizau (U.In sssudans)
os mandnlusiurdinfinveadeladdldanassnauindluiy

12.00 1. Unanu

Ref. code: 25595609032080CWR



16

—_

UszuanIWnNangsd RRi TU Forum 2016
IUNGREUAT 19 WaAIN8U 2558 1781 08.30 - 12.00 U.
Vo ssyud1ineIuesnisul 1 ¥u 2 a1arsdinguesn1sud

UINBIFEFTIUAENT AUDTIER

_—
—_—
——
I ——
B —w—
I ——e,

—_—
—_——
I —
—
—_—
—
——
—
—_—
——

I——

Ref. code: 25595609032080CWR



162

I

111

LI |

|

Ref. code: 25595609032080CWR



163

n15UsEYNYINIG "INenrnansIde” Asen 8
h
The 8t National Science Research Conference
9 30-31 WHEAIAN 2559

U 91AT5E38UTIU (MALA) URIINTIRSNLE

Ref. code: 25595609032080CWR



164

i #i5 0590.21/2 130

ANNYINENAERNS

fuaudni 81Lnelinangen

: uLJ Famdansien 56000

Ty O
45

WU £259
389 meufunisianenaudfe TunsusegumannssEauna “Ieieansidy asan 8”
Seu ueEUIenyy angygyseu

AufivinuinnulsrasAdt N auenanulde Tunsussgunadnnsseiund “memanst e

o

ASY 91 87 Tusendneduil 30-31 nauniau 2559 a vedsegungydides uninendensien lnefisnasiden Al

Fowaam: nmevinsavslululnausausufuaives ANTI-FLAVIVIRUS GROUP ANTIGEN CLONE D14G2-
4-15 ieldlumswannTusfusinfivedhdaldauessniauadludio
Purified monoclonal antibody of ANTI-FLAVIVIRUS GROUP ANTIGEN CLONE D1-
4G2-4-15 for using in the development of Japanese encephalitis virus surface

proteins in plants.

Unill augnssunsinsanands lRnsanranuvesiuduiiSeudesuds uaziay
BuAvA eReulivunTIUIHANUITEYeInY “diunsinnsandadentyiu Nauenanuiduguuuu Oral Presentation Tu

MIUTEPMANNTIRAVNA “INe1manside AT 87 uasinuiluauundngonu Useadynism (Abstracts Book)

FwalivguaniiunisthszRuegamsidoudnuiutu 1,000 U ieiuumdu) dwsuiids/

o =

Unfnw waza 1WINRY 1,500 v ilaiuisesumdin) dmsuuananil/e1asd kulyTesuning sunasing
WY 9 MAUMITY) A1VINTINERENLIEN ManeevUnT 891243173-5 aUnd Inenmaniidunsan 8 wazdmang u

oA = ' YY) s A
AMFIYLNRUNIUNNIZUUMTEINSLUEU NBUIU IUNT N 11 lUweU 2559

FUTPUNUNBLUIANTIU UAENNAMENTINNITIANTUTEYL VYD UNSEAMVINUANT I

N

MIUTEPANINTILAUTIA “INerimansd e Asi 71 8” 11 a lenial

Jalanimnuliuile

NUFINT AMLINY AN

ns. 0 5466 6666 #v 1713 (L/S‘G/- Mj)J)Z/

nsas 0 5466 6664
(599A@n519158US et waulasl)

ANURAMEINENMERS

Ref. code: 25595609032080CWR



‘ ' AKUQNISIa:UNANED

s=yuShIMss=auhil
“SnurmaasHiw”
@50 8

BERce and Technology to Innovation

} SCIENCE

QESEARCH

i CONFERENCE
m e

30-37 wnuynifAy 2559
ANUINYIFTIACS UK 1INEI1a8W:1ET

ISBN: 978-616-7820-36-1 _ 4§

165

Ko

Ref. code: 25595609032080CWR



v
o o

madszgizimsseiivand “nanmandide” A 8

k74 )
AMKANITNITU YN "FNUIFIHNSIY" ASIN 8

Fufi 30-31 WEAAN 2559

3 BIASLSYUFIH(MAILAT) HUINLIRENSLEN

SN T 28-29 WeMANAN 2559

08.30 u.-16.30 u.

amadaudndoulsrgadsmnsriauenasysuianasmsUssyy

(wwazyransuasidnmizenunisly)

Juafiadf 29 wguatAN 2559

13.00 4.-18.00 .

awzifon / Suenasnisdsegay / fnlamad

Fudumsi 30 WeunnAN 2559

08.00 %.-09.00 w.

09.00 4.-09.30 .

09.30 %.-10.30 .

10.30 %.-10.45 .
10.45 u.-11.45 W

11.45 %4.-13.00 u.
13.00 4.-14.00 .

14.00 W.-15.20 w.

ameden [ Supnarsnisuseya / nlUmnes

A3 Dm o ipsusstne PKY1

a1t Ine AnuAnneAnermans anAngndenaien
nanadines Tre a3nsufiuinendenzen

1gnn1suiBey A As.wsaA p9sIng o4 AinausTEngy PKYT
“@pg ymAdedunsiulivssluml

SuUsenIuaIIITIN

L e

whgnanfuley we.as.a93mal Hanaw o Aasussens PKY1

das * meimuenATefodf hinsansfifld F ge
Fudssmuemsnanedn

gnaniuiBey Aasing ngaiug o iesusseny PKY1
Fn9 * sysanmRmATY”

NIFHNEUBNANWATY

1521w Oral Presentation WgNAINAGNANYN (Parallel sessions)
aguft 1w RANd Fagmand RAnduszynd uazRAnddnun

naufl 2 @wAvermansganin walklaifanan Seinendnen

q

Angrmansuasvnaklainisinin n1sdan1sdii

166

Ref. code: 25595609032080CWR



15.20 #.-15.30 .
15.30 4.-16.45 W.

