# 2% dwinownoonuaduayunisisa
#g# The Thailand Research Fund

LWILRTUSNY IO

[% A a a A o YY)
lassms msadslalulaanweanandvadnialausmanawizaasiolsaldniann

Tag ;&”"ﬁ’mmamﬂmsﬁ A3. WIAIY EREVET



Tyl RMU4880026

R URR VL TIDSTH T PTEL

(o UNINAN N.7. Lo - bR NINYIAN N.7. bESo)

Tassny msa%"mfufu'[ﬂauaaLLauﬁuaﬁﬂﬁﬂamﬁLﬁaﬁm%mﬂmmﬁﬂlﬁ'ﬁﬁ'ﬂ%n

A FFNFATIANTY AT, WIATN EREV1
AMAITUITENRATFIANLAZRILIANOY ATSITANRATIUATAW

YRIANLRLURAR 420/6 0.5113D LWATITNI NIILNNY 10400

GOST) au‘,u‘[ﬂ gd1BNINWN amuaﬁua%%mﬁ% )

a

@nuinlumsauiidusesfids ana. lisududesiudioaualyl)



Abstract

Avian Influenza Virus is becoming the important public health problem in Thailand since the
first emergent on 2003-2004. Worldwide, the total of 385 human cases of Avian Influenza Virus
with 243 deaths were reported from WHO, which the total of 25 cases and 17 deaths came from
Thailand. Moreover, it also caused a high number of economic losses in Asia including Thailand.
For this reason, the diagnostic kit for this H5N1 avian influenza virus was set to be the one of
national policy for controlling this disease. For production of diagnostic kit of this avian influenza
virus antigen, monoclonal antibody has been well known as diagnostic reagent. To produce the
monoclonal antibody, both traditional hybridoma technology and phage display technology can be
applied, however, the latter is considered to be a much more feasible and cheaper. So, the
objective of this study is construction and selection of Fab antibody phage library specific to H5N1

avian influenza virus using phage display technique. Methods — The immunized chimeric

Chicken/Human Fab library were constructed with library size at 1.0 X 106. Three white leg horn
chickens were immunized with the dead H5N1. The chicken spleens were harvested and pooled
together. Total RNA were then isolated from these chicken spleens using TRIZol reagent. Then,
complementary DNA (cDNA) were reverse transcribed from the RNA. cDNA were further used as
template for antibody gene amplification specific to chicken variable heavy chain (V) and light
chain (Vj ). Moreover, human constant heavy chain (Cy1) and light chain (CK) were also amplified
from pComb3XTT vector. After that, overlap extension PCR were performed to amplify the heavy
chain Fd (VH- Cy1), Chimeric light chain (V) — Cy), and final Fab fragment. This Fab were then
digested with restriction enzyme Sfi1 and ligated to phagemid vector pComb3XSS that is also
previously cut with the same enzyme. The recombinant DNA was transformed in to ER2738 E. coli
host cell, and rescue with wild type helper phage VCSM13. According to panning strategy with
immobilized antigen, the hemagglutinin-specific antibodies were selected from a repertoire of this

chimeric Fab library. Result and Discussion — Fab antibody library from H5N1 immunized chicken

with a library size at 1.0 X 107 was successfully constructed and used for selection in panning.
From panning, the specific phage clones were enriched in consecutive round tested by phage pool
ELISA. Totally 86 clones were selected for single clone Fab ELISA. Among these clones, we found
3 clones that give positive result from ELISA. All binders were further analyzed by DNA-sequencing
and tested for their specificity by western blotting. Sequencing result showed that all binders have
93% homology with chicken immunoglobulin gene, and it was found that there have high variations

in CDR region. For western blot analysis, binder 1 was specifically bind with H5 antigen.
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a = a g; g: .c‘d a v s dl‘y s v a . . .
LAUALAA LRUIIRNINNG 2 70 mmﬂ"lﬂmgwqwﬂumaama"biavlwmuﬂ (post-immunized library)

AN M e o v o A v o g o v @ . . a
wazinlinlaldgnnezdulasiniquineeasehizldniaun  (naive library)  lasfiany
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RANAAEN 2 X 10 Uaz 3.1 X 10
a a dl t:ll o 1 d‘y a U s g; o . 1 1:3‘ 1

waudvadaaiaIninzdaie s ldniaunluduaaumsvin panning dald uanand lusin

. i A o X o o o A A ado ) a & ]
289 naive library NasIugsaanInsin lUldlunsaaifentendvadnitinznulsadaimavad b

a dl' =) Aa a di v v

sRaaunsauanilansiadulaaneas

wdanfldlnmatSnsnugiidorudu anisimylasass (Prof. Carlof F Barbas
Il WisanNUUIY The Scripps Research Institute) WAz IATDYALRULGAY 9 ldUTuasuanls
suuuuvaInnILeuduaduuy Fab antibody library Tdaduasnsld Fab Aauaudvadinldaziianna
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IUNY epitope TQGLLG‘LWILﬁ]ul]ﬂ’nl]l,ﬁmEli&l’]ﬂ?l%l%ﬂ?‘i‘ﬂ’]%%ﬂ“ﬂ’ﬂﬂﬂu epitope @3INA1I (Quintero-
Hernandez V, et al., 2007; Rothlisberger D, et al., 2005)
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"Lﬂwlﬂuﬂ']iﬂ@aaaénavl,mun'mammmtﬁﬂaa@magﬂmmz@;uguqmumaoma"tmmmn a8l
IATUTAALTDA L ﬁ)xﬁmimmaaugﬁﬁwﬁuﬁaﬁ% ELISA AUNTNI A bTUNITI RN
v Aa wAa U 1 U a v [ d' 1 dly £Z [ Qj =3 =3 U 1 ada d' d%/
vxaaﬂgmmmmmmwagwqunu‘ngawa@]aLmavlmmmuﬂ ANBINAULE NN IAlesATn1INUaaaLTa
(Sterile) uihanldlunaaananasumwia 50 ml. ATaIazaE Trizol aff feuflaziuaIoy ribonucleic
acid (RNA)

