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ann dafidumiia disulfide bonds WaEEuRY wasdauidu hydrophobic ann vinli
ms display F protein dlwlildtosninfienanisty  dlildswnsoin g
immunogen ld ua iUl Rgaiaumansnues phage-displayed F2 domain lunas
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oty high oxidizing cytoplasm 283 £. coli Origami B strain Laz¥iTN13UWEN recombinant
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fnTuLaIoy hybridoma lagld survivin Wuduwuuy wazdszauanudnsals monocional
antibodies 915 3oldiunalulaflniiwamninly1$lunsats recombinant F-BCCP
fusion protein Using31e1a7130&519 monocional anti-F2 antibodies ‘idﬁ’d‘lﬁﬁ;&'ﬂﬁ@t‘lﬁ
malulafiiwamnduivnlwausosds  monoclonal  anti-F1  antibodies 168 nnany
clones %aﬁﬂﬁhagluiz%dwaﬂﬁsﬁgai&anﬁhrnﬁ monoclonal anti-F domains a:gnﬂﬁiﬂ
AnmtsEnsamlunsinsnlae uasnwisuiugusold

Keywords : phage display technique, F protein, BCCP, monoclonal antibody



Abstract

Project Code : R3A4680014
Project Title : Analysis of the Respiratory Syncytial Virus Fusion Protein using Phage
Display
Investigator : Mr. Chatchai Tayapiwatana
Div. of Clinical Immunology, Fac. of Associated Medical Sciences
Chiang Mai University
E-maii Address : asimi002@chiangmai.ac.th
Project Period : 3 year
Phage display technology was firstly selected for displaying F protein domains of
respiratory syncytial virus i.e. FO, F1 and F2 on M13 filamentous phage particle. The
displayed molecules were aimed to use as an immuncgen for monoclonal antibody
production. This strategy has been previously reported in production of anti-CD147
antibodies. Regarding the complexity of F protein, high number of disulfide bonds and
hydrophobicity, the displayed F protein domains was lower than expectation, thus, not
suitable for using as an immunogen. However, the constructed phage-displayed F2
domain demonstrated the blocking phenomenon of RSV infection in Hela cell. To
overcome the problem of low displaying level, the novel phagemid delivering the
recombinant molecule via Tat pathway was constructed. This innovated technigque was
successfully demonstrated higher level of displaying of CD147 molecule than Sec
pathway. Anyway, it could not sclve the problem in case of F protein which presumably
due to small periplamic space. Thus, we introduced another technique for producing
recombinant protein in high oxidizing cytoplasm of £, coli Origami B strain. The
recombinant protein was fused with biotin carboxyl carrier protein (BCCP) for in vivo
biotinylation. The produced molecule could be easily sorted out by streptavidin coated
magnetic bead for being an immunogen. The technique was proved for ils success in
oroduction of monoclonal anti-survivn antibodies. When applied to F protein domain, a
hybrid secreting novel anti-F2 antibody was generated. In addition, this strategy has
been currently used for production of monoclional anti-F1 domain. Many clones are
generated and being characterized. These mAbs will be further validated for their
potential for therapeutic purposes and basic researches.

Keywords : phage display technique, F protein, BCCP, monoclonal antibody
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FO (coding for amino acid no. 24-524)
F24Ex 5'GAGGAGGAGGTGGCCCAGGCGGLCTCTGGTCAAAACATCACT 3
F524Ex 5'GAGGAGGAGCTGGCCGGCCTGGCCATTTIGTGGTGGATTTACC 3

HR-1 (coding for amino acid no. 153-209)
F153EX 5'GAGGAGGAGGTGGCCCAGGCGGCCGTATCTAAGGTCCTGCAC 3
F209EX SGAGGAGGAGCTGGCCGGCCTGGCCTTGCTIGTTCACAATAGG 3

F2 (coding for amino acid no. 24-109)
F24Fw 5 GAGGAGGAGGTGGCCCAGGCGGCCTCTGGTCAAAACATC 3
F109Rev 5 GAGGAGGAGCTGGCCGGCCTGGCETCTTCTGGCTCGATT 3
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Yo sld Sfi | restriction analysis WU insert Y1 258 bp

WBNINANT I restriction enzyme analysis Wi £491a%Lo1 phagemid ﬁﬁﬂﬁﬁaﬁ:
wazldmavasiu insert ﬁ'gnﬁasmlﬂu template MWn1T reamplify @28 PCR lauld
primers qﬂﬁylm"iﬂums amplify F-protein fragments Lﬁaﬁgaﬁﬁuﬂ’u'jw%uéaumaa insert
Pivwaganadasiunisiwannis ugmiihasfiuiu inser ﬁgnm’aaﬁa atindtsn
aaalduilaidduues nucleotide fifmue F-protein fragments 139 iamugndas
fauflazii protein expression l@¥NM3s sequence wIENGLEY inserted DNA #0533