16.45 1.-18.30 .

18.30 4.-21.00 4.

1

nsUsTgRiTINTIEAuEd “Anenmaniiae” Al 8

nanl 3 aenad wiBeTan uasialifinen

'

Fs

a

N

nauil 4 avradamand afifl uasadiamanidnu
NANT 5 A1AviaInsABNRne3

urzmAluladansaumea
wanngutias “mMavaudngnweasindnemans”
SuUsamuaTNTIN

MIUNAUDHNAITNITY

1U4e1an Oral Presentation uﬂﬂmumg’umm (Parallel sessions)

nguil 1 a1 RAnd Tanenand Randusegnd uarffndAnen
ngufl 2 aTinerrnansBan waluladfanm SaAnenfinen

Anumansuasnaluladnisinin a1sianisfiva

ngui 3 aeuafl fidedan uasiafiAnen

1

ngnfl 4 anadlamand aif uazadiamandfing

NaNT 5 @wAneIMsaaNRowes uazma e arsaume

.
AMSHEUDNANHITE
U5 Poster Presentation Lmnm'mmg'umm (Paralle! sessions)

IMALIFUIDY

WBIASN 31 NEAIAN 2559

8.30 1.-10.30 w.

10.30 %.-10.45 4.
10.45 4.-12.00 1.
12.00 4.-14.00 w.

AITHEHDNAIATY
Usziw Oral Presentation uﬂﬂmunzg'zdmm (Parallel sessions)

nguil 1 seRand Janemand Randussynd ussRAndAnun

3
)
aNT 2 AT AnEImaRsEenIn wAlaESenw S9Anenfinen

5

AngrFansuaTnA LIagN1sTY n1saAnIsiivia

nguil 3 arzuall 1lideian uatiafifinun

0l

NANT 4 F1VARRANERT FT0 LRLAIAATERSANEA

nguil 5 mainennisesfiumed warmaluladaaarme
MIUEUBHRIWITETIAY (N1ANTY1BINTE)
SulssueMITIN

AFTUA 0 FDIUTINY PKYT UAENAUSINIRUNARBNAITHALAY

FUUszUETNSNANNTU [ WRKNAUANNESENAE

8

167

Ref. code: 25595609032080CWR



168

nsdsrgaATInssEAuId “Angnmandide” A 8

Fudunsil 30 wqunAN 2559
Parallel Sessions 3 fiasit 3 ﬁ‘rﬁﬁnéaﬁ’uqmﬂm%ua:ia’muﬁamqa
1987 14.00 W.-16.30 4. 9124 PKY4 B1ANTITUNIIN HUNANIRENELET
U584 A9.TYAN gaTTuAus
Yszsmsaw 1) as.ada Suland 2) wesmanadnunl yaysn

Ll 1981 TR viuaidas #-anA

1 14.00-1420  BI-0-13  mavassfuuasianndarignaadnainaing asygyand
winfifldnenmtimaianndwiudgosan Audnau
uhfigequditannlassmamansiiedindmin
Wag

2 1420-1440  BI-0-14 mafmBenuarimndorugnisdroliniss  wefinfin
dndftdnunm Tunsududadionamannan s
Tun'ﬁv‘immLﬂuﬁ’u{qnuauuwﬁuﬂqq

3 1440-1500  BI-0-15  mafinwndnunibuanadfidue uasniaia | wadnfinnd |
Tuafugnummparimaiiudumating thdse

4 15.00-15.20  BI-0-16  msundnszaevaedufismamiadandunfihe  wagon
mm:guuuwmwmﬂﬂn'futﬁu Acinetobacter anuol maes
baumannii fusnannismenutadeenedsseny - e
s Usznalng
Wnsulsznauemisin 10 Wit

5  1530-1550 BI-0-17  maviwdanilnlulnauosuenfivefiues ANT-  uaU3eme
FLAVIVIRUS GROUP ANTIGEN CLONE D1-4G2-  @neysydau
4-15 intitunaimunlusfusinfaneslada
Thanpadniauiadufly

6 1650-16.10  BI-0-18  Anunmuseoymemiawefinaddmimitasd  assflosa
ideindunuuii Fuprsund

7 16.10-1630  BI-0-19  mamuAIsmeRiamefidunizdants WAOIENG
Fndantinnfifludnnuraglang yoyifim

