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Human monoclonal antibodies against Rabies virus were selected from non-immunized human scFv
library (YAMO-I library) and immunized library (Yamo-Rb library) by using phage display technology. The
biopanning was performed for 1-5 rounds by using two types of inactivated rabies vaccines as targets. These
are purified vero cell rabies vaccine (PVRV) and purified chick embryo cell vaccine (PCEC). A total of 14
positive clones from various methods of biopanning that can bind to rabies; IRA7c, IlIRC2c, IRC3c, IYCllc,
IYC12c, IYD1c, IYF5c, lIRD5v, IIYB5v, IIYGAv, IIYESy, IIYG8y, IIYD4v and IVBdcv, were isolated and their genes
were sequenced. We found that clones IVBdcv and IRA7c were identical.These two clones were isolated
from the same library by using different biopanning method. Thus, there are a total of 13 positive clones.
Phage scFv were tested for neutralization capacity by the Rapid Fluorescent Focus Inhibition Test (RFFIT).
Only clones IRA7c and IlIRC2c showed neutralization of the rabies virus in vitro. Four scFv antibodies genes
were transferred into pET27b (+) expression vector for over-expression in E. coli BL21 and purified by
Immobilized metal ion affinity chromatography (IMAC). Neutralization assay using soluble scFv confirm and
indicated that only clones IRA7c and llIC2¢c, which were derived from immunized library, could neutralize the
virus at 4.54 and 0.20 IU/mg, respectively. These two clones could be used as the basis for the development
into therapeutic antibodies in the future. It is interesting to note that clone IYF5¢c, which shows very strong
binding to PCEC virus by ELISA method, couldn’t neutralize the virus. These results indicated that ELISA
result can’t be used to predict neutralization activity of the antibody. Nevertheless, clone IYF5c could be
developed as the strain specific detection probe in the future. The outcome of this research project has led
to the filing of 5 patent applications, claming the amino acid sequences of the isolated 14 scFv antibody
clones as well as one publication in a proceeding, which was awarded “Best Conference Paper Finalist” by

the IEEE International Conference on Nano/Molecular Medicine and Engineering, NANOMED, in the year 2012.
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Uaguudadinnumeneulunisasuadainidu Adwedaunsizit (synthetic oligonucleotide) [32-34] Bndiae

wadlaynaitusimnssudnegmilsiiusylovdlunisaing antibody ilinunwgedediannudumey
191239 WarANEINTlUN15IUge (high specificity Uag affinity) Aan15U1 antibody Adnldannadauimundy
monoclonal antibody ﬁﬁﬂmmwasﬁu (maturation) laglgndnnsminuiimuinis (directed evolution) [8,35]¢8
wadadaqwu mailfiAansnateusedisduingmadianis PCR Aiflaanuusiug e (error prone PCR) [36,37]
yie n1sldineluladnisaduduidsuiidue (ONA shuffling) [38-42ln13Usutsnmn i3 Tnsiawizoeeds
Tnensaduduiudsufidue nuindussansnmilunisads antibody ﬁﬁmmmmm‘iumsﬁuqqmﬂéfuﬂdwLf?m
wanei fegradunuitaiunsaiiinyszansainlun1sduves antibody ursUszanlads 10 1a vialeile
monoclonal antibody ﬁﬁmmmmmiumﬁuqﬁﬂ 10t mt %Qqaﬂi’lﬁhﬁﬁwiﬁmﬂ monoclonal antibody 7inds

A835N156AL (AB10'° M) [43-45]

uenannsUFulgsaanwlunsduuds Sanunselfinaluladdlunisuusnmuantis ugmuingussasd
Y9N3k |WuARansalun1sinau (function) sineq lunsnseiunsasdayganisluiad (cell signaling)
[46-53] M"%amﬂ%l,ﬁuéhﬂizﬁuﬁaéfﬁé’ué’?ﬁ (agonist #38 antagonist) lUsAunIolaulasiasqluiwas [54,55]
vonaniuddldlunisdndon antibody finuseanzuisegiaty annznse Ae wenudeduluifdesTusiiu
(proteinase) [56,57] W3afian1ag reducing [41] Tauman1sUfuussliauandfmanganlunisléiueinulan

(therapeutic use) [13-15,33,58-65] wisafnaain (tag) [66-71] Lﬁaﬂszqﬂmﬁlﬂumuﬁﬁ’aﬁmma6‘]



na1alagasy n1sussenaldmalulagnisianslusiuuuiainatiion1snan monoclonal antibody 1w &

9 9

a 1

Usglewtlunnuaziidefininmaluladnisudnuuuiu (conventional method) naneusenis fvzlaasulidudey

[

&
JU

1. n15Wan monoclonal antibody Mmsmalulagina azain wazusendaninnisldwmatanann insgldaitsy

A 3

n11 Tdudesnin ToussnurazanugunytesninuasdedAyfeolinedddninaasy
2. @nsaldiu antigen lanainuaneeiianit nsigaunsaldnu antigen Adufiwnedninse antigen Nindnaiv

Wsiuludninnass wseenaldwadnawadidy antigen Ald usnandudianunsaldiu antigen Aldanuise

[y o

ﬂsséjuizwnﬁﬁmwuaqa 116 (nonimmunogenic antigen)

q

(Y [ 1

3. gunsaldlun1sudn monoclonal antibody #® antigen FnuwrusNNla FednudrAalueg1edelusuau

o

proteomics tutlagdu

4. aansavszgndldlunisaina antibody AiflnuansAwilouvesau (humanized antibody) iiteldlun1s¥nulse
(therapeutic antibody)

5. annsnUiulsliliquantiudsuluamudeins wulleuansolumsdu Wisrrudumnsiaizasg du vie
NUADANIIZHNE

6. aursathlundaidusiuiuinnlede semadanisinisidgauaiisy waziwaddnilaenild ieldlunisudalu

[y

ITAUYATINNIIU

Tudagtulatiidegransussendldnalulagimaivenisnanlululaauea weudvad eldlunssnuidye
Isafiwaatuad [72-74] Fadunmsudnlaneusem crucell wazvugzilogluszninanisnaassluuusd (clinical trial)
q U q
[75] Bawouduennitidulululaauea weuRvefnauiy 2 vila slausnlaunain hybridoma dmwwiin? 2 launain
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UN? 3 : 350150 UUNISIVY LAy NANISIY

3.1 A5n15AALaNNA

ad %

Snnsiduisnsnliiautululasinisidell ansaldlunsfaninaidudmnziulsanelsafivatiatn

[ [y

S W a a a PN a ad . My v X a X
MnpdaeuRvafUgIgi (ASsENl 1) warAdawFeniive Yamo-Rabies Milaas1atuainlaseinisided
3.1.1 A5AALARN KBURAUBANIUNITARLUAINUSNTINEELAE

lgnannis msdadenauasnsalunsduiuidmanegegiuanizianzas (affinity selection) lunasndyly

(immunotube) @91l

UN 1 N15AIILAURLIULT UL

1.1 1d 03514 1U ves Wi¥afinungus (nactivated virus) 1u 100 mM NaHCO; U3unas 100 ul aslu
waendyly (immunotube)
1.2 Ynehdeqniiunfumasndylu (mmunotube) 9 ntiutadl 37 °C Wunan 3 alus wdauAulii a°c 1By

180 1 Ay

JUN 2 N1SANLADNTAULSN

2.1 Wuasazansliinnauacia (5% w/v sucrose, 0.3 % w/v BSA, and 50 mM NaHCO5) USu1eu 100 ul

sl ingamgivieadunan 45 unfinntu dremaendylu (immunotube) 2 AS3AIE PBS

Bee

2.2 1Ay undaaaludiu 2% w/v (2% w/v MPBS (Non-fat dried milk) lu PBS USuas 4 ml Uaurnviaendy
Tu (immunotube) Fegnfisniumasndyiu (mmunotube) wéisiislipaungiiveadua 2 Falus

23 M 2% w/v MPBS 880

24 \Fnedwansauiinm 101 fideaseglu 4 % wi MPBS USuas 200 ul Tardaegnudaneiisli
gumgiivieadunan 2 Hilus

2.5 @Sy waad19saE PBST (PBS + 0.05% Tween20) 10 S0 udadsdiadae PBS 8n 10 sou

2.6 vhmsada (elute) waniduiuseudiau Tngldvsudu SWiles (trypsin buffer) Usuas 100 ul RERIET
gaungiiveaduan 10 wii 9ntALFL 50 mM elycine-HCL pH 2.0 USu1ad 100 ul widaisl3sn 10 undi

2.7 Milvansanaidunans (neutralize) lnansidiu ansazaneyinlimdunans (Neutralization solution) (200

mM NaHPO,, pH 7.5) 41171 100 ul



2.8 iuafiataun Waswidsl3d aoc ddnasmiaerluldadlunasaiifiiuaiite £ coli TG1 fifdsln
oglur29¥aa (log phase) Tutides 2xYT S1uu 2 ml

29 YinsdssnuaiiFefigninde (nfect) fewaiildannmsdmdenluseud 1 vuaudsadonaniu
2T {1 100 u/ml ampicillin uag tmanalaa 19% wiv Tnsduusnieadildlinnaeniinusiuszana 3000 xg
unan 5 wit andumindesdidimndedsyana 100 ul udnnde (spread) asunamuisade anduwilulud 37
°C $ruAu Tngludunouiinoufiavindsidoasimundosindediuniauiesisasitas 10 w1 (10 fold serial
dilution) Ao w&H3niluinde (spread) awumuim??aw?ﬁya dieliladunuafidelalaiien (sincle colony) il
IgosuneilneaviBonluduit 5 ieliaunsamuinsiviuveslafidgadenuildluseul venanduudrlunsdd
Foansindenifissseuie SanansadwanduneudildnuaiiGelaladinenludul Tudeluiud 6 Aemsadrady