2.2 MI@38N ribonucleic acid (RNA) anndnavadlindaiaa ldwiaun
Ribonucleic acid (RNA) aneaatiadhawasli lagnuanaanlasldansazais TRIzol reagent
(Invitrogen, USA.) Lo Uuaanaath

'
A

2.2.1 i lnlgaslunaaanaaasama 50 ml. ATa15azane TRIzol (1 ml davSunmitaiiia
100 mg) uazuashalilwiduhaidsiuiumsazans TRizol uazfislidszanm 5 wiingmngiivas

A

2.2.2 Tuusnadwduian iiszawaanfianaiiisay 8000 rpm 1Huiaa1 10 wifi Namnad 4

U

°C uazuwanainansazantlzlaaslurisaanaaasnaaalvy
2.2.3 LGNEIaZaNe chloroform USu1mh 0.2 ml @ia &138¥a78 TRIzol 1 ml NG wazlwglwian
nuilsEunm 15 W LLa:ﬁo"L’?ﬁqm%QﬁﬁaaLﬂunm 5 4N

a

2.2.4 fuuanmsszansnanuiiazay 8000 pm tHuaan 15 wifi Ngannd 4 °C
2.2.5 usnasazaslasuuuid RNA ot lalunasanasasnaaalnal
2.2.6 LANEIaZaNY isopropanol 0.5 ml ¢ia a13azany TRIzol 1 ml AlF waskaNlwidnAw was

wrlwsiudaduiagn 1 1 lad

2.2.7 TuanaznauaInzasa1uLTIIeu 8000 rpm Lua 10 wifi Ngmnnil 4 °C
2.2.8 1NUATNAW RNA Laza19028 75% EtOH
2.2.9 uanaznak RNA 9nAT9 LAZNIRITSAUEINLK

2.2.10 azanuazna RNA N1a@28 Rnase-free water 11 sterile tube U41a 1.5 ml. La2LAL

a

138818 RNA 7ildfigunnil -80 °C iialglumataion cDNA Tusuda’y
2.3 M3:@38% cDNA 31N RNA
cDNA 1&38363a7n RNA Tagld Superscript Ill Reverse Transcriptase lasduuaanuadit

2.3.1 lessNauNaNadaa lUf (§1MIUNTL@38 cDNA 1 reaction, 20 pl)



RNA template 1 yg

Oligo(dT) primer 1l
dNTP 1l
Rnase-free water 7 ul

Aa

Incubate muwauﬁ"l,ﬁﬁqmum 65 °C 1fwa1 5 wf uazwslwinudsdnidluwianaging

U

Vv =)
“ag 1 N

2.3.2 L@38UFIBNEN cDNA synthesis mix a9% (§1%IUN15L@383 cDNA 1 reaction)

10X RT buffer 2 ul
25 mM MgCl2 4 pl
0.1 M DTT 2 ul
RNaseOut (40 u/ pl) 1l
Superscript Il RT (200 U/ pl) 1 ul

2.3.3 L@UA1I8za18 cDNA synthesis mix 7L@38N (10p) adluaIunan RNA/primer mixture
(10u1) wawliidnin uaz incubate Mgnwnil 50 °C uiian 50 Wl uazlsngaUjisonfigunni 85
°c 1Tuan 5 wi uadsh ldugluiiuds

a

2.3.4 tuanasazaonfadnonase udndu woulod RNaseH 1 pl ud2 incubate igunnil 37
°C 1Jutaa1 20 W
a a Qg d v v d {
2.3.5 WUTINo4 UAzANLTANT V84 cDNA 7Ild dae spectrophotometer 1ANEIARY 260

Waz 280 nm

2.4 N384 Fab Fragment
241 mIRNUSIanALDATY §w variable light chain (V) uaz variable heavy
chain (Vi) 189 b
§IuVad variable light chain (V,) Was variable heavy chain (Vy) mamau@uaﬂﬁazgmﬁu
Usnnudioujisengnls  (Polymerase  Chain  Reaction) I@ﬂslfﬁ”lw*sl,ua%ﬁﬁ‘hLWﬁ:ﬁumumﬁ'ﬂﬁ
(Conserve region) U84 variable light chain (V) wae variable heavy chain (V) LLﬁ’JLﬁINﬂ%mmd’mﬁﬁ

masuutasnannwans (variable) lasisidanls linker e lasls insinasninue 2 A a9dh

V, Primers

CHybVH (sense)

5 GCT GCC CAA CCA GCC ATG GCC GCC GTG ACG TTG GAC GAG TCC3’
CHyblg-B (reverse)

5 CGA TGG GCC CTT GGT GGA GGC GGA GGA GAC GAT GAC TTC GGT CCC3%



V), Primers

CSCVK (sense)

5 GTG GCC CAG GCG GCC CTG ACT CAG CCG TCC TCG GTG TC ¥

CHybL-B (reverse)

5 AGA TGG TGC AGC CAC AGT TCG TAG GAC GGT CAG GGT TGT CCC GGC ¥

HR99NNN LG PCR product 2849 Vy W&z V. Wa? 3911 PCR product N leNNanaznaues EtOH
wae NaOAc a9 N1u3IN PCR product 289 VH Waz VL NANATNaULAINIANANT purify BB

agarose gel aNATINILI

242 mnﬁuﬂ’%mmuauauaaﬁumaawgﬂﬁmu constant light chain (C,) Has constant heavy
chain (Cux1)
FIUVDILAWALDALY constant light chain (C,) W8z constant heavy chain (Cy1) 84

P a2 13‘ ¥ . & 1 ¥
uguﬁa:gmwwﬂsmmmumﬂ pComb3XTT vector lagls primers YW@ 2 ¢ a9

Human CE1 chain

HIgGCH1-F (sense)

5 GCC TCC ACC AAG GGC CCA TCG GTC ¥
Dpseq (reverse)

5 AGA AGC GTA GTC CGG AAC GTC ¥
Human C, region

HKC-F (sense)

5 CGA ACT GTG GCT GCA CCA TCT GTC 3’
Lead-B (reverse)

5 GGC CAT GGC TGG TTG GGC AGC 3

NaINAN LG PCR producttdd Cy1 Uz C WAQ 39310 PCR product A ldunanaznauals EtOH

Lae NaOAC HRINUUITINN Cyl LAz Cx NANASNABUAINIRNAN purify W1 agarose gel NATINGS

2.4.3 MIRIILAUALaAEUEIW Chimeric heavy chain (Fd) i8¢ Chimeric light chain
MNFIUVDI variable LAz constant region fle PCR product 834184 variable heavy chain (VH)