BigDye terminator kit (Phamacia) s wuuilt sequence lusmass F2 139
NSLATUN phage-displayed F2

avnmsdmidan 1 phagemid Sefiiudinwuanisaiis F2 (@398 pComb3H-
F2) Toud) SaaSounia phage Niin1saie F2 fragment afjUUAIVAY VCSM13 phage
lansinwns gp3 ‘nﬁdLﬂu minor coat protein a4 phage laegi% phage display technique
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The pComb3H-F2 plasmid was transformed into TG-1 strain precultured in 2X
TY broth (1.8%[wt/vol] tryptone, 1%[wtivol] yeast extract, and 0.5%[wt/vol] sodium
chloride) containing ampicillin (100 ug/ml} until an OD&00 of 0.8 was reached. The
precultured bacteria were subsequently propagated in 100 ml of the same medium
containing 2 ml of 50% glucose. After 2 h, the 30 ml of culture was infected with 2.4 ml
of 10" tu. of the VCSM13 helper phage and kept at 37°C or 25°C without shaking for
30 min. Phage-infected TG-1 was spun down at 1100 g, 40C for 10 min. The pellet was
reconstituted with 30 ml of 2X TY broth containing ampiciliin {100 ug/ml) and kanamycin
(70 ug/ml). Fifteen milliliters of culture was resuspended in 250 ml of the same medium
and shaken at 180 rpm for 18 h at 3700 or 25°C. The bacteriophages were harvested
by precipitation with PEG8000/NaCl! solution. Finally, the phages were reconstituted with
0.15 M PBS pH 7.2 and stored at 70°C.
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particie 189 LiiaamnNamsﬁ’]mUimaa%’woimaqa’uaa F-protein wuhiinSuimédys
ANz heptad repeat agludin F1 2 UTI04 (HR-1 UWpz HR-2) uas F2 1 UTom lunsdi
424 heptad repeat Iua1uu0 F1i Vlﬁﬁgﬁnméwmwﬁawmw heptad repeat hid1s HR-
1 usz HR-2 Hn133uimas wassanunguiniilu six-helix bundle structure uazsiNalHiAe
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Coat 10" t 10" tu No phage
RSV 1.38 0.23 0.06
No coat 0.10 0.06 Not done

A15191 2 MITUARIZRIN phage-displayed F2 (target) nu RSV parlicle

RSV
Coat
+ -
Phage- displayed F2 0.86 0.21
Wild-type M13 0.26 0.19

5 ' = o~ i CJ
NNIBIRA RN TNLERIA LT L e ULt % absorbance unit 1 OD 450 nm

ARINLAN TMB substrate



mInasouaTsimnsougaaliifiuin recombinant phage aansasulafy Rsv
particie ldagedumiz Jemunsnagdladn Sluanauetvuu RSV particle il F2
anTadule Tas control phage liaansadvld msduwuithesfoadastums
nalnihgiraduaslia Lm:awﬁnaaﬁ‘mmjﬂﬁﬂizqnm“lﬂumsﬁuzfam‘s%m%a‘lﬁ' lay
phage-displayed F2 ﬁfﬂ:gnﬁn‘lﬂﬁnmm‘siﬁ_rfan'lil,"ﬂ"rgjwas&m:l,gmmaa RSV lunaae
nasasnaldanusiudeny Dr.Peeples @nly wnwuanuaansalunssus9Teas

a A 4 17 ¥ as A e '
fmsinwluanafiuadasiunisiuves F2 us RSV Lwa'lm“lmagalm
N33 phagemid Twainenda Tat pathway

flasannimesaunniuans FO fulllength 1% phage partice 9li®1u7Tn
ATI9§0L recombinant FO-gp3 fusion protein 16 391la¥in13a¥13 phagemid lnailag
Aaulad pComb8 annsld Sec pathway lun1sss protein § periplasm \w Tat
pathway sﬁﬂmam‘sﬁﬂu@mﬁoﬁ%‘?ummLa’%umgluﬁfn%ﬁ’am%wmn BIOTEC 49l
sa.an s nmnnd Hudamilesinng nnmsnesauidssdunuin Tat pathway
§UNT0&9 protein (iaLEUILY phage particle ldaninilanasaulasld CD147 (il
Tuanaswiuulunsdnm grwmsanunluszazdaludgmiu Fo %aﬁiﬂsaﬁ%’mimaqa
Fudeuuaziuwialna zilm 3o phagemid 910 pComb3H 1ilu pTats Teldate

FUTILAIUNY

@319 phage-diplayed F2 Tay Tat pathway LAZHAR hybridoma
= }-A JVL . a PERY a oV e IR
lumsdnwatiildsmasondelasuiailulnlaauesneudivaile laaun'les
, . P . ° a A
AOLRUDINE phage M13 protein araiadsnanuiu immunogen B84 F2 @1 wIaany
v o WL A ' ' o w
W91 F2 U phage sanann guasadaydsluiilalulaaueads F2 fiswisnlinesay
nuaas F2 16 ad19lsianuiTnsused F2 /1w Tat pathway £R3owuindlsinam

1 A L = ar Qr A
ganin Sec pathway Wald cp147 Hudrumulunsfinw laolduuy manuscript sndag

a o a
Hi0 hybridoma M nwpARanszaulag RSV
. o v A A v .
TianunTanaalululaneald asann myeloma AN contaminate w24

Mycoplasma

MSHA® recombinant F2-BCCP fusion protein
e - 1
MM INVTIDNUITAINTET recombinant molecule al% cyloplasm w8d E.