FL99 LIEYINNNINSIVANUAILNTALUNITIUMIEITNNS ELISA Tudunaui 7 latas

JUN 3 N19LA3LUNANBYINNITARLRBNSDUNIEDS

3.1 vhmafunurleladvewvafiFeillntuvurudeadelagldindes 20T $1um 1 ml adludald
wiuyaeuuafiSeeenulivan nsvaredelidnfiud oglintudutou

3.2 thuuafideainsunsndiuay 10 ul ludesluensnsina 2xYT A 100 ug/ml ampicillin waz 1% w/v
thaanglaa $1uau 10 ml

3.3 rluduiigumall 37 °C wienduweiluseaghausaduna 2 $lus

3.4 Wawladigiy (KM13) §1uiu 5x10' @

3.5 hlunitgamgil 37 °C Taglhifoavdidunan 30 wi

3.6 thluduwies 7 4°C Wunan 10 Wl

3.7 woniorduladnuuueen waildenmsman 2xYT #ifl 100 ug/ml ampicillin, 50 ug/ml kanamycin waz
thananglagd 0.1% w/v 31U 10 ml nsgaewuaiiSeflegfunasnliiluomsmani

3.8 thuuafiSelutsdigamgil 30°C wionfuwenlumeeanausaduna 20 Hilus

* Ty udlrvinnisnsalusfutuuieuuany ELISA Wieavinnnseadantuseunslise taglaisnisesenentaesuialu

v [l
v A

Jui 1 USinuveswoudiau Magldlunisdadanseui 2 onnlduwiiuusunanldlunisfniienseuanvinevseanatos

AU 2-10 WINLAILAAIIULAUITEL

S o A c{'
UN 4 A15AALADNTDUNEADY

4.1 yhnsuenensideadeniiivasgantuiwailaenis Juanagnou ranass 3300 xg uaan 15 unil

waunvdulasuuu (supematant) Wluvasavnassiiazon



4.2 vinnrsanaznaulalagnisiAnalsazaty PEG/NaCl (20% Polyethylene glycol 8000, 2.5M NaCl)
Ustnas 2.5 wa. aslu supernatant annduit 4.1 wanlsidniud wiadeidliuuiuds 1 ddua

4.3 iludumnaznouil 3300 xg WBunan 30 Wil

4.4 fdmdndlasuun (PEG/NaCl) senudadunnazneusnaded 3300 xg Wfunan 5 wiil

4.5 fdn PEG/NaCl eonliinun

4.6 3 PBS Usunad 500 ul wanwauiunznouwaligiud

4.7 shwlanmusildannduit 4.5 Tvhnsandonseud 2 audsildesuneiludud 2

* 11ADINISAPLABN 3 58U MVNDIPILATUN 2 Ay 3 DNASINTI

Fuil 5 niswendusuaiiiselaladinen

wdsndildvamiadiadn oenunld fu £ coli TG1 mudumoud 2.8 udr vinsuenlildidulalaiifesveuuniite
Fauans Wlulnaueaueuiiven Taswadsneefusel

5.1 Wuuafite Te1 ARndememaudoaasiias 10 wh (10 fold serial dilution) Aoy

5.2 thuuafitennauienstssuia 100 ul lUinds asuu vuafudsnds 2xvT 9fl 100 ug/ml
ampicillin wag 1nanglaa 1% wA)

5.3 dluuud 37°C Pududieliladunuaiiielalaiiiien (single colony) ieldlunisadradumalaladl
denluduit 6 delu sauvidewhnsfunsiuiuvesaidndenuildiamun TnonstusiuumailavumaEe

WoumauiuAIN1513991 (dilution) 7lY

uUN 6 Nsessaalaladine

Fupeuildinan 2 Ju SuusnifunisidsaueiiBoudazlalaidfidvaiia (phacemid) nandlululpauea
woufveusazlnauiteiul3ldrely (stock) waziitehlundndusamalnonsyldindesomaigae
JULTN

6.1 denauidsade nwuaiisodulalatifiernntunon mniuldlituit wieandourasialaditumn

6.2 tusazlaladluidosly 2T @il 100 ug/ml ampicillin, 50ug/ml kanamycin wa 5wmaﬂqiﬂa
19(w/v) Tloglunquuuauinyiinassduey (microtiter plate) $1uau 100 ul fauFsannsnisuuaiiFeldiiay
96 1aladl meauin lups1umeaiu

6.3 dauinUsInusEaUs (microtiter plate) Tunft 37°C Tnsmswegnun Wunadhudu

U7 2



6.0 uuafideuiinm 2-5 ul Mnudazvauluduiindaluldlunguunaiy ELISA 9ifl 2xvT + 100 ug/ml
ampicillin + dmanglaa 1% (wA) og 200 ul druuvaiiFedimderfiulildlusseren lasnsfundigeson
(glycerol) WilgFmasanving 15% winhluiiulin -80°C

6.5 tluvufl 37°C Tnenswgnung WHunan 3-4 $3lus

6.6 Vsl 2xYT 7% 100 ug/ml ampicillin + tnanglaa 1% wA) + 10° whasarae $1uau 50 ul

6.7 Wluuad 37°C Tnglsideaugn Wunan 1 Falu

6.8 11 microtiter plate T Junnmgneu 7 3300 xg 1Huian 15 widl

6.9 fr¥adrulasiuuu (supernatant) 88n WaAN 2xYT 71Tl 2xYT AT 100 ug/ml ampicillin, 50ug/ml
kanamycin U3u1ad 200 ul

6.10 thluuy 7 30°C, 250 rpm Juaan 20 Falus

* Ty udlvvinnismsalusaudivuneauuanu ELISA Wavinnisasiaasulutudalusme Tnsldisnisesesantaesuielu

1 '
v A

i 1 Usunaveskeuiiau Magldlunisnsivaeu ELISA a1aldwiduusunantdlunsdadenseugaing w3913

[
K% 1%

Wegnilusdndnuunzay lngvinisnssadurauuinuituiulaladaud wanludui 6.1 wananNtuwaIds

Y

99ilfAUAY (background) Tun1satasienialy lagnasld uuuaonludiu 2% w/v (MPBS) USuna 200 ul 3@

e

a dl' a Yo W o v o a 6 o
LBUALIU BUNLNRUNEHEU aﬂlﬂiumjmaamu ELISA IMLVHﬂ‘U"\]W‘U’JUGUENLW‘R]VW]ENﬂ']iV]’]ﬂWi’JLﬂﬁ’WM I@Uﬂ’&i‘ﬂ’]ﬂ'ﬁ

VAFDULUU @04 138 @ug (duplicate 150 triplicate) WA LgNABY

Sudi 7 n3vi Tululpausa waslagn (Monoclonal Phage ELISA)

7.1 dhawdadsunuseauen (microtiter plate) 9t 6,10 1U Junnagneu 7 3300 xg e 15 wil
dieusndrulasnuuu (superatant) Afmaeglulilunsiisgvisioly

7.2 ¥hn3d1e1u ELISA feSeulianduiiuda 2 adade PBS anthudiu uiaonludu 29% wiv (2% wiv
MPBS (2% Non-fat dried milk Tu PBS) U3ana 200 ul - Jatnwea wdssidlifgumniveaung 1 4alus o
Uoariu (block) nsduwuulaidninig (non-specific binding)

[

7.3 \fulaanndu 7.1 Uunm 100 ul fideansedlu MPBS 4% w/iv U3uias 50 ul Teunviqu wdiedielid
gumgiivieadunan 2 Hilus

7.4 erhifsansiiegluviay udrdedae PBST (PBS + 0.05% Tween20) 3 58v udadsadne PBS 3n 3 s0u

7.5 1 HRP anti-M13 739373 1:5,000 iy 2% (w/v) MPBS U31as 100 ul asluusiazmay wérualii
gumgiivieadunan 1 Halus

7.6 819908 PBST (PBS + 0.05% Tween20) 3 589U Wiasiandg PBS 8n 3 58U

7.7 W@y ABTS + 0.05% H,0, udiranslingumaiiviesussuna 15-60 uniiiiteseling



7.8 ynsinmanuuvesdanliseniiintulaen1senusn OD (optical density) AaenAsaq ELISA plate
reader NIAAENINAT 405 nm
7.9 Aadenandainuaiuisalunisdud Asfidn OD 1Uu 2 winwesriauAy (control) July tiiens

Fieszvsialy

=

3.1.2. NMsuAnTULaUAURRdasiliaguuRImalasnsAsuTinvaLUATilSY

Wastlalunseandulululaausaneudived wuulanlaolulasadrweaafiniiswa TAG seninsduves

a a o U av Yy a Y v v S a aay 1 a i =3 & = 1 | '
wauRuaf fu plll deillaesursuaitnediu lngJuleudvenilieguuiamaeivegludnisensesgludesitaly
Hiawad (periplasmic space) vesuwuaiise Fusdiunaildlunisifende nawnalivukeuivennlisguuia
wawdd ansatluyiliusanslaedsnis IMAC (immobilized metal affinity chromatography) lasialy Tunseid
flpauved schv 1uIUNINTIReINITIAday  819vinnIsHanTiazraivlraululsuiadesqlaenisidedlu 99uin

USunauseuagy 96 wiqu Welddulululpaueateufvednlieguuiunawdd arstilduduanuaunsalunisduiv

[
Yo

wouiiau Snadmildnedins ELISA §ae s1eaziBesvesmsinlutuneusneitlénanundrefuosung lgwed
dunoudl 1 Moy TuseuivedillioguuAuna fegluiiisado

1. Sulelaflifien £ coli HB2151 fioguuanuiuussinifionds (mineral agar plate) i 1 Talafudriluides
Tuthudswdwsuidsadio (mineral broth) 7 37°C

