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Fefipuussuld  Sunnalnfinelifinanuguussveslsaiiuiiin Antibody Dependent
Enhancement aunszﬁ'&ﬂa@ﬁuﬂ'ﬂ&immmwﬁmﬁ'ﬂ%u WIag1INEN MAaaaanN&IN1T
SugITa eI 4 dlsinidla  luszeznasdsdnisanutimainanslalulaes
A Aado ¢ & o o A A ao o
wanduaanIwizdamalia  lagawizira Myranlflunisine  Sanudsuaaa e
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Sunurineudvedndquanddnisduguze hinldaimudulafisunuueudvadf ldan
lauslaun I@ﬂmiwﬁmiumaﬁ&@ﬂﬁmgﬂﬁaUuu (mammalian cells) tiwasi bulaluns
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wanit 3 laaw (1A10H7, 1B3B9, 1G7C2) Vlﬁgﬂﬁ@Lﬁanmﬁaiﬂumiﬁﬂﬁﬂau
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NAN1INARDY: luﬂwa:?iﬂm']Qmawﬁ'@maﬁmﬁu’gﬂﬁmaaIquIﬂauamLauauaaﬁo 19
Taawnuindna lnnaigatnsnaliiiaanuranvaigradanduadninandnsng 19
Taauit Aan135INAUILRING Variable heavy (VH) Waz Variable light (VL) fid19nu m3
WunIoaaniaasdlulugiuuad CDR3 284 heavy chain WiawsinIenamstUasuulad
o @ o ' A a aa & &
RAULURUIIALAS FINRVDINNURIINRAEVDILaNA UG Buhaziiuilsz loamiln
mMIanEFIwtanInUvaduandianda bl “aIINHIIEINTWEI VH uaz VL 209luln
a A o c.l' 2 a dw 2 = a 6
Taauaauauduadsnwin 3 laannuanlaanimas lauslauiun o lugs9Tnouduwuy
a = & i v & o & P o o & &
waudAUaaluiras mammalian latilunagusalasdanuainisnlunIaunasMIgUEILTa
YrasnlalnatassnuLanduadn leanniras bauslaun Taslululaauasianauad
1w 1 laawladinunainoiln stable cell luiras CHO fisnansnnaasnslululaanas
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2.1 1iiaugndudn VH uaz VL 910 lavslausd fisunsondalululnauasuendved
faansndusagelhimasin 4 §l5Indlanmue 19 laan

2.2 Lﬁlaaﬁ"m mammalian expression plasmid U823 heavy chain WaZ light chain Lﬁlal"ﬂu
MIWAA recombinant 1gG $1w% 3 Taaw ATANwamaNTalumstusadelSmesnira 4
%Ii"lmﬂvl,ﬁaﬁq@

2.3 LaWA@ recombinant IgG waslululaauaa 3 laausanand 1w mammalian cells

2.4 WanasauanuaansnlumssusadelSmestiuas recombinant IgG ANGAT W

25 Lﬁ.aﬁ%ﬁd CHO stable cell lines ﬁlmmm%g\m’ﬁ recombinant 1gG ﬁmminﬂ"i_lf?dl,%a
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nInle 3unnalnnisnalsaluanmaueiiin Antibody dependent enhancement (Schmidt



A o o ' A o o ° o o ¥
et al., 2010) Gsluigiudsliausaniniadu wieminmladmivlialdifeasanit
VU & o =3 v R A [ % d' a a dw
Iadunadsa  luszoenasdslimanamensnslse  laswawizlsafiiiaanmsdaise
hia lesnnildasndat “lululaauesueudved” Mnuanuidoniuunvesfingids
maansnndamilululaaueauaudveduysinaunndususahisaesing 4 Glalnd
v = ° 2 A = & { o = &
laidunagnsalasldislauslonn Seannnanue 136 laaunwamwln Ininue 19 laan
nduneudvadzia 196 Amansndusauseliimasing 4 Slilndlddnga Fena 19
laauiauny envelop protein 28910970 155 (Setthapramote et al., 2012) A9 LN
mIanansuendlnindvadlulrauaanaudvadng 19 laaw Tuain VH waz VL la
msuenaananoas bauslasn  lauana  Ribonucleic  acid  (RNA)  &9ATA
Complementary Deoxyribonucleic acid (cDNA) WWNUSNNWTUaI% VH uaz VL 983D
UfAnddens udnhldmdeuius lasldudoys IMGT lumslienzilululaaues
a J Y o o v Aa a 1 s
waudved  S9levinmsdnmdana s ldiiaanunannansveiuauiuafuaasad
lEnsnuissiiavas antibody germline Nl4, 3T IuNUVEIEIN variable, diversity LAz
joining (VDJ recombination), M3du¢n®iz®ing VH uaz VL uazmsilasuuilainsaasd
° ' . . = ' a & a
Tuun9duis (Somatic hypermutation, SHM) T9WUINLaudLadNd 19 laau tAinaln
wauAvad germline 7'lsinilaunuaad heavy chain (HC) f9 10 WUU uaz light chain (LC)
w11 uuy Hssunguendvadudaclaauinislsznauses HC uaz LC Ndanu
ﬁ 1 v a a 1 = [ s dl [ ' A [
TaganalAlaudvadudazlnauiinnuaunsa s unuLeIn S Linilaunn
wanINHINTINLINLauGuaduInliaunsaazllulnaifsanuunn Insltdau
nyaazlluwed antibody AN germline LAHINY WERAMNLANAIVBINTURULLRS
A3zl luUNIG AN imilauni ssnalRauaITalumIuLazsuadTa aadn
. o 9 A & A o o A A ! o A A
uwandanude  SamanInassuydzulddi  dunienufsuudadldinalduaudved
& v o A [ AN vaf A A [ o o |
W9 @I UALLTa hiResn leadw Jadidszlomtlunmsnamiedudalluawaa
= ™ = a = 1 Qs v L Qs A
wanIINMIANEIAN B3 I Intuasnaudvadudazaindr 1 laaaRenly
lulnauaanaudivad@dnuwin 3 laau (1A10H7, 1B3B9, 1G7C2) Nanunsadisidia lsaias
nldange (Sasaki et al., 2013) anlFlunisndamslululaauasuandvadlugluuiiaay
A & o 2 fo & o i a
Juuurt (gG) lasvhmsfinmluimaddadiasagndiouy (Mammalian cells) lao3aan
MIAAATUEIN VH wae VL 1@1l% mammalian expression plasmid pQCX MNInua 3
7ia A8 pQCXIP-CH 713} human constant region (C) dadaagdawuda GilFlunisdade
831 VH NAU&U constant heavy (CH) walilaidu heavy chain naidu &uwanad
A A ! . .
@8n 2 79a Ao pQCXIH-CL waz pQCXIH-CK T9&14a89 constant lambda light chain
(CL) ez constant kappa light chan (CK) mmaﬂmum@u 1ae variable lambda (VL)
%38 variable kappa (VK) °nLwnvl,mnﬂLﬁﬁaﬁvl,auﬂmmvl,@nﬂ@@mamemammaawu@ﬁ
WRILGTHAVAY variable light chain V]VL@ WaNRUAVad heavy chain Wa light chain ‘Ylvl(ﬂﬁ]d
1 1Uvims transfection 1M lwawad HEK293T waldlunsudaidu rige watfusiniaes
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LTRRNALAUAL DA UNARELNNTIUN UL BLAIN ISRE83T  immunofluorescense  assay
(IFA) waznazauanuadnIalumssugasahimainng 4 Tlylndde3%  Focus

. o 4, o & . .
Reduction Neutralization Test (FRNT) 3WU21 rigG lens 3 laauaINTNIL WaTEUL
Waladn higldaanoafnuuanfvaanasdwanoaslausladn  anuunlululasues
woudnaddiwin 1 laau (1B3BY) lanndmianiieinluairniu stable cell luimad
cHO  @afweaan lasumssansuagranitvanslumehldldlunndaluszaulng
WiawaugamnnIIN (Kim et al, 2012) lasvimsfinsanumaninlumidudate

v = a AadAn o a & £ ' a ad o &
Ysiasnvadnanfuadnlaain stable cell 8NATIRI  WUILARALAGNFTIITWINN
% gﬁ d}’ A:l' > (2 (% =3 > a dd' [ a
stable cell RINIINHILILTALAIN SH IGARILARINULARAL AN L nLTas lau3laun
1 e { v J v o Q 1 Q { v |
11N Stable cell NET AN LARINITDYN I WaIWIGalaanTUTULRswlRnanadlwisas
A o g A A o A o ~ a
808 LATRINITOLANF IR MITIR I NUTRNTTN e tNasn I NUS L Lz

{ a =3 ; 1 v
FNzNAIzRN IR e IS snnduea 1) la

4. 35naaad
4.1 NMILLNTWEIW VH Uz VL 2ntsas lauslaun
Erad bauslant 911w 19 laan "LﬁgﬂﬁwnﬁﬂﬂummﬂﬁﬂaL%a DMEM N6
. [ 6 . 'y o
15% Fetal Bovine Serum aule LTaayszunmh 100 0ad (1 x 10 cm dish) LA239&NA
RNA 9NLraan e twasinanlalunsaaiasnzy cDNA NN US I W waI VH
o P A A & e o [ a Aa o P =
waz VL eradfiidenidens lasldlwswasnduwiznuuenduadindgasnnsen 1 d9as
UulwswasdansumaAndSinadusin 289 VH nanua 12 f V kappa 10 § uaz Vv

lampda 4 ¢
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M13N 1 m@mLumlaa"lwsmaml‘ﬂmwmhmm%umuuau@ua@ heavy uaz light

chain

Name

sequence

Variable heavy chain

hIGHV1/7-5'L

hIGHV2__-5'L
hIGHV4__-5'L
hIGHV6__-5'L
hIGHV3__-5'L
hIGHV5__-5'L

ATGGACTGGACCTGGAGGATCCTC
ATGGACATACTTTGTTCCACGCTCCT
ATGAAACACCTGTGGTTCTTCCTCCT
ATGTCTGTCTCCTTCCTCATCTTCCT
ATGGAGTTTGGGCTGAGCTGGGTT
ATGGGGTCAACCGCCATCCTCGC

37, higG1234(-)_PCR Center

CTCCCGCGGCTTTGTCTTGGCATTA

17,hlgG1234(-)_nPCR

CCTTGGTGTTGCTGGGCTTGTGAT

Variable kappa light chain
IGKV1-5'L
IGKV2-5'L
IGKV3-5'L
IGKV4-5'L
IGKV5-5'L

ATGGACATGAGGGTCCCCGCTCAG
ATGAGGCTCCCTGCTCAGCTCCTG
ATGGAARCCCCAGCGCAGCTTCTC
ATGGTGTTGCAGACCCAGGTCTTCAT
ATGGGGTCCCAGGTTCACCTCCTC

18, higk_PCR(-)

GTGACACTCTCCTGGGAGTTACCC

11, Human specific 3' primer for nested PCR

GAGTTACCCGATTGGAGGGCGTTAT

Variable lampda light chain
IGLV_1/3/5/7-5'L
IGLV_8-5'L
IGLV_2/9/10-5'L
IGLV_4-5'L

ATGGCCTGGWYYCCTCTCYTYCTS
ATGGCCTGGATGATGCTTCTCCTCG
ATGSCCTGGGCTCYKCTSCTCCTS
ATGGCCTGGRYCYCMYTCYWCCTM

19, higL_nPCR(-)

TGGCAGCTGTAGCTTCTGTGGGACT

Holdnananidons udr39TuNaI1980URIBNNTIN agarose gel electrophoresis FUFI%
Aawlaasiuuaaiud 600-900 bps waNamﬁ%aﬁﬁvlﬁgﬂﬁﬂﬁu’%qw%{ﬁam;@ Nucleospin
Extract Il (Machery Nagel, Germany) Lﬁaﬁwvlﬂsl*’ﬁ’lumseial,ﬁ’]ﬁ’u plasmid pGEM-T easy
MnuwIsananaala wazEdaULLE

4.2 MyRaTeATuEIM VH uaz VL oz udays IMGT

Fusam VH uaz VL ﬁvlﬁmrlmiméﬂé‘uLuavl,@mmﬁmﬁ:ﬁ@ﬁUgmﬁas&a IMGT
Tasdalanzauad variable region s 1573 constant region lasgnudays IMGT
fRsynmsmuruadunwas  variable region l%&3% Complementary Determining
Region (CDR) W&z Framework (FRW) Uasliduanahauad germline sacuilfiiaa