22

Ref. code: 25595609032080CWR



169

“r

N19UsTENITINTIEALIR “Anenrandide” A 8

BI-0-17
mavinudqus lululaauaauanfuafizes ANTI-FLAVIVIRUS GROUP ANTIGEN CLONE
D1-4G2-4-15 ia i tun1swamnTusAuriafinnasiialiannssniauiaduiy
Purified monoclonal antibody of ANTI-FLAVIVIRUS GROUP ANTIGEN CLONE D1-4G2-4-15 for

using in the development of Japanese encephalitis virus surface proteins in plants.
B srenygudon’, 9naun Anoondeys’, yuen Meauysalge’ uas 30 deauman
Em_emmhjgxb_mnmmﬂ. Wassana Wijogkcnolcnz. Butsaya Thaisomboonsuk” and Wipa Tungkoncnond"
" nadunalulastonw asisingrmansurzmalulad imineagsssumans
? u3wn luloum-ii8ey $17 (w197 1) fangaamnssuinmilamn) SunpusBu Smianwssunsaioyse
*maBalasEinen wlaguwngmsunawisawing aaiaseInenmansnsunmgng

unAntia
msfinuanaAlUsiusiafovadhialiauadnauns (hined) hivis il lnsussuoniueid
Sumzsauaniisuraslhiand e ulnsmindssesdiomsdsssadingsn Wendeululasuesuonived
Wi susndumssemnsiadgrenisisinduTavenesd wiffissesdentoufisuiunismindearadly
23R E85 Tnniannzatetehufunaumevinudgrbaauauiiued smATedidunaieenmamisdoasad Di-
462-4-15 (ATCC 112HB) fifinsnaninlilnsueauanfusfisunizdouaufiauras s Favivius TupsBssiwadil
350 mamazdsaradduannnsdscusmnsdearaditgingnia 10 % anfudsstusmsdaeaduuulid
$%4 wiindiuAg direct adaptation wax sequential adaptation WAL TBIMAIMTEAZNEY YBID M ABITARTIRULTNE
854 uarfdT 1 MARBUI LT H LS HNBUATANMNAINITNYBIUEUALDF wisanivhnsanaznauueniueiiing
wonluflsndamademansonnaznenlusfuliiznnd 95% wasimeiBuasittuvindgndlnetilasinaRuuy
Sz wisnimarsuAransnraueNiuafiiomh il dviuAnuanmElusinsiaforedhime sy
sinlu
frdndty : mavinaanE, D1-462-4-15, Taialiauesdniauies, ssiAs TadAREdN
Abstract

The study of the Japanese encephalitis virus (JEV) surface proteins in plants requires monoclonal antibedies
specific to its antigen. In general monoclonal antibodies were produced in cell cultures by using media containing serum.
Although serum is a main source of essential nutrients and growth factors, it has many disadvantages compared to serum-
free medium especially in the process of antibody purification. In this study, we developed a serum-free medium system
for cultivating D1-4G2-4-15 (ATCC 112HB) and producing specific monoclonal antibodies to various antigens of the genus
Flavivirus. Cells were cultivated in @ medium with 10 % fetal bovine serum and sub passaged to serum-free medium,
which are divided into the direct adaptation and the sequential adaptation. Supernatants from serum-free and serum
media were collected and compared by their amounts and activities. After one-step ammonium sulfate precipitation of the
spent medium, more than 95% of protein recovered was antibody then purified by using affinity chromatograph. Finally,
the antibody activity was tested before being used for the characterization of JEV surface proteins in plant.
Keywords : Purified, D1-4G2-4-15, Japanese encephdlitis virus, Serum-free medium

*Corresponding author. E-mail : w_tangkananond@yachoo.com
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The 11" International Symposium of the Protein Society of Thailand
3-5 August 2016

Convention Center, Chulabhorn Research Institute, Bangkok, Thailand
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24 Jun 2016

Dear Ms. Preeyanuch Sayboonruan,

Biotechnology Science and Technology Thammasat university
Subject: Acceptance of Proceedings Submission (PP035)

Your proceedings (No. PP035) entitled COMPARISON OF ADAPTATION METHODS FOR THE PRODUCTION OF
MONOCLONAL ANTIBODIES FROM CLONE D1-4G2-4-15 IN SERUM-FREE MEDIA., submitted to the Protein Society of
Thailand (PST) for presentation at the 11" International Symposium of the Protein Society of Thailand to be held at the
Convention Center, Chulabhorn Research Institute, Bangkok, Thailand during 3-5 August 2016 has been reviewed and

recommended by the scientific committee. We are pleased to inform you that your proceedings was officially ACCEPTED.

Please prepare POSTER for your presentation according to the guidelines provided in the website

athttp.//www.proteinsocthai.net/symposium2016/guide_poster.php and set your poster up at the symposium venue during

3-5 August 2016.

Thank you for your interest in the PST activities and looking forward to seeing you soon.
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PP035

COMPARISON OF ADAPTATION METHODS FOR THE PRODUCTION
OF MONOCLONAL ANTIBODIES FROM CLONE D1-4G2-4-15 IN
SERUM-FREE MEDIA

Preeyanuch Sayboonruan', Wassana Wijagkanalan?, Butsaya Thaisomboonsuk?® and Wipa Tangkananond'

‘Department of Biotechnology, Faculty of Science and Technology, Thammasat University, Rangsit Campus, Pathum Thani 12120, Thailand
“BioNet-Asia Co., Ltd, Hi-Tech Industrial Estate, Phra Nakhon Si Ayutthaya 13160, Thailand
3Department of Virology, Armed Forces Research Institute of Medical Sciences, U.S. Army Medical Directorate, Bangkok 10400, Thailand
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ABSTRACT