2. hulalaladfieaiidauenldandunounsimdonmasiuan 10 ul 9induiilunan fu £ coli HB2151
171 200 ul Aitslneglutedigs (log phase) (OD600 Uszanm 0.4) wiunliTigamnd 37°C iuian 1 dalus
Tnglsispaven welvivia Wlulalu wuadise

3. thuueiieluinds WHddulalaiifen asuuatuiu 23T 77 100 ug/ml ampicillin wag 1 thaanglaa
% w/v wnhluusd 37°C Sy

a. vmssuleladiienluidsdy dudeaindes 20T 7l 100 ug/ml ampicillin wag 13wmaﬂ@jiﬂa 2% wW/v
og) wdunit 30°C Taemstvenlusedufiu

5. thuuaiideanduiiugrsuau sou Wdedy dudssidios 20T 75l 100 ug/mt ampicillin waz g
nglaa 0.1% w/v $1uan 50-100 ml 1 30°C Tasmsivegnluseaulaléen 0D600 = 0.9 (farUszanm 3-4 )

6. thlU thunnmeneau 7 3000 xg 1uiian 10 w#t flgamnd 4°C wdnitlunaulidniud (resuspend) lu 1

o9 2xYT 71 100 ug/ml ampicillin + 1mM IPTG w&adesd 30°C Wuaan 20 Falua



7. vmstunenwadanindeadelnenis dusnpzney #i 5000xg 4°C [uran 15 unil Fuleudvendass
aagludautilaguuy (supernatant)

8. iluldlunsnsaaaounns ELISA wiethluiulii 4°C ile viliu3anslasi8n1s IMAC (immobilized
metal affinity chromatography) aalu
dupoudl 2 mansreaeunNuALIaluNIFURY wouRiau FeFBns ELISA

1.1d 0.07-0.1 1U vasha¥ailisiqns (inactivated virus) T1 100mM NaHCO; U3anas 100 ul - asluviguues
91U ELISA wiiaUse@nSn1nnisdugs (high-binding capacity, Maxisorb) USsnaiues Lau@lauy fzldlunismsradeu
ELISA onaldhfuuiiaildlumsdndensevaniie wieeratesnindundusausmngay Taevinsadsasdy
quvinfuIIuIY Suleuiveidas: fidesnsvaaoy uenaniuudiuiosdiiaauau (background) Tun1siAsies
#e Tnonsld 3% BSA Tu PBS 30 unusieanlusiu 29% w/v Tu PBS (2% MPBS) Budimanzau U3unas 200 ul
aslulunquuesanu ELISA Tiwindudiuiuves woufuefdasy Adesnisinisiinse lagamsinismaaouLuy
d09 9150 @097 (duplicate w3 triplicate) Liloauvndedie

2. Untnvaudnemula vdousunatafnd1miumy (plastic wrap) aniutudl 37 °C WWunan 3 Halus ué
AUl a°C unan 1 fu

3. 1fU d@vavansLiuAIuAd (glasa 5% w/v, 0.3 % w/v BSA, and 50 mM NaHCOs5) USunad 100 ul &
fislifgnmndvendunaas und

4. ¥n15&1991u ELISA Telenliantuiiuds 2 adsdn PBS

5.4 wuusEanlusiu 29% wi Tu PBS (29% w/v MPBSYUS1nm 200-250 ul Tnuanviqa udasadialidi
gaumgivieaunan 1 Halus

7
6. 10 2% w/v MPBS 714
,

1%
a o

Afudndsadediuluaiuvundunenigadeonual (culture supermatant) #3e @lsannainuiawad

(%
a a

(periplasmic extract) 13 TULBUAUDA DaT

ee

Uu1a 50-200 ul MFeansegluusuasslusiulu 4% w/v PBS Usinay

[
a

50 ul Yathnwgu udmenslingamgivienduan 2 9alus

9 Y

8. ﬂ’iﬂﬁﬂmiﬁasﬂwam LA2819978 PBST (PBS + 0.05% Tween20) 3 59U halanasasie PBS 3n 3 59U

9

9. |iushnIaseuBaRRUNITeNagiU 1ove13# (HisProbe-HRP) 3814 1:5,000 witlu PBS U3ana 100 ul

adluusiagnqu wanuuligamaiveaduna 1 Halus

Y

10. 8196198 PBST (PBS + 0.05% Tween20) 3 58U La1a1960n38 PBS 8n 3 58U
11. 1fuans ABTS + 0.05% H,0O, Usuias 200 ul LLé’aﬁaﬁqﬁﬁqmmﬁﬁawﬁzmm 15-60 wikilosoliiAng

12. ¥A15IRAIALLINYRIEIINU AT MANTULAEN158 1WA OD (optical density) AI8LATB481UIY

ELISA fianugniuas 405 nm



13. Andenlaauiiieuansalunsdud Aedlan OD Ml 2 wihwesamuaniuly Wensiasiziseld

* e Tunsdiidesnsld ueufvefde c-Myc Tunsnsiaaey enavilddsd @uil 17 witeutw)

1. fisansfiegluvqu udadade PBST (PBS + 0.05% Tween20) 3 50U Widswiade PBS 3n 3 sou Tu
sevhusaysouidsenautuazivgneudunat 5 wii

2. ulilulrausauoufivedse c-Myc M3aa79 1:5,000 witlu PBS Usu1as 100 ul asluusiazngu wauull
fgamgiivoaduna 1 $2lua

3. 819698 PBST (PBS + 0.05% Tween20) 3 58U Uanasianie PBS 8n 3 58U

4. \@u weuAvoAuwziianunsaduivueudvedvyfiiiionsyiu Lawe 4l (goat anti mouse-HRP) n3e
LeuRvefnseiannsaduiuweuRvevyiieuetiu 1owens# (rabbit anti mouse-HRP) fitdea14 1:5,000 1
Tu PBS U3mas 100 ul adluusiazviau udvallienmgivieaduian 1 4alu

Y

5. @15 ABTS + 0.05% H,0, LLﬁ'sﬁgﬂﬁﬂ”iﬁqmmﬁﬁawszmm 15-60 wiiiiieseliing

6. ﬁﬁﬂ?iijﬁﬁ’]m’mL%M“U@G%ﬁ]ﬂﬂﬂﬁﬁ%mﬁLﬁ@%ﬂﬂﬂﬂ’]ié’mm OD (optical density) #aeLA383871U3U ELISA
finnueIuas 405 nm

7. Aadonlaauiiiauaunsalunisdud Aefien ob My 2 wihwesdiniuau Tuld Wevinsieses

siold

ad 14 L a a 4 av Yo v Y a a a (4 1 a 74
3.2 Pmsainadunanuunfsgianeaatasilasunisnszduliinanuauivensalafanalsaiuguvtn
in1saseadanameisnsilaiauunousdluioslfufuresininlasinisidy Felasunisinuly

[

WAF9L

Pansri, P., Jaruseranee, N., Rangnoi, K., Kristensen, P., and Yamabhai, M. (2009). A compact phage display
human scFv library for selection of antibodies to a wide variety of antigens. BMC Biotechnol 9, 6.

edunsumsairendilasandon aunsagléanmenumside des “nisimuimeluladnisuandusiuoy
Raaviioniswdnlululaauea woufived (Application of phage display technology for the production of
monoclonal antibody) s#alasin1g SUT3-304-47-24-11

a

M9lAUUANAINVDINITATIARIAD FUKUUTBY MRNA Winagldasraduadueuivefviayfenfitu laun

Y

neEaiag 4 au Juwe 2 Ay nda 2 au Alasunisnszduiienisdnindusida PVRV (VeroRab, Pitman-more/

W138-153-3M strain, Sanofi-Pasteur, Lyon, France) or PCEC (LEP-Flury strain, Rabipur, Chiron, India) #113501%



Y83 WHO 7linanlddn annwialve afadenaineranainsuiauazyssain 50 ml. nan1s3As1einanImass
WuPTvIAENNIASELY 1 Ae A0 diversity Ussana 10° waslianuauysaiued recombinant antibody insert

Uszanasesay 50 agalshanumuinadiliinunmine wszaunsofnmweufvefninuauinaladnse

3.3 wauRufnyrdniauInnzaalTanalsaiivgiutinaaiunla
1NNAIINN1T biopanning Aeitldesureluriate 3.1 fidearunsadanioudiventanivun 14 laau

nasuillasunisanuily Proceeding At

Pruksametanan, N., Yamabhai, M., and Khawplod, P. (2012). Selection of single chain human
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Abstract— Human monoclonal antibodies
against Rabies virus were selected from non-
immunized human scFv library (YAMO-I
library) and immunized library (Yamo-Rb
library) by using phage display technology. The
biopanning was performed for 2-5 rounds by
using two types of inactivated rabies vaccines as
targets. These are purified vero cell rabies
vaccine (PVRYV) and purified chick embryo cell
vaccine (PCEC). A total of 14 positive clones
from various method of biopanning that can bind
to rabies, i.e.; IRA7c, IIIRC2¢c, IRC3c, IYCll1c,
IYC12¢, 1YDle, IYF5¢, IIRDSv, IIYBSv,
IIYG4v, IIYESv, IIYGS8v, IIYD4v and IVB4cv,
were isolated and their genes were sequenced.
The ELISA result showed that the positive clones
always bind strongly to the targets that were used
for biopanning; however some clones can cross-
react to the related virus. These selected scFv
antibodies will be tested for neutralization
activities in vitro in the next step.

Index Terms—Phage display, Rabies virus,
single-chain fragments(scFv), human
monoclonal antibody.