Hunandvadvaslaululaaudneg



43 NMIFIY mammalian expression plasmid ﬁﬂizﬂauﬁ’mmu variable and
constant region
wanadafldlumsaasdetudis  varable region wadueudvadlunsIsuasi
\Juwaraiia pQCXIP/pQCXIH #fi#1mv89 human constant region éf@@iaagj a8 constant
heavy chain dadaatlunaialin pQCXIP #5831 pQCXIP-CH was constant light
chain azdmssaglunmaiia pQCXIH 1#5831 pQCXIH-CL (pPQCXIH-CLampda, pQCXIH-
Ckappa) Fawanafians 2 whaezsianlflunsaadosin@usin variable region 1in1i/ln
7% 5 U049 constant region lagiiToazidoaasil
4.3.1 M3adasusIw variable region L°1T’1§J1' PQCX WARN®
WAIRNA pGEMT-easy ﬁfl%ud’m variable region U834 heavy chain L2
light chain ag’ﬁ]:ﬁnmlﬁﬂuﬁmmulumn‘ﬁ'uﬂ%mm variable region lagl#lwsiuash
sanuuuldsnisuwisiunenivedin  wazdnansmwasewloiaasiniz  Notixhol
wasa NS o leuan %dmmﬁﬂﬁﬁqw% Aawihldadeawloing 2 Tfiadina
TULALINUNAERA pQCXIP-CH wae pQCXIH-CL lagldUSunaudiduiadszana 1-2 ug
lunsaa LLﬁaﬁﬁvlﬂﬂuﬁqmﬁgﬁ 37 °C 1Juan 5 T lusde 1 fu riauﬁwmﬁﬂﬁu’%qﬂ%{
¢ agarose gel purification WanalafiknwMIsaLa? TdinanEeudanuTuaIw variable
region aa8Law oy ligase I@]Uﬂ’]iﬂ&‘ﬁlqm%{]ﬁ 16 °C 1Juwan 1 An
4.3.2 mildinandunurinaralanluesasianting E.coli

o

Recombinant DNA 91nuU§i3en ligation 'l@vinanusuny competent cell

DH50L udaslusiudaiunan 30 widl dowsinluvialu water bath ﬁéﬁaqmunﬁﬁﬁ 42 °c
e 45 37 udshanldlwindedndunm 2wl ud3edy SOC medium
U531a5 1 ml asly ﬁ']vl,ﬂmshﬁaqmﬁgﬁ 37 °C {lwaen 1 5ol Juaash lananus
sau 3,000 rpm LHuia1 10 wih insuladuuniis asdel3Uszanm 100 ul La2aZaNe
AZNAWLTART a8 media ‘ﬁmﬁaagj spread LTaanlaa9un LB agar 1581 ampicillin
LLﬁQﬁﬁvLﬂﬂ&lﬁﬂqmﬁQﬁ 37 °C w1 @u usdeguiienlalafiuu plate anasIamey
Fuduieadadan3® colony PCR waz digestion test dastowlmsiaasiimne

433 ms@maaaummgﬂﬁawaaéh@TuLuaﬂlaﬂﬂauﬁmumsé\”@@iauﬁa

WaNERATIHBINIAafa UazNIATIIFOLVIATEY insert uaa lavinlum

SOULUR u,azmmaaummgnﬁawaoﬁwé’um@a:ﬁIu Taoltldsunsuaauniiaas

4.4 nuaadlUsAn recombinant IgG drawwas HEK293T las33 transient

transfection



4.4.1 wmaﬁ@ﬁmnaaummgﬂﬁaaLLﬁa azshanAnUSnalu  E.coli
aanUsINeT 100 ml  uaz¥mIRnANaIsAneanaINIasaln  Purelink  plasmid
midiprep kit (Invitrogen, USA) Lﬁalﬂuﬂﬁiﬁﬂ transfection

58 HEK293T gnihnantaesdine1msiasdiio DMEM, 4.5 giL glucose
Was 10% Fetal Bovine Serum lagnaufiazyin transfection asiivimasifialdluns seed
adli 10-cm dish 1ialildUszanm 85-90% confluence luiuaain

fMIUNIYN small scale transfection 3e¥inlu 24 well plate Afimas
HEK293T $7wan 1.5 x 10° 1mad log maasadwaa 1 fu udwinmsiessn plasmid
DNA 283 heavy chain (HC) uaz light chain (LC) a&1da8s 0.4 ug NENAIL 50 VIIITaN]
OPTI-MEM | Reduced serum medium LEulag2nL lipofectamine (2 pl a9l 50 pl OPTI-
MEM) 381081 5 Wil 3slaaszans DNA asls snsazane lipofectamine udafislid
gawnpiiiaaduiam 30 W Sonpaaslwaaaningsly Ltﬁaﬁn%@jﬁmmaﬁﬁ 37 °C
Junm 2 54 Safviidsassdineanegeumvasasiululaauasueuivaddeds
IFA

dmsumsessusanduediieldlummesasiusell ezl 10-cm
dish Tagvinnsvae 5 dish lasudaz dish ldwanadia light chain 12 pg uaz Wanada
heavy chain 12 pg lasnawailuenvsidsdidia OptiMEM (Invitrogen, USA) 1511@3 1.5
ml WasHEY Lipofectamine 2000 1uanvn3iaeia OptiMEM (Invitrogen, USA) 1531@35
1.5 ml 1B 31NN DNA Ua Lipofectamine 2000 e LLﬁaﬁuﬁqmﬁgﬁﬁm

duwan 1 52l annsiuseldaslwerad LLéTaliﬂ"LﬂLgm@iaﬁqmﬁgﬁ 37 °c muldme
asuawlaantod 5% tJuan 3-5 I@mﬂﬁwmm‘ngmmmﬁnﬂfu DVASLRLILTAN
ﬁvlﬁﬁgmmgﬂmmimﬁ'u Lﬁaﬁﬂﬂﬁﬂﬁﬁqw'ﬁgﬁm protein A sepharose column

4.4.2 myiadiunm IgG Twiaesde3s ELISA

@34 captured antibody (anti-human IgG) U ELISA plate I@Uﬂ’]iﬁ&l‘ﬁ

Aa

wnndl 4 °C Huan 1 Aw 819 plate WRILAN blocking buffer Al e LN

U

-

A v & < ) v & a o Ao s & LA [
gannAdaaduian 1 Talus &9 plate udrIndudmaiimiuindes wdsany 196
asuiianudntue uifislingmngivendua 1 talus 819 plate udRuGY
anti-human IgG-HRP #¥11#i343714lu blocking buffer udailalingmmainasiuim 1
< v &R Aa o dl' =® aaa
77109 USITIANEN TR LTUELATA TMB LiNadns1fiTen

4.4.3 managaulisenssunuizninstanivedussiaio hisesnaas
3% Immunofluorescense assay

= 6 = 6
MINAaad IFA AN a8 Vero laansiaIuuisas Vero adly 96
1 o 5 v o g; k3 ) 1

well plate M3ana 2 x 107 cel/ml uazidsdliiduna 1 &u antwzalimasnazgn

e Teulwi ReINUTandTy  laud il bWk TENEN  MOI=0.1  La39L8w



ssazanshiiadSanas 50 pl adluudazngu LLﬁaﬂuﬁqmuQﬁ 37 °C flwam 1 Tl
L3R s TRaAIEsu5un AT 100 i Ildanudutugarada 2 % WCERIGER
foBnlnnm 3 % MNUUSINSITASIY plate daENIRZANY 3.7% formaldehyde Waz
0.1% Triton X-100 tiavin T 1#lumsvi immunostaining ¢a'h

luns¥in immunostaining ¥ ldlasiduansazansuaudvadnaunla

U313 50 pl aﬂuvxqu wiungannd 37 °C 1uian 1 73139 §19 plate 31UIU 3
A39 UAALGN secondary antibody ant-human Alexa (1:1000) U3a1@s 50 pl daf

awnnNRaaduan 45 wn é’ﬂmquﬁw PBS 1431 3 39 LLﬁﬁaﬁﬂﬂgmiﬁamaa

bl U
v v

AUNAY fluorescence microscope
a Y A A:qu/ o .
4.5 mimuaudvadliuignidionaduil protein A

a 1 o

HLRLILTRAN LAANNA1IHN  transfection ﬁﬁLLau@ua@aggﬂmmmnmnauéffszJ
=1 g v v v v v v dl o dl U
fIazaaaN LUy uTaN AT Nt ﬁmvl,@mwmmuq@mw 40% WNAZNaWN beNN
azaneluansazany binding buffer LNatdAIad AKTA Prime Alglunivinlusauld
) Q( =) { v o v =)
U3gna LAUALAAN LAUNN1ATIIRAUAIBAT SDS-PAGE
4.6 MINARAUMNUFNNIOMITULIT 3a M Ranaantasnng 4 dl5lnid éae
A% Focus Reduction Neutralization Test
= A & A o o ° v a £ o ° ° v v o £ o A
Jnandunun 1gG w"l,waagﬂmslumqwmlm LI I U WY LAl Rew
Waglussazars PBS rawiluiannududulayld BCA protein assay kit (Pierce,
USA)
o . . . v o o A
NN Focus Reduction Neutralization Test "L@mmi?mmmwmﬁ Vero ¢4
1829181918891 T MEM N3 10% Fetal Bovine Serum 1aa#iin1y seed vero cell adlis

96-well cell culture plate AUSnanmas 2 x 10° celiml 1apsirasly 1 ﬁuﬁqm%gﬁ 37
°c muldmomsvenlasantos 5%

Snandunudl 1gG uaz 1gG wandvadi ldannaaslarslown Anmuanudud
I¢inanyin 2-fold dilution luan3asans PBS fiainlga IWldSanasgarine 90 pi NNHUS
dumsazanshia3ines 90 pl asll (USunassan 180 pl dwsunsvi 3 4n) Tawasy
1A 1lé3 13 focus 75-120 focus 1u 1 well suandvad Vl:s%'aﬁ"l@ﬂﬂﬂuﬁqmwgﬁ 37 °C
Hwaan 1 T2l fowin 5 pl x 3 vasaINENbaadlwemas vero b 96 well plate
(F13% 3 W) ﬁg}@mmngmL%aaaml,ﬁaﬁﬂﬂﬂuﬁqmﬂgﬁ 37 °c amaldmomsuan
Taanlos 5% 1w 2 $2lug 3niusady overlayed medium fiusznaudiy MEM,
2% FBS, 1% CMC 138163 100 pl LLﬁﬁaﬁﬂﬂﬂw@iaﬁqmﬁgﬁ 37 ¢ maldfoasuan
laanlod 5% 1duan 2-3 4

aasy 2-3 T @@mmngﬂm%aaaﬂ WEdaey PBS 3 A% W3S9 fix plate
¢y ®13azaN8 3.7% formaldehyde W&z Triton-X 100 WAIIIRIALE1IAZAEY PBS



U 3 @39 Aawin lU¥in immunostaining lagld human anti-dengue virus antibody 3%
primary Waz anti-human Alexa 1% secondary antibody #ad31nuaa4in lUdhuduIu

focus N e lasdTauAsuny well Alileals antibody Tunsuunul3a

4.7 NM138319 CHO stable cell Nx1au13nnaaanIlululaanaslanduad
474 mawmanuduturessnUime 2 siaaldlunisin Stable
transfection (Kill curve)
& a A o ' &
a8 CHO a:gﬂmelLwalﬁl@mm%muuumaaw 60-70% confluence
1 24 well plate Tagmsiapaemaaiunm 1 fu Tudant erdjTue 2 sfanazlslunis
11 stable transfection A2LAIBUNANULTUTUGAIE fa 0, 0.5, 1, 2, 4, Waz 8 pg/ml §IRI
g1 puromycin Wkae 0, 50, 100, 200, 400 waz 800 pg/ml f1rIueN hygromycin TREH
A g & < Aa aa A o o v @ &
wWagwawsagaasiluonmsnlenUTiweiasonli LAIRINGNITALVDILTARYN
% I@Um'mLﬁuﬁumadmﬁLﬁaﬂlﬁﬂummrﬁwﬁmaamﬁﬁaaﬁq@ﬁmmmmmaﬁ
CHO lavuanisluiian 4-6 M
4.7.2 N13¥" stable transfection
588 CHO fﬂzgﬂm’%yuLﬁalﬁ”’lﬁmﬁwmLwi,umaa“ﬁﬂizmm 90%
confluence % 6 well plate lagm3asdaaatduian 1 au Tudann waalawes
a aa 1 . . . =3 o o . ¥ . .
LanaUandwaIw light chain ez heavy chain 33#ININT transfection @18 lipofectamine
2000 @18AB1G8INY  transient tranfection @dNnNa1T9ew  lagltimaan lulavinns
transfection 134 control Az incubate LA 2 % INNUUIILURIWAIRITIRLILTAALT %
A A A v o A o & o % A A e a
IWINRLN 2 THA NANVTNTUNA LANNTRA o UT19AH LNaLRANLANIZLTRIANIWAIRH
AU8INI heavy chain uaz light chain aglulasluloy ui3ahllidssdaiiadngnis
. & = a [ eaN V] v o .
ANUUATNTAETOAVBILTAR TagSouiiaunuLsasan 1 lavinn1s transfection
Lsﬁaa‘a’m%@uﬁﬁmua:mmmﬁ%ﬁmgjiamw azgmﬁmsiaﬁmvl,ﬁ 70-80%
o R o = ea o A &
confluence LLAIININIT passage wazLAULTAaN babinaLilu stable cell pool
4.7.3 MIAALAANLTARLALINRINITONEALAUALAE
PMTARNINNAN LHNNMIYN  transfection (stable cell pool) @i
o A & A v ad . . . . @ o 6 G v
AALRaNLTARLAEIAI8T limiting dilution lOENTHUTIUINLTARR LAZLATHNLTRE 1A be 1
imad/well 1 96 well plate 3nuwAsaTadidum 10-14 Twiasunglalailden,
$aI3IN 10-14 T4 LﬁaﬁaLﬂqLﬁuIﬂIaﬁLaya %Quﬁﬁiﬂiaﬁlﬂmmﬁmﬁm%ﬁﬂﬂmaau
AMNENIINNINRALAWALBANILLAWIZNULTaLAIN 1DTREEFT IFA I@ﬂﬁflmm‘ﬂwqw
U3u1a3 50 pl laaslunguuas IFA plate Nia3owld nduiaadanlalafbidelazgnaaiian
13vz0nmm 15-20 Taladh tvasin ldnagaueat3s ELISA, IFA eNulwaand 190
4.7.4 MINARAUANULEN LT IBNIINEALAUGLAG
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Single stable cell MNNIRNALTZNM 20 laan LialaUSunmuauduadn