ﬁ]zgﬂﬁﬂmmuﬁumu constant heavy chain (CH1) 1@ chimeric heavy chain Fd (VH-CH1) fragment



WAEIWVDY variable light chain (V| ) 3233NTIWALUEIN constant light chain (Cy) tidls Chimeric light

chain (VL-Cy) lagla35 overlap extension PCR lagld primer 2 gjﬁdﬁ

VH-CH1 amplification

LeadVH (sense)
5" GCT GCC CAA CCA GCC ATG GCC ¥
Dpseq (reverse)

5 AGA AGC GTA GTC CGG AAC GTC &

VL-CE amplification
CSC-F (sense)
5 GAG GAG GAG GAG GAG GAG GTG GCC CAG GCG GCC CTG ACT CAG 3

Lead-B (reverse)

5 GGC CAT GGC TGG TTG GGC AGC 3’

NMIRNUSTIN auAUaAEUEIU Chimeric heavy chain W&z Chimeric light chain # as¥in

lananaa PCR AXwwiailseanms 750-800 bp

2.4.4 MI&319 Fab fragment 628 Overlap Extension PCR 30U 2
™ { U d o Y A Qg £ o YV K U U
WaInfld Vi -Cul uaz Vi-C firiiliuSanudy ashwldiduduuvulunissasra Fab

fragment 1agHWNIZUIRNT Overlap Extension PCR souh 2 lagld primer an 1 fui nf sequence A9t

Fab amplification
CSC-F (sense)
5 GAG GAG GAG GAG GAG GAG GTG GCC CAG GCG GCC CTG ACT CAG 3

Dp-Ex (reverse)

5 GAG GAG GAG GAG GAG GAG AGA AGC GTA GTC CGG AAC GTC 3’

N IRNUSIN LaUAUaAEUEIU Fab fragment % azldnanda PCR Nlamadszana 1500

< v o v Aa v . ' & A
bp ﬁmﬁlmaa@mmﬂammzmlﬁmqﬂf @38 NaOAC/EtOH Laz purify W11 agarose gel ANATINTH

2.5. NNI8319 Fab phage library

5.1 Y36 ATHEIN Fab 7116 Uz phagemid pComb3XSS @728 restriction enzyme sfif



5.2 daTudiuniaaddndrunudiy enzyme T4 ligase Uaz incubate Namnni 16 °

U

C 1fuaan 1

jmo) !
=

{ Y Aa qul
5.3 NIR1I8EAY ligation reaction ﬁvl,@ﬂ%‘lJiq“flﬁmil 3M NaOAc wae Ethanol Llazanaznais DNA

ﬁqm%ﬁﬁ -70 °C uazansaznan DNA 628 Nuclease free water 15 ul
d v A L) o v .

5.4 %1 recombinant DNA ﬁﬂﬁl%ﬂiqﬂﬁﬁ%ﬁ (15 pu) transform nlu ER2738 E.coli competent

cell 300 Mesouliua? o35 electroporation WAIINTHUIIN E. coli cell N recombinant vector a1
o & & & a ad A o oA Aa .

mmsm’mamlummsmmma L@mmﬂgmuzmaLiJumiﬂmaaﬂmW’]: cell NU recombinant vector

LN WazL@Y helper phage Lﬁa"ﬁaﬂluﬂﬂsa%”ﬂﬂﬂiauﬁﬁ‘hLﬁ‘flmﬁaﬂi:ﬂatuLﬂuijugﬂ@ia"Lﬂ

5.5 L1281 phage infected E. coli culture ﬁqm%{]ﬁ 37 °C 9uAn
5.6 Uuuen E. coli cell Nlidainsaaniianuirsay 4000 rpm tuaan 15 wii
5.7anaznaunIan M ILANEITazaNs  PEG8000/NaCl  wazwzluwihudadwiaagnates 30

5.8 Tuanaznaunnanianuiiazay 9000 rpm tiuaa 15 wingunnil 4 °C
1 . 1 g; & ]
5.9 resuspend AznaunaNlal 1 ml 1% BSA in TBS uariuugnaznanaandnaIsnitei
< & A | A = A A a A o A
ANLTI 12000 rpm tuian 5 wif wonasazanslasuunniduienduad lausnaldlunsaaiien

Tudiuaaw panning do'll ‘vﬁammmLﬁUWW"Lamﬁﬁ"L@Tﬁqmﬂgﬁ 4 °c Tagnsi@in Sodium azide 7
AMNLTUTY 0.02%

5.10 ¥nmamuwewaslau3nldsenmsr diution 2aslaus3 # 10%, 10°, 10°, 107, 10°

5.11 infect 100 pl ER2738 E. coli (ODgqo ~ 0.8) @28 2 pl phage library dilution ﬁ dilution 614¢)
asouliduwnm 15 wft ﬁqm%{]ﬁﬁaa

5.12 plate 51 wl of infected cell 89U% LB Agar plate fiflen Carbenicillin finadugou 100

ng/pl uaztaunganail 37 °C iwam 1 au

6. MInatdanWIINIVIRNIZAULEUALRRLUTUABUNNTHN panning
lutuaaunIaaianMINILANILALLAUALIUGY  LTENNNTANIE 2 WUy AamIsiiu
stringency 4n13¥1  panning  luudazsey  wunsaadSunsuandiannlsluudassauvasnivia
panning  $38MIAATINIAMIILARVBINNILEUALBANULEWALRY  HIBIeFuLL lRnIAY
. &N e A A A £ A ' ' o £ AN v
stringency fild LNaflazgmMuinduzasranldluudazsevatnitaraniu laslunmenssitldr
o A & A o
MIAALRBNNY 2 WUY T9vin e lae
6.1 Coat Laudlannawl (H5 antigen) uU% microtiter plate I@ﬂlumsmaaaﬁi‘lﬁﬁﬂms
AALRBNNILULLAN stringency wazuuy lifinm iy stringency lasdSunawasuaudiiaunlsluudas

soulauenvindu nsmisadsunmuandiaunluudazsauidn 100, 100, 50, uas 25 ng/well MNEIAL

wazmilgueudiauynievlutTunmiiiiuda 100 ngiwell uaz incubate 71 4 °C Trudn



6.2 block well @28 300 pl blocking solution (3% BSA in TBS) incubate ﬁl 37 °C 1Huwaan 1
72109 HAINNUUIINEITAZANY blocking 8an