INTRODUCTION

Rabies is a fatal zoonotic disease that is
transmitted by both wild and domestic animals.
Globally, it is estimated that at least 55,000 people
die of rabies and there are about 10 millions people
who receive post-exposure vaccination annually.
Currently available rabies immune globulin (RIG)
for clinical use are Equine Rabies Immunoglobulin
(ERIG) and Human Rabies Immunoglobulin
(HRIG). However, RIG was produced in limited
amounts [1]. Moreover, HRIG is too costly, not
easily available, and suffered from potential
disadvantages, such as limited capacity, batch-to-
batch variation, and possible contamination with
blood borne adventitious agents. ERIG also has
drawbacks of animal origin that carries a risk of
occasional adverse reaction, including anaphylaxis,
especially after second exposure [2, 3]. Thus,
utilization of Phage display technology for the
production of human antibody specific to rabies
virus is attractive and suitable alternative strategy
for the prevention, treatment and diagnostic of
rabies. Phage display technology has been shown to
be a powerful method for the generation of antibody
in vitro by mimicking the selection strategies of the
immune system [4]. In phage display, antibody
fragments are expressed as fusions to capsid proteins
presented on the surface of the filamentous
bacteriophage particles, which are approximately 7
nm by 900-2000 nm in length. Therefore this system
provides direct linkage between the antibody
genotype (DNA sequence in phage paticle) and its
phenotype (affinity and specificity of phage-
displayed antibody).

In this study, Phage display scFv antibody
libraries were used to select single chain human
monoclonal antibodies (scFv) against rabies virus.
scFv is a popular format in the recombinant antibody
technology because it can be cloned and
manipulated as individual polypeptide and
efficiently displayed on the surface of bacteriophage
(phage). Even if single chain fragments of variation
(scFv) are significantly smaller then full-length
human antibodies IgGs (25 vs 150 kDa). They can
still bind their respective antigens tightly (i.e. with
dissociation constants of 5 uM to 10 nM ) and
represent structurally minimized version of full-
length human antibodies IgGs. Moreover, When
compared to fragment of antigen binding (Fabs)
which are ~50 kDa, scFvs which generally resistant
and aggregation have twice smaller than Fabs [5].
Therefore scFv antibody is an attractive
nanomaterial for both diagnostic and therapeutic
purposes.

METERIALS AND METHODS

Meterials

Two types of phage display libraries, i.e., Non-
immunized (YAMO-I) [4] and immunized libraries
(Yamo-Rb) were constructed in our laboratory. Both
libraries were constructed using antibody genes
isolated from the peripheral blood of human donors.
The YAMO-I library was constructed from 140 non-
immunized (Naive) donors; whereas, Yamo-Rb
library was constructed from four human donors
immunized with PVRV (VeroRab, Pitman-more/
W138-153-3M strain, Sanofi-Pasteur, Lyon, France)
or PCEC (LEP-Flury strain, Rabipur, Chiron, India).

Selection of human scFv phage library on
inactivated rabies virus (Biopanning)

Selection was performed using inactivated rabies
vaccines (PVRV or/and PCEC) as targets. Two to
five rounds of selection were carried out. Maxisorp
Immuno tube (Nunc, Denmark) was pre-coated with
0.35-1.4 TU of inactivated rabies virus, at 37 °C for
3 hours following by 4 °C overnight, in 100 mM
NaHCOs, pH 8.5. After that, the immuno tube was
stabilized with 5% w/v sucrose, 0.3 % w/v BSA, and
50 mM NaHCO; for 45 min. Then, the tube was
washed three times with phosphate buffered saline
(PBS, 137 mM NacCl, 3 mM KCl, 8 mM Na,HPOs,
1.5 mM KH;POs4, pH 7.4) and blocked with PBS
containing skimmed milk (2%, w/v, MPBS) for 1
hour. For each round of biopanning, the phage
library (~10'" phages) was incubated with pre-
coated inactivated rabies virus in 4%, w/v, MPBS
for 2 hours at room temperature. Unbound phage
was washed away with PBS supplemented with
0.05% (v/v) Tween 20 (PBST) and with PBS. Phage
antibody against rabies viruses was recovered with
1x trypsin buffer and 0.2M glycine HCI, pH 2.0. The
eluted phage was infected into E. coli to obtain
individual phage clones as previously described [6].
For each round of selection, specificities of



individual phage scFv clones were identified by
enzyme-linked immunosorbent assay (ELISA) [6].

Monoclonal Phage ELISA

Single colony of each round of biopanning was
randomly picked and cultured in 96-deep well plate
followed by super-infection by KM13 helper phage
[4]. Phage supernatants were collected after
centrifugation and subjected to ELISA for screening
of monoclonal anti-rabies virus phage-scFv. The
Immuno 96 microWell™ plate (Nunc, Denmark)
was immobilized with inactivated rabies at 37 °C for
3 hours following by 4 °C overnight in 100 mM
NaHCOj; and 2% skimmilk in 100 ul PBS buffer as a
control. The phage supernatant was added to
Immuno 96 microWell™ plate (Nunc, Denmark) and
the binding phage-scFv was detected with HRP-
conjugated anti-M13 antibody (1:5000). The color of
the reaction was developed with ABTS reagent
(Fluka). The reaction was quantified by measuring
the absorbance at 405 nm.

DNA sequence and analysis

After the positive cloned are confirm by ELISA
twice. Each clone of positive Phagemid DNA was
extracted using DNA miniprep kit (Qiagen). The
restriction fragment analysis was performed by using
BstN-1. The selected positive clone with variable
restriction pattern were confirmed by automated
DNA sequencing (Macrogen, Korea) and analyzed
with Igblast software
(http://www.ncbi.nlm.nih.gov/igblast/) and the
sequence alignment of the scFv antibodies was done
using CLUSTALW 2.1
(http://www.ebi.ac.uk/Tools/msa/clustalw2/).

RESULTS AND DISSUSSIONS

A total of 14 positive clones from various
method of biopanning were isolated. These are
IRA7c, IIIRC2c, IRC3c, IYCl1c, IYC12¢, IYDlec,
IYF5c, IIRDSv, IIYBSv, IIYG4v, IIYESv, IIYGSv,
IIYD4v and IVB4cv. After DNA sequence analysis,
we found that clones IVB4cv and IRA7c were
identical. These two clones were isolated from the
same library, i.e., Yamo-Rb by using different
biopanning method. Clone IVB4cv was obtained
from the fourth round of biopnning using a
combination of both PCEC and PVRV as targets;
whereas clone IRA7c was from the first round of
panning using PCEC as a target. Clones IIIRC2c,
IRC3c, IYCllc, IYC12c, IYDIc and IYF5c were
selected by using PCEC as a target; while IIRD5v,
IIYBS5v, IIYG4v, IIYESv, IIYG8v, IIYD4v were
selected by using PVRV as a target. The ELISA
results in Fig. 1 showed that the positive clones
always bind strongly to the target that was used for
biopanning. Nine clones were obtained from naive
library (YAMO-I) and four clones were from
immunized library (Yamo-Rb). Five clones which
are IRA7c, IIIRC2¢, ITYG4v, IIYESv, and IVB4cv

showed cross-reactivity to both PCEC and PVRV
targets.
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Fig. 1. (a) ELISA plate showing positive reactions (green
colour) with PCEC or PVRYV and negative reaction
(clear) with 2% skimmilk and 3 % BSA
(b) ELISA signal at O.D. 405 nm

The BstN-1 fingerprinting analysis of 14
positive clones was shown in Fig. 2. In this figure
pMOD (empty vector) was digested to compare with
the positive scFv clones (pMOD+scFv gene).
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Fig. 2. Restriction fragment analysis by BstNVI

After the positive cloned were confirmed
by automated DNA sequencing. The DNA sequence
of each scFv clone was analyzed with Igblast and the
sequence alignment of the 14 scFv antibodies was
done using CLUSTALW software. Fig. 3 showed
the origin of germline and family of all the isolated
Vi and Vi segments; whereas, Fig. 4 illustrates the
amino acid sequence alignmnet of all positive
clones. It is interesting to note that clone IRC3c,
which consist only Vi, could still bind to the target,
even if the signal is quit low when compared to other
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positive clones. There have been many reports on
the binding of VHH, which is a single-domain
antibody (sdAb) that consists only of Vg domain
from camelidae [5, 7, 8]. Our data is the first report
on the binding of single Vi domain of human
antibody.

Ho. Mame Gerrnline Amnino add difference from genmline
1 IRATC YH IGHV3-33%01 18
WL IGLY 2-14*02 7
2 IIRC2c WH IGHV4-30407 19
YL IGLV 2-14*01 8
3 IRC3c WH
WL IGLV 2-14*01 3
4 I¥Cllc WH IGHV1-2*02 7
WL IGLY3-21%03 i}
5 I¥Cl12c WH IGHV3-23*01 ]
YL IGLV 1-44*01 13
[ I¥Dlc WH IGHV3-23*01 fi
WL IGLV3-10*01 g
7 I¥Fic WH IGHV1-158*01 1)
WL IGLV1-47*01 2
8 IRD5v WH IGHV1-2%02 15
YL IGLV 2-14*01 5
0 7B WH IGHV1-69*01 1
WL IGLV 1-44*01 3
10 I G4 WH IGHVA-1*01 1)
WL IGLV6-57+01 11
1 IIYESw WH IGHV6-1*01 5
YL IGLV6-57*01 11
11 ITGsy WH IGHV3-9*01 1
WL IGLV 1-44*01 g
13 YD WH IGHV 3-30-3*01 2
WL IGLV6-57+01 1
14 IVB4cy WH IGHV3-33*01 18
WL IGLY 2-14*02 7

Fig. 3. Germlines and Families of Vi and V1 segments of
all clones.