NAAG83T ELISA NAUABULNIAU LOYNNNIAALRaNINNINNG 4 laaunudauauduad

ldunfiga Wathumaseuanuaiioslunsnfauauduad laums passage stable cell
[ \ AV A & o o o & |

ganadlugn e lifen dudwian 20 passage  lasmIHUIIUIULTASN bO LULARE

° 1 v o L 2 { & & o a {

passage WAZ¥N@IMISRBITAAN NIAUTIN 19 NNBaTumedT ELISA laauh
a a A a n:l' A dl Y o nl a 6 dl

sanTnndauanived idluUTnannigauaziafissnga  lavimadudSanasadiie

\AULL) stock

5. HANITNAADY
5.1 MILENTUEIN VH kaz VL nLaas lauslaan
Aa A A eV o A a a . . i A | '
HAANaRTN T ldanmMuAnSaNTudIu variable region zdumiaayszning
a { U Y o o vV a Q( U o 1 v Qs
500 — 900 bps HaWdadTanildik gnihwvinlduiand dewazihlUdaidniy pGemT-

A o @
easy LialglunImsauILs

10 11 12 13 14 1§

1000

500

i B As 19 20 21 2z W23L 24 25 26

A:I a a A o‘d' v QI a Qq, ' . . .
E‘IJ‘YI 1 NE‘]Nﬂ@]Wsﬁaﬁi‘ﬂvL@iﬂﬂﬂﬁiLWNU?M']E’LL‘IT%&'J% variable region 183 heavy chain L3z

light chain laglFlwsweininaa 26 ¢ uwlwaweinlfifudSanmsin variable heavy



1"

chain 12 fj (lane 1-12) variable kappa light chain 10 fui (lane 13-22) LRz variable lampda
light chain 4 ¢ (lane 23-26). Fuginfiasin I ldlunsdadh pGemT-easy fo Tusiufi
1,7,13,14,18,19 uaainagLl

5.2 MYIATIZATUEIU VH waz VL Moz udays IMGT

SAUILEIEY VH uaz VL 7ile anudandunsaaziluuasiianzdlasldlsunsy
IMGT/V-Quest tRalSpuifisuiunauivad germiine ﬁaglugmﬁaga IMGT 3aufienaln
myvnldAaanurannasvesLeuiued  wuuendveans 19  leawisauads
anua 10 NENANIU heavy chain Uaz 11 NENAWIL light chain aupfiavas germline
Aldasuanslaluased 2

30 25

20

HV1-69 HV1-18 HV3-11 HWV3-23 HV3-30 HV4-39 HV4-59 HV7-1 KVI-NL1 KV1-12 KV1-33 KV1-39 KV3-11 Kv4-1 L¥1-40 LV147 LVZ-11 LVI-23 V743

317 2 1wIuB89 germiine udazziaNlFdMIL 19 HuMADSs. (A) $1WIUBBI heavy
chain germline udazaiia Aaiduwidasidud (B) S1wuaad light chain germline udaszaiia
Aa I & & 6 1 & = 6 . ' a a
Aatdutasidud unu Y uaasddasiuduas germline uaazwha wn X uaadsiavad

germline LGiazTia



A137191 2. MIIATZALOUALBAEUIN variable 30 IMGT lauuanfawiia2ad germline sequences LAZAMNRAINAANLUB
wanAvaddu Aatluitasidud
No. of aa mutations
HUMAbs IGHV gene IGKV/IGLV gene /Identity HCDR3 aa sequence (length)
(% variation)
VH | VL

MAD 8 (LA10H7) HV1-69* 01F KV1-NL1*0LF 12 /85(12.4) 9/85 (9.6) ARSRYYYDSDASNYGMDV (18)
MADb 54 (1G7C2) HV1-69* 01F LV2-23*01 F 17/80(19.5) 11/85(115)  ATLIAVAGSEGAGSFDI (17)
MADb310 (1E7B8) HV1-69* 01F KV3-11*01 F 17 /81(17.3) 4/90 (4.2) ARHRAVAGGDSDHDENNWFGP (21)
MAb 491 2D1G5 HV1-69* 01F LV2-11*01 F 14 /84(14.3) 11/86 (11.3)  ARAGPIAATGVQYEMDV (17)
MADS57 (1H5A11) HV3-23*01F LV1-47%02 F 12 /84(12.5) 5/93 (5.1) ATGSQWPGDY (10)
MADb 87 (3A10G12) HV3-23*01F LV1-47%02 F 10/87(10.3) 5/93 (5.1) AAGSQWPGDY (10)
MAb 106 (4A6F9) HV3-23*01F KV1-1201 F 6/91(6.2) 4/90 (4.2) ANTLWTVGSKGGFDY (15)
MAb118 (4D10E9) HV3-23*01F KV1-12*01 F 21/76(21.6) 12/82(12.8)  TKIDWSIRGTFDN (13)
MAb 131 (4F5E1) HV3-23*01F KV4-1*01 F 6/92(6.1) 5/96 (5) ARVTGGWSDY (10)
MAD 19 (1B3B9) HV 7-4* 02F LV7-43*0LF 14/83(14.4) 13/83 (135)  TTLSGYSADWPEDY (14)
MAD 135 (4H12C8) HV/ 7-4* 02F LV7-43*01 F 5 /92(5.1) 3/93 (3.1) TTLSGY SADWPEDY (14)
MADb 165 (5E6B1) HV/ 7-4* 02F LV7-43*01 F 13 /84(13.4) 13/83(135) TTLSGYSADWPEDY (14)
MAD25 (1C2D2) HV4-59* 01F KV1-33*0LF 13 /84(13.4) 10/84(10.6) ARVAKLFGSATYGMDV (16)
MAD 183 (5G8E3) HV3-30* 04F LV1-40°01 F 12 /86(12.2) 12/87 (12.1)  AVYYCARRGDY SSSAENFQH (20)
MAD 216 (1C1G4) HV1-18*01F LV1-47*02 F 9/89(9.2) 6/92 (6.1) ARGPDY ESSDSPWFDY (16)
MAD 358 (3A1E2) HV3-11*01F LV1-40*01 F 17 /80(19.5) 9/90 (9.1) ARGMTGFTTSNTESFDL (17)
MAD 411 (3B6C7) HV4-39*01F LV7-43*0LF 15 /83(15.3) 8/89 (8.2) ASPGGLISDEAMAGY FDY (18)
MAD 533 (2H8G1) HV3-30* 03F KV1-39*0LF 13/85(13.3) 12/83 (12.6) ATGGGRFSGSGNYYYYGMDV (20)
MAD 178 (5G2D2) HV 1-69* 06F KV1-NL1*01 F 14/83(14.4) 6/88(11.7)  ARSTYYYDGSDLTYGMDV (18)
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A19199 3 URAINLALBIAvaIAIUNTARd luvad 3 mg'wa"ﬂl,mﬂﬁ'm’nﬁmm heavy chain germline 310 HuMAbs 411 13 laawlu 19 laaw

HC
| GHV1- 69

MAb8( D23- 1A10H7)
MAb54( D23- 1G7C2)
MAb310( D30- 1E7B8)
MAb491( D32- 2D1G5)
MAb178( D23- 5G2D2)

| GHV3- 23

MAb57( D23- 1C1GA)
MAb87( D23- 3A10GL2)
MAb106( D23- 4A6F9)
MAb118( D23- 4D10E9)
MAb131( D23- 4F5E1)

| GHV7-4

MAb19( D23- 1B3B9)
MAb135( D23- 4H12C8)

MAb165( D23- 5E6B1)

FRWL
QVQLVQSGAEVKKPGSSVKVSCKAS
QVQLVQSGAEVKKPGSSVRVSCKAS
QVQLVQSGAEVKKPASSVKVSCKAS
QVQLVQSGAEVKKPGSSVRVSCRAS
QVQL MISGPEVKKPGSSIVKVSCKAS
QVQLVQSGAEVEKPGSSVKVSCKAS
EVQLLESGGGLVQPGGSLRLSCAAS
EVQLLESGGDLVQPGGSLRLSCAAS
EVQLLESGGGLVQPGGSLRLSCTAS
EVQLLESGGGLVQPGGSLRLSCAAS
EVQLLESGGGLAQPGGSLRLSCAAS
EVQLLESGGGLVQPGGSLRLSCAAS
QVQLVQSGSELKKPGASVKVSCKAS
QVHLVQSESEVKKPGASVKVSCRAS
QVQLVQSGSELKKPGASVKVSCKAS

QVHLVQSGSEVKKPGASVKVSCQAS

CDR1
GGTFSSYA
GGTFRNYA
GGTFGIYA
GGALANYA
GGTLRSYS
GDTFSKYA
GFTFSSYA
GFTFSTYA
GFTFSNYA
GFTFSSNA
GFSFSTQA
GFSFSNSA
GYTFTSYA
GYPFTRYI
GYTFTTYP

GYPFTRYI

FRV2

| SWRQAPGQGL EVWGG
| SWRQAPGQGLEVWGG
| SWRQAPGKGLEVWGG
| SWRQAPGQEL EWVGA
| SWRQAPGQGLEVWGG
| NVWRQAPGQGL DVIGG
MBVWRQAPGKGL EVWSA
MBVWRQAPGKGLEWSG
MIVIWRQAPRKGL EVW/SA
MBVWRQAPGKGLEWSG
MAW/RQAPGKGL EW/SA
MBVWRQAQGKGL EVWSA
MWVWRQAPGQGL EVWWBW
MW/RQAPGQGL EWVBN
MWVWRQAPGQGL EWWBW

MNVWRQAPGQGL EWVGW

CDR2
I | Pl FGTA
VI PTLHTT
I | PLYKQS
I I PMBRTT
Tl PEFGRA
LI PILTTT
| SGSGGST
| GDSGHSI
| GGSGHSI
VSNSGGDT
| GGRDEGS
FSGSGGST
| NTNTG\P
| DTKTGNP
| DTNTG\P

| DTKTGNP

FRVB
NYAQKFQGRVTI TADESTSTAYMEL SSLRSEDTAVYYC
NYVERFQGRI Tl TADESTSTAYMELSSLRSEDTAVYYC
TYAQKFRGRVTI TADESTNTAYMELNGLSLEDTAVFYC
DYAQKFRGRVTI SADESRSTAYMELNSLRSDDTAVYYC
SYAQKFQGRVTI TADEATSTAFMEL SSLSSEDTAVYFC
TYAQRFQGRVTI TADKSTNTAYMELRSLRFDDTAVYYC
YYADSVKGRFTI SRDNSKNTL YLQUNSLRAEDTAVYYC
YYADSVKGRFTI SRDNSKNTL YLQVNSLRAEDTAVYYC
YYGDSVKGRFTI SRDNSNNTL YLQWNTLRAEDTAVYYC
YYADSVKGRFAI SRDNSKNTLYLQWNSLRAEDTAVYYC
YYAESLKGRLTI SRDNSKNTVYLQVDRLRADDTAI YEC
YYADSVKGRFTI SRDNSKNTL YLQWNSLRAEDTAVYYC
TYAQGFTGRFVFSLDTSVSTAYLQ SSLKAEDTAVYYC
TYAQAFTGRFVFSLDTSVSTAYLQ NNLKAEDTAVYFC
TYAQAFTGRFVFSLDTSVSTAYLQ SSLKAEDTAVYYC

TYAQAFTGRFVFSLDTSVSTAYLQ NRLKAEDTAVYEC

CDR3- | MGT

ARSRYYYDSDASNYGVDV
ATLI AVAGSEGAGSFDI W
ARHRAVAGGDSDHDENNWFGPW
ARAGPI AATGVQYEMDVW

CARSTYYYDGSDLTYGVDVW

CATGSQWPGDYW
CAAGSQUWPGDYW
CANTLWIVGSKGGFDYW
CTKI DWSI RGTFDNW

CARVTGGASDYW

CTTLSGYSADWPEDYW
CTTLSGYSADWPEDYW

CTTLSGYSADWPEDYW

VL gernline used (p’\g‘;-l;srg)
I GKV1-NL1*01 F 1.6
| GLV2-23*01 F 1.1
| GKV3-11*01 F 1.5
I GLV2-11*01 F 13
| GLV1-47%02 F 1.6
I GLV1-47*02 F 1.4
| &KV1-12*01 F 2.3
| GKV1-12*01 F

| G&KV4-1*01 F 4.6
| GLV7-43*01 F 3.1
| GLV7-43*01 F 5.5
| GLV7-43*01 F 3.1

13
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5.3 NNI&INY mammalian expression plasmid NUsznaualadIu variable Wa

constant region

] ]
=1

\WalaBuadw variable region (VH waz VL) Nt human immunoglobulin ﬁ@iaa%i
luwangia pGem BuuTouLa? BRI subclone TuaIwitlals mammalian expression
plasmid pQC 3zledwaraliawas heavy chain (pQCXIP-VHCH) uazwanaiiavad light

chain (pQCXIH-VLCL) %ammmmeéwﬁuLuaLLazﬁﬂﬁUﬂs@azﬁIuﬁagﬂﬁ 3

1A10H7 Heavy chain

Not | kozaq €---------------------- Signal Peptide---------------------- >
GCGGCCGCTGCCACC ATGGACTGGACCTGG AGGATCCTCTTTGTG GTGGCAGCAGCTACA GGTGTCCGGTCCCAG
A A A AT M DWTW R 1 L F V vV A A AT G V R S Q

o FRWL- - - - - oo mmmmmmm e FRWL- - - - - oo e o e e >

GTGCAGCTGGTGCAG TCTGGGECTGAGGTG AAGAAGCCTGGEGTCC TCGGTGAGGGTCTCC TGCAAGGCTTCTGGA
vV QL VQ S GAEV KKPGS SVRVS CKASSG

---------- D€ CDRL----=> €-cmmmmmmmmm e st FRWR- s o s s e e D
GGCACCTTCAGGAAT TATGCTATCAGCTGG GTGOGOCAGGCCCCT GGACAAGGGCTTGAG TGGATGGGAGGGGTC
GTFRN YAI SW VRQAP GQGLTE WMGGV
------------------ 00 2 e

ATCOCCACGTTGCAT ACAACAAACTACGTA GAGCGGTTCCAGGGC AGAATCACGATTACC GCGGACGAGTCCACG
| PTLH TTNYV ERFQG RI TI T ADEST
---------------------------------- FRWB- - = = <« == =< oxococamaoaocooo2 D<o - CDRS- -