. ax . . da o 9] et S .
coli FWUT Origami ©aN1T mutate gene irxB Une gor Mivlianae oxidizing condition
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gai‘fw’lu cytoptasm viinaiunulusiwldondas wasanuaaninuas £ coli lumada
biotin 111U Biotin Carboxy Cartier Protein (BCCP) domain vilwinangiznisluslunis
&34 recombinant molecule ﬁamuﬂ’mﬁw biotin Aslu E. coli strain Origami lasviinng
clone F2 1IN vector pAK400CB (Ville Santala, University of Turku, Finland) Jtmslng
v l¥munsoaatuaaum s chemical conjugation 6 wanandidimunsoi
streptavidin magnetic bead WYINTIAMRANIY  biotinylated  F2 Lﬁ'al'ﬁ'm%tlutﬁ%
noudaudninianizdu BALB/C lef 1189910 avidin 71 coat U bead iy streptavidin
limansasaywlutuasumsasanauiile screen clone Miatiy anti-F2 ldazaan
u Tagiduu avidin 71 coat Ut ELISA well 1ilw egg white avidin ¥il#ananin exclude
clone & anti-streptavidin Mnfauilinlimunsania monoclonal antibodies a
Tuirnadng 9lemeantulaglidasiitunen purfy antigen S3mstidinluldudalums
i@ monocional anti-survivin antibodies lanld clone §1uruann (ﬁ’]ﬁlﬁagﬂui:wj’]d

al . tan Qs & g oo J a e .aY
L9383 manuscript) I’d’]ﬁ]U"Dd%’\’]'ﬁﬂ’]'i%&l'\Llfﬂﬂﬂmvﬂq’l}add’]wﬁ'ﬂﬂu

"% clone F2 131§ pAK400CB
1. amplify F2 coding sequence 910 NAB12 lagl#1l overhang ﬁgnﬁ@"l,ﬁﬁm Nde |
IRz EcoR | (upstream W&z downstream §U&1AL) (Eﬂﬁ 1)
2. digest F2 amplified product 628 Nde | Uz EcoR | wiaunusailladars vector
PAK400CB 671 enzyme @824 (Eﬂ‘ﬁ 2)
3. ligate F2 iU pAK40OCB st T4 ligase uia transform 1971l% TG1 9nvimdanan
10 clones ¥ miniprep (Eﬂ‘ﬁ 3) wdudanu 5 clones (Havims re-amplify
insert (3171 4)
\ianun 1 clone Lﬁaﬁ@ﬁgﬂﬁﬁw Nde | W82 EcoR | (3ﬂﬁ 5)
transform plasmid 9710 clone asna11d7 11w Origami 8
dalianun 5 clones 41%11 miniprep (gﬂﬁ' 8)

¢ . . ; . A
18anu1 2 clones 1171 re-amplification uaz digestion (gﬂ“n )

& N o o s

\Ban clone 2 WY protein expression @8 Ly

12



~

F2 PCR product

MiNI pAK400CB-F2 clone 1-10

20/01/03

phK
A e

uncut EeaRl

r2
Heled
EcoRl

PCR TpAK-F2, § clones

2101705




mncat  Ndel

EcoRil

Mini pAd F2 clano 6 cot RE

FERIR R

1

2

TpAK-F2
clong 6

HBEE

e Weew

- e b b W W

Mini CpAK-F2 clone 1-&

26101106

prove Mini OpAK-F2 clone 1, 2 27/01/05




= &
LN vector pAK-F2 11 construct 2%

Lacwl Nl ef

EcoRf

BCCP

Cam(R)’
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F2-BCCP expression

1.

11’11,%8 Origami B ﬁgn Transfrom 141678 Plasmid vector pAK400CB-F2 clone 2
14 culture 1w 10 m! SB medium AIEunanaas Biotin 4 uM, glucose 0.05%,
Tetracyclin 10 ug/ml, chloramphenical 25 ug/ml k8% kanamycin 15 ug/ml il
culture ‘7‘1 300 rpm, 37°C aunszﬁ"ﬁ@ ODgyy = 0.5

Wndaf cuture 16 liduaslu 40 mt B medium Afldunsuditn 1udnihld
culture ﬁ 300 rpm, 37° C ﬁlun‘s:fi‘afﬂ ODgq = 2 (mid-log phase)

AsEdueI 100 uM (PTG ushtinlyl culture 200 rom 7 24 °C wiu 22 Talug
Twifiv cell f 3,000 rpm, 4 C wiw 15 wfl

wanaddiniior BUGBUSTER™ MASTERMIX uasth extract iielivin
dialysis ud i Ty lwuwslas yophilization

11 protein extract INUENG2E SDS-PAGE Ui western blotting laold avidin-

HRP uaz anti-avidin-HRP lun1siu jasen dagd

Lane 1. F2-BCCP

2. BCCP +HANt-RSV +Anti-mouse
. . mouse serum
I 3. Origami HRP
i 4. F2-BCCP
I |||||.I1':|II||T
= 5. F2-BCCP +anti-Biotin HRP

6. F2-BCCP +avidin HRP

-,f‘:ﬂ'.rnﬂ;n.ml
A

Il
PINHANITNAFDY LUWL band BuIa ~20k Ut

strip ‘ﬁﬁamﬁ’m mouse serum 'l.w'llm:ﬁwu band
wuradand12lu lane ASouTIL avidin HRP uaz
anti-biotin HRP éstudauanladn ms express
F2 dhpszuvinihesldluseuiidoims uimsia

B |"'. - nazdunueae RSV Wiaaihlild Ab de F2
i e .
w3olelan1z Ab fa native form gy F2

A L i
% lane w84 F2-BCCP 7Idbue18 mouse

- ) 4y, E L L .
serum £IWD band BUIR ~55k T laiwunalu Qrigami L&z Origami-BCCP extract ngou

1 2 = Qs B N L) X 1 ‘:} L7 L
it mouse serum wlaunu euanlildinfearls saulu lane fiffaudae anti-Biotin

- ot - 4 -
HRP %anain band v ~20k #gdUan®ad band 1 ~55k WAz 80k WIHIZLNAITIN non-



specific or cross-binding 989 anti-biotin HRP M4 protein la 183 origami izl lane

d v v v oo Ei o . &
fiffoue e avidin HRP lilfie band Naas@LnItsil

n15 coat F2-BGCP 1iuu streptavidin-magnetic bead

1.