Fig. 4 showed the amino acid sequence
alignment of all isolated scFv clones. The TAG
amber stop condons were found in clone IIYBSv,
IIYD4v and IYDIlc. These codons are translated as
glutamine instead of stop codon in E. coli suppressor
strain such as DHS5alpha or TGI; therefore, the
functional antibody can be displayed on filamentous
phage. The complementarity determining regions
(CDRs) of the heavy and light chain of the antibody
(Va/CDR1, Vw/CDR2, Vwu/CDR3, Vi/CDRI,
Vi/CDR2 and Vi/CDR3) and the linker sequence
were indicated. Amino acid sequence analysis
revealed that all isolated positive clones have only
the lambda type of the light chain (Vi) from family
1,2,3, and 6; while variable heavy chains (Vi) were
from family 1, 3 and 6. No clone containing the
kappa type of the light chain (V) was isolated.

family 1,2,3, and 6. One clone consisted of only V¢
fragment. These selected phage-scFv clones will be
further engineered to generate soluble scFv
nanobodies and tested for neutralization activities in
vitro in the next step.

H/CDR VH/CDR2
IYFSc MAQVQLVQSGAEVKKPGAS VEVS CKASG--Y THT SYGI SWYRQAPGQGIENMGWI SAYNG |58
IIYBSv MAQVOLVQSGAEVKKEGS SVKVS CRASG--GTHS SYAT SWYROA PGOGIENMGGII PIEG |58
IYClle ---MQLVE SGAEVKKPGAS VKVS CKASG--Y SJTAYYTHW{RQAPGQ INENSG |55
IVB4cv MAQVQLVQSGGGLYQPGGS LRLS CAASG-—F SSDYGMHWYRQI PGKGUEWVAVIYARGI |58
IRATC MAQVQLVQSGGGLVQPGGE LRLS CAASG-=~F DY GMHWYRQI PGKGUEWVAVIYARGI |58
IIIRC2c MAQVQLQE §GPGLVKPFGDEGPHCTVSGGSLS JVNSYWDFIRQP PGKGUEWI GSIY-YRG |59
IRC3c MAQVNLRESG---- = ----|10
IIRDSYV MAEVQLVE SGTEVRKPGDS VEVS CRASG--Y THTDY YLHWYRQA PGQGIEWVGWIY PKRG |58
IYDlc MAQVNLRE SGGGLVQPGGS LRLS CAASG-—F THS SYAMSWYRQA PGKGIEWVSAITYNGA |58
IvClec MAQVNLRE $GGGLVQPGGS LRLS CAASG-~F THS SYAMSWYRQAPGKGLEWV SSITY SGT |58
IIYGBY MAEVQLVE $GGGLVQPGRS LRLS CAASG-~F THDDY AMHWYRQA PGKGIENV SGT SWNSG |58
IIYESY MAQVQLOQSGPGLVKEPPQTLSLTCAT SGDSVSYNTAANNWYRQS PSRGUEWLGRTYYRSK |60
IIYG4v MAQVOLOQSGPGLVKPSQTLSLT CAT SGDSVSJNSAANNWIRQS PSRGYEWLGRTYYRSK |60
IIYD4v MAQVQLVQSGGGVVQPGRS LRLS CAASGF TF S~ - Y AMHWYROA PGKGHEWVAVISYDGS |58
PR
VH/CDR3
IYFS5c -NTNYAQRLQGRYTMT TDT STSTAYMELRSLRSDDTAVYYCADGGE - ——————- NEDYWG| 108
IIYBSY - TANYAQKFQGRYTITADE STSTAYMELSSLRSEDTAVYYCARDRE------LPGFDYWG| 111
IYClle - TTTYAQRF QGRYTMTRDT SISTAYMELSRLRSDDTAVY YCARDFEGY--WRWGAFDIWG| 112
IvBdcy ~NTYYGDSVKGRF TISRDNSKNILYLEMNRLS SEDTAVY YCATDDPPS--GTGSYHVNWG] 115
IRATC ~NTYYGDSVEGRF TISRDNSKNI LYLEMNRLS SEDTAVYYCAT DDPPS--GT GSYHVNWG] 115
IIIRC2c - TTYYNPSLKSRYTLSVDT SQNQI SLKLTSLTAADTAVYYCARE SFTR--GT-—-FDMWG| 113
IRC3c === = === ===
IIRDSV -GTHSAQKF QGRYTMT RDT SINTAYMELTRLRSDDTAVYFCARDRPIE--DA---EDIWG| 112
IYDlc - STAYADSVEGRE TISRDNSONT LYLQMNSLRAEDTAVY YCAKG-F 109
IYcl2e - AT SYADSVEGREF TTSRDN SKNT LYLQMNSLRAEDT AVY YCAK G- 109
IIYGEv - ST GYADSVEGRF TISRDNAKSS LYLQMNSLRAEDT ALY YCAK GGH--——--RGAFDIWG] 111
IIYESY (WHNDYAVSVNSRE SINPDT SENQF SLQLDSVTPEDTAVYYCARDRY YGSGSYYRGEDYWG] 120
IIYG4v (WYNDYAVSVKSRETINEDT SKNQF SLQLNSVTPEDTAVYYCARERMG-——---— GEDEWG| 113
I1YDdv -NKYYADSVKGRF TISRDNSKNT LYLOMNSLRAEDTAVY YCARLDETMI PEGPDAFDIWG] 117
Linker sequence VL/CDR1
IYFSc QGTLVTY 5 5GGGGS GGG GGGGS - QAVLTQPS SASGT PGORVT ISCSGYSSNIGSNY-V |66
IIYBSv QGTLYTY 3 5GGGGSGEGGSGEDGS - SYVLTQPPSASGT PGORVTI ISCSGYSSNIGSNT-V L69
IYcllc QGTTVIVS5GGEGEGEGESGGEGS - SYVLTQPPSVSVAPGRTARITCGEY - -NIGSKS-V |68
IVB4cy QETLVTY 3 5 GGGGS GEEGSGE6GS - QSALTOPASVSGS PGOSTTISCTEYSSDVESYNLY 174
IRATC QGTLVTY S 5 GGGGS GEEGS GGEGS - QSALTORASVSGS PGOSTTISCTGYS SDVGSYNLY 74
IIIRCZc QGTMVTV 5 SGGGGSGGGESGGGES- QSALTQPASVSGS PGOSITISCTGYSSDVGGYNYV 72
IRC3c —-TTVTV35GEEEEGEGEECEEES - QSALTQPASVSGS PCQSITISCTCYS SDVEGYNYY 57
IIRDSv QGTMVTV 3 SGGGESGEGESGEGES- QSALTQPASVEGS PGQSITISCTCYSSDVGGYNYV 71
IYDle QGTLYVTY S5 GGGGEGEEESGEGES - S SRLTQDPAVSVALGOTVRITCQGHS—-LRSYY-A LES
IYCl2c QGTLVTV S SGGGGSGEGESGGSGS - QAVLTQPS STSET PGQRVIISCSGYS SNIGSNT-V |67
ITYG8v QGTHVTY 3 5GGGGEGEEGSGEGGS - SYVLTQPPSASGT PGORVTI ISCSGYSSNIGGNT-V L69
IIYESY QGTMVTY 3 5GGGGEGEGES G665 - NEMLTQPHSVSGS PGRTVT LSCTRYSGSTASAY-V |78
ITYG4v QGTLVTYS 5 GGEG5 GEGES 56665 - NFMLTQPHSVSES PGRTVT TSCTRYSGSTASNY-V 71
IIYD4v QGTMVTYV S 5GGGGS GEGESGGG6ES { NEMLTQPHSVSES PGRTVI ISCTRSGSIASNY-V 76
K ORRRARARAARARARA A AR | wEE i R . R i R
VL/CDR2 VL/CDR3
IYFS¢ YWY QQLPGTAPKLLIRNNGR S GV IDRF SGEK-—-SGT SASLAT SGLRSEDEADYYAAW [224
IIYBSV NWYQQLPGTAPKLLIYJSNNQR PSGVIDRE SGSK-~SGT SASLAT SGLQSEDEADYYJATW [227
IYclle HITY QQK PGQAPVLVVYDDS DR PS GIFERF SGSN--SGNTATLTI SRVEAGDEADYYQQVW |226
IVB4ev SWYQQHPGKAPKLMIYEVSKR PSGVYDRF SGSK--SGNTASLTVSGLQAEDEADYY(SSY [232
IRATC SWYQQHPGKAPKLMIYEVSKR PSGVYDRF SGSK--SGNTASLTVSGLQAEDEADYY(SSY [232
IIIRC2c SWYQOHPGKAPNLMIYDYSNR PSGVYNRF SGSK--SGNTASLTI SRLQAEDEGIYFSAY [230
IRC3c AWYQHHPGKAPKLMIYDV SNR PSGVNRF SGSK--SGNTASLTI SGLOAEDEADYY(SsY [125
TIRDSv SWYQOHPAKAPNLLIYDVSNR PSGVYNRF SGSK--SGNTASLTT SGLOAEDEADYF(SSY [229
IYDlc SWY QK PGQAPVLVIYGKNNR PSGI §DRF SGSK--SGT SASLDI SGLQSEDEADYYARW [223
IYCl2c NWYRHLPGTAPKLLIYIDDRR PSDIRDRF SGSR--SGT SASLATI SGLQSEDEADYYQAAW 225
IIYGEV NWYQVPPRTAPKLLIYNNNQR PSGVIDRE SGSK--SGT SASLAT SGLQSEDEADYYJATW [227
IIYESV QWERQRPGSAPTTVIYEDNQR PSGVRARF $GSIDSS SNSASLTI SGLOTEDEADYYQQsy [238
IIYG4v QWYQQRPGSSPTTVIEEDTAR PSGVRARF SGSIDEF SNSASLTI SGLKAEDEADYYQHSY [231
IIYD4v QWY QORPGSAPTTVIVEDNQR PSGVIDRF SGSIDSS SNSASLTI SGLKTEDEADYY4Osy [236
* Lo oy HEHH o oot T ot o R T R P H
IYFSc DDSLSGP- YFGGGTKLTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 271
IIYBSv DNRLNAEWWFGGGT KLTVLRAAAHHHHHHGAAGPEQKLI SEEDLNGTA 275
IYCllc D-$ 8 SDHY WFGTGT QLTVLRAAAHHHHHHGAAGPEQKLI SEEDLNGTA 273
IVB4cv T-5ITARAYFGTGT KVTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 279
IRATC T-SITAAAYWFGTGT KVTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 279
IIIRCZ2C T-5855 LGYFGTGTKLTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 277
IRC3c T-58STLVYFGGGT KVTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 172
IIRDSv T-T8STL-YWFGGGT KVTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 275
IYDlc D-DSLNGVIFGGGT KVTALRAAAHHHHHHGAAGPEQKLI SEEDLNGTA 270
IYCclac D-DSLNGLYFGGGT QLTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 272
IIYGEv D-DSLHGVYFGGGT KVTVLRAAAHHHHHHGAAGPEQKLI SEEDLNGTA 274
IIYESv D-—-FTNYYFGTGT QLTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 283
IIYG4v D---VHNOQYFGGGT KLTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 276
IIYD4v D--- 8 SNVYFGGGT KVTVLGAAAHHHHHHGAAGPEQKLI SEEDLNGTA 281
e mE R R A RARRRRRARARAR AR AR AR AR ARAES