AGCACAGCCTACATG GAGCTGAGCAGCCTG AGATCTGAGGACACG GCCGTGTATTACTGI GCGAGGTCGAGGTAT
S TAYM EL SSL RSEDT AVYYC ARSR RY

----------------- CDRB- - -« -xmmmmmmeoeD> €mamaeaca i FRM s s e e e oo s D
TACTATGATAGTGAT GOCTCGAATTACGGT ATGGACGTCTGGGGC CAAGGGACCACGGTC ACCGTCTCCTCAGCC
YYDSD ASNYG MDVWG QGTTUV TVSSA

-------- constant region---------> Xhol
TCCACCAAGGGECCCA TCGGTCTTCCCCCTG GCACCCTCGAG
S T K GP SV FPL A P S
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1A10H7 Light chain

Not | kozag €-------------------- Signal Peptide---------------------- >
GCGGCCGCTGCCACC ATGAGGCTCCCTGCT CAGCTCCTGGGEECTC CTGCTGCTCTGGCTC CCAGGTATGAGATGT
AA A AT M RL PA QL L G1L L L L WL P G MR C

e FRWL- < - - = - = <= <= s e e e oo Sé----
GACATCCAGATGACC CAGTCTCCATCCTCC CTGTCTGCATCTGTA GGAGACAGAGTCACC ATCACTTGCOGGGOG
DI QMT QSPSS LSASVY GDRVT I TCRA
------------ CDRIL- - -« -smmmee> €mmmmmmaa et FRWR- c o s e e e e e e s e

AGTCAGGGCAATAGC AATGCTGTAGCCTGG TATCAGCAGAAAGCA GGGAAAGCCCCTAAG CTCCTGCTCTATGGT
S QOGNS NAVAW Y QQKA GKAPSK L LLYGG

GCATCCAGATTGGAG AGGGGGGTCCCATCC AGGTTCAGTGGCAGT GGATCTGGGACGGAT TACAGTCTCACCATC
AAS RLE RGVZPS RFSGS G S GTWD Y SLT.I

-------------------------------------- > - -CDR3- - D -
AGCAGCCTGCAGCCC GAAGATTTTGCAACT TATTACTGTCAACAG TATTCTAGTATCCCG TACACTTTTGGCCAG
S SLQP EDFAT YYCOQQ YSSI P YTEGOQ Q
------ FRM----------2>€&-------------------constant region------------------
GGGACCAAGCTGGAG ATCAAACGAACTGTG GCTGCACCATCTGTC TTCATCTTCCCGCCA TCTGATGAGCAGTTG
G TKULE I KRTV A APSV FI FPP S DEOQTL
—————————————————————————————————————————————— > Xha

AAATCTGGAACTGCC TCTGITGTGTGCCTG CTGAATAACTTCTAT CCTCGAG
K s GTA SVVCL L NNFY PR

§1Jﬁ 3 UEAIENAUILE WAzNIAasiluvaITuaI% variable region heavy and light chain 2a3laam
1A10H7
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5.4 MIL&AI1LLU5AU recombinant IgG fuLas HEK 293T lag3T transient transfection
5.4.1 NMINAROUANNIUNIZUDILaNALBAT ladI83T IFA

WRIIINNNINN  transfection L‘ﬁaﬁiamuwmaﬁ@ﬁﬁmav’ﬁwgﬂmﬁ HEK293T uazmItiu

mmﬂﬁ?ml,%aﬁﬁ%ﬂauﬁLLuuﬁLLauauaﬁa%iL‘ﬁ'aﬁﬂmmaaummmmmmﬁuﬁm%a

T3aasiing 4 Fl5lndar835 immunofluorescense assay vL@TNﬂﬁdEﬂﬁ 4

DENV1 DENV2 DENV3 DENV4

1A10H7
1B3B9
1G7C2

sUfl 4 anwswsalumssunusehimasing 4 Slslnd vesSaenduuur 196 N3 3 lasu

WIBUABUAY 1gG NNLwas Lau3lann @283 immunofluorescense assay (IFA)
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542 NINARDUAMNFINIINMNILULITE IR MAaaeanednng 4 G153 ing
@837 Focus Reduction Neutralization Test
L g: dq’ Q =} a 6 =} =
MINARALANNENITOMITUEITa Tawad Jaanduuud 1gG lasiSoufiou
AU 1gG N laanisas bauslawn nivue 3 laaw lawn 1B3B9, 1A10H7, uaz 1G7C2 lay
lenarauanuaNInMItugITa SRIesNTadlaat 1B3B9 nund 4 Gl3ni uazlaan

1A10H7, uaz 1G67C2 nudlslni 2 uas 3 "L@Twaé'ogﬂﬁ 5

1B3B9 (DV1) 1B3B9 (DV2)
Bl 120
. \\ 100
o0 -—.m
5= g #0
% T
'E a0 ——I Iyhridoma § 0 ——| lybridoma
=0 % —=—nps = a0 Wi
20
20
o
0 \ a
$ P W w R Qr',ﬁ\\‘ i & gk o= o oF n_\" &
1B3B9 (DV3) 1B3B9 (DV4)
120 120
1 100
80 c 80 .\\
H i3
.'E G0 ——Hylridoma E [:01] ——Hylwrilorma
3 Al —W—rigl g 0 —E—rlgh
rli]
0
0
Q
=20 ® 0’ oo 8 4 2 1 05 025
1A10H7 (DV2) 1A10H7 (DV3)
R P 170
100 10
e RO 20
y g \
_E L] ——Hyluithnia 'E G0 \ —+—Hytnithnna
® B T a0 g6
Ed
20 20
n o
R L T TI.J\-. l\t‘*’fv . N B
1G7C2 (DV2) 1G7C2 (DV3)
120 1N
10 100
H an § O
3 T
g oo \ ——llybridoma -’-:_ &0 —4—Hybridoma
£ an —B—righ: # a0 —W—rigU
20 ."" 20 h’
o L1}
R I @,l? O T T R é_ﬁa

~ o & & o A a a & = a
E‘JJVI 5 Nﬂﬂ'ﬁ'ﬂ(ﬂﬁallﬂ'l']llﬁ']&l'ﬁﬂluﬂ'ﬁﬂuU{lL“ﬁai’)iﬁL@Gﬂ’ﬂﬂﬁLLﬂu@]Uﬂ(ﬂ'ﬂﬂ 3 Iﬂﬂu IﬂEILﬂ‘SU'LIL‘Y]U'LI

Y7314 recombinant IgG e 1gG N leaniwas bav3laan
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5.5 138319 CHO stable cell NgunInNaasnslululasuaslanduad

lun13vin  stable CHO cell M&NNNIONRARIILAUALOA Lathis AIdufaLRan
HuMAbs $1%3% 1 laat fa 23-1B3B9 1Nainu1vindlu stable cell lauduuaauaddh

551 v kil curve LiewUSunmenUfTauciivelglunmsaaiien
stable cell
n:? 6 p.l' c.l' L% L2 1 1
INMINABBIRLITAR CHO-K1 lugnnzfienfenudududisg wuinl anw
v A ' 4 [y o A ° o .

WaduaassnNauTnaisasany lnuaneli 4-6 TuAa 8 ug/ml #MIULN puromycin
uaz 800 pg/ml §%TUEN hygromycin aauaasldluzui 6

4 \ 14 \r A

A A\ A\ 4

0 pg/ml hygromycin 50 pg/ml hygromycin 100 pg/ml hygromycin

r \r r \

A A\ A A

200 pg/ml hygromycin 400 pg/ml hygromycin 800 pg/ml hygromycin

r [ A4 \

A A A A

0 pg/ml puromycin 0.5 pg/ml puromycin 1 yg/ml puromycin

r Yr A4 \

A A A A

2 pg/ml puromycin 4 ug/ml puromycin 8 pg/ml puromycin
319 6 mImdTunmendJTus Hygromycin waz puromycin ﬁﬁaﬂﬁq@ﬁmmmﬁwmmmﬁ CHO-K1

enanua
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5.5.2 N13&319 stable CHO cells
5.5.2.1 N13¥" transfection LATNNIAALRAN stable L6Iiaf§
%R99N transfect 188 CHO-K1 GRaWaala&1%IL heavy chain W&z
. . & v o & @ 2 o a & aa
light chain uTWAaULIFH 1Tuwan 48 Talud Fsvimsdasuarmisduermisnien
hygromycin W&z puromycin AANNLTNTY 800 pg/ml LAz 8 pg/ml ANEIAL Loaaans la
(% €d' A n' a (% ] 6 {n;
anasean uazseamaaaniainTnaanldanunmuimaadszanm 70% wwasn
o & e a a & a \ & 8 = e A
"L@w,i.lw,enaaﬂuwmawmaawu@aguuiﬂﬂuism INUWIIAY stock LuasiNalln
NINARDITUsa 11
5.5.2.2 MIAALAAN sub-clone (single clone) #2833 limiting dilution
LTRAN LA NNIUABUT 9 TN limiting dilution tivalAlalaauLaen
nadnLassaaa kUsz N 10-14 W I@ﬂmﬂﬂﬁﬂummmﬂ 3 1% 1 lalaaufean
& £ o A a a A A . & =i
NIRNA 20 laaw @38 17 leaunawnsondalululasuasianduadnianizdaldaiasn
Q A a g: ‘De nl = {
h$adiariaxoulasdt IFA laors 17 laauiilavinmsiudSanmann 96-well Wil 24-
{ &) o =) =) { a J v =) 1
well WNalALLTW stock LAZHNNIPILSNIIALAWALAANHNEATUA89T ELISA WU laan

a [ a a Al v A A P o v P
LRSI 4 Iﬂaummmwamaumuacﬂvl,@mﬂ‘nq@ fa Iﬂawn 1-4 QGLLﬁ@\‘IVL(ﬂﬁnﬂEﬂ'ﬂ 7

IgG quantitation ELISA

600

300 -+

m |gG Conc.

1gG conc. (ng/ml)

200 +

100 -

1 2 3 4 5 6 7 8 9 11 12 13 15 16 17 18 20

Clone number

; - - o ¢ . - -
31N 7 mamyTan el uduadNnaatuann stable 119 17 Taan wuinlaaui 1-4 RINIIDNEE

WAUAL aﬁvlﬁ’luﬂ%mmmﬂﬁq@

5.5.2.3 37NN stability 284 stable clone NEUAIAALAEN

Stable clone I 1-4 finda 1gG ldludanamnigaldhnidoaiu
N A = a a g AN A
U 20 passages NaANMIANUEDNLTIUATHAG 1gG  lasidssluainisnlifn
UTue ustiua1matasasmas luldas passage Wath ldiaanuitudues IgG Nuaa
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J v = 1 o { = v 1 (;
Aue83T ELISA oIl uau 2 laaunaunsanda IgG laasniasiniauaanils passage

1 20 9NNLIN stable cell N9 2 laawiNaiiuidu stock b3lg6ald

5.5.2.4 nMInagauANuIIIaMstusTe hiwldiReasaniadnuad IgG
7'lea1n stable cell #3835 Focus Reduction Neutralization Test

Stable cell laauf 4 ldvihunAsndSanmlasns passage load b 10 cm

U g { ] | v o v Aa ﬁ‘q/ =
dish auldamadoamadnil 196 agludiunas 50 mi udnhluliuIgnsdoaaduit
protein A uazilfsuiWinaslwagluasazais PBS iwahuvhlJATun FRNT wudn
A o & o & A A o v A A o X &

IgG N&319UUNN stable cell FNINIDTUEITBLAIN PITF LALANBY IgG NFIIUUINNLTAS

"Lau‘%lﬂmﬁal,l,amvlﬁmﬂgﬂﬁ 8

FRNT for DENV2

120

100

80

60 \\ ——MAD19
—l—rlgG19 (stable)

. i\

% inhibition

20

Ab concentration (ug/ml)

317l 8 mmegeuaNEINIINIILELTe [iRansandlyind 2 vesueuduadnlaain stable cell

a A o A AAN o A
WIsuisunukeufivednlaanesas tauslann

6. a3tluazIvnsninanimanay
a v d' 1 = LA @ a a A vV &
NI UTeIfingIde immuaniamslululaasesuanduadididu
o = £2 Aada a 4:§ a = 1 1:? Qs g; ‘ﬁq’ %] d'
nagSaaeATlauslann  GeanslululaanaaunanduafnanhenansngusITa lIaasn
q/gﬁ = a dn:l' a J 1 c:lps:: a =) €d' £ ,2‘ a
e 4 Fl31nd lavuoudvednniatuwmnsiduuendvefuusdfaiswanmrunu
VoITARLIAEEAIIVRINUEY UAzITAd SPYMEG llwiwad myeloma #ifinanns
TINAINUVBITANTALTAAVDIAUUAZLTAS myeloma VBIWY INMITANBINRIUIINLD
Lraa bauslannf ldannmIgsdisiras SPYMEG uTanaarTlulnlaanaa
uwaufvafivasuywild (Kubota-Koketsu et al., 2009; Setthapramote et al., 2012) ud
289 3NN Tumsnawianslalulaanastanduadiiialtlunissnu luauiae
o & o Y ' Ada ' P’ a &
Fulludasainmslululaaueaueudvedndianzaruvasuaudvefivasuyse
t:? A a A o ad a o A o
wanaNBlwmINaasIlululaanaatanduafensas lauslauigsianusnauinls