Generally, cell culture media are supplemented with fetal bovine serum (FBS). The FBS disadvantages are contaminated with
bacteria, viruses, etc. and expensive. Therefore researchers endeavor to grow cells in serum-free medium. The method for the production of
monoclonal antibodies specific to antigen genus Flavivirus from clone D1-4G2-4-15 in serum-free media is described. The cells were
cultivated in RPMI 1640 containing 10% heat-inactivated FBS and cells were adapted to serum-free media. Two adaptation methods of the
immediate and sequential adaptations were compared. Cells were monitored and cultured for 3-5 passages until consistent growths were
achieved and cell density, viability and antibody production were reported. Both immediate and sequential adaptations produced similar
trends of cell density, viability and antibody production. The cells revealed similar patterns of lag, exponential and stationary growth phases
using either 10% FBS or serum-free methods. The antibody production giving OD 2 0.200 were reported as positive and Dengue virus type 1
was used as positive control in the test. The antibody production of cells growing in the complete RPMI 1640 medium and complete CD
Hybridoma Medium methods showed the similar level of products which started from the first day. We can use the immediate adaptation
method for producing monoclonal antibody from clone 4G2 as it consumed less time, lower cost and labor than the sequential adaptation
method. Moreover, the antibody production of the immediate adaptation method was similar to the conventional culture method with 10%

FBS-RPMI 1640.

Keywords: D1-4G2-4-15, serum-free media, monoclonal antibody, cell culture

In general, hybridoma cell lines are cultured in conventional tissue
culture media supplemented with 10% FBS. Of these, serum is the most
common ingredient to support and enrich hybridoma cell growth. However,
owing to the regulatory and safety issues, serum need to be avoided in the
biopharmaceutical industry [1] as the serum in hybridoma cell culture medium
added to the fraction of immunoglobulins present in the culture media [2].
Consequently, hybridoma cells that typically grow in 10% FBS containing media
(10%FBS-RPMI) need to go through a process of adaptation to culture in
serum-free media conditions, usually consisting of reductions in serum
concentration in the medium, and additional supplementation with serum
substitutes, defined proteins, or small molecules such as amino acids or trace
elements [3]. However, a serum-free adaptation is time consumed and can
affect the genome stability, cell growth and product yield, as well as the product
quality.

Adaptation of D1-4G2-4-15 to serum-free media
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In this study, we cultured D1-4G2-4-15 in a serum-free cell culture system
for the production of monoclonal antibodies specific to the genus Flavivirus
antigen and compared the adaptation methods of serum free media in cell
culture. Fig. 1 showed the number of cell density in serum free media by
sequential adaptation method was greater than cells from the immediate
adaptation method. The viability percentage of cell cultures in the sequential
adaptation was higher than the immediate adaptation method as shown on Fig. 2.
Both immediate adaptation and sequential adaptation methods can produce
monoclonal antibodies specific to the genus Flavivirus antigen at the first day
which showed the positive result on Fig. 3.
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D1-4G2-4-15 hybridoma cells can be cultured in 10% FBS-RPMI without compromising cell
viability, density and antibody production. The hybridoma cells can be cultured in serum free media by
i i ion and i ion methods which showed similar trends of cell density,
viability and antibody production. The best method was immediate adaptation method for producing
monoclonal antibody from clone D1-4G2-4-15 as less time and labor consumed than by sequential
adaptation. Both antibody productions were similar when compared to 10% FBS-RPMI. The immediate
adaptation method can use serum free at the first passage, but the sequential adaptation method required
4 passages before gradually stepping into a serum-free medium. Therefore, the immediate adaptation
culture method can reduce time, cost, and manpower.
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ABSTRACT

Generally, cell culture media are supplemented with fetal bovine serum (FBS). The
FBS disadvantages are contamination with bacteria, viruses, etc. and expense. Therefore
researchers endeavor to grow cells in serum-free medium. The method for the production of
monoclonal antibodies specific to an antigen of the genus Flavivirus from clone D1-4G2-4-
15 in serum-free media is described. The cells were cultivated in RPMI 1640 containing 10%
heat-inactivated FBS and cells were adapted to serum-free media. Two adaptation methods of
the immediate and sequential adaptations were compared. Cells were monitored and cultured
for 3-5 passages until consistent growth was achieved and cell density, viability and antibody
production were reported. Both immediate and sequential adaptations produced similar trends
of cell density. viability and antibody production. The cells revealed similar patterns of lag,
exponential and stationary growth phases using either 10% FBS or serum-free methods. The
antibody production giving OD > 0.200 were reported as positive and Dengue virus type 1
was used as positive control in the test. The antibody production of cells growing in the
complete RPMI 1640 medium and complete CD Hybridoma Medium methods showed
similar levels of products which started from the first day. We can use the immediate
adaptation method for producing monoclonal antibody from clone 4G2 as it consumed less
time. at lower cost and required less labor than the sequential adaptation method. Moreover,
the antibody production of the immediate adaptation method was similar to the conventional
culture method with 10% FBS-RPMI 1640.

Keywords: D1-4G2-4-15, serum-free media, monoclonal antibody, cell culture
INTRODUCTION

D1-4G2-4-15 (ATCC® HB-112T‘“) was derived from the mouse after immunization
with dengue virus type 2 antigens and spleen cells were fused with P3X63Ag8 myeloma cells
[1].The monoclonal antibodies from clone D1-4G2-4-15 reacted specifically with the
envelope protein of viruses in genus Flavivirus [2, 3]. This genus includes Dengue virus,
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West Nile virus, Tick-borne encephalitis virus, Zika virus, Yellow fever virus and several
other viruses which may cause encephalitis [4].