Fig. 4 Amino acid sequence alignment of all positive
clones are shown. The GC-rich sequence that links Vi and
VL segments is indicated. The three complementarity
determining regions (CDRs) are marked with box. These
scFv antibodies are linked with 6xHis and Myc epitope at
the C-terminal. Red Q is glutamine that is translated
from an amber stop codon in suppressor E. coli
strains.



IV.CONCLUSIONS

In conclusion, 13 unique phage-displayed
anti-rabies virus scFv antibodies were successfully
selected from naive library (Yamo-I) and
immunized (Yamo-Rb) human scFv antibody
libraries. All antibodies possessed variable heave
chains (Vy) from family 1,3, and 6 and only lambda
light chains (Vi) from
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3.4 drdunsaaziiluvasuauiuedng 14 laauuansisil (vuewmg Jayaduiuntmduaauay

wszn1asegluseninnisdurasndnsins)

lngannn1suseAvgnutuneuiilandnudisduinliladudiuieuivefuyudniiunisdaudas
WugNIsuvlla scFv Nwausaniu 6 Histidine (His-tag) wag Glu-Gln-Lys-Leu-lle-SerGlu-Glu-Asp-Leu

(Myc-tag) @s3numzsolsaiiwatiatn (Rhabdoviridae Lyssavirus) 11w 13 wila daseluil
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Met Ala Gln Val Gln Leu Val Gln Ser Gly
Gly Gly Leu Val Gln Pro Gly Gly Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser
Phe Ser Asp Tyr Gly Met His Trp Val Arg
Gln Ile Pro Gly Lys Gly Leu Glu Trp Val
Ala Val Ile Tyr Ala Arg Gly Ile Asn Thr
Tyr Tyr Gly Asp Ser Val Lys Gly Arg Phe
Thr Ille Ser Arg Asp Asn Ser Lys Asn lle
Leu Tyr Leu Glu Met Asn Arg Leu Ser Ser
Glu Asp Thr Ala Val Tyr Tyr Cys Ala Thr
Asp Asp Pro Pro Ser Gly Thr Gly Ser Tyr
His Val Asn Trp Gly Gln Gly Thr Leu Val
Thr Val Ser Ser Gly Gly Gly Gly Ser Gly
Gly Gly Gly Ser Gly Gly Gly Gly Ser Gln
Ser Ala Leu Thr Gln Pro Ala Ser Val Ser
Gly Ser Pro Gly Gln Ser Ile Thr Ile Ser
Cys Thr Gly Thr Ser Ser Asp Val Gly Ser
Tyr Asn Leu Val Ser Trp Tyr Gln Gln His
Pro Gly Lys Ala Pro Lys Leu Met Ile Tyr
Glu Val Ser Lys Arg Pro Ser Gly Val Pro
Asp Arg Phe Ser Gly Ser Lys Ser Gly Asn
Thr Ala Ser Leu Thr Val Ser Gly Leu Gln
Ala Glu Asp Glu Ala Asp Tyr Tyr Cys Ser
Ser Tyr Thr Ser Ile Thr Ala Ala Ala Val
Phe Gly Thr Gly Thr Lys Val Thr Val Leu



Gly Ala Ala Ala His His His His His His
Gly Ala Ala Gly Pro Glu Gln Lys Leu lle
Ser Glu Glu Asp Leu

a 1
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Met Ala Gln Val Gln Leu Val Gln Ser Gly
Ala Glu Val Lys Lys Pro Gly Ala Ser Val
Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr
Phe Thr Ser Tyr Gly Ile Ser Trp Val Arg
Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
Gly Trp Ile Ser Ala Tyr Asn Gly Asn Thr
Asn Tyr Ala Gln Lys Leu Gln Gly Arg Val
Thr Met Thr Thr Asp Thr Ser Thr Ser Thr
Ala Tyr Met Glu Leu Arg Ser Leu Arg Ser
Asp Asp Thr Ala Val Tyr Tyr Cys Ala Asp
Gly Gly Asn Phe Asp Tyr Trp Gly Gln Gly
Thr Leu Val Thr Val Ser Ser Gly Gly Gly
Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly
Gly Ser Gln Ala Val Leu Thr Gln Pro Ser
Ser Ala Ser Gly Thr Pro Gly Gln Arg Val
Thr Ile Ser Cys Ser Gly Ser Ser Ser Asn
lle Gly Ser Asn Tyr Val Tyr Trp Tyr Gln
Gln Leu Pro Gly Thr Ala Pro Lys Leu Leu
lle Tyr Arg Asn Asn Gln Arg Pro Ser Gly
Val Pro Asp Arg Phe Ser Gly Ser Lys Ser
Gly Thr Ser Ala Ser Leu Ala Ile Ser Gly
Leu Arg Ser Glu Asp Glu Ala Asp Tyr Tyr
Cys Ala Ala Trp Asp Asp Ser Leu Ser Gly
Pro Val Phe Gly Gly Gly Thr Lys Leu Thr
Val Leu Gly Ala Ala Ala His His His His
His His Gly Ala Ala Gly Pro Glu Gln Lys Leu
Ile Ser Glu Glu Asp Leu
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Met Ala Gln Val Gln Leu Gln Glu Ser Gly
Pro Gly Leu Val Lys Pro Phe Gly Asp Pro
Gly Pro His Cys Thr Val Ser Gly Gly Ser
Leu Ser Ser Val Asn Ser Tyr Trp Asp Phe
Ile Arg Gln Pro Pro Gly Lys Gly Leu Glu
Trp lle Gly Ser Ile Tyr Tyr Arg Gly Thr
Thr Tyr Tyr Asn Pro Ser Leu Lys Ser Arg
Val Thr Leu Ser Val Asp Thr Ser Gln Asn
Gln Ile Ser Leu Lys Leu Thr Ser Leu Thr
Ala Ala Asp Thr Ala Val Tyr Tyr Cys Ala
Arg Glu Ser Val Thr Arg Gly Thr Phe Asp
Met Trp Gly Gln Gly Thr Met Val Thr Val
Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly
Gly Ser Gly Gly Gly Gly Ser Gln Ser Ala
Leu Thr Gln Pro Ala Ser Val Ser Gly Ser
Pro Gly Gln Ser Ile Thr Ile Ser Cys Thr
Gly Thr Ser Ser Asp Val Gly Gly Tyr Asn
Tyr Val Ser Trp Tyr Gln Gln His Pro Gly
Lys Ala Pro Asn Leu Met Ile Tyr Asp Val
Ser Asn Arg Pro Ser Gly Val Ser Asn Arg
Phe Ser Gly Ser Lys Ser Gly Asn Thr Ala
Ser Leu Thr Ile Ser Arg Leu Gln Ala Glu
Asp Glu Gly Ile Tyr Phe Cys Ser Ala Tyr
Thr Ser Ser Ser Ser Leu Gly Val Phe Gly
Thr Gly Thr Lys Leu Thr Val Leu Gly Ala
Ala Ala His His His His His His Gly Ala
Ala Gly Pro Glu Gln Lys Leu Ile Ser Glu
Glu Asp Leu
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Met Gln Leu Val Glu Ser Gly Ala Glu Val
Lys Lys Pro Gly Ala Ser Val Lys Val Ser
Cys Lys Ala Ser Gly Tyr Ser Phe Thr Ala