6.3 L@x 100 ul phage library ﬁwl'%w"l,ﬂ“uéhaﬂwqu wa incubate 7 37 °C waa 2
7133 wia8198AT291980 incubation 13w 1 $2lug waz 45 Wil mwdey Twsmedioniu eamas
E. coli \ival#8m3u M3 infection 11U Waasda uazwnafi elute panan Wwﬁ"taﬁﬁuﬁ'mmu&angn
§n98ands washing buffer (0.05% TBS-Tween) L{usuin 5 a59

6.4 elute phage SANTULWRLLOUALIREINAIDETAZANY 10 mg/ml trypsin i TBS uaz

incubate 1 37 °C 1Tuta1 30 w1

6.5 phage 71N elute 8an 1w infect MU 1A E. coli Ma3axliud? 1wl phage
library @96t LNBINNAIWI AT IWIBATUABULAZWI3T elute BaN

6.6 Wwﬁgﬂ elute aanINATINNANYTI B lweraanuafiTy 1aa1 Carbenicillin 1NaaaLaan
mww:maﬁﬁgﬂ infect @IEW1A NNUUIILAY helper phage (VCSM13) uaz &1 kanamycin LWa234
dw o‘nw £ =}
LRESLTRANI LT 1 A

o A v A a & & A a &

6.7  WAINNLTAA LAANUSNI MU L TRALUATNLTEITYNANAZNAHEIAN TagaziAuaIw%
supernatant #iiwhaag udRFua1IATANL PEGBO00/NaCI Waanaznauwaluwiudaduaadng
ae 30 win Whan ldazsinanltlunseaiiansaudaly aw leWIaNIULRNIZALLA WAL

7. MINAsaUANNIIWITIINa83T ELISA
7.1 MIa38y Fab iiWaltluns ¥in phage pool ELISA
7.1.1 Output phage NANA=NaW A LbUAREIALIZINAN infect NULTAE E. coli NLadanle

0D600 ~ 0.6 lawazld phage:cell ratio (ROI) 71 1:1 @alszanms 1 w 2asWaiy 2 ml vaswas E. coli

ué’amﬂﬁuﬁaﬁﬂ'ﬁ"ﬁqmﬂgﬁ faadlwian 15 LLﬁﬁaﬁﬂ"LﬂLﬁmﬁqm%Qﬁ 37 °C \@wen Carbenicillin
£ ,_-3’ 6 1 & A

WRALRELTaaaaLwIa 1 At

7.1.2 Dilute overnight culture nlaluaasnanw 1:100 i SB medium 7%an carbenicillin
WAITILRLILTAA LA b ODB00 NUT=u M 0.6-0.7 URIIFILAN IPTG nanududugaien 0.5 mm Wa239
& &1 A A
\RELTARAADN 1 A

7.1.3 1AL TAaLANG183T sonication INNUUIITULABTAIANNANLSITAL 4000 rpm
vJuaan 15 wifl LAV supernatant LNa g lun3¥in ELISA

7.2 MIa3ey Fab wwaltluns v single clone ELISA

7.2.1 310 output plate Nf single colony VINIINHIBNITAGLRBNUILED WAaz colony

o A ' v o g g & Aa R & A
Qﬂﬂ@LaﬂﬂN’]LLUUqw LLE‘]']%’]N']LE‘]Uﬂlua’]ﬁquaU\‘]LTaﬂNU’] Carbenicillin tJ%L87 1 A%

10



7.2.2 Dilute overnight culture faaaIn 1:100 luo1wsiaaaanilen Carbenicillin Au
d 0D600 Ntlszanm 0.6-0.7 uFIAAUGY IPTG NaNnududugarefl 0.5 mM usrBadsaddadn 1
A
A

7.2.3 MIFoaduanal1833 sonication NUUIILULTARANNANNLSITAL 4000 rpm Liln

A1 15 w1fl LAUEIW supernatant Lva i lwn13¥in ELISA

7.3 NMINAROUMIIUAUYBI H5 Ag N Fab antibody (laan1sAaifanuuugy) d87F ELISA

7.3.1 coat H5 uau@LlauUIu1h 100 ng/well 89U microtiter plate ﬁa"l:?ﬁaqmunuﬁ 4 °c
(e 1 A

7.3.2 11 H5 Ag 8an Wa1a19@28 washing buffer

7.3.3 @ supernatant ﬁL@%ﬂ&JVL’?LLﬁaaﬂwquﬁ"L&i"L@T coat uawdawly el

expression level control Wazléia blocking buffer mlu%q&l‘ﬁ coat LAUALIWLEI LA uazn luld coat

waudianli ivaldilu BSA negative control anntudstinfgmngil 37 °C (uia 1 Mlus
7.3.3 §19%aNAIL washing buffer (0.05% PBST) 3 A33 9INUUANLAN supernatant a9lu

V@&Jﬁ coat LaWGLI L8N negative control L@ blocking buffer aﬂu'ﬂﬁgu expression level control

=)

vunamnnd 37 °C 1waan 1 Tl

9 U

7.3.4 §9MQuene washing buffer 3 33 WALAN Anti-HA-peroxidase 71A1NIA8914

1:1000 Y3anak 100 pi aalunnngy tafigaenndl 37 °C 1w 1 Talag
7.3.5 819%aueaY washing buffer 3 @33 LANANTAZANY ABTS substrate 133103 100 pl

a

\ oA o ] a _a ] A P a
@]E]%QN LLﬂZ‘]J?JV]E;m%ﬂ?J 37 “C aunNNWINag LLax’mmmig}@ﬂauLLamﬂ’naJm’mau 405 nm.