In general, hybridoma cell lines are cultured in conventional tissue culture media
supplemented with 10% FBS. Of these, serum is the most common ingredient to support and
enrich hybridoma cell growth. However, owing to the regulatory and safety issues, serum
need to be avoided in the biopharmaceutical industry [5] as the serum in hybridoma cell
culture medium added to the fraction of immunoglobulins present in the culture media [6].
Consequently, hybridoma cells that typically grow in 10% FBS containing media (10%FBS-
RPMI) need to go through a process of adaptation to culture in serum-free media conditions,
usually consisting of reductions in serum concentration in the medium, and additional
supplementation with serum substitutes, defined proteins, or small molecules such as amino
acids or trace elements [7]. However, a serum-free adaptation is time consumed and can
affect the genome stability. cell growth and product yield, as well as the product quality.

In this work, we used 2 methods to adapt hybridoma cells to serum-free culture
conditions; the immediate adaptation and sequential adaptation. The hybridoma cells
exhibited viable growth with incessant production of monoclonal antibody in 10% FBS-
RPMI 1640. The cell density, viability and antibody production from hybridoma cells in 10%
FBS-RPMI 1640 and both serum-free media of immediate and sequential adaptations were
compared. We aimed to improve the best method for growing clone D1-4G2-4-15 by using
serum-free media and produce monoclonal antibodies specific to the genus Flavivirus
antigens.

MATERIALS AND METHODS
D1-4G2-4-15 cell culture

Frozen cells of D1-4G2-4-15 were rapidly thawed in the 37°C water bath and were
grown in Roswell Park Memorial Institute (RPMI) 1640 medium (Invitrogen) supplemented
with 10% heat-inactivated fetal bovine serum (Gibco) and final concentration of 2 mM L-
glutamine (Invitrogen). 100 1.U./ml penicillin (Invitrogen) and 100 ug/ml streptomycin
(Invitrogen) which was called the complete RPMI 1640 medium. Cells were incubated at
37°C in a humidified atmosphere of 5% CO, and grown for 5 days. Then cells were sub-
cultured in the mid-logarithmic growth phase 3-5 days with the minimum of 3 passages
~ before using in the further applications. The cells were seeded at 2 x 10°-3 x 10° viable
cells/ml.

Adaptation of D1-4G2-4-15 to serum-free media

D1-4G2-4-15 cells were sub-cultured by growing in the complete RPMI 1640
medium and cell growth were monitored until reaching 1 x 10° viable cells /ml. Then cells
were cultured by two methods using immediate and sequential adaptations which were
described as follows.
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Immediate adaptation

D1-4G2-4-15 cells were washed 2 times by using CD Hybridoma Medium with
supplement of final concentration of 8 mM L-glutamine (Invitrogen), 100 I.U./ml penicillin
(Invitrogen) and 100 ug/ml streptomycin (Invitrogen) which was called the complete CD
Hybridoma Medium. The cells were centrifuged at 200g for 5 minutes, and sub-cultured to 6
x 10° viable cells/ml in fresh pre-warmed complete CD Hybridoma Medium. Then cells were
incubated at 37°C in a humidified atmosphere of 5% CO, in the air and grown for 5 days.
Next cells were continuously monitored and passaged for 3-35 passages until consistent
growth was achieved. After cells were sub-cultured, the supernatants were harvested from
cell cultures by centrifugation at 200g for 10 minutes and they were stored at -20°C for
testing their antibody production.

Sequential adaptation

A seeding density of 5 x 10° viable cells/ml was used during the adaptation
procedure. Cells were sub-cultured stepwise by increasing the ratios of complete CD
Hybridoma Medium to the complete RPMI 1640 medium with each subsequent passage as
follows: (i) 25:75, (ii) 50:50, (iii)75:25, (iv) 90:10 and followed by 100% complete CD
Hybridoma Medium. After sub-culturing, the cells were harvested and the supernatants were
collected by centrifugation at 200g for 10 minutes and were stored at -20°C for testing their
antibody production.

Cell counting for cell density and viability assay

A number of cells growing in culture flasks were sampling and determined by using a
Neubauer hemocytometer and trypan blue dye. Dead cells were stained with trypan blue so
that they could be outstanding from live cells.

Calculate the cell density

Cell density (cells/ml) = Average of cells x dilution factor x 10*

Calculate cell viability

% Cell viability = Average of live cells / Average of total cells x 100
Typing enzyme-linked immunosorbent assay (Typing-ELISA)

The typing ELISA was performed according to the protocol established at Armed
Forces Research Institute of Medical Sciences (AFRIMS) laboratory [8]. Briefly, 100 ul of
1:400 Goat anti-mouse IgG (KPL, A SeraCare Company) were transferred to a 96-well plate
and incubated overnight at 4°C or 2-3 hours at room temperature. The plate was washed eight
times with 0.5% BSA in PBS. pH 7.4+0.1 and later blocked for 1-2 hours in 1% BSA in PBS,
pH 7.4+0.1 at room temperature. Then supernatants from cell culture at 1:10, 1:100, 1:500.
1:1000, 1:2000 and 1:3000 dilution were added to the wells and incubated 2-3 hours at room
temperature. Dengue virus type 1 antigen was transferred to each well of a 96-well plate and
incubated overnight at 4°C. After washing the plate, human anti-flavivirus IgG-HRP
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conjugate was added and incubated 2-3 hours at room temperature. The plate was washed and
o-phenylenediamine (OPD) was added subsequently. The reaction was stopped by 2M
H,S0O;. The plate was read on a microplate reader at an absorbance of 492 nm.