& & & = & LA a Ao \
PuGawMILALITRs  manulmas wazayluianoslululaanaataunduafainan

v

A A o o oA A = & Fomno &
LAJAINUITATLLNS LLaz(ﬂa\ﬂfUHVINQ'J']NLTU'JT"IEU"I@UL%W']z luﬂﬂiﬂﬂﬁﬂﬂiduﬁddﬁm%
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daInInanansiululaauaataudvad ﬁﬁmuﬂizﬂauLﬂuﬁﬁﬁur}i@a:ﬁiumadwﬂﬁ
Wasatnadealasldinafianeduemuiinenlunsusndiuzas variable fragment 289
uysdaananisad lauilaan LﬁaﬁwméfmiaLiﬁluwmaﬁmaaé’migmgﬂﬁaﬁuu
(mammalian expression plasmid) fiflmvas constant region maw‘vgwﬁé’@@iaagﬁauuﬁa
ﬁﬂﬁlﬁl,ﬂu%ummamau@uaﬁﬁgﬂmaqaﬁLﬂumaamguﬂ@mmgszﬁ FoazTwdszlomd
advannlumai ludaluszdugasnnyy
Tasmsnaamslululaauoauanduaddedsiisuannmsinmas lauslaun e
LLazmumi‘n@aauLLéT’mmmmNﬁ@mﬂﬂﬂﬂauaaLLaua‘uaaﬁﬁqmauﬂamuﬁaami
Tudiidnamue 19 Teeufilulululaavssuanduadiasnsonaaasiululaawos
wewdueafsudagahimasilane 4 al9lnd Feldnnnmasidadonunvasassld
FIRuA 3 At WYMIana RNA uasdsia =il cDNA fawianldiiuamsasdulums
Lﬂlmﬂ%mmuauauaaﬁumaoump&sﬂud’m variable heavy wag light chain (VH W8 VL)
Toel#lwsasidanusume Weldifudusn VH wse VL udieinludasadnlumn
a8UA pGEMT-easy o lumsauiug wszmsdersdaell swsumIsiidiaan
Tunut 1gG st 1571F VH uaz VL ﬁvlﬁé'@@iaagluwmaﬁ@ pGEMT iiluansasdulunis
AnSanoEueiu VH uaz VL iialtlumsdadaidn mammalian expression plasmid
I@ﬂlﬂWiL&lﬁﬁaaﬂLLuulﬁﬂlﬁﬁq@a@ﬁwéﬁﬁ%ﬁLauvl,sﬁﬁéfm‘hl,mz 1ABWENAUTIAININ
a1&Na heavy chain Wazwan&la light chain l@un13¥in co-transfection LN luLBaR
HEK293T L‘ﬁ'aw?mLﬂquLaqamaaLLauauaaﬁQﬂ%§aaaﬂmsl,uﬁuﬁymmaﬁ
fmumsdensdindumin s ldgudeys  IMGT  udienzving
(Giudicelli et al., 2006) lAgaINITAIATIZADIAMALIVEI FRW wae CDR 5208401330
ndunsaasdudldliSoufisuiuiduuendusives germine Aflaglugiudays via
Anmndefunvasuendivafudazan Anwisnalnuasnsiiia affinity maturation LFWMNT
Judnuiniie VH uaz VL vaslululaauudazdn nsunsnuazmaaaninasiiluludiu
289 CDR3 6’1’5'\1Lﬂumuﬁ'ﬁmﬂwmﬂmmﬂmﬂﬁq@ s siasnwulasnsno=d
Tuunsdunsisfiansluandeuiduaas germliine S9wuinanvanua 19 laau nnlaaud
shaunsnesiluiiuanden Sedauines uazdeunsaozdluvaslululaaueauandvad
m&hﬁ%ﬁ%’umswmﬁauaﬂugm"ﬁa;&a DNA Data Bank of Japan (DDBJ)
nnmdensiidunsaasiluleglipudeys  IMGT  dsfindnian 1l
WisuRguiuseunsneztluas germiine WU ndwmwnsue 19 laawivnns
Aenzilaslinfiavas germiine Tun1sdangs wuinil germiine 284 heavy chain YHanua
10 LWUY Wwae germline W43 light chain ﬁd%&l@ 11 Lyu S'fi\‘]ﬁ’m‘%“]_l heavy chain TH#av83
germline ﬁﬁﬁ‘hmumnﬁq@ﬁag 2 1@ fa IGHV1-69 ez IGHV3-23 LHuswiniuuas 5
1aaw &usiauas germline light chain ﬁﬁi‘hmumﬂﬁq@ﬁa IGLV7-43 SIWUN&M3L

germline heavy chain Wb germline IGHV1-69 1w germline FAALALINUNLAITIBI BN
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nawindunanduadninwznude hissmwlnag 11w wendvaddaibaliwialrg (Chen
et al., 2012b; Prabakaran et al., 2012) I8 l3& HIV, SAR CoV, 3& Hendra uas 15&
Nipah (Prabakaran et al., 2012)
NNNNIAN1V8Y Prakararan i) 2012 wuinllald B cell g3 IgM u1viNnNT
g duwrananauad lausl Nenatdannulsanatuaia wudl IGHV1-69 iluwniia
i AA o A Ao oA @ ' a ado o A o \
2849 germline mmmumﬂwq@m@Laaﬂ"l,@mnnqmaauaumua@m’]m’]znuma"l:asmm
A A o [ A o
RZTHA TINANIINARDINANUATYARINLNANIINARDIVAI Chen et al. 1uil 2012 G9'la
FMIRFINIALARAL AR LUTITNARNAaLTa HIV 97%47% 2 ngu LRaanAunAaLa
V%87 40 % LA 8 Laau wudmauauaaﬁﬁ@]Lﬁaﬂ"l@TLﬂuﬁﬂmumﬂﬁq@ﬁ%’@agiu
nguLad  germline IGHV1-69 1guniu  lathundisuifisuiunanmesasildan
midnmash anvmuyAgulddn hasnlululaauns 19 laauitldanas PBMC
X a [ a & & A 4 & o o a & &
maagﬂwlmwzmwwau nmsaaranyin 2 audwldlédn wasannmIfamans
& . . a [ & a {
WINWW germline ¥ad heavy chain 1ua IGHV1-69 ﬁ]:ﬁﬂ’lsaﬁd“ﬂumﬂuﬂ‘immmﬂﬁq@
%é’amﬂﬁfuﬁagmﬁuag’lugmmumaa memory B cells Ua3319meduszaziiaiuny e
=) =) ¥ g; { v v =) ~ J U {
WAANNTAALTEATIN 2 %aﬁmimz@;'ﬂ% B cell WaauwawdvUaaUn 9iulllad1 PBMC 7
U & 1 Q v { 1 a Y Q o
ldundaagluszuzBounwau 228319990 memory B cell Ailnaiuuagluszuunlduiu v
v =) { a J I =Y { =) { g;
Iwandvuaanuaatwuaie IGHV1-69 ﬁmaﬁﬂsmmmﬂﬁq@lmmzuu
RONAMNBTTINLANURAINRALN LAINNITLRNRI DT IWINNTAZ R L1sla 1
A ' ' .
U8y CDR3 184 heavy chain TIWUINANVRIINHAINLVDIRIW heavy chain CDR3 Janu
ARNRANLAILA 10 — 21 nInazllud U heavy chain Walfisuny 9-11 niaazdilu
fMIU light chain TIANNRAINRAEES heavy chain CDR3 Hadwululaudvadn
FUNIZG LT TR HIV @18fa Janunanraluadne 4-27 n3aazilu
\ e o V] R =2 A a £ A a | .
@amgpﬁ]ﬂvl,@ﬂﬂmmmnwmﬂ%mmm@muﬁnﬂﬂa"l,ﬂmmm’] Somatic
. A a £ { ' v v a a {
hypermutation ~ T4aziieliuiilaiMegNNIzduamBLanGlaL  uaziienmsifsuuag
a o ] dl U L= a U Q./dtg/ ‘:! 1 tﬂ' ) a dn:ll
nnaziluunsdiwnssNalwIunuLandtIwtvue et SInudIlaiiwenduadn
gﬂ%’@agluﬂ@;maa germline t@RwuNYToUABUAY Wu laaundrenuananTaiiaing
LONENTINTAa N Il Ruulladue 5.1-21.6 Lasioud &wsU VH uaz 3.1-12.8
13U VL wdafhaula  wudunslaululeaunianuaseafany  germline 310
% s c?; .3’ a dl o A d' a dn:l'o et dw
RIUIIDIULALHULITE IITRLAIN L ML AU TIFNNITOWL LA Lo AL aANIL WA UL T D
T Saufindudls (Chen et al., 2012a)
RN leimsianesdsauius wazdaunsaesiluiousesusy Tusu
289 VH war VL fuonledt lavhanlslunmsndadusaenduuurinauived (rga) lu
co & o . wm e N va &
\EaAATIRLIgNEILUY  (Mammalian cells) laogidtldifanumenua 3 laaulums
hanwaadu rigG fa 1B3BY, 1A10H7, 1G7C2 lwiwad HEK293T WUNANEINITA LN
MI BREMTHUEINTEAINUY rigG NNAATURUEIAIRNUNL IgG ANEANLTAR
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lavslaan gAdudsldifen rige druam 1 laan (183B9) anldlumsaihailu stable cell
lulras CHO AxunTanda rigG b T991nNNINARBINUIN stable cell N lARINNTONAS
a { ﬁ o 04 1
rigG laludSunae 500 ng/ml luaazidwdwmadiniz Ssenunsarinliwamdalalas
@ A A o & vo & & ae A
mydiuideu stable cell ildagluanizimadaes laslfiidsssasnunanndiy 4
n:u:l;:;, v a Aa A o & ¢:§/ A a A o
lagAshanansa laUSnaaduandvafda s wiuioaanunniu  NalaIonfaziin  stable

¥4 o o odo
cell Hanaaluszaunlnnndaly
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7. AMAHWIN
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7.4 MaiaUTinadusn VH uaz VL doliisoRdens

TumsfaSunmdugin VH uez VL deUfizonigensun fisuldldlwswes
anue 20 1w TumsRulSanmdugn VH uaz VL nowae 26 q Fams 26 @;ﬁlﬂumi
RSN uan VH $1un 12 q nnlwsinas forward $1UIU 6 L&W LAz bWILNEST
reverse 31WI% 2 L&% &% V kappa a=ldviamua 10 4 nnlwsinas forward 1174 5 LE
uazlwswed reverse §1wau 2 1FuUAz V lambda $1wau 4 @ lasduanlwswes
forward 11au 4 1§ wazlwawes reverse Srwan 1 1 FlRlGURASpRTaNSTe 26

3o Tesdmualdiiudjizenn 1-26 enndan FsmasaniudTunmaslfizen
Foriuaa wandadn e ldusnadsnszualihazifand §Asennlinaniandiwizn

L =)

fau1a 600-900 bps lUlFlusuaaudaly %\‘1waNﬁ@lﬁ%aﬁﬁﬁﬂﬂlﬂumﬂﬂamiﬁg’jw

&0 pGEMT-easy uandlaluaisnafi 4
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Clone No. Code VH (fragments amplified) VL (fragments amplifies) Total Isotype

8 D23-1A10H7 IGVH/1,7 IGVK /18,19 4 19G
25 D23-1C2D2 IGVH/3,9,12,13,14 IGVK /18,19,22 8 19G
57 D23-1H5A11 IGVH/3,5,9,11 IGVL /23,24,25,26 8 19G
87 D23-3A10G12 IGVH/3,5,9,11 IGVL /23,24,25,26 8 19G
165 D23-5E6B1 IGVH/1,5,6,7,11,12 IGVL /23,25 8 19G
183 D23-5G8E3 IGVH/5,11 IGVL /23,24,25,26 6 19G
216 D23-1C1G4 IGVH/,7 19G
310 D30-1E7B8 IGVH/1,7 IGVK /13,14,15,18,19,20 8 19G
358 D30-3A1E2 IGVH/5,11 IGVL /23,24,25,26 6 19G
325 D30-3B10E7 - - IgA
491 D32-2D1G5 IGVH/1,7,8 IGVL /23,24,25,26 7 19G
19 D23-1B3B9 IGVH/1,7 IGVL /23,24,25 5 19G
54 D23-1G7C2 IGVH/1,7 IGVL /24,25 4 19G
106 D23-4A6F9 IGVH/5,11 IGVK /13,14,18,19 6 19G
118 D23-4D10E9 IGVH/5,11 IGVK /13,14,18,19 6 19G
131 D23-4F5E1 IGVH/5,11 IGVK /16,21 4 1gG
135 D23-4H12C8 IGVH/1,7 IGVL /23,25 4 19G
178 D23-5G2D2 IGVH/1,5,7,11 IGVK /13,14,18,19 8 1gG
411 D30-3B6C7 IGVH/3,9 IGVL /23,24,25,26 6 19G
533 D32-2H8G1 IGVH/5,11 IGVK/ 13,14,18,19 6 1gG
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WarhTuauadnanladn lunanalin pGEMT-easy WNOMIAIEAULUE S1AULURN Lo Lo
o a 6 nﬂ' o A Aw 1 dl & a = 6 ] 3; g; =1 o
handiensiinedaifianianziudiuiiduneudvefuyudivinni 1nuuiaihly
WIUAgUNUAAULUEYaILTas SPYMEG %uﬁhuﬁﬂuuauauaamaw%ﬁﬁ waz il