I

a9 streptavidin-magnetic bead (stock 5x10° bead/ml) 100 ul 3181967 sterile 1x
PBS 3 A%9 A338z 3 Wifilu tube Muuun Topldruuwimangaiiia bead 17
resuspend NAUIW 1x PBS USinasivinidy

léu F2-BCCP finnundadu 10 ma/ml a9l 20 ul eaaldidniu

'l rotate yr3alEnis mix Nng 5 wiit fuaan 30 wifl i RT

Framan sterile 1x PBS 4 a%s asias 3 wifiloslFamiuuimin resuspend nay

1w 1x PBS 15ua5ivi6u

N15a319Rgauk F2-BCCP-bead Aan Flow Cytometry

1.

8.
9.

138279 mouse serum ﬁﬁ@ﬂi:ﬁuﬁ’m svw-BCCP-bead 1#iflw 1:100 1 1% BSA
in PBS/NaN, wa 3131 100 ul HeuNUAznah uncoated bead )31n stock 10 ul)ﬁ
F19089 3 A9

Incubate ﬁqmﬁgﬁﬁaa 30 wifi lan rotate wieldms mix Nn 9 5 uf
dswnusiiningaiiia bead Hudagassazmsoanu ldmsazay 50 uw sl
HANTLAZNaWYal F2-BCCP-bead w30 uncoated bead 1318710 stock 5 ul
Incubate ﬁqmmgﬁﬁ’aa 30 w1l et rotate wIaldn1s mix nn g 5 wrfl

resuspend naUIRYTu@T 25 Wl

\iia bead findoluda 3) I resuspend navulwiSuasirings (10 ul) s 5 ul
HEUNY 1% BSA in PBS/NaN, 20 ul

\Ay sheep anti-mouse Ig conjugated FITC 138379 1:40 @28 1% BSA in
PBS/NaN, av'll 25 ul n tube

Incubate ﬁqmwgﬁﬁae 30 wiviluiiiia Iag rotate wigldnns mix nng 5 i

f19L5i@ bead 3 53628 1% BSA in PBS/NaN, lagldauruudinan

10. 82ABRTNAUNALAE 1% paraformaldehyde 400 ul

11. Mldasradaszieney flow cytometer

17



pantineday

F2bead+abSe, 004

< conjeont. 00 < bead+se 002 w bead4shSe 003 o
(=] | 21 27 2
X 5 | T x
bt 8 L PP 8 R ‘(}i
© R 3 = i3 —
o bl - = 3§ 2
I S B Rl P S P 2 TP Ty =
10 10I 102 10j 19‘l ID‘j |Uf 102 Iﬂj 104
FSCH FSCH
o  conjcont.001 <«  beadise.002 < bead+abSe.003 - F2bead+sbSe 004
=] =] =
1 1 1 1
¥ R F o3 ‘ ¥ o3
N < o N . o
L8 @ 3 o 3 — i —
A= 1,7 .
DCD ':m i, C’c; T Qo-f‘ i
—_ h—1 ™ - Y T - [ =
1% 1’ 0% 10 104 10 10! 102 10° 104 1" e 102 10% 10 100 1ol a2 100 1ot
FL1.H FL1H FL1H FL1H
conj contl.001 bead+se Q02 beadvabSe 003 FZbesd+abSe.004
o o f=} f=l
[ ~ (= =
“ " " M1 w
z H Ml z E .
G ) /_ﬁ.f S }./“J S M\’\
- - o -1 .
Y 1w 1° w7

4

4 4 0

10 197 10 107 30 10° 107 10 107 107 0% 167 10
FL1H

16" 10
FLIH FLIH FL1H

1 2 3 4

50

1 = green = conjugate control

50

2 = pink = uncoated bead +

40

I unabsorbed serum

J = blue = uncoated bead + abscrbed

Counts

serum

4 = black = F2-head + absorbed serum

= a

PINHANITNARD S T8RS
background Ehuﬁ‘nmdﬁa Ab reactivity against streptavidin-bead alwenlndidnetiu
reactivity against F2-bead (previous assay, data not shown) LL@]‘LfﬁJ absorb 181 anti-
strepavidin 801U WEWPINIMARALNL streptavidin-bead Was F2-bead inass 1311297
reactivity @8 streptavidin-bead a4 llunn )ﬁﬁﬂﬁu (ud reactivity #a F2-bead a@adly
Rapnitatnetaian) &6 (uawsd1 bead fiYnms coat F2-BCCP ﬁIﬂ‘sﬁuLm:aga‘%a