Determination of protein concentration

Bio-Rad Protein Assay can be used for the determination of total proteins in each
supernatant by measuring OD at 595 nm with a microplate reader following Bradford [9].
The Mouse IgG protein standards (SIGMA. USA) were used for calculating protein
concentrations.

RESULTS

The D1-4G2-4-15 cells were grown in complete RPMI 1640 medium and sub-
cultured at the mid-logarithmic growth phase during day 3-5 post-thawing at a seeding
density of 5 x 10° viable cells/ml. Cells were sub-cultured using a minimum of 3 cell
passages before adaptation to serum-free media. Cells were sub-cultured when viable cell
density reached >1 x 10° viable cells/ml into sterilé flasks with fresh pre-warmed complete
CD Hybridoma Medium. Two methods of adaptation in serum-free media have been used,
ie., immediate adaptation and sequential adaptation. It is critical that cell viability were
greater than 90% and cells was in the mid-logarithmic growth phase prior to adaptation.
Successful adaptation will depend on upon each particular hybridoma and the culture
conditions employed. It is recommended that the backup cultures in the original medium
were maintained until success with the new medium has been achieved.

Comparison of cell density of clone D1-4G2-4-15 cultured in the complete RPMI
1640 medium and serum-free media were shown. The methods of serum-free media were
immediate adaptation and sequential adaptation, of which contained the ratio of complete
RPMI 1640 medium: complete CD Hybridoma Medium of 75:25. 50:50, 25:75 and 0:100 and
they were grown for 7 days. The number of cell density in the complete RPMI 1640 medium
was greater than cells in the complete CD Hybridoma Medium. The number of cell density in
serum free media by sequential adaptation method was greater than cells from the immediate
adaptation method as shown on Fig. 1. The cell density of cell culture by the sequential
adaptation method at ratio 75:25 had higher cell density than in other ratios. The comparison
of cell density in serum-free media from both immediate adaptation and sequential adaptation
methods were shown. The cell densities of both methods were quite similar but slightly
higher in the sequential adaptation method than in the immediate adaptation method. The
cells grew into the lag phase on 0-2 days and the exponential phase started on day 3 and
ended on day 5. All these cells reached the stationary phase on day 6.
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Cell density of clone D1-4G2-4-15
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Fig. 1 Comparison of cell density of clone D1-4G2-4-15. Cells were cultured in the complete
RPMI 1640 (-¢-) and complete CD Hybridoma Medium which included immediate
adaptation (-s-) and sequential adaptation containirig various ratio of complete RPMI 1640:
complete CD Hybridoma Medium [(75:25 (-A-), 50:50 (-X-), 25:75 (=]¢), 0:100 (-9-)].

Comparison of the percent viability of clone D1-4G2-4-15 cultured in the complete
RPMI 1640 and complete CD Hybridoma Medium, the cell viability of seeding stock in the
complete RPMI 1640 was greater than 90% then the cells were sub-cultured into serum free
media. The viability percentage of cell cultures in the sequential adaptation was higher than
the immediate adaptation method as shown on Fig. 2. The greatest viability percentage was
shown by the sequential adaptation method at ratio of complete RPMI 1640 and complete CD
Hybridoma Medium at 75:25 whereas the subsequent viability ratios were shown at the
sequential adaptation method at ratio of 50:50 and 25:75. The cell viability of immediate
adaptation method rapidly declined when compared to the sequential adaptation method.
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Fig. 2 Comparison of % viability of clone D1-4G2-4-15 cultured in the complete RPMI 1640
medium (-¢-) and the complete CD Hybridoma Medium. The serum-free media included 2
methods: immediate adaptation (-s-) and sequential adaptation. The sequential adaptation had
containing ratio of the complete RPMI 1640 medium : complete CD Hybridoma Medium
[(75:25 (-A-), 50:50 (-X-), 25:75 (+)|¢-), 0:100 (-e-)].

Antibody productions of clone D1-4G2-4-15 which were cultured in the complete
RPMI 1640 and complete CD Hybridoma Medium produced similar titers and were positive
at the first day. The positive cut-off optical density (OD) when measuring the absorbance at
492 nm was greater than or equal to 0.200. Cells were cultured in different conditions
producing monoclonal antibodies specific to the genus Flavivirus antigen and Dengue virus
fypel which were used as a representative control of genus Flavivirus. Both immediate
adaptation and sequential adaptation methods can produce monoclonal antibodies specific to
the genus Flavivirus antigen at the first day which showed the positive result on Fig. 3. The
vield was determined by antibody present in the supernatant of the complete RPMI 1640 was
19.73 mg/ml, while the vield of antibody in complete CD Hybridoma Medium was 0.335 and
0.357 mg/ml in immediate and sequential adaptations respectively. The antibody in the
complete RPMI 1640 had the highest concentration because it contains calf's IgG with
concentration of 3.5 to 47.0 mg/ml. Therefore antibody productions of D1-4G2-4-15 in the
complete RPMI 1640 were composed of IgG of calf and D1-4G2-4-15 [10].
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Fig. 3 Comparison of antibody production of clone D1-4G2-4-15 using the complete RPMI
1640 medium (-+-) and the complete CD Hybridoma Medium. The serum-free media
containing 2 methods: immediate adaptation (-u-) and sequential adaptation. The sequential
adaptation had containing ratio of the complete RPMI 1640: complete CD Hybridoma
Medium [(75:25 (- A-). 50:30 (-X-), 25:75 (=>|¢-). 0:100 (-e-)].