Tyr Tyr lle His Trp Val Arg Gln Ala Pro
Gly Gln Gly Leu Glu Trp Met Gly Trp Ile
Asn Pro Asn Ser Gly Thr Thr Thr Tyr Ala
Gln Arg Phe Gln Gly Arg Val Thr Met Thr
Arg Asp Thr Ser Ile Ser Thr Ala Tyr Met
Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr
Ala Val Tyr Tyr Cys Ala Arg Asp Phe Gly
Gly Tyr Trp Arg Trp Gly Ala Phe Asp lle
Trp Gly Gln Gly Thr Thr Val Thr Val Ser
Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
Ser Gly Gly Ser Gly Ser Ser Tyr Val Leu
Thr Gln Pro Pro Ser Val Ser Val Ala Pro
Gly Lys Thr Ala Arg Ile Thr Cys Gly Gly
Asn Asn Ile Gly Ser Lys Ser Val His Trp
Tyr Gln Gln Lys Pro Gly Gln Ala Pro Val
Leu Val Val Tyr Asp Asp Ser Asp Arg Pro
Ser Gly Ile Pro Glu Arg Phe Ser Gly Ser
Asn Ser Gly Asn Thr Ala Thr Leu Thr Ile
Ser Arg Val Glu Ala Gly Asp Glu Ala Asp
Tyr Tyr Cys Gln Val Trp Asp Ser Ser Ser
Asp His Tyr Val Phe Gly Thr Gly Thr Gln
Leu Thr Val Leu Arg Ala Ala Ala His His
His His His His Gly Ala Ala Gly Pro Glu
Gln Lys Leu Ile Ser Glu Glu Asp Leu
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Met Ala Gln Val Asn Leu Arg Glu Ser Gly
Gly Gly Leu Val Gln Pro Gly Gly Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Ser Ser Tyr Ala Met Ser Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
Ser Ser Ile Thr Tyr Ser Gly Thr Ala Thr
Ser Tyr Ala Asp Ser Val Lys Gly Arg Phe



Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys Ala Lys
Gly Tyr Ser Thr Phe Asp Tyr Trp Gly Gln
Gly Thr Leu Val Thr Val Ser Ser Gly Gly
Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
Ser Gly Ser Gln Ala Val Leu Thr Gln Pro
Ser Ser Thr Ser Gly Thr Pro Gly Gln Arg
Val Thr Ile Ser Cys Ser Gly Gly Ser Ser
Asn Ile Gly Ser Asn Thr Val Asn Trp Tyr
Arg His Leu Pro Gly Thr Ala Pro Lys Leu
Leu Ile Tyr Ile Asp Asp Arg Arg Pro Ser
Asp Ile Pro Asp Arg Phe Ser Gly Ser Arg
Ser Gly Thr Ser Ala Ser Leu Ala Ile Ser
Gly Leu Gln Ser Glu Asp Glu Ala Asp Tyr
Tyr Cys Ala Ala Trp Asp Asp Ser Leu Asn
Gly Leu Val Phe Gly Gly Gly Thr Gln Leu
Thr Val Leu Gly Ala Ala Ala His His His
His His His Gly Ala Ala Gly Pro Glu Gln
Lys Leu Ile Ser Glu Glu Asp Leu
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Met Ala Gln Val Asn Leu Arg Glu Ser Gly
Thr Thr Val Thr Val Ser Ser Gly Gly Gly
Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly
Gly Ser Gln Ser Ala Leu Thr Gln Pro Ala
Ser Val Ser Gly Ser Pro Gly Gln Ser Ile
Thr Ile Ser Cys Thr Gly Thr Ser Ser Asp
Val Gly Gly Tyr Asn Tyr Val Ala Trp Tyr
Gln His His Pro Gly Lys Ala Pro Lys Leu
Met Ile Tyr Asp Val Ser Asn Arg Pro Ser
Gly Val Ser Asn Arg Phe Ser Gly Ser Lys
Ser Gly Asn Thr Ala Ser Leu Thr Ile Ser



Gly Leu Gln Ala Glu Asp Glu Ala Asp Tyr
Tyr Cys Ser Ser Tyr Thr Ser Ser Ser Thr
Leu Val Val Phe Gly Gly Gly Thr Lys Val
Thr Val Leu Gly Ala Ala Ala His His His
His His His Gly Ala Ala Gly Pro Glu Gln
Lys Leu Ile Ser Glu Glu Asp Leu
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Met Ala Gln Val Asn Leu Arg Glu Ser Gly
Gly Gly Leu Val Gln Pro Gly Gly Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Ser Ser Tyr Ala Met Ser Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
Ser Ala Ile Thr Tyr Asn Gly Ala Ser Thr
Ala Tyr Ala Asp Ser Val Lys Gly Arg Phe
Thr Ile Ser Arg Asp Asn Ser Gln Asn Thr
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys Ala Lys
Gly Tyr Ser Thr Phe Asp Tyr Trp Gly Gln
Gly Thr Leu Val Thr Val Ser Ser Gly Gly
Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly
Gly Gly Ser Ser Ser Lys Leu Thr Gln Asp
Pro Ala Val Ser Val Ala Leu Gly Gln Thr
Val Arg Ile Thr Cys Gln Gly Asp Ser Leu
Arg Ser Tyr Tyr Ala Ser Trp Tyr Gln Gln
Lys Pro Gly Gln Ala Pro Val Leu Val Ile
Tyr Gly Lys Asn Asn Arg Pro Ser Gly lIle
Pro Asp Arg Phe Ser Gly Ser Lys Ser Gly
Thr Ser Ala Ser Leu Asp Ile Ser Gly Leu
Gln Ser Glu Asp Glu Ala Asp Tyr Tyr Cys
Ala Ala Trp Asp Asp Ser Leu Asn Gly Val
Leu Phe Gly Gly Gly Thr Lys Val Thr Ala
Leu Arg Ala Ala Ala His His His His His
His Gly Ala Ala Gly Pro Glu Gln Lys Leu Ile



Ser Glu Glu Asp Leu
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Met Ala Glu Val Gln Leu Val Glu Ser Gly
Thr Glu Val Arg Lys Pro Gly Asp Ser Val
Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr
Phe Thr Asp Tyr Tyr Leu His Trp Val Arg
Gln Ala Pro Gly Gln Gly Leu Glu Trp Val
Gly Trp Ile Tyr Pro Lys Arg Gly Gly Thr
His Ser Ala Gln Lys Phe Gln Gly Arg Val
Thr Met Thr Arg Asp Thr Ser Ile Asn Thr
Ala Tyr Met Glu Leu Thr Arg Leu Arg Ser
Asp Asp Thr Ala Val Tyr Phe Cys Ala Arg
Asp Arg Asp lle Glu Asp Ala Phe Asp Ile
Trp Gly Gln Gly Thr Met Val Thr Val Ser
Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
Ser Gly Gly Gly Gly Ser Gln Ser Ala Leu
Thr Gln Pro Ala Ser Val Ser Gly Ser Pro
Gly Gln Ser Ile Thr Ile Ser Cys Thr Gly
Thr Ser Ser Asp Val Gly Gly Tyr Asn Tyr
Val Ser Trp Tyr Gln Gln His Pro Ala Lys
Ala Pro Asn Leu Leu Ile Tyr Asp Val Ser
Asn Arg Pro Ser Gly Val Ser Asn Arg Phe
Ser Gly Ser Lys Ser Gly Asn Thr Ala Ser
Leu Thr Ile Ser Gly Leu Gln Ala Glu Asp
Glu Ala Asp Tyr Phe Cys Ser Ser Tyr Thr
Thr Ser Ser Thr Leu Val Phe Gly Gly Gly
Thr Lys Val Thr Val Leu Gly Ala Ala Ala
His His His His His His Gly Ala Ala Gly
Pro Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu

a 1
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Met Ala Gln Val Gln Leu Val Gln Ser Gly



Ala Glu Val Lys Lys Pro Gly Ser Ser Val
Lys Val Ser Cys Lys Ala Ser Gly Gly Thr
Phe Ser Ser Tyr Ala Ile Ser Trp Val Arg
Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
Gly Gly Ile Ile Pro Ile Phe Gly Thr Ala
Asn Tyr Ala Gln Lys Phe Gln Gly Arg Val
Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr
Ala Tyr Met Glu Leu Ser Ser Leu Arg Ser
Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
Asp Arg Glu Leu Pro Gly Phe Asp Tyr Trp
Gly Gln Gly Thr Leu Val Thr Val Ser Ser
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
Gly Gly Asp Gly Ser Ser Tyr Val Leu Thr
Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly
Gln Arg Val Thr Ile Ser Cys Ser Gly Ser
Ser Ser Asn Ile Gly Ser Asn Thr Val Asn
Trp Tyr Gln Gln Leu Pro Gly Thr Ala Pro
Lys Leu Leu Ille Tyr Ser Asn Asn Gln Arg
Pro Ser Gly Val Pro Asp Arg Phe Ser Gly
Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala
lle Ser Gly Leu Gln Ser Glu Asp Glu Ala
Asp Tyr Tyr Cys Ala Thr Trp Asp Asn Arg
Leu Asn Ala Glu Trp Val Phe Gly Gly Gly
Thr Lys Leu Thr Val Leu Arg Ala Ala Ala
His His His His His His Gly Ala Ala Gly
Pro Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
¥@iadt 10 38031 Human anti-Rabies IYD4v-His-Myc &fidumeves finsousuuszuiasiavene
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Met Ala Gln Val Gln Leu Val Gln Ser Gly
Gly Gly Val Val Gln Pro Gly Arg Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Ser Ser Tyr Ala Met His Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu Glu Trp Val



Ala Val Ile Ser Tyr Asp Gly Ser Asn Lys
Tyr Tyr Ala Asp Ser Val Lys Gly Arg Phe
Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg
Leu Asp Ile Thr Met Ile Pro Glu Gly Pro
Asp Ala Phe Asp Ile Trp Gly Gln Gly Thr
Met Val Thr Val Ser Ser Gly Gly Gly Gly
Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
Ser Ser Asn Phe Met Leu Thr Gln Pro His
Ser Val Ser Glu Ser Pro Gly Lys Thr Val
Thr Ile Ser Cys Thr Arg Ser Ser Gly Ser
lle Ala Ser Asn Tyr Val Gln Trp Tyr Gln
Gln Arg Pro Gly Ser Ala Pro Thr Thr Val
lle Tyr Glu Asp Asn Gln Arg Pro Ser Gly
Val Pro Asp Arg Phe Ser Gly Ser Ile Asp
Ser Ser Ser Asn Ser Ala Ser Leu Thr lle
Ser Gly Leu Lys Thr Glu Asp Glu Ala Asp
Tyr Tyr Cys Gln Ser Tyr Asp Ser Ser Asn
Val Val Phe Gly Gly Gly Thr Lys Val Thr
Val Leu Gly Ala Ala Ala His His His His
His His Gly Ala Ala Gly Pro Glu Gln Lys
Leu Ile Ser Glu Glu Asp Leu