W33 signal Uy anti-BCCP activity 1hulad
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n’l‘iﬁgjmf’i’] F2-BCCP ﬂsqngagjuu magnetic bead @38735 immunofluorescence
Lﬁmmnlu\ﬂuﬁ%’mﬁvlﬁ%'unmnﬂ BIOTEC léinTie3uu monoclonal anti-SVV
antibodies lap strategy \fninw Asfanizdunyein streptavidin coated bead &4
capture SVV-BCCP 8¢ Tusuiduilanusadadonlaauiiains monoclonal anti-BCCP
antibodies & 91d1r monoclonal anti-BCCP antibodies mnuszyndldlumisasasay
U3eBnEAnnITIAReY streptavidin magnetic bead #98 F2-BCCP @vaztinfuduns flow
oytometry T196wle lapviinisdan magnetic bead AHIUTWABWAN capture F2-BCCP
%1 monoclonal anti-BCCP 3ntudiamunsiueas FITC conjugated anti-mouse Igs
WSBUNauny magnetic bead Alale %15 capture F2-BCCP wuinlWuauiniawie
magnetic bead TIN5 capture F2-BCCP 1Mn1is (uaadsagL) F3msiesilimanin
mmﬁauuauﬁtwﬁLﬂﬁauag’uu magnetic bead lélunnnadifiousiazlill  specific

o @
antibody Waldlwnisnasaufiany

Bright light Fluorescence
P e . = o
NIWLFEAINTTLIDILEIUBY streplavidin magnetic bead 1 capture F2-BCCP laamsdaw
1t monocional anti-BCCP antibodies WREATIINALAIL rabbit anti-mouse Igs

conjugated FITC nstiuad control bead liwunisi$asusaian

MIRANIEAUNRAY F2-BCCP-bead

1. nsianszdu 1 dose l9iila bead 5x10" bead/mi uuSanas 500 ul

2. Ahw3uudiald bead M1n13 coat B 100 ul (5x10° beadiml) vinlwidlu 500 ul
@3 sterile 1x PBS danszeuny 1 a9 1P

3. ﬁmw%ﬁmm 2 61 fI8T 3 AT UAAzATIViIIAY 2 dlensT

4. fowdeasousnlWifiy predmmunized serum wazlsitfin serum wgﬁauﬁa:ﬁmi

a £ &
aﬂmma"lﬂnnma
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M35a519R g% serum viglag inhibition ELISA (2" serum)

1.

coat plate 911 avidin 10 ug/ml, 50 ul

2. block 6198 2% skim milk/PBS 200 ul
3. 1§ F2-BCCP 1 100 ug/ml nawaz 50 ul lawld CD147-BCCP 1w control #
TEPUR LA RY R IY
4. \fin mouse serum 7 dilute 1:1000 Tu 2% skim millePBS aslUrislunguid Fo-
BCCP ua:z CD147-BCCP lunnusi@nanulw dilute mouse serum ilu 1:1000 Tu
2% skim milk/PBS 9§l CD147-BCCP agj 100 ug/ml uf1 incubate 1 hr RT 3
ﬂwiﬂ@mﬂﬂﬁalmqmﬁﬁ F2-BCCP uaz CD147-BCCP
5. @3 rabbit anti-mouse Ig-HRP 1:2000, 50 ul
6. LAUAINTN, control @199 UazAY O.D. uaadlunw
Avidin + F2- Avidin + CD147- Avidin ' No
BCCP BCCP only coat
Serum 0.836 2.350 0.260 | 0408
Mouse 1 Inhibited 0.655 0.499 0.343 0.285
serum
. Serum 0.610 0.502 0187 | 0.215
Mouse 2 | Inhibited 0.536 0.243 0.202 | 0.212
‘ serum
| Noserum 0.137 0.133 0.103 | 0.124

20



25 . L] unblc:dca.d s;um|
’ - blocked serum |
| = _
2 -
1.5-
0.D.
1 o
|
| .
0.5+
" mouselwsF2-BCCP n:rauaewsCDM?- mousevsF2-BCCP mouse2vsCD147-
BCCP BCCP

N wuhAFufign block §ae CD147-BCCP 43Uy CD147-BCCP Aaglu
%qu”lﬁmmﬁamé 1 uaz 2 laplarizng 1 azdnldtaamitasnnimnausuasdosin
Beep Adadnllinni udluwquiill F2-Bcep s 0.0, lildaaasatneiiiodfy
wEasenadl Ab ﬁv[xjgnﬁuﬁu’a'[m cD147-BCCP adllduduusedislungy ez

Ab dia F2 inmziilunmsdanszguein F2-BCCP

ﬂ’l‘iﬂﬂaaunﬁﬁufl‘:ﬂn’l'il."flj’l’gjﬁfaﬁﬂaa RSY

SagUTrmdnanzIMs@nsmingiuas F protein Aanisdum domain fidndglu
ANSIUNY receptor UWHY targst cell Efz%’ﬂﬁ‘imﬁaﬁ’u Dr. Mark E. Peeples A%
naRaU phage displayed F2 'Lumiﬂ’uﬂzan’l'ﬂfﬂ"lgi Hela cell lauld recombinant RSV ﬁﬁ

i =l et Fi
reporter gene GFP (rgRSV) USyulneuny recombinant PIV (Parainfluenza virrus) Nil

a o ol o - A o o A
reporter gene GEP (PIV3-GFP) lavtudminiwasniTosuraMao thaidSuuifay
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e —+ RSV + FP2phoge
~n— RSV + wt-phege
B —a— PNBGFP + P2 phage|

; /\\/ PIV3-GFP + wi-phage |

0 5 10 15
Phage Dilution

\ w & e @ =
VINMIANBIWLTN phage displayed F2 manvadugynmsdhgirasas RSV laatnad
ar o & & a o ' “w & "I P
fud@dy waslinnudumeAa bisusedudsmadhgioadras PIV luamsh control
= e & v w ' oo A 4 e d
wild-type phage M13 Juaguman1digiosd lioundnlu diution 189 phage Miviniu N