291788 SPYMEG winsiufisin 1yl lutusaly

7.2 NMIMAUAGULAUIVDIRIN framework LALEIW complementary determining

region lagldTzuunMIiRuadILALIad kabat
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Code Cl one nane FRW CDR1 FRW2 CDR2 FRVWB CDR3 FRWM
8 23- 1A10H7 Q/Q-VQSGAEVGE';"ZESSVRVSCKAS NYAIS | WRQAPGQALEWMG | GVI PTLHTTNYVERFQG | RI Tl TADESTSTAYMELSSLRSEDTAVYYCAR SRYWGBSBASNY WGQGTTVTVSS
25 23- 10202 Q’Q-QESGDG'G\%KFEEFLSLTCAVS SYYME | WRQTPGKRLEW G | NFHYSGSTNDNPSLKS | RLTMSADTSKNGLSLRLRSVTAADTAVYYCAR VAKLFSSVATYGV' WBQGTTVI VSS
57 23- 1HBALL EVQ-LESG}]-C;:/?;SGSLRLSWS TYAVB | WRQAPGKGLEW/S | G GDSGHSI YYADSVKG | RFTI SRONSKNTLYLQVNSLRAEDTAVYYCAT GSQWPGDY | WGBQGTLVTVSS
87 23- 3A10@ EVQ-LESGGG-G\F’(TJESGSLRLSCTAS NYAMT | WRQAPRKGLEW/S | Al GGSGHSI YYGDSVKG | RFTI SRONSNNTLYLQVNTLRAEDTAVYYCAA GSQAPCDY WGQGTWTVSS
165 23- 5E6BL WHLVQSGS%&E?’*SVKVSOQ“S RYIM | WROAPGQGLEWG | W DTKTGNPTYAQAFTG | RFVFSLDTSVSTAYLQ NRLKAEDTAVYFCTT | LSGYSADWPEDY | WGQGTLVTVSS
183 23-568E3 | VQLVESCCONVOPORSLRLSCAAS | DYAMH | WROAPGKGLEWVA | VI SHVGTSTYQAESYYA | NSVKGRFS| SROTSKNTI YLQUNSLRPEDTAV Wcﬁgﬁ%ﬁsss VGQGTLVAVSS
216 30- 1E7B8 Q’HLVQSGAWG%E?SVKVSCKAS SYQVS | WRQAPGQGLEWG | W SAYNGDTNFACKFQG | RLTVTTDTSTNTAYNELRSLRSDDTAMYYCAR @DYES$%PW WGQGTLVTVSS
310 30- 3ALE2 Q/Q-VQSGAE&'?D?SVWS@AS NYAIS | WRQAPGOGLEWVG | Al PMSRTTDYAQKFRG | RVTI SADESRSTAYNELNSLRSDDTAVYYCAR HR%&?SPDHD WGRGTLVTVSS
358 30- 3B10E7 QJQ-VESGGG-G\F’QESGSLRLSCAAS DYYM | WRRAQGKGLEWS | VI SNSGCDMIYHADSVKG | RFTLSRDNTKKSLSLQVHNLRANDTAVYYCAR GWGZFTDTLSNTES WGQGTM/TVSS
491 32-2D1G5 Q’Q-NQSGDEX.E?ESSSNKVSG(AS SYSIS | WRQAPGQALEWVMG | GTI PFFGRASYAGKFQG | RVTI TADEATSTAFMELSSLSSEDTAWFCAR | A AN’gVWQYE WBQGTTVTVSS
19 23-1838y | VHLVOSESEVKPOASVIVSCRS | RvIMN | WROAPGQGLEWMG |  WDTKTGNPTYAQAFT | GRFVFSLDTSVSTAYLQI NNLKAEDTAVYFCT | T-SCYSAPWPED | yerar vrvss
54 23-1G7C2 Q’Q-VQSGAEX.E’;E@SSVKVSCKAS TYA'S | WRQAPGKGLEWVG | @ I PLYKQSTYAQKFRG | RVTI TADESTNTAYMELNGLSLEDTAVFYCAT | U AVAF%ISEG“GS WGQGTMVTVSS
106 23- 4A6F9 EVQ-LESW-G\F/?;SGSLRLSCAAS SNAVG | WRQAPGKGLEWUS | GVSNSGGDTYYADSVKGR | FAl SRONSKNTLYLQMNSLRAEDTAVYYCAN | THWIVESKEERD 1 yenar vrvss
118 23- 4D10E9 EVQ—LESGGG-GQSESGSLRLSCAAS TQAMA | VWRQAPGKGLEWS | Al GGRDEGSYYAESLKG | RLTI SRONSKNTVYLQVDRLRADDTAI YECTK | | DWSI RGTFDN | WERGTLVTVSS
131 23- 4F5E1 EV@LES@-G\F’g;S%SLRLSCAAS NSAME | VWRQAQEKGLEWS | AFSGSGGSTYYADSVKG | RETI SRDNSKNTLYLQVNSLRAEDTAVYYCAR VTGGASDY | WBQGTLVTVSS
135 23- 4H12C8 wq.vqse%g&::gsvwsms TYPW | WRQAPGQGLEWVG | W DTNTGNPTYAQAFTG | RFVFSLDTSVSTAYLQ SSLKAEDTAVYYCTT | LSGYSADWPEDY | WGQGTLVTVSS
178 23-5G2D2 QJQ-VQSGAEVEGD.’FESSSVKVSCKAS KYAIN | WRQAPGQGLDWG | G I PILTTTTYAQRFQG | RVTI TADKSTNTAYMELRSLRFDDTAVYYCAR STYYYGBDGSVDLTY WBQGTTVTVSS
411 30- 3B6C7 Q-Q-QEAGDR'—GVBKEEEFLSLSCTVS GSSFY | Wow RoAPGRGLEW | | GBI DYRGNTYYNPSLKS | o ry ovDTSRNGESLNLRSVTAADTAVYECAS PGBL'Y%\E(AM“G WBQGTLVTVSS
533 32- 2H8GL Q’Q-VESGGG\&V?;?SLRLSCVAS SSGMH | WRQAPGKGLEWVG | VVSFDGSKTYYADSAKG | RFTI SRDNSKNTLYLQMISLRVDDTAVYYCAT | S SESEWY 1 yearrysyss

A1319N 5 NMIMAUARIUAUITEI FRW Laz CDR 284 heavy chain lagszuua9 Kabat
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Code ?]aorfee FRWL CDR1 FRV2 CDR2 FRVB CDR3 FRW
8 23-1A10H7 | DV QUTQBPSSLSASVERVTITC RASQGNSNAVA | WYQOKAGKAPKLLLY | GASRLER | GVPSRESGSGSGTDYSLTI SSLQPEDFATYYC | QOYSSIPYT | FGQGTKLEI K
25 | 23-1c0p2 | D QUICSPSSLAASVGDRVSFTC QASQDI KNHLN | WYQQKPGKAPKLLIY | DASNLGT | GVPSRESGSGSGTHETETI SSLQPEDLATYYC | HQYENLPIT | FGGGTKVE K
57 | 23-1HBALl | QSVMIQRPSASGTPGQRVTI SC SGSSSNI GSNFVY | WQOLPGTAPKLLI Y | SDNQRPS | GVPDRFSGSKSGTSASLAI SGLRSEDEADYYC | ATWDDSLSGPV FGGGTELTVLS
87 | 23-3a10c | (BVLTQPPSASGTPGQRVTISC SGSSSNI ANNYVY | WYQQLPGTAPKLLI Y | STNQRPS | GVPARFSGSKSGTSASLAI SGLRSEDEADYYC | AAVWDDSLSAPL | FGGGTKLTVLG
165 | 23-5E6BL QTWTQEPSLTVSPGEIVILTC | ASSTGAVTSGNYAN | WEQQHPGQAPRGLI Y | RTDKKHS | WIHARFSGSLLGGKAALTLSGARSEDEADYYC | LLYRDGGW | FGGGTKLTVLS
183 | 23-5G8E3 BVLTQPPSVSAPGRVSI SC | 1\ GAGYDVH | WYQQLPGSVPRLLIF | SNTARPS | GVPARFSGSKSGASASLAI TGLQAEDEADYYC | QSYDSSLFACY | FGGGTKVTVLG
216 | 30-1E7B8 QBVWTQPPSASGTPGRRVTI SC SGSSSNI GNNYVY | WYQQLPGTAPKLLIY | SNNQRPS | GVPVRFSGSKSGTSASLAI SGLRSDDEADYYC | ATWDDSLSRPV | FGGGTKLTVLG
310 | 30-3apz | EINVEICSRAIESESREERANESE RASQSVSSYLG | WQHKPGQAPRLLIY | DASNRAT | G PARFSGSGSGTDFSLTI SSLEPEDFAVYYC | QQRDNWPYT | FGQGTKLEI K
358 | 30-3Bl0E7 | BVLTQPPSVSGAPGRVTISC | 1nooni GAGHDVH | WYQLLPGAAPKLLI Y | GNNIRPS | GVPERFSGSKSGTTASLAI TGLQAEDEADYYC | QSYDGSLSGLV | FGGGTKLTVLG
491 | 32-201G5 BALTQPRSVSGSPEREVTI SC | 155ROFGDYDHVS | WYQQEPGKAPKLI | Y | DVTKRPS | GVPDRESASKSVNTASLTI SGLQAEDEADYYC | CSYAGSYIW/ | FGGGTKVSVLG
19 | 23-1B3B9 QTWTQEPSLTVSPCGIVILTC | 7ASSTGAVTSGHYAN | WEQQHPGOAPRGLI Y | RTDKKHS | WIHARFSGSLLGGKAALTLSGARPEDEADYYC | LLYRDGGW | FGGGTKLTVLS
54 | 23-1G7C2 QBALTQPASVSGSPGXBI TISC | 15756DvEEDSLYS | WQQHPGKAPKLI 1Y | EDHKRPS | GVSSREFGSKSGNAASLTI SGLQAEDEADYYC | CSYAI SSVRVL | FGGGTKVTVLG
106 | 23-4a6F9 | VVQLTQSPSSVSASVGDRVTITC RASQE SSWA | WOQQKPGKAPKLLI Y | ATSSLQS | GVPSRFSGSGSGTDFTLTI SSLQPEDFATYYC | QQANSFPWE | FGOGTKVEI K
118 | 23-4piogg | DVQVICSPSSVSASVEXVIMIC RASQGVGTLLA | WYQOKPGMAPTLLIY | GASSLQS | GVPSRFSGSGSGTDFTLTI SSLQPEDFAVYFC | QQANSFPWF | FGQGTKVEI K
131 | 23-4F5E1 | DI VMIGSPDSLAVSLGERATING | RooQT LYSSENNY | \yookpGoppLLI Y | WASTRES | GVPDRFSGSGSGTDFTLTI SSLAEDVAWYYC | QQYYSSPPT | FGQGTKLEI K
135 | 23-4H12C8 | QUTWTQEPSLTVSPGGTVILTC | ASSTGAVTSGYYPN | WEQQKPGQAPRALIY | STSSKHS | WIPARFSGSLLGGKAALTLSGVQPEDEADYYC |  LLYYRGGW FGGGTSLTVLS
178 | 23-5@Dz | DI Q-TCSPSSLSASVEDRVTITC RASQGNSNSLA | WQHKPGKAPKLLLY | AASRLHS | GVPSRESGSGSGTDYTLTI SSLQPEDSATYYC | QOYYSIPYT | FGQGTKLDI K
411 | 30-3B6C7 QMWTQEPSLTVSPGGTVILTC | ASSTGAVTSDYFPN | WEQKPGQAPRALIY | HTORKHS | \rpARFSGSLLGEKAALTLSGVQPEDEAEYYC | LLYHVDAHLV | FGGGTKLTVLS
533 | 32-2HgGL | D QUICEPSSLSASVEDRVTITC RASONI AKYLN | WQHKPGKPPKFLI H | AASSLQS | GVPSRESGSGSGTDFTLTI SSLQPEDCATYYC | LQTYTAPLT | FGGGTKVE K

A19197 6 NMIMAUAGILAUITEI FRW LAz CDR 284 light chain lagszuyuvad Kabat
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Dengue virus (DENV), a re-emerging virus, constitutes the largest vector-borne disease virus, with 50—
100 million cases reported every year. Although DENV infection induces lifelong immunity against
viruses of the same serotypes, the subsequent infection with the heterologous serotypes can cause more
severe form of the disease, such as Dengue Haemorrhagic Fever (DHF) or Dengue Shock Syndrome (DSS).
However, there is neither approved vaccine nor specific drugs available to treat this disease. In this study,
previously developed 19 human monoclonal antibodies (HuMAbs) showing strong to moderate cross
neutralizing activity were selected. Most of them (13/19) were targeted to domain II of envelop glycopro-
tein. To understand and clarify the recognition properties, the maturation mechanisms comprising Var-
iable/Diversity/Joining (VD]) recombination, Variable Heavy (VH)/Variable Light (VL) chain pairing,
variability at junctional site, and somatic hypermutation (SHM) of those antibodies were studied and
compared with their predecessor germline sequences. IMGT/V-QUEST database was applied to analyze
the isolated VH and VL sequences. To confirm the correction of isolated VH/VL, 3 HuMAbs (1A10H7,
1B3B9, 1G7C2) was transiently expressed in HEK293T cell. All three clones of the expressed recombinant
IgG (rIgG) showed the same binding and neutralizing activity as same as those from hybridomas. The data
obtained in this study will elucidate the properties of those HuMAbs for further genetic modification, and
its binding epitopes.
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Neutralization
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Cross-neutralizing
Germline

© 2014 Elsevier Inc. All rights reserved.

1. Introduction ical and subtropical regions, and have been estimated that there

are 50-100 millions of infected cases annually around the world.

Dengue virus (DENV) is transmitted to humans by infected
Aedes mosquitoes in tropical and subtropical areas. It is a member
of the Flavivirus genus of the Flaviviridae family. It is the enveloped
icosahedral, positive-stranded RNA viruses. The approximately 11-
kb genome is translated as a single polyprotein, which is cleaved
into three structural proteins (capsid [C], premembrane/mem-
brane [prM/M], and envelop [E]), and seven non-structural pro-
teins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5) by host and
viral protease [1]. They comprise four distinct serotypes, DENV1
through DENVA4. This virus is the major cause of morbidity in trop-

* Corresponding author at: CEAR, Faculty of Tropical Medicine, Mahidol Univer-
sity, 420/6 Ratchawithi Road, Ratchadhewi, Bangkok 10400, Thailand.
E-mail address: pongrama.ram@mahidol.ac.th (P. Ramasoota).

http://dx.doi.org/10.1016/j.bbrc.2014.02.131
0006-291X/© 2014 Elsevier Inc. All rights reserved.