DISCUSSION AND CONCLUSION

In this study, we cultured D1-4G2-4-15 in a serum-free cell culture system for the
production of monoclonal antibodies specific to the genus Flavivirus antigen and compared
the adaptation methods of serum free media in cell culture. As has been extensively reviewed
[7. 11, 12] serum is the main source important of growth factors. hormones, and nutrient
transporting molecules. However, the disadvantage of fetal bovine serum containing in
culture medium is especially when the antibody purity and quality strictly required [13] and
high amounts of diverse proteins introduction into the system. Many of the contaminating
immunoglobulins have similar properties to the antibody of interest [14-16]. The purification
of the antibody of these protein mixtures is extremely difficult and there are usually several
steps to purify. The existing natural variability of sera, a purification protocol optimized for
one lot of commercial serum may vary among batches of antibodies [17]. Moreover, the use
of animal sera increases the risk of introducing infectious agents such as mycoplasma and
viruses that may compromise the medical safety of the product in use [5]. Some hybridoma
cells require serum of which may be reduced by maintaining the cells at high density. and
antibody production is not ratio for the rate of cell proliferation, rather it depends on the total
number of cells in culture. The first successful cultivation of hybridoma cells using a serum-
free medium was described by Chang et al. [18].
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The replacement of serum (10% FBS) media with serum free media provides
important ethical and scientific advantages [19]. To improve cell culture techniques by
switching to serum-free media has become imperative. The development of monoclonal
antibodies producing hybridomas can be conducted without serum in the culture medium.
Serum-free media are highly effective for the culture of splenocytes and myelomas before
fusion and during the selection of hybridomas immediately after fusion [2, 3. 13]. Production
of monoclonal antibodies from selected hybridoma cells is also greatly improved by the

elimination of serum from culture media.

In conclusion. our data D1-4G2-4-15 hybridoma cells can be cultured in 10% FBS-
RPMI without compromising cell viability, density and antibody production. The hybridoma
cells can be cultured in serum free media by immediate adaptation and sequential adaptation
methods which showed similar trends of cell density, viability and antibody production. The
best method was immediate adaptation method for producing monoclonal antibody from
clone D1-4G2-4-15 as less time and labor consumed than by sequential adaptation. Both
antibody productions were similar when compared to 10% FBS-RPMI. The immediate
adaptation method can use serum free at the first passage, but the sequential adaptation
method required 4 passages before gradually stepping into a serum-free medium. Therefore,
the immediate adaptation culture method can reduce time, cost, and manpower.

ACKNOWLEDGEMENTS

The authors would like to thank the Research and Researchers for Industry Program,
The Thailand Research Fund (TRF), Bangkok THAILAND and BioNet-Asia Co., Ltd, Hi-
Tech Industrial Estate, Phra Nakhon Si Ayutthaya for funding this project. We would also
thank the Department of Virology. Armed Forces Research Institute of Medical Sciences, US
Army Medical Directorate, Bangkok and the Department of Biotechnology, Faculty of
Science and Technology. Thammasat University, Rangsit Campus. Pathum Thani for the
supporting materials and laboratories.

REFERENCES

1. Henchal E, Gentry M, McCown J, Brandt W (1982) Dengue virus-specific and flavivirus
group  determinants identified with  monoclonal antibodies by indirect
immunofluorescence. Am J Trop Med Hyg 31, 830-6.

2. Baker P, Knoblock K, Noll L, Wyatt D, Lydersen B (1984) A serum independent medium
effective in all aspects of hybridoma technology and immunological applications. Dev
Biol Stand 60, 63-72.

3. Kawamoto T, Sato JD, Le A, McClure DB, Sato GH (1983) Development of a serum-free
medium for growth of NS-1 mouse myeloma cells and its application to the isolation of
NS-1 hybridomas. Anal Biochem 130, 445-53.

4. Shi PY (2012) Molecular virology and control of flaviviruses: Horizon Scientific Press.
1-9

5. Ozturk S. Hu WS (2005) Cell culture technology for pharmaceutical and cell-based
therapies: CRC Press. 439-40.

Ref. code: 25595609032080CWR



193

127

6. Darby C, Hamano K. Wood K (1993) Purification of monoclonal antibodies from tissue
culture medium depleted of IgG. J Immunol Methods 159, 125-9.

7. Doyle A, Bryan GJ (1998) Cell and tissue culture: laboratory procedure in
biotechnology: Chicester: John Willey & Sons. 92-8

8. Jarman RG, Nisalak A, Anderson KB, Klungthong C, Thaisomboonsuk B, Kaneechit W,
Kalayanarooj S, Gibbons RV (2011) Factors influencing dengue virus isolation by C6/36
cell culture and mosquito inoculation of nested PCR-positive clinical samples. Am J Trop
Med Hyg 84, 218-23.

9. Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal Biochem 72, 248-
54.

10. Morrill KM, Tyler HD (2012) Two methods to determine IgG concentration in calf
serum. Animal Industry Report 658, 40.

11. Barnes D, Sato G (1980) Methods for growth of cultured cells in serum-free medium.
Anal Biochem 102, 255-70.

12. Geigert J (2013) The Challenge of CMC Regulatory Compliance for Biopharmaceuticals
and Other Biologics: Springer. 160-8.