Py L= =

o ¥ . o - .
E1ATUFD Namadmmumnflsw’]gmaﬁuﬂswumw dilution 98¢ phage displayed F2

22



msafslululaaneananivafide F2-BCCP

Tdnmsianssduny BALB/C 31U 2 d1¢au F2-BCCP \Raia3on hybridoma
Tuduaauns screening wuindl nybrid 1 lnaufisfuuenduadsinizaa F2 protein 971
nsmaxaulagit avidin capture ELISA lagldyUuyumsmesauidwdafunisld
cD147-8¢CP flusratslumisdnmenai lasmonu i lunonuasn 4 wanuni
monoclonal antibody ﬁ%ﬁ'ﬁ’ammm%’uﬁ’u RSV %\lﬁ’mﬂ‘sﬁgﬁ]ﬂﬂu indirect ELISA l¢
hybridoma 7116 31 ntewlevinmsiaioy ascitic fluid uas purify s @ nmaudme
794 anti-F2 antibody iy F2-BCCP lagifisuniu CD147-BCCP wuiaansavinljaim

Iqag19sniwrziusIw F2 domain

QD4sa m
200 | =
} 180 — — - | 1
ﬂ B Aidin+F2E00P
1680 | —_— —
| |
iy g O AicierCotareocr!
- ——— - a Addin

nrsaslalulaanaanaudusfae F1-BCCP

a9 YTz UANENTluMTEY monoclonal anti-F2 uide latihunalulad
idgmwn1elunmsadhs monoclonal anti-F1 siald F1 (I subunit wilswas fusion
glycoprotein 953 RSV ﬁmmaﬁlﬂu unglycosylated form Uszumw 45 kDa F1 gene 3l
swawiAy 1164 bp e lUSiemedmiawiauos F1 o protein  lagldlusunsa
SeqQCDemo WU AUwIRUTEINM 43 kDa

MIANE #9013 clone F1 gene 191§ pAk400CB vector Faii cloning sites
3 recognition sites W93 Ndel War EcoR1uns¥in transformation L‘lT’];j Origami B
competent cells Lﬁaﬁﬂ‘m F1-protein expression uazitn Tuhw immunogen L'ﬁawaﬂ anti-

F1monoclonal antibody

23



Tuaaunsd@nmn
1. \ileswan F1 gene & recognition site Va4 Nde1 3980911 site-directed
mutagenesis TeuBuanii QXpC3H-Fo clone? 1 ¥¥ site-directed
mutagenesis #78 Quikchange Site-Directed Mutagenesis Kit
2. Transform 191§ XLt-Blue competent cells LazaN@ plasmid
3. Agnina mutation 284 F1 gene TAg amplify MF1 310 XMpC3H-Fo clonef

8 §p F1 primers WAzAAAIL Ndel

1: QPCR MF1 clone 8

—
——
——
A com—
L
e
S
.
L
LR

2: QPCR MFI clone 8 treated by Ndel
3: QPCRF1 clone !

4: QPCR F1 clone | treated by Ndel

4. Amplify MF1 gene @728 Proofstart DNA polymerase LREAAUAY MF1 gene
#t Nde1 uss EcoR11Ra1A3u1 clone § pAk400CB vector

5. ¥ ligation T5WiN9 MF1uaz pAkdOOCB vector MIUMIGARIE Ndel LR
EcoR1Ua7 transform § XL1-Blue competent cells

6. Amplify MF1 gene 91N X pAk40OCB-MF1clone! Uszsiafigasieng Ndet 31
wuitldenansodaldurasinF gene ﬁa%ﬂ,u X pAk400CB-MF1 clone1iilu
mutated F1
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7. ®0® X pAk400CB-MF{ 990 XL1-Blue competent kaz transform gj Origami B
competent cells

8. Amplify MF1 gene 31N O pAk40OCB-MF1 clone 1uazaagasean Ndet
FawuildsansadalduaniiiF1 gene ﬁanu O pAk400CB-MF1 clone1
11 mutated F1

9. Y1 Growth curve 183 O pAk400CB-MF1 clonet

10. 1789 O pAK40OCE-MF1 clonet 3% ODE0OAM LA 1 URENTEAM
expression @28 100 MM IPTG

11. wanaaswaziiulys@u

NadaU F1-BCCP protein @28 indirect ELISA

Avidin 10 pa/m|
F1-BCCP 1:100
antiF1 mAbs 5 clones (L4, 1129, 1269, antiF, 1243) 1:1,000
antiBCCP 1:250

RSV 1:100

Stop 17 wIn

25



Coated Proteins 1° Antibodies Anti- 0D600 nm
antigens mouselgS-
HRP

avidin F1-BCCP L4 + 1.104
avidin F1-BCCP 1129 +_7 0.982
avidin F1-BCCP 1269 + 1.063 ]
avidin F1-BCCP | Anti-F + 1.050
avidin F1-BCCP 1243 . 1.022

- F1-BCCP L4 + 0.079

- F1-BCCP 1128 + 0.086

- F1-BCCP 1269 + 0.084 B

il - F1-BCCP Anti-F + 0.072

- F1-BCCP -1243 + 0.068
RSV 2%skimmilk L4 + 0.302
RSV 2%skimmilk 1129 + 0.208
RSV 2%skimmilk 1269 + 0.280
RSV 2%skimmilk Anti-F + 0.297
RSV 2%skimmilk 1243 + 0.333