U

{ a v o o { o g; &
7.4 Clone NAaLAaN ba3Na1¥IN ELISA LNa B LI UNAENATINIE

8. MIAUATNLANALIURVBILEUALBAT UV single clone NinalFanlé
270 single phage clone NAaLRanld Walia DNA ﬁ]zgﬂﬁﬁ'@aaﬂmlﬂaﬁﬂﬂﬁ’] DNA-sequencing
Py o @ a aa &2 o o o a Ad AN ey a
WNamAaLIURUaILEBALEATIN  NRUINhEaUIUEIasLaNALaREwN laanItaeAlasltlysunsy

14 Bioinformatics

9. MINAFALANMUTUNZV8I binders Tinaidanldd105F Western Blot

9.1 N13¥i1 SDS-PAGE

Hemagglutinin antigen U3u1ms 500 ng (§1%3U 1 froghefiezldifaduniy Fab antibody 1w
ﬂgu@aumiﬁ’] western blot) %aﬁﬂmwauﬁu sample buffer lugasn 1:1 N load a4l well V89 12 %

polyacrylamide gel NUUIILNVMALUIAUAINAIAIDNTELE LT

11



9.2 N13111 Western Blotting
9.2.1 91N polyacrylamide gel ﬁﬁiﬂiﬁuﬁaulaa%i lis@udsnaniazgn transfer a4 PVDF
membrane TaglZnszuglni 7 100 V iwasdszanm 1 5alasaSets 2 dalus
9.2.2 ﬁl’]ﬂ‘lfu Block membrane ¢7¢) blocking buffer (5% skim milk) (Juian 2 %ﬁim
9.2.3 819 membrane ¢2¢ washing buffer (0.05% PBST) 3 ﬂ?\‘i ﬂ?aaz 5 w1

9.2.4 Dry membrane wazAa membrane (Juduswsulsny Fab antibody UGaza

9.2.5 §19 membrane &8 washing buffer (0.05% PBST) 3 33 A8z 5 wafl

9.2.6 ¥nTu membrane AGALEINN incubate U Fab antibody fa3ewls (wwdsniu
m3¥ ELISA 91965) 71 4 °C (Hwna 1 an

9.2.7 819 membrane ¢2¢ washing buffer (0.05% PBST) 3 ﬂ%\‘i ﬂ?aaz 5 w1l

9.2.8 ¥1TW membrane 31 incubate MU Anti-HA-HRP fidaman 1:1000 fAisaanalu
blocking buffer U&7 incubate tHuaan 1 T2l

9.2.9 §19 membrane &8 washing buffer (0.05% PBST) 3 A33 A8z 5 w7l

9.2.10 L@N&138za18 DAB solution Uaz30aAAT (Uszanms 5-10 w1)

3. HAN1SNARDY
3.1 ML@38d ribonucleic acid (RNA) Was cDNA mnﬁ’mvl,fiﬁai”ﬁmuﬁﬁmmwiar‘f?avlfﬁw‘j'@
W
RNA ldnnieioaandiadaiwln Tasld ssszais TRizol o ldnsnadnadn
ﬁ]’mﬁ?u%\‘iﬁ’l Reverse Transcription Lﬁlam‘é{gu RNA fJu cDNA lagld Superscript Il Reverse

Transcriptase (Invitrogen)

Figure 1. Agarose gel electrophoresis of isolated RNA. Lane 1, RNA ladder; Lane 2,
isolated RNA, Lane 3, 100 bp DNA ladder
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3.2 NNI&319 Fab antibody library
3341 mafinSanouendivadfin §aw variable light chain (V,), variable heavy chain
(Vn), constant light chain (Cy.), Ltaz constant heavy chain (Cy1)
WaIIINMITN PCR taLRNLSIN T V,, Vi, Cy, WA Cyl Ua23zld PCR Product

284 light chain Uz heavy chain Niiau1AL3zaN M 350 LAz 400 bps MURIAL GIUFAIIUILN 2

500 bps
400 bps

gﬂﬁ 2 Agarose gel electrophoresis of VH, VL, C,, C, 1 fragment. Lane 1: 100 bps DNA ladder

plus, Lane 2 : ~400 bps of Vy fragment, Lane 3 : ~350 bps of V| fragment, Lane4 : ~350 bps of C
fragment, Lane 5: ~400 bps of Cy1 fragment

3.3.2  NI&319 Chimeric light chain w8z Fd fragment @28 Overlap Extension PCR

NNMILTONNWVD variable heavy chain AU constant heavy chain LLas variable light chain AU constant

light chain 9z ldWaNAA PCR w189 VH-Cy1 Uaz VL-C, Niiwuia ~800 bps @931/ 3

13



M  VH-CH! VL-Ck Fab

1500 bp
800 bp

g‘ﬂﬁ 3 Agarose gel electrophoresis of scFv fragment. Lane 1: 100 bps DNA ladder plus.

Lane 2: ~800 bps of VH-Cy1 fragment. Lane 3: VL-C,. fragment. Lane4: Fab fragment

333 MIa19uaI% Fab lay Overlap Extension PCR
T Fab ARISTWIINMIIBoNRUIZRIN Vi-Cyl ez V -Cy dzduinailszina 1500
bp é’agﬂﬁ 3
3.34 MIRI phage antibody library
wasanladusiu Fab Aldidnln whalia pComb3xss 34l Fab antibody library Aifluwia 1 X

6 A (% & ° . '
10° F9azlglunmsaaidonlutuaaunsvin panning da'l

3.4 MInalianW1aNIVLANIZNY Hemagglutinin (H5 antigen)
TurnaaumsaaianmialuauaaunIvin panning WU output phage 7'léluudazsay

& o ' A £ oo H >
uuﬂﬁvllja’]lniﬂLﬁ%ﬂWSLWNGﬁuTaG specific clone 881N TALIW

Gl'li'l\‘l‘ﬁl 1
Ag coated (ng) Incubation time Washing time
st
1 round 100 2 hrs 5
nd
2 round 100 1 hr 5
rd
3 round 25 1 hr 5
th .
4 round 20 45 mins 5