=1
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Met Ala Gln Val Gln Leu Gln Gln Ser Gly
Pro Gly Leu Val Lys Pro Ser Gln Thr Leu
Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser
Val Ser Ser Asn Ser Ala Ala Trp Asn Trp
lle Arg Gln Ser Pro Ser Arg Gly Leu Glu
Trp Leu Gly Arg Thr Tyr Tyr Arg Ser Lys
Trp Tyr Asn Asp Tyr Ala Val Ser Val Lys
Ser Arg Ile Thr Ile Asn Pro Asp Thr Ser
Lys Asn Gln Phe Ser Leu Gln Leu Asn Ser



Val Thr Pro Glu Asp Thr Ala Val Tyr Tyr
Cys Ala Arg Glu Arg Met Gly Gly Phe Asp
Pro Trp Gly Gln Gly Thr Leu Val Thr Val
Ser Ser Gly Gly Gly Gly Ser Gly Gly Gly
Gly Ser Ser Gly Gly Gly Ser Asn Phe Met
Leu Thr Gln Pro His Ser Val Ser Glu Ser
Pro Gly Lys Thr Val Thr Ile Ser Cys Thr
Arg Thr Ser Gly Ser Ile Ala Ser Asn Tyr
Val Gln Trp Tyr Gln Gln Arg Pro Gly Ser
Ser Pro Thr Thr Val Ile Phe Glu Asp Thr
Ala Arg Pro Ser Gly Val Pro Ala Arg Phe
Ser Gly Ser Ile Asp Pro Phe Ser Asn Ser
Ala Ser Leu Thr Ile Ser Gly Leu Lys Ala
Glu Asp Glu Ala Asp Tyr Tyr Cys His Ser
Tyr Asp Val His Asn Gln Val Phe Gly Gly
Gly Thr Lys Leu Thr Val Leu Gly Ala Ala
Ala His His His His His His

=1
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Met Ala Gln Val Gln Leu Gln Gln Ser Gly
Pro Gly Leu Val Lys Pro Pro Gln Thr Leu
Ser Leu Thr Cys Ala Ile Ser Gly Asp Ser
Val Ser Ser Asn Thr Ala Ala Trp Asn Trp
lle Arg Gln Ser Pro Ser Arg Gly Leu Glu
Trp Leu Gly Arg Thr Tyr Tyr Arg Ser Lys
Trp His Asn Asp Tyr Ala Val Ser Val Asn
Ser Arg Ile Ser Ile Asn Pro Asp Thr Ser
Lys Asn Gln Phe Ser Leu Gln Leu Asp Ser
Val Thr Pro Glu Asp Thr Ala Val Tyr Tyr
Cys Ala Arg Asp Arg Tyr Tyr Gly Ser Gly
Ser Tyr Tyr Arg Gly Phe Asp Tyr Trp Gly
Gln Gly Thr Met Val Thr Val Ser Ser Gly
Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly
Gly Gly Gly Ser Asn Phe Met Leu Thr Gln



Pro His Ser Val Ser Gly Ser Pro Gly Lys
Thr Val Thr Leu Ser Cys Thr Arg Asn Ser
Gly Ser Ile Ala Ser Ala Tyr Val Gln Trp
Phe Arg Gln Arg Pro Gly Ser Ala Pro Thr
Thr Val Ile Tyr Glu Asp Asn Gln Arg Pro
Ser Gly Val Pro Ala Arg Phe Ser Gly Ser
lle Asp Ser Ser Ser Asn Ser Ala Ser Leu
Thr Ile Ser Gly Leu Gln Thr Glu Asp Glu
Ala Asp Tyr Tyr Cys Gln Ser Tyr Asp Phe
Thr Asn Tyr Val Phe Gly Thr Gly Thr Gln
Leu Thr Val Leu Gly Ala Ala Ala His His
His His His His Gly Ala Ala Gly Pro Glu
Gln Lys Leu Ile Ser Glu Glu Asp Leu
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Met Ala Glu Val Gln Leu Val Glu Ser Gly
Gly Gly Leu Val Gln Pro Gly Arg Ser Leu
Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr
Phe Asp Asp Tyr Ala Met His Trp Val Arg
Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
Ser Gly Ile Ser Trp Asn Ser Gly Ser lle
Gly Tyr Ala Asp Ser Val Lys Gly Arg Phe
Thr Ile Ser Arg Asp Asn Ala Lys Ser Ser
Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala
Glu Asp Thr Ala Leu Tyr Tyr Cys Ala Lys
Gly Gly His Arg Gly Ala Phe Asp Ile Trp
Gly Gln Gly Thr Met Val Thr Val Ser Ser
Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
Gly Gly Gly Gly Ser Ser Tyr Val Leu Thr
Gln Pro Pro Ser Ala Ser Gly Thr Pro Gly
Gln Arg Val Thr Ile Ser Cys Ser Gly Gly
Ser Ser Asn Ile Gly Gly Asn Thr Val Asn
Trp Tyr Gln Val Pro Pro Arg Thr Ala Pro
Lys Leu Leu Ile Tyr Asn Asn Asn Gln Arg



Pro Ser Gly Val Pro Asp Arg Phe Ser Gly

Ser Lys Ser Gly Thr Ser Ala Ser Leu Ala

lle Ser Gly Leu Gln Ser Glu Asp Glu Ala

Asp Tyr Tyr Cys Ala Thr Trp Asp Asp Ser

Leu His Gly Val Val Phe Gly Gly Gly Thr

Lys Val Thr Val Leu Arg Ala Ala Ala His

His His His His His Gly Ala Ala Gly Pro

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
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Met Ala Gln Val Asn Leu Arg Glu Ser Gly

Thr Thr Val Thr Val Ser Ser Gly Gly Gly

Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly

Gly Ser Gln Ser Ala Leu Thr Gln Pro Ala

Ser Val Ser Gly Ser Pro Gly Gln Ser Ile

Thr Ile Ser Cys Thr Gly Thr Ser Ser Asp

Val Gly Gly Tyr Asn Tyr Val Ala Trp Tyr

Gln His His Pro Gly Lys Ala Pro Lys Leu

Met Ile Tyr Asp Val Ser Asn Arg Pro Ser

Gly Val Ser Asn Arg Phe Ser Gly Ser Lys

Ser Gly Asn Thr Ala Ser Leu Thr Ile Ser

Gly Leu Gln Ala Glu Asp Glu Ala Asp Tyr

Tyr Cys Ser Ser Tyr Thr Ser Ser Ser Thr

Leu Val Val Phe Gly Gly Gly Thr Lys Val

Thr Val Leu Gly Ala Ala Ala His His His

His His His

3.4 msuanduIuneuivefaiu scFv 3ase (soluble scFv antibody)
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Figure 2. SD5 PAGE of purified scFv antibody. SDS-PAGE stained with CEB;

{A} Anu-Rables virus clone [RA7c, (B) Anti-Rables virus clone [YF5c,

{C) Anti-Rabies virus clone 11IC2¢, (D} Anti-Rabies virus clane 1IYGAy;

Lene M, protein molecular weight marker; lena S, culture supernatant fraction; lene FT, flow~through fraction;
lene W1-W3, wash fraction; lene P, purified scFv antibody by IMAC.
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Rapid Fluorescent Focus Inhibition Test (RFFIT) fsil

341  Beahethaweuiived 2 wh (2-fold interval) $1uau 8 ads Tneld 29% DMEM

3.4.2 nlsalsafivatiati 50 pl (100 TCID50) naufuseuRuaffiaudutusIg9 50 pl 9Nt
Yt 37 °C Buan 90 wad lu CO, incubater

3.4.3  Augas BHK-21 (10° cell/well) 50 ul

344 Uuit 37 °C Huan 21 $lus lu €O, incubater ndsandunenseen

345 e PBS udwiueadaan 90% acetone antuviluslugua

34.6  feudiy FITC labeled anti-rabies 7 37 °C fuiian 30 undi

347 &ade PBS ntuvilviusislugus

3.4.8  vhnmsdananisideuutainieldndes fluorescence microscope (negative field/8 fields)
wavifuituiinwadliidela¥anielu (Negative field )

3.4.9 @ TCID50 1agis Spearman-Karber
Log TCID 50 = L - D(s - 0.5)
L = Log of the strongest dilution

D = Difference between log dilution

S = sum of proportion of negative filed

0819

Dilution 1:16  1:32 164 1:128 1:256
Negative field / 8 fileds 8/8 17/8 4/8 /8  0/8
Proportion 1 088 0.5 012 0

Sum of proportions = 1.5 (from 1:32 to 1:256 dilutions)
The starting dilution is 1:32; log = -1.5
The dilution are twofold log 2 = +0.3

Log TCID50 = -1.5.0.3 (1.5-0.5) = -1.8



Antilog = dilution giving 50 % reduction in negative fields = 1: 63
Wisuisudumisaina (international units) IneifleufudSumnsgiu (WHO standard serum)

1984

Matsumoto, T., Yamada, K., Noguchi, K., Nakajima, K., Takada, K., Khawplod, P., and
Nishizono, A. (2010). Isolation and characterization of novel human monoclonal antibodies

possessing neutralizing ability against rabies virus. Microbiology and immunology 54, 673-683.
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lunIn1i-an) Aeldeliiangndeunineuivemsotas mnieuiveauadududalidlmdn
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M19197 1 HaN1TIATIBRANENTIvRILOURTER lun1sduduidelisanelsafivatiutn

Soluble scFv antibody (concentration