13. Sandstrom CE, Miller WM, Papoutsakis ET (1994) Serum-free media for cultures of
primitive and mature hematopoietic cells. Biotechnol Bioeng 43, 706-33.

14. Kaldjian EP, Chen GH, Cease KB (1992) Enhancement of lymphocyte proliferation
assays by use of serum-free medium. J Immunol Methods 147, 189-95.

15. Kovér J, Fran¢k F (1984) Serum-free medium for hybridoma and parental myeloma cell
cultivation: a novel composition of growth-supporting substances. Immunol Lett 7, 339-
45.

16. Ozturk S, Kaseko G, Mahaworasilpa T, Coster H (2003) Adaptation of cell lines to
serum-free culture medium. Hybrid Hybridomics 22, 267-72.

17. Shacter E (1989) Serum-free media for bulk culture of hybridoma cells and the
preparation of monoclonal antibodies. Trends Biotechnol 7, 248-33.

18. Chang TH, Steplewski Z, Koprowski H (1980) Production of monoclonal antibodies in
serum free medium. J Immunol Methods 39, 369-75.

19. Gstraunthaler G (2003) Alternatives to the use of fetal bovine serum: serum-free cell
culture. Altex, 20,275-81.

Ref. code: 25595609032080CWR



194

-
Py
0y S

Certificate of Attendance

This 1s to certify that

Preeyanuch Sayboonruan

Has Attended in The 11" International Symposium of The Protein Society of Thailand
Bangkok, Thailand
Held on August 3-5, 2016

?f”""\

Emeritus Prof- M.R, Jisnuson Svasti
Chair of the Organizing Committee
<& NCP2

SHOC20

Ref. code: 25595609032080CWR



195

soN OF Aw’mian M
LONAL ANnaoDlEs FR
seuuwnss
e ) oot

0
<'ull?‘lﬂ
oF MONOC

Ref. ¢
- code:
: 25595609032080
CWR



Diagnostic Laboratory, SyAqua Siam Co., Ltd Sy q ua

733/8 M. 8, Phahon Yothin Soi 80

Phahon Yothin Rd., Khu Khot, Lam Luk Ka berof G JUE
Pathumthani 12130, THAILAND o

Tel. +(66)29989590, Fax.+(66)29989590 L
www_goldcoin-group.com

ylsFedusesuszaunisalnisineu

10 n3ng1AU 2558

= o o v
139U YARAVILNEIVDY

dmidunanstons gviesid  duniinnisdeiing uisneeeren avudiin  dsegerans

Wil 7338 wi 8 ouunvaledu shuagam Swnedignm fwiauvuerll fdeatedaseeduianis
VewiiRms lutrafeusaau 2557 sufufeunwiey 2558 vewamUieyy moygey  Sedegiudu
infnwmdngasinermansumdndin siaindng 5609032080 avniviveluladTinm Auginemansuas
wiAlulad snivedesssumans

fmdmetuserimnemBisyy moygSeu WWussaumsallunsvhoududwihivesgiins Ted
Sl

13

aa w

famuanmsnlumsifudaoenede afn DNA uag RNA 91 uasaseitadelsalsauasuuaiiseiusled
Aelselufieun (Litopenaeus vanname) wazewmsdwiuldidesidagldinata Polymerase Chain
Reaction (PCR) uae gel electrophoresis
fausulunsvesssusnivfoysvesieifinmmisnhlfdamsiadslhiaviouvnfidelufosjding
Worluldidudoyalumsimunaeiugidifienusunulse
fewsulumsiaumyasnalsahiauesweiiGoiviloluiamlngldivedn PR Worunuszgndldly
Wiseujins Falswmunluduswau 2 Tsadedufie Tsa Covert Mortality Nodavirus TnsUszensiuas
UFulgenuanudfininidininig “A new nodavirus is associated with covert mortality disease of
shrimp, J Gen Virol. 2014” uax Tsasesau (Early Mortality Syndrome: EMS) Taguszensiuazdiulse
andeyenAfenmmngituiernuduiamelulafanmis  (Centex Shimp)  Angingimans
wnivedeaiing

el
A’
A @Q\q’\ » 9
e
\ﬁ{;«f\ ' W &a&’ﬁ‘mmwwgaa&»* '
,"f\ a\‘_.‘fﬁ\ g3

{dansiesufuans

it 0. dou D0awe, 28

Delivering Genetic Improvement to the Shrimp Industry

196

Ref. code: 25595609032080CWR



197

SyAqua Siam Co., Ltd. SY—:‘-q u a

140 one Pacific Place 19th Floor.

Unit 1902-4, Sukhumvit Road, A member of the Gold Coin Group
Klongtoey District Bangkok 10110 Thailand

Tel+662-6532048 Fax. +662-6532049

PERSONAL & CONFIDENTIAL
Ref. HR: 009/2015

30 April 2015
TO WHOM IT MAY CONCERN;

This is to certify that Ms. Preeyanut Saiboonroen was an employee of SyAqua Siam Co..Ltd.
She worked with company since Augustl4, 2012 to April 30, 2015 with the last position was
Laboratory Technician.

I hereby certify that the above mentioned information is true and correct.

Yours sincerely,

'?”a.wmimwm T

Manatsanant Yakaew

Senior HR Executive

¢ Improvement to the Shrimp Industry

Ref. code: 25595609032080CWR