14



137191 2

Input phage Output phage
st 12 6
1" round 1.1% 10 3.0 X 10
nd 11 5
2 round 7.5 X 10 20 %X 10
rd 1 5
3 round 2.5 X 10 1.6 X 10
th 1 5
4 round 6.3 X 10 3.6 X 10

output nla

(ﬂ’li’l\‘]‘ﬁl 3
Ag coated (ng) Incubation time Washing time
st
1 round 100 2 hrs 5
nd
2 round 100 2 hr 5
rd
3 round 100 2 hr 5
th
4 round 100 2 hr 5
GI']‘J']G"?; 4
Input phage Output phage
st 12 6
1" round 11X 10 3.0 X 10
nd 11 5
2 round 7.5 X 10 2.0 X 10
rd 11 5
3 round 2.5 % 10 1.6 X 10
th 11 5
4" round 6.3 X 10 3.6 X 10

M1319N 1 Uag 2 WaAINIINN panning Tagn1siia stringency wazuaansdInimuna Input Lag

~ o . 1 a . =
A13197 3 WAL 4 LEAINTINI panning laaladn13LAa stringency wazuaaIlSurawna Input waz

output nla
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3.5 NMINagaUANTImIzzaInINaaRen lae835 ELISA
o { v & a X e
3.5.1  n1IN1 phage pool ELISA WWaugalALARRIN SN TN 8 specific phage clone
1 & 1 1 { v =3 IQ Qs = {
lundazsay TawuinluldazsaUuas output phage 71l AUSuNMv89 phage clone AdWIZALLBUALRIUN

‘3’ > {
LSIRWIANINT 1 muam”lé’lugﬂﬁ 4

0.7

0.6 =

0.4 - @ exp cont
m sample

0.3 1 OBSA

0.2 1

0+ T

orig lib 1st 2nd 3rd 4th

317 4 uaAIAINIIAANAUEIIINNT3YN ELISA laginanii OD405
Blue color show the expression level control without H5 antigen coated
Red color show the amount of signal of sample

Yellow color show the ELISA signal from negative control with BSA

352 NIAaLRen single clone TadINNANAVLAWIZAL H5 LaUGALIY
M0 single clone MIWNANAALRENUNULULENAN output plate UaINIAGLRANTALN 3
LA 4 Y9%NA 86 clones LWBNNNARBLANNITUNIZAI8AT ELISA WUINE 3 clone NlHauas ELISA

Juuan (data not shown)
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3.5.3 N3N ELISA 1NatiutwKauad binder 119 3 clone Naataanle

ELISA of 3 selected Binders

1.8
1.6
14
1.2
1 W Cxp. Cont.
0.8 msample

0.6 = BSA Cont.
0.4

0.2 l
0 T T 1

binderl binder2 binder3

Absorbance (OD405)

NNANIINN ELISA 1Natinduwnuin binder 1 15w clone Nunawla agnglsfianuns 3 clone % 1o

o o v a gj &
mvlﬂmaaummmmﬁ:m EI’J% Western Blot aﬂﬂidﬂud
3.6 MINAFDUANNINUNIZG2183T Western Blotting

PNMINAFBLANNI N2V binder Naaiianlans 3 @1 @71835 Western Blotting Binder

1 #ANINIUAY Hemagglutinin antigen laagnadinz dauaaslaangud 5
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Lane 1: Prestained Protein ladder (Fermentus)
Lane 2: H5 Ag + Fab supernatant of binder 1

Lane 3: H5 Ag + Fab supernatant of binder 1 (1:10)
Lane 4: H5 Ag + Fab supernatant of binder 2

Lane 5: H5 Ag + Fab supernatant of binder 2 (1:10)
Lane 6: H5 Ag + Fab supernatant of binder 3

Lane 7: H5 Ag + Fab supernatant of binder 3 (1:10)
Lane 8: Fab positive of binder 1

Lane 9: Fab positive of binder 2

Lane 10: Fab positive of binder 3

' . o o v o A ~ (% A
PMNNAMINARBINLIN binder 1 FINIDILAY H5 Ag baasnisinie T9aziinldain band -
A X 4 o - .
INawNawIalszann 40 kdas Tadurwiauad Hemagglutinin protein
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3.7 MIIATAAUILEVaILeUALBR UV single clone Naaiianla
NIMIUIBUIUSAUILRUILaRALEAN eNULauALaREuLad AN  database WU
ANULRTOUN 93% homology
A o o @ g A & o @ P o = a o o @ A
wazilavhdauiuaiundfswdudireuniaeziily  wazhandIoufsunusauniaezdlues
I waziSouieuszning clone NaaanulawLime 3 clone Fanuuandvagalinodianluain

variable region lagiawizatnabaluduvad CDR3 region dauaasldaizli 6

binderl : g6
binderd : i g4
binderZ : 85
E lDD 120 & 140
binderl : @ 142
binder3 : § 143
binderd : & 1 148
v IDaWGHGTEWVIVIRASTEGPSVF PLAPSSERTREG
FR3 CDR3 FR4
A = o o A ) ) < )
Ell“fl 6 LLﬁ@\‘iﬂ'ﬁLﬂiEﬁJa']@Uﬂi@aZNI%FL%ﬁ'J%"UaG heavy chain 98414 3 binders
aﬁﬂi'lﬂw'élﬂ'lﬁ'“ﬂﬂaaﬁ

o A Ao [ Aa Ao oA & L A A
INHNANTAALRDNWIANIVLRNIZNULAWALIW H5 INNAALAANINNIANG 86 clones WLINRLNE
3 clones LYt NIHRALININNMINARAUGI83T ELISA agglsAanuiiavinamasauaisds Western
Blotting H4WUINLanALBANAALRENNN BIaNUTRIUALLanALIRBENIRANNT W ﬂmzpﬁ%'ﬁo"lﬁﬁ@
% o a ~ = \ A & g o o = o da & o
witfmlasmsaisuanivedlausiaind  Saluasstazriimsaislausinnduvesliinfasadae
. . a A ° [% { o a
recombinant protein 289 H5 Laz M1 Waudlak $99:¥N5a9bauTSNanIeny H5 waz M1 Laudian
MUENL NS IRadenuauivaaisuanziuwendianaangdell Tasluneitlarinms
4@ recombinant protein @ana1FauTasui uazvmriadpiiduiusedlinladeds ELISA uas
. v a & A A & @ ! ' o &
confirm @283T Western Blot 8331 TINANIITNARDINIRNA LALRAS LI Iua1usia 11 aadh
1. M3 brieas recombinant protein H5 az M1
A v  ad & @ a o i . a A
TAARssdeATUaeala 1 3 @2 wWNNAAAIY recombinant protein HS U3umh 150 pg N
NENAL adjuvants alpha-tocopherol (vitamin E) based luaasaw 1:1 lasdanauiialasiugs
FERININIRARARZATIT WA 7 W% I@Uﬁﬁmiﬁ@ﬂiz@juﬁ‘dau 4 039 launaudaudazaisasyinmsany
\Raa liasin serum TAunl4lunnsvin ELISA 1z Western Blot
\TULAEIN® §TU recombinant protein M1 3:2a il udiwan 5 @2 ludSuna 250 ug/iass law