- 2%skimmilk L4 # 0.076 |

4 2%skimmilk 1129 + 0.070 |

- 2%skimmilk 1269 + 0.082

- 2%skimmilk Anti-F —+ 0.068

- 2%skimmilk 1243 + 0.066 7
avidin F1-BCCP Anti-BCCP + 2132 i

- 2%skimmilk Anti-BCCP + 0.061

. [ 14
NWA indirect ELISA W91 F1-BCCP ®13150 react lanuantiF1 mAbs N3 5

clones

WAWUI117A conjugate control $9vIN1INARBIEIENATINTT goat-anti mouse IgS-HRP

FsnIu ety F1 ﬁaﬁqa;ﬂ'lﬂvlﬁiﬂ f1UNT0 express F1 protein L&

nadau F1-BCCP protein las Western Immuno blotting
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F1-BCCP 5 mg/ml
Anti FimAbs 5 clones (L4, 1129, 1269, antiF, 1243) 1:1,000

Anti RSV pAb (:1nmyeaf 10) 1:5,000
Anti CD147 mAb(M61B9) 10 pg/ml
Anti BCCP {culture supernate) 1:500
ABC system A B

o— — o —

1 2 3 4 5 & 7 8 8 t0 11 {2 13 (4 15 16 17 18

A: F1BCCP 5 mg/ml, B: QOrigami protein 5 mg/ml
1, 10 L4

2, 11: 1129
3, 12: 1269
4, 13 anti-F

5, 14: 1243

6, 15; anti-BCCP

7, 16. anti-RSV pAb

8, 17: anti-CD147 (M61B9)
9

, 18: conjugate controi
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ABC System

«Oa 1: F1-BCCP 5 mg/ml

1 2 2: Origami protein 5 mg/ml
72

17

1: RSV 9 probe #78 anti-RSV pAb
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G~mlgG 10 ug/ml | G~migG 1 ugfml|uncoated
’;BCCP 1:60 1.5449 0.431 0.15%
F1BCCP 1:120 1.372 0.363 0.129
CD1478BCCP 1:100 0.125 0.135 0.128
Qrigami 200ug/fml 0.163 0.120 0.124
2%Skm 0110 0.116 0.107
Rab~G-HRP 1:3000 0.400 0.098 0.055
F1BCCP 1:50 F1BCCP 1:100
3.348 3.363
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13. NAHAY serum KUNAANTTARAIEY F1-BCCP lUuan 3 @Fsa2a ELISA

serum vy 1F1-BCCP |RSV |PIV  |uncoated|seniuinwy 2 F1-BCCP RSV |PIV  juncoated sefuin sy 1F2.BCCP [RSV  (PIV [uncoated
pre-imuy1 1:500 C.447| 0.584 0.133|nre-imuy2 1:500 0361|0470 0.118)pre-imuy1 1:500 0.307|0.448 0135
3rd-imwug1 1:500 0.761(1.084 0.222]3rd-imuy2 1:500 0.69311.034 0.184]3rd-imuy1 1:500 0.6571{1.078 0228
pre-imuyl1 1:2500 0.144|0.183 0.063|pre-Imuy2 1:2500 0.131)0.150 0.060| pre-imwy1 1:2500 0.121(0.147 0.077
3rd-Imwy1 1:2500 0.347|0.769 p.0g8|2rd-irmvwy2 1:2500 0.409|0.654 0.084| 3rd-imwuyt 1:2500 0.346| 0.613 £0.087
are-imuy1 1:5000 .087|0.123 0.056|pre-imwy2 15000 0.028|0.088 0.053|pre-imwy1 1:5000 0.086| 0.088 0.063
3rd-irmag 1 1:5000 0.268|0.627 0.068|3ra-fmuy 2 1:50700 0.326|0.642 0.069| 3rd-irrmy1 1:5000 0.255|0.444 0.073
pre-imwy1 4:10000 0.072|0.084 0.054|pre-imwy2 1:10000 0.0693|0.075 0.056(pre-irmmay1 1:19000 0.078|0.076 0.056
3rd-irmwyg1 1:10000 0186|0416 0.064] 3rd-imwy2 1:10000 0.241(0.545 0.063| 3rd-imuy1 1:106000 0.179(0.354 0.068
mA 1243 1.488( 0.055 0.055|mAb 1243 1.498| 0.055 0.055|mAb 1243 1.498|0.0548 0.055
skirn miik 0.051)|0.053 0.048|skim milk 0.0461| 0.053 0.048|skim milk 0.051(0.053 0.048
CHHED T F1-BCCP serum mouse 1 (1 mgiml F1-BCCP beads)
|12.00 — = -
| mRSV
o PN
0 uncoated
1.50 |
1 pre-imwy1 1:500
2 3rd-imyy1 1:500
3 pre-imuy1 1:2500
1.00 .
4 3rd-imwy1 1:2500
5 pre-imy1 1:5000
63rd-imuu1 1:5000
050 L | 7 pre-impy1 1:10000
8 3rd-imuwy1 1:10000
9 mAb 1243 1:1000
| 10 skim milk
p.oo
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F1-BCCP serum mouse 2 (ﬁi mg}ml F1-BCCP beads)