However, nowadays, there is neither proven vaccine nor specific
anti-viral drug to all serotypes available. Infection with DENV can
cause a spectrum of clinical symptoms ranging from flu-like illness,
dengue fever (DF), to a severe fatal disease known as DHF or DSS.
These fatal forms are often attributed to re-infection by heterolo-
gous serotypes [2]. Primary infection with any of the four serotypes
can produce lifelong immunity to that serotype, but only tempo-
rary immunity to the others; moreover, the sequential infections
in the presence of heterologous dengue antibodies often lead to a
more severe secondary infection of DHF/DSS [3]. These is attrib-
uted to antibody-dependent enhancement (ADE) when non-neu-
tralizing antibodies form a complex with the virus and infect
phagocytes via Fc receptors, causing more viral load and enhance
infection involving DHF/DSS [3].
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Passive antibody therapies, based on targeted-specific monoclo-
nal antibodies (MAb) have been widely studied in several infectious
diseases including viral diseases, such as cytomegalovirus (CMV),
respiratory syncytial virus (RSV), hepatitis B virus (HBV), hepatitis
C virus (HCV), rabies, vaccinia, varicella-zoster virus (VZV), and
West Nile virus (WNV), which some of them have been approved
to use both in prophylaxis or treatment in the US market [4]. How-
ever, therapeutic antibodies to treat dengue virus are still limited.

Several studies on both mouse and human antibodies to DENV
have implied that antibodies targeted to envelope protein of DENV
(ED) are the principal determinants of virus neutralization [5]. For
ED itself, it is composed of 3 domains (DI, DII, and DIII). DIl is located
at one end of the molecule covering the fusion peptide and respon-
sible for host cell-viral fusion. At the other end is located DIIl which
is involved in host cell binding [6]. Both DI/II and DIII have been
studied to be targeted by several mouse and human antibodies.

Even though mouse MAbs can normally show strong neutraliz-
ing activity with serotype specific to dengue virus that targeted to
EDIII [7-8], human MAbs (HuMAbs) usually show more diversity of
antibody response; serotype- or cross reactive with weak to strong
neutralizing activity with several target epitope (DI/II or DIII) of E
protein [9-10]. Similar with our 20 anti-DENV HuMAbs (19 IgGs
and 1 IgA) that have been previously generated, using hybridoma
technique [11], all of them showed strong to moderate cross-neu-
tralizing activity to 4 serotypes of dengue virus tested in vitro. They
were targeted to envelop protein of DENV. Moreover, thirteen of
them were further characterized and found to target to domain II
of E protein using truncated E protein [12].

Other than epitope mapping studies for vaccine design, the ge-
netic analysis of variable region sequences of anti-viral Abs have
recently shown its potential for vaccine development. This germ-
line characterization has recently been widely studied in several
anti-viral MAb including HIV-1 virus [13-14], Influenza virus
[15], and SARS coronavirus, Hendra virus, and Nipah virus [16]
using phage display and high-throughput sequencing. One study
of anti-influenza antibodies have shown that mutation at only 7
amino acids in the Heavy chain Complementary Determining Re-
gion 2 (HCDR2) and Framework Region 3 (FR3) are evolved for
the full activity of neutralization, which can be applied for the ra-
tional design of epitope-specific vaccine inducing broadly-neutral-
izing antibody [15]. For anti-DENV MAbs characterization, there is
one study characterizing mouse MAb 4E11 that targeted to EDIII
which has been raised against serotype 1 dengue virus, but can
neutralize all 4 serotypes with different efficacy. It was found that
mutation at only some hotspot can greatly affect the binding activ-
ity of that MADb [17]. However, germline study of anti-DENV HuM-
Abs is still limited. For this reason, further characterization of
genetic sequences of our 19 hybridoma IgGs - all targeted to E,
mostly targeted to EDII and show strong to moderate neutralizing
activity - is needed. These should be a good model of antibody’s
genetic study that will enlighten dengue vaccine development
through the induction of cross-neutralizing activity.

2. Materials and methods
2.1. Hybridoma sample

Previously generated 19 hybridomas secreting HuMAb IgGs
with cross-neutralizing activity were selected. These 19 neutraliz-
ing HuMAbs (NHuMADbs) were produced from 3 acute dengue pa-
tients of secondarily infection with dengue virus serotype 2.

2.2. Isolation of VH and VL from hybridoma cell

Ribonucleic acids (RNAs) were isolated from hybriboma cells
using Trizol reagent (Invitrogen, USA). Complementary DNA

(cDNA) was synthesized from the isolated RNA, and then used as
the template for amplification of Heavy chain (HC) and Light chain
(LC) using 26 pairs of primer. Twelve reactions for HC, 10 reactions
for LC kappa, and 4 reactions for LC lambda were performed (Ta-
ble 1). Specific products of both HC and LC were purified and
cloned to pGemT easy vector (Promega, USA) for sequencing.

2.3. Antibody gene analysis with its germline

The isolated HC/LC antibody gene covering the entire antibody
variable domain with 3 CDRs and 4 FRs characterized by IMGT un-
ique numbering system were entered to the immunogenetic IMGT/
V-QUEST database [18,19]. The localization of CDR and FR, includ-
ing % variation and mutation from its original germline sequence
were analyzed.

2.4. Subcloning of VH and VL to mammalian expression vector

The VH and VL fragments were amplified from pGemT-easy
vector with primers containing extended restriction site. The
amplified VH and VL as well as the human antibody constant re-
gion-containing pQCX plasmid were then digested with Notl and
Xhol restriction enzymes. The VH fragments were cloned to
PQCXIP-CH containing HC constant region. Similarly, VL fragments
were cloned to either pQCXIH-CKappa or CLambda, containing
constant kappa or lambda LC, respectively. The recombinant DNA
was transformed to DH5a competent cell. Plasmids were amplified
from positive clones using Purelink plasmid midiprep kit (Invitro-
gen, USA.)

2.5. Transient expression of recombinant IgG (rIgG) in mammalian
cells

Human embryonated kidney (HEK) 293T cells were cultured in
DMEM medium supplemented with 10% Fetal Bovine Serum (FBS)
without sodium pyruvate (Gibco, USA). The cells were seeded to
10cm cell culture dish at 5.5 x 10° cell/ml, and incubated at
37 °C under 5% CO, overnight. On the next day, twelve micrograms

Table 1
Primers used to amplify Variable Heavy chain, and Variable Light chain (kappa and
lambda).

Name Sequence N

Variable heavy chain

hIGHV1/7- ATGGACTGGACCTGGAGGATCCTC 24
hIGHV2 ATGGACATACTTTGTTCCACGCTCCT 26
hIGHV4 ATGAAACACCTGTGGTTCTTCCTCCT 26
hIGHV6 ATGTCTGTCTCCTTCCTCATCTTCCT 26
hIGHV3 ATGGAGTTTGGGCTGAGCTGGGTT 24
hIGHV5 ATGGGGTCAACCGCCATCCTCGC 23

37, higG1234(-)_PCR Center
17,higG1234(—)_nPCR

Variable kappa light chain

CTCCCGCGGCTTTGTCTTGGCATTA 25
CCTTGGTGTTGCTGGGCTTGTGAT 24

IGKV1-5'L ATGGACATGAGGGTCCCCGCTCAG 24
IGKV2-5'L ATGAGGCTCCCTGCTCAGCTCCTG 24
IGKV3-5'L ATGGAARCCCCAGCGCAGCTTCTC 24
IGKV4-5'L ATGGTGTTGCAGACCCAGGTCTTCAT 26
IGKV5-5'L ATGGGGTCCCAGGTTCACCTCCTC 24
18, higk_PCR(-) GTGACACTCTCCTGGGAGTTACCC 24
11, Human specific 3’ primer for =~ GAGTTACCCGATTGGAGGGCGTTAT 25
nested PCR

Variable lambda light chain

IGLV_1/3/5/7-5'L ATGGCCTGGWYYCCTCTCYTYCTS 24

IGLV_8-5'L ATGGCCTGGATGATGCTTCTCCTCG 25
IGLV_2/9/10-5'L ATGSCCTGGGCTCYKCTSCTCCTS 24
IGLV_4-5'L ATGGCCTGGRYCYCMYTCYWCCTM 24

19, higL_nPCR(-) TGGCAGCTGTAGCTTCTGTGGGACT 25
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of each pQC plasmid containing HC or LC were co-transfected to
the cell using lipofectamine 2000 (Invitrogen, USA.). Briefly, 60 pl
of lipofectamine 2000 was diluted in 1.5 ml of Opti-MEM I reduced
serum (Gibco, USA), and then incubated at room temperature for
5 min. At the same time, 12 pg each of pQCXIP-CH-VH, and
PQCXIH-CL-Vkappa or -VLambda was diluted in Opti-MEM 1 re-
duced serum (Gibco, USA). Then, 1.5 ml of diluted lipofectamine
was added to the tube containing diluted DNA. They were gently
mixed and the complex was incubated at room temperature for
30-40 min. Then, 3 ml of lipofectamine-DNA complex was added
to the cell, and incubated at 37 °C under 5% CO, for 4-6 h. After
incubation, the medium was replaced with fresh 10 ml of culture
medium, and incubated at 37 °C under 5% CO, for 3 days. The pres-
ence of IgG and binding activity were checked by immunofluores-
cense assay (IFA) using transfected culture medium.

The collected culture fluid from transfected cell was filtered be-
fore purification using Hitrap protein A affinity column (GE biosci-
ence, Sweden). The concentration of purified IgGs was then
measured using BCA protein assay kit (Pierce Thermo Scientific,
USA).

2.6. Indirect immunofluorescence assay (IFA)

Vero cells monolayer in 96-well microplate were mock-infected
or infected with DENV serotype 1-4 separately. After incubation
for 2-3 days, the cells were fixed with 3.7% formaldehyde in phos-
phate buffered saline (PBS), and permeabilized with 0.1% Triton X-
100 in PBS. The cells were stained with hybridoma HuMADs or rigG
at 4 °C overnight using anti-flavivirus HuMAbs as positive control.
The bound antibodies were reacted with an AlexaFluor 488-conju-
gated anti-human IgG (1:1000; Invitrogen), and observed under
fluorescence microscope.

2.7. Neutralization test using Focus Reduction Neutralization Test
(FRNT)

The neutralization test was performed using Vero cells. The fo-
cus number was firstly adjusted to obtain approximately 100-150
focuses/well. Vero cells were seeded to 96 well plate at 2.0 x 10*
cells/well. Twofold serial dilution of antibodies were prepared on
96 well round bottom plate, then added with the adjusted focus
number of dengue virus serotype 1-4. The Ab-virus mixtures were

Table 2
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then incubated at 37 °C for 30 min. After that, 50 pl of the mixtures
were added to Vero cells, and incubated for 2 h with gently tapping
every 30 min. One hundred pl of overlaid medium (2X MEM, 2%
CMC, 3% FBS) were then added to the well and incubated for 3 days
for Dengue virus serotypes 1, 2, and 3, and 2 days for serotype 4.
The assays were performed in triplicate. After 2 or 3 days incuba-
tion, the cells were fixed with 3.7% formaldehyde, followed by Tri-
ton X-100. The focus number was immunostained by incubated
with anti-DENV MADb, as for IF assay. The number of focus was
counted and compared with that of no antibody control to calcu-
late NTso.

3. Results and discussions

In general, to generate mature B cell for antibody production, 4
main mechanisms including the rearrangement of V, D, and ] seg-
ments, the pairing of different VH and VL germline, the addition or
deletion at the junctional site, encoded for CDR3 loop are involved.
More diversity is further increased once the B cells have been stim-
ulated with target antigen, inducing SHM at some hotspot to in-
crease the affinity toward the foreign antigen. These four genetic
processes have built a high diversity of variable region of antibod-
ies [20]).

To study the genetic basis of our anti-DENV HuMAbs, the vari-
able sequences of 19 IgGs isolated from acute dengue patients was
studied. All of them were derived from blood sample of 3 patients
of secondarily infected dengue virus serotype 2, within one week
after the onset of fever [10]. HC and LC of all 19 IgGs were se-
quenced starting from human IgG leader peptide until constant re-
gion of IgG HC and LC. Only the variable regions were submitted to
IMGT/V-QUEST to localize the FR and CDR. All sequences were pro-
ductive IG rearranged sequences with no stop codon and in-frame
junction, except 1 clone (23-5G8E3) have 5 aa insertion at CDR2.
Variable region of heavy and light chain of 17 clones of them were
submitted to database of DNA Data Bank of Japan (DDB]J) [12].

After comparing those sequences with germline database, 10
germline HCs and 11 germline LCs was used (Table 2). IGHV1-69
(5/19) and IGHV3-23 (5/19) are the major germline HC whereas
IGLV7-43 is the major germline LC (Fig. 1A and B). As IGHV1-69
was the highest HC germline used in our anti-DENV HuMAbs, inter-
estingly, the highest percentage of IGHV1-69 HC germline was also

Analysis of anti-DENV HuMAbs including its germline sequences, and immunogenetic data.