NENAL adjuvants alpha-tocopherol (vitamin E) based 483184 1:1 lasiiugissenitemidiaudas
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asiluan 7 LLazﬁwmsﬁ@ﬂsz@juﬁ'mm 4 avlaunaudaudazaisazvinmstanzidaa liiain

serum nanlalwn139in ELISA 1az Western Blot I@ﬂsmazl,ﬁsl@ﬂﬁﬁ@ﬂiz@u LRZNIILANLRA LA LRAS

13a3a13190 5

l:l =y = U =~ 1
f1319N 5 NPFTLAIANTIRANITAW uazmumuaaﬂn

Chicken| Day0 (1) | Day7 2™) | Day14 (3") | Day21 Day28 Day35
No.
wziliea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 mi
! danszdu (H5) | Aanazdu (H5) aanszdu (H5) aanszdu (H5) StTEvREY
wziiea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiaa 1 mi
° danszdu (H5) | Aanazdu (H5) aanyzdu (H5) aanszdu (H5) StTEvREY
1z8e0 1 ml | 19ziRaa 1 ml 19124800 1 ml 19124800 1 ml 19121800 1 ml 1
® danszdu (H5) | Aanazdu (H5) aanszdu (H5) aanszdu (H5) nene
wziliea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 mi
1 danszdu (M1) | Aanzdu (M1) aanszdn (M1) aanszdn (M1) StTEvREY
wziiea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 mi
2 danszdu (M1) | Sanzdu (M1) aanszdn (M1) aanszdn (M1) WAuanw
wziiea 1 ml | 13nziRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiaa 1 mi
3 danszdu (M1) | Aanzdu (M1) aanszdn (M1) aanszdn (M1) StTEvREY
wziliea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 mi
! danszdu (M1) | Aanzdu (M1) aanszdn (M1) aanszdn (M1) StTEvREY
. wziiea 1 ml | 13nzRaa 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 ml lziiea 1 mi

danszdu (M1)

aanszdu (M1)

aanszdu (M1)

aanszdu (M1)

R TEEY

2. m‘smaaummmL°1Tu°iTu°11aagﬁ@jwﬁ'miauau@muﬁau‘lﬁ]ﬁasﬁ% ELISA

uandlaunanla (H5 uaz M1) 92N coat AU microtiter plate U3u1s 300 ng/well PMNUUI

dhadudsuedlif diute 13Aanudududns 9 dregnaau (1:100, 1:200, 1:400, 1:800, 1:1600,
1:3200, 1:6400, 1:12800, 1:25600) PMNUUIILAY secondary antibody Anti-chicken IgY-HRP conjugated
W82 develop §628 ABTS substrate ﬁnﬂﬁuﬁaﬁﬂﬂi’@@hm‘sg@ﬂﬁmmﬁmmmaﬂﬁ'u 405 nm F9ua

nN3¥i1 ELISA VL@‘TLLam"Hmwgﬂﬁ 7 U8z 8
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sun 7 u,amﬁhmsgﬂnﬁmmamnmsﬁ'] ELISA 289 H5 wan@taw AU serum IANAMN

LUNTWA ) (7a : Day7, 7b : Day14, 7c : Day21, 7d : Day28, 7e : Day35)

P
51U 7a
u
H5 chicken serum ELISA Ab titer (Day7)
1.4
1.2
n 1
=
2 0.8 — Preimmune
_'.E 0.6 —i—Post_4
'g 0.4 —d— Post_5
—Post 6
0.2
i]
1:10 1:20 1:40 1:80 1:160
Antibody titer
A
3un 7b
H5 chicken serum ELISA Ab titer (Day 14)
0.3
0.25
n \
g 02
a
Q
o
£ 015 ——Fost_4
E 0 =@=Fost_5
< —&—Post_G
0.05
Q
1:500 1:1000 1: 2000 1:4000 1: 8000 1: 16000
Antibody titer
a
sidn 7¢
u
H5 chicken serum ELISA Ab titer (Day 21)
1.4
12 — B
S
a
[=]
g —4—Post_4
g ——FPost_5
é —dr—POst_6

1:1000 1:2000 1:4000 1:8000 1:16000 1:32000 1:64000

Antibody titer
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gﬂ'ﬁ' 7d

H5 chicken serum ELISA Ab titer (Day 28)

2.5
i 2 H\-\.\R
k=1
3
8 15 A
E =#=—Preimmune
e 1
] —8—Post_Day28_4
=
< o5 —de—Post_Day28_5
— o 32‘ “ — Post_Day28_6
0
) £
.\:\’@ \:"@ .\'bp »\:b@ ."vbé) "‘;\9 .bbé) W‘b@ q‘;}h§ (,3\’1'@
" N s .\:\' g g
Antibody titer
a
31N 7e
U
H5 ELISA Antibody titer (Day35)
25
2 1
g
g 15
g
g i —+—H5Preimmune
g —B—H50ay35-4
el ] o _ —#—H5Day35-5

L EL PP PP PSP

[ o &

Antibody Titer




sun 8 u,amGhmsgmnﬁmmamnmsﬁ'l ELISA 989 M1 wawilan N1 serum IANAIN

LUNTWA ) (8a : Day7, 8b : Day14, 8c : Day21, 8d : Day28, 8e : Day35)