0OD.450 nm
2.00 ‘
mRSV
oPv
O uncoated |
1.50 | =]
1 pre-imwy2 1:500
2 3rd-imuw2 1:500 }
3 pre-imyy2 1:2500
1.00 4 3rd-imy,2 1:2500
| 5 pre-imwy2 1:5000 ‘
1
B 3rd-imw,2 1:5000
7 pre-im.y2 1:10000
0.50 - 8 3rd-imw2 1:10000
9 mAb 1243 1:1000
10 skim miik
0.60 4
e F2-BCCP serum mouse 1
200
(mRSV
o PV
| O uncoated
150 | = — =
1 pre-imwy1 1:500 |
2 3fd'imug1 1:6CQ0
3 pre-imuy1 1:2500
1.00 - - _ B 4 3rd-Imw,1 1:2500
' 5 pre-imyy1 1:5000
B 3rd-imwyl 1:5000
7 pre-imwy1 1:10000
0.50 | i l 8 3rd-imag1 1:10000
9 mab 1243 1:1000
10 skim milk
0.00 +
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0D.450 nm serum 1:500

2.000 —— =t ==
o PIV |
1.500 - O uncoated
1 pre-imay1F1 BCCE
2 3rd-imyy1F1BCC
7 '3 3 pre-immay2F1BCCH
LA 4 3rd-irmay2F1BCCH
5 pre-imiyt FZBOCﬂ
6 3rd-imay1F2BCC
0.500 - = | m . 7 mAb 1243 1:1000
8 skim milk
0.000 +
1 2 3 4 5 6 7 8
| SR serum 1:2500
1.800 — — ‘
| B RSV |
e PIV
1.200 | UI’]CO;":ItedJ
' 2 3rd-imwy 1F1BCCP
i 3 pre-imay 2F1BCCP
ID'SOO 4 3rd-imwy2F1BCCP
5 pre-imiy1F2BCCP
0.600 -
‘ 6 3rd-irmuy 1F2BCCP
7 mAb 1243 1:1000
el 8 skim milk
£.200
10.000
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©D.450 nm serum 1:5000

1.600 _ Ty
m RSV
1400 o PV '
{3t |_|:1 uncoated
1 pre-imay 1F1BCC
[1.000 2 3rd-imy 1F1BCCH
3 pre-imy 2F1BCCH
0.800 4 3rd-imy2F1 Bg(czﬂ
5 pre-imay1F2B!
0.600 6 3rd-imyy 1F2BCCH
| 7 mAb 1243 1:1000
0.400 8 skim milk
0.200
10.000 ,
1 2 3 4 5 6 7 8
0D.450 nm serum 1:10000
1.600 - =—= — R
I | |mRsv
O uncoated |
1.200
1 pre-imay 1F1B
1.000 - 2 3rd-irmiy 1F1BCCH
3 pre-imay 2F1BCCH
|0.800 4 3rd-imy2F1B
‘ 5 pre-imy 1F2BCCH
0.600 6 3rd-imay 1F2BCCH
| 7 mAb 1243 1:1000
0400 {18 skim milk J
0.200
0.000
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mﬂﬁﬂﬁmmmwﬁqﬂlumsﬁw recombinant protein  9n  E. cofi alfiilu
immunogen §1%TLKA® monocional antibody fam3ld BCCP fusion protein GysanTn
purify lad18labande streptavidin coated magnetic bead aisutiums phage display
technique a1@lsiflaumanesunlassaie protein Tanududaunann FesenalwuSunm
my display sasuszlimnsmiliifiu immunogen 1§ stnalsfianalumsdnwadiille
weaslfiiufismaUszyndlfinaia phage display \Wafnwn domain éwﬁryﬂ‘fmﬁmﬁaaﬁu

L . . . A - .
n’mrmggvﬁaﬂ"ﬂm respiratory syncytial virus i#8 F2 domain

42



Hanilasy

1. 33n3inidluns display recombinant protein U phage particle 1Wal5iiw immunogen

2. Phagemid Insifiaanse display recombinant protein HI1UN14 Tat pathway

A ' 4 R . oA 9w . L .
3. 95mstndlunsa$e recombinant protein el immunogen lawaraidin fusion

protein My biotin carboxyl transferase

as ' @ . P2 v A .
4. Fmsmdlumyazyndld phage display technique tefnwwiNfzad ligand-receptor

. . A = & dl L
5. Monoclonal anti-F2 antibody tAalglunsfinswinf uazduyndldlunisinm

6. Publication 31734 3 1384

Thammawong P, Kasinrerk W, Turner RJ and Tayapiwatana C. Twin-arginine
signal peptide attributes effective display of CD147 to filamentous phage. Appl
Microbiol Biotechnol 2006; 69:697-703. (impact factor 2.358)

Intasai N, Kasinrerk W, Mai S and Tayapiwatana C. Binding of multivalent
CD147 phage induces apoptosis of U937 cells. Int Immunol 2006; 18:1159-69.
(impact factor 3.543)

Tayapiwatana C, Chotpadiwetkul R and Kasinrerk W. A novel approach of
using streptavidin magnetic bead sorting in vivo biotinylated survivin for

monoclonal antibody production. (J Immunol Methods 2006, in press) (impact

factor 2.464)

7. THWIRIINHAINUITY

Young Scientist Award 2006 for The 22nd National Congress on Allergy and

Immunclogy from Thai Society of Allergy and Immunology.

AAL Junior Faculty Award 2006 for The Annual Meeting of AAl 2006 in Boston,

USA from The American Association of Imnmunologists.

43