HuMAbs IGHV gene IGKV/IGLV gene No. of aa mutations /Identity(% variation) HCDR3 aa sequence (length)
VH VL

1A10H7 HV1-69*01F KV1-NL1*01 F 12 /85(12.4) 9/85 (9.6) ARSRYYYDSDASNYGMDV (18)

1G7C2 HV1-69*01F LV2-23*01 F 17/80(19.5) 11/85 (11.5) ATLIAVAGSEGAGSFDI (17)

1E7B8 HV1-69*01F KV3-11*01 F 17 [81(17.3) 4/90 (4.2) ARHRAVAGGDSDHDENNWEFGP (21)

2D1G5 HV1-69*01F LV2-11*01 F 14 /84(14.3) 11/86 (11.3) ARAGPIAATGVQYEMDV (17)

1H5A11 HV3-23*01F LV1-47*02 F 12 /84(12.5) 5/93 (5.1) ATGSQWPGDY (10)

3A10G12 HV3-23*01F LV1-47+02 F 10 /87(10.3) 5/93 (5.1) AAGSQWPGDY (10)

4A6F9 HV3-23*01F KV1-12*01 F 6/91(6.2) 4/90 (4.2) ANTLWTVGSKGGFDY (15)

4D10E9 HV3-23*01F KV1-12*01 F 21 /76(21.6) 12/82 (12.8) TKIDWSIRGTFDN (13)

4F5E1 HV3-23*01F KV4-1*01 F 6 /92(6.1) 5/96 (5) ARVTGGWSDY(10)

1B3B9 HV7-4*02F LV7-43*01 F 14 /83(14.4) 13/83 (13.5) TTLSGYSADWPEDY (14)

4H12C8 HV7-4*02F LV7-43*01 F 5/92(5.1) 3/93 (3.1) TTLSGYSADWPEDY (14)

5E6B1 HV7-4*02F LV7-43*01 F 13 /84(13.4) 13/83 (13.5) TTLSGYSADWPEDY (14)

1C2D2 HV4-59*01F KV1-33*01 F 13 /84(13.4) 10/84 (10.6) ARVAKLFGSATYGMDV (16)

5G8E3 HV3-30*04F LV1-40*01 F 12 /86(12.2) 12/87 (12.1) AVYYCARRGDYSSSAENFQH (20)

1C1G4 HV1-18*01F LV1-47*02 F 9 /89(9.2) 6/92 (6.1) ARGPDYESSDSPWFDY (16)

3A1E2 HV3-11*01F LV1-40*01 F 17 /80(19.5) 9/90 (9.1) ARGMTGFTTSNTESFDL (17)

3B6C7 HV4-39*01F LV7-43*01 F 15 /83(15.3) 8/89 (8.2) ASPGGLISDEAMAGYFDY (18)

2H8G1 HV3-30"03F KV1-39*01 F 13 /85(13.3) 12/83 (12.6) ATGGGRFSGSGNYYYYGMDV (20)

5G2D2 HV1-69*06F KV1-NL1*01 F 14 /83(14.4) 6/88 (11.7) ARSTYYYDGSDLTYGMDV (18)
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Fig. 1. Germline usage frequencies. (A) The heavy chain variable (HV) germline sequences. (B) The light chain variable (kV for kappa and LV for lambda) germline sequences
related to 19 cross-neutralizing anti-DENV HuMAbs derived from acute secondarily infected dengue patients. The Y axis represents the usage percentage of each germline

sequences, as also indicated at the top of bar graph.

Table 3

The amino acid sequences of heavy chain from 3 major groups, classified by type of heavy chain germline, of 13 HuMAbs in alignment of their predecessors germline, including
type of its germline light chain and NTso. The CDRs and FR are located according to the immunogenetic annotation. The somatic mutations in the VH of each HuMAb are

highlighted in gray color.

HC FRWL CDR1 FRW2 CDR2
IGHV1-69 QVQLVQSGAEVKKPGSSVKVSCKAS GGTFSSYA ISWVRQAPGQGLEWMGG IIPIFGTA
1A10H7 QVQLVQSGAEVKKPGSSVRVSCKAS GGTFRNYA ISWVRQAPGOGLEWMGG VIPTLHTT
16702 QVQLVQSGAEVKKPASSVKVSCKAS GGTFGTYA ISWVRQAPGKGLEWMGG TIPLYKOS
1E7B8 QVQLVQSGAEVKKPGSSVRVSCRAS GGALANYA ISWVRQAPGQGLEWMGA IIPMSRTT
2D1G5 QVQLMQSGPEVKKPGSSMKVSCKAS GGTLRSYS ISWVRQAPGQGLEWMGG TIPFFGRA
5G2D2 QVQLVQSGAEVEKPGSSVKVSCKAS GDTFSKYA INWVRQAPGQGLDWMGG IIPILTTT
IGHV3-23 EVQLLESGGGLVQPGGSLRLSCAAS GFTFSSYA MSWVRQAPGKGLEWVSA ISGSGGST
1H5A11 EVQLLESGGDLVQPGGSLRLSCAAS GFTFSTYA MSWVRQAPGKGLEWVSG IGDSGHST
3A10G12 EVQLLESGGGLVQPGGSLRLSCTAS GFTFSNYA MIWVRQAPRKGLEWVSA IGGSGHST
4R6F9 EVQLLESGGGLVQPGGSLRLSCAAS GFTFSSNA MSWVRQAPGKGLEWVSG VSNSGGDT
4D10E9 EVQLLESGGGLAQPGGSLRLSCAAS GFSFSTQA MAWVRQAPGKGLEWVSA IGGRDEGS
4FSE1 EVQLLESGGGLVQPGGSLRLSCAAS GFSFSNSA MSWVRQAQGKGLEWVSA FSGSGGST
IGHV7-4 QVQLVQSGSELKKPGASVKVSCKAS GYTFTSYA MNWVRQAPGQGLEWMGH INTNTGNP
1B3B9 QVHLVQSESEVKKPGASVKVSCOAS GYPFTRYT MNWVRQAPGQGLEWMGH IDTKTGNP
4H12C8 QVQLVQSGSELKKPGASVKVSCKAS GYTFTTYP MNWVRQAPGQGLEWMGH IDTNTGNP
SE6B1 QVHLVQSGSEVKKPGASVKVSCQAS GYBFTRYI MNWVRQAPGQGLEWMGH IDTKTGNP

NT50
FRW3 CDR3 -IMGT VL germline used
(pg/ml1)

NYAQKFQGRVTITADESTSTAYMELSSLRSEDTAVYYC
NYVERFQGRITITADESTSTAYMELSSLRSEDTAVYYC ARSRYYYDSDASNYGMDV IGKV1-NL1*01 F 1.6
TYAQKFRGRVTITADESTNTAYMELNGLSLEDTAVFYC ATLIAVAGSEGAGSFDIW IGLV2-23%01 F 1.1
DYAQKFRGRVTISADESRSTAYMELNSLRSDDTAVYYC ARHRAVAGGDSDHDENNWFGPW ~ IGKV3-11*01 F 1.5
SYAQKFQGRVTITADEATSTAFMELSSLSSEDTAVYEC ARAGPTAATGVQYEMDVW IGLV2-11%01 F 13
TYAQRFQGRVTITADKSTNTAYMELRSLREDDTAVYYC CARSTYYYDGSDLTYGMDVW
YYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC
YYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC CATGSQWPGDYW IGLV1-47%02 F 1.6
YYGDSVKGRFTISRDNSNNTLYLQMNTLRAEDTAVYYC CAAGSQWPGDYW IGLV1-47%02 F 1.4
YYADSVKGRFAISRDNSKNTLYLOMNSLRAEDTAVYYC CANTLWTVGSKGGFDYW IGKV1-12%01 F 2.3
YYAESLKGRLTISRDNSKNTVYLOMDRLRADDTATIYEC CTKIDWSIRGTFDNW IGKV1-12%01 F
YYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTAVYYC CARVTGGWSDYW IGKV4-1%01 F 4.6
TYAQGFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYC
TYAQAFTGRFVFSLDTSVSTAYLQINNLKAEDTAVYEC CTTLSGYSADWPEDYW IGLV7-43%01 F 3.1
TYAQAFTGRFVFSLDTSVSTAYLQISSLKAEDTAVYYC CTTLSGYSADWPEDYW IGLV7-43%01 F 5.5
TYAQAFTGRFVFSLDTSVSTAYLQINRLKAEDTAVYEC CTTLSGYSADWPEDYW IGLV7-43%01 F 3.1

previously reported from other anti-viral MAbs, such as influenza
virus [14,19], HIV, SARS CoV, Hendra, and Nipah virus [16].

In 2012, Prabakaran et al., used IgM derived B cell for naive Fab
antibody library construction and screened for several viral targets.
They found that IGHV1-69 were the highest heavy chain germline
gene used. Similar with the result from Chen et al. (2012a) who
constructed 2 libraries from peripheral blood mononuclear cells
(PBMCs) from HIV-1 patients from different time point after infec-
tion, one from 40 days, and the other from 8 months post infection.
It was found that germline gene usages of both HC and LC were dif-
ferent among two libraries. HV1-46, HC3-33, and HV5-51 were
most frequently found from library constructed from 40 days post
infection PBMCs. In contrast, HV1-69 (26%) was the most fre-
quently used HC germline from library constructed from 8 months
PBMCs. Comparing with our study, that all 19 IgGs were generated
from acute patient PBMCs from secondary dengue infection, it can
be suggested that after primary infection, this IGHV1-69, which is
the high frequency heavy chain germline presence in IgM reper-
toires [16], should be the major group of germline heavy chain
responsible for antibody production. After recovery, the human im-
mune response can stay long in the human blood circulation. Once
re-infection has occurred, the memory B cells were stimulated;
therefore, high possibility of antibody production from this kind
of germline heavy chain was observed.

Other than the different combination of VH/VL to generate a
high diversity of our anti-DENV HuMAbs, more variable were also
found at the junctional site (length of CDR3). We found more var-
iable occurred in HCDR3 of our HuMAbs, which ranged from 10 to
21 aa (Table 2), but not for LCDR3 which ranged from 9 to 11 aa
(data not shown). This high diversity of HCDR3 was also observed
from anti-HIV-1 antibody, which ranged from 4 to 27 aa, and con-
sidering as the determination of VH diversity of antibody reper-
toire [13].

Once the mature B cells have faced the dengue virus antigen,
more diversity was enhanced by SHM. We observed these muta-
tions throughout the variable regions with different degree, 5.1-
21.6% variation for VH, with less variation for VL at 3.1-12.8%.

Among 19 IgGs, three major groups are classified by type of
germline HC. These 3 kinds of HC germline, which combined with
8 kinds of germline LC shared 13 HuMAbs. The other 7 HuMAbs
have unique HC germline as shown in Table 2. The alignment of
HuMADbs HC from these 3 groups, along with their closest germline
sequences, including their germline LC, as well as annotated FRs
and CDRs are shown in Table 3. It was noticed that among 4 HuM-
Abs in Gr. 1, which used IGHV1-69 as HC germline, all of them
used different germline LC (Table 3). However, there is 1 HuMAb
that showed the highest NTsp, at 13 pg/ml, comparing with the
other 3 which have NTso ranged from 1.1 to 1.6 pg/ml. It is implied
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Fig. 2. Fluorescence immunostaining of three expressed rigG to Dengue virus
serotype 2 compared with IgG from hybridoma secretion.
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Fig. 3. Neutralizing activity (NT) of HuMADb 1B3B9 to 4 serotypes of dengue virus
(A-D), and 1A10H7 (E and F), 1G7C2 (G and H) to dengue virus serotype 2 and 3,
demonstrated by the comparison of rigG and IgG from hybridoma secretion.

that the combination of different HC and LC can greatly affect the
binding of our antibodies with the target antigen (IGHV1-69
paired with IGLV2-11 is the less matched). In contrary, Gr. 3 com-
posing of 3 HuMAbs (HuMAb 1B3B9, 4H12C8, 5E6B1) used the

same HC and LC germline with different level of mutations. We
found that, using the same originated germline, hypermutation
also affect their NTsq (Table 3). Among these 3 HuMAbs, there
are 2 HuMADs (1B3B9 and 5E6B1) that showed the same level of
mutation (14.4% and 13.4% for VH, and the same 13.5% for VL,
respectively). Both of them showed the same NTsq. In contrast,
the other HuUMADb (4H12C8) which have less variation comparing
with its germline counterpart (5.1% for VH and 3.1% for VL) showed
almost 2 times higher NTso concentration (Table 3).

However, for the less variation of same germline sequences, it
can be suggested that germline-like antibody with low level of
SHM can showed the relatively high binding with target antigen.
This phenomenon was also previously evidenced by Chen et al.
(2012b). They supported that antibodies with minimally mutated
can bind virus causing acute infection like SARS CoV, and Hendra
virus with relatively high affinity, but not for chronic disease like
HIV-1 [14].

Moreover, after detail characterization, 3 HuMAbs (1A10H7,
1B3B9, 1G7C2), which show the highest activity both in binding
and neutralizing activities as previously described [12]| was se-
lected. It was noticed that these 3 clones did not showed the high-
est variation. Hence, it was suggested that the 4 mechanisms was
generally play a role in increasing the binding affinity of one anti-
body toward the target antigen.

To study the function of isolated VH and VL, those 3 best HuM-
Abs were selected for production of rIgG, by subcloning of variable
region of HC and LC to another 2 mammalian expression plasmids
containing either constant HC or constant LC (kappa or lambda).
The constructed plasmids were co-transfected to human embryo-
nated kidney (HEK) 293T cell for rigG expression, for testing of
both binding and neutralizing activity. All three clones can bind
to 4 serotypes of dengue virus infected Vero cell with the same
manner as IgG secreted from hybridoma cell (Fig. 2). Moreover,
three of them also show almost the same neutralizing activity as
those from hybridomas (Fig. 3).

To confirm the right combination of VH/VL from each monoclo-
nal antibody, using the same constructed plasmid, different combi-
nations of VH and VL constructs of those 3 HuMAbs were tested in
the total of 9 combinations including the original VH/VL pairing. It
was found that only the correct combination of each three clones
can show the optimal binding activity by IFA. It was implied that
the CDR loop, which is the region much responsible for antigen
binding of these three clones need the correct combination of VH
and VL and conformation to form the antigen binding site.

For more understanding of affinity pathway, many more HuM-
Abs with various activity, for example, low, moderate, and high NT
titer are needed in identification of the critical position (hotspot)
that are most likely to have a major impact on antibody activity
and affinity.
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