A
51 8a
u
M1 chicken serum ELISA Ab titer (Day 7)
16
1.4 X
m 12 3 .
é 1 —4—Preimmune
g 08 A —|—Post_1
2 =—ir=Past_2
5 06 —
z m——Ppst_3
< 04
——Post_7
Uiz —8—Fost_§
0
1:10 1:20 1:40 1:80 1:160
Antibody titer
P
31Un 8b
M1 chicken serum ELISA Ab titer (Day 14)
1.8
16 —\
1.4
g 1.2
o =—#—Post_1
2 1
E - ——Fost_7
5 ) —i— Post_3
Z 06
E e Poist_2
0.4
e Post_8
0.2 :—\;__a;\ﬁ 2 -
6 —
1500 1:1000 1:2000  1:4000  1:8000  1:16000
Antibody titer
P
s1n 8c
u
M1 chicken serum ELISA Ab titer {Day21)
2
18
16 \
w 14
g
g T =—t=Post_1
g 1 ~@—Post_2
‘E a8 —i—Post_3
E-]
< 05 ——Fost_8
04 P \ : ost_7
02 —g —
o
11000 1:2000 14000 1:8000 1:15000 1:32000 1:64000
Antibody titer
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51l 8d

M1 chicken serum ELISA antibody titer (Day 28)

2

1.5 ——Preimmune

—@—Post_Day28_1

s —i—Post_Day28_2
Pt _Day?8_3
05 —g : ; ;: E ~J

Absorbance (0D405)

—tPust_Day28 7

—@—Post_Day28_8
Q

& b F P P F P o
WA AT th@ »‘-@ & Q"”% ﬁf’&@o

: o
5 w2

Antibody titer

gﬂﬁ 8e

M1 ELISA Ab Titer (Day 35)

1.8
@ 16
[=]
8 14 —#=M1_Preimmune
O 12 HEk
s —8—M1Day35-1
s
2 08 =d—M1Day35-2
e ——M1Day35-3
< 04
0.2 ——M1Day35-7
0 —8—M1Day35-8
W R I R S S S
NP EE L P E P S

[
AT R NE Y DY T A N QY
NTONT T YV .»?7\/,_\,

o

IMNHAMINAREUSI83E ELISA vinlkaansnanadszanmen Antibody Titer vaslnudazea lansit
lAefl 4 (H5 Ag) 'léen Ab titer 71 1:12800
lnenf 5 (H5 Ag) 'leen Ab titer 1 1:3200
ldeafi 1 (M1 Ag) léen Ab titer 71 1:1200

( )
( )
( )
lAgaf 2 (M1 Ag) lédn Ab titer 71 1:1200
lngaf 3 (M1 Ag) léen Ab titer 71 1:2400
lngaf 7 (M1 Ag) lédin Ab titer 71 1:3200
lngafi 8 (M1 Ag) lédn Ab titer 71 1:400
3. MInagauANNTINZUes serum TAnuLanGlanili®165% Western Blot
LawaLaK (H5 %30 M1) U311 500 ng ﬁl:g}ﬂﬁ,’]m run 14 polyacrylamide gel mﬂﬁ?u%eo transfer a4
PVDF membrane 4§13933n3uniy serum lAnasiudl 35 finnudutusdng é’oLLamvlﬁé'agﬂﬁ 9 uay
10
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gﬂﬁ 9 LAMI SDS-PAGE 20911561 H5 uaz M1

43 kda

26 kda

17 kda

Lane 1: PageRuler Prestained protein ladder (Fermentus)

Lane 2: 500 ng of H5 protein (HA1 domain at 40 kda, HA2 domain at 20 kda)
Lane 3: 1000 ng of H5 protein (HA1 domain at 40 kda, HA2 domain at 20 kda)
Lane 4: 500 ng of M1 protein at 27 kda

Lane 5: 1000 ng of M1 protein at 27 kda
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3111 10 uEAINANT1IN Western blot Lﬁa@mw{hmewaaua%ﬁuaﬁﬁlﬁmn serum 1n A

LawALIW H5 was M1

311 10.1 UAAINANTT Western blot Lﬁa@mﬁm‘hmeamauﬁnaﬁmﬁmn serum bn Ny

wanALIw H5 uaz M1 NANNLTNDIWAES 9

43 kda

26 kda

17 kda

Lane 1: PageRuler Prestained protein ladder (Fermentus)

Lane 2: H5 protein + H5 chicken serum preimmune at dilution 1: 500

Lane 3: H5 protein + H5 chicken serum chicken number 4 at dilution 1: 8000
Lane 4: H5 protein + H5 chicken serum chicken number 5 at dilution 1: 2000
Lane 5: H5 protein + H5 chicken serum chicken number 5 at dilution 1: 4000
Lane 6: M1 protein + M1 chicken serum preimmune at dilution (1:500)

Lane 7: M1 protein + M1 chicken serum chicken number 1 at dilution 1:800
Lane 8: M1 protein + M1 chicken serum chicken number 1 at dilution 1:1600
Lane 9: M1 protein + M1 chicken serum chicken number 8 at dilution 1:800

Lane 10: M1 protein + M1 chicken serum chicken number 8 at dilution 1:1600
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31N 10.2 uaAINANTS Western blot Lﬁagmw{hLm:waauauﬁnaﬁﬁlﬁmn serum In Ny

LawaLaw M1

26 kda

Lane 1: PageRuler Prestained protein ladder (Fermentus)

Lane 2: M1 protein + M1 chicken serum chicken number 2 at dilution 1:800
Lane 3: M1 protein + M1 chicken serum chicken number 2 at dilution 1:1600
Lane 4: M1 protein + M1 chicken serum chicken number 2 at dilution 1:3200
Lane 5: M1 protein + M1 chicken serum chicken number 3 at dilution 1:1600
Lane 6: M1 protein + M1 chicken serum chicken number 3 at dilution 1:3200
Lane 7: M1 protein + M1 chicken serum chicken number 3 at dilution 1:6400
Lane 8: M1 protein + M1 chicken serum chicken number 7 at dilution 1:4000
Lane 9: M1 protein + M1 chicken serum chicken number 7 at dilution 1:8000

Lane 10: M1 protein + M1 chicken serum chicken number 8 at dilution 1:16000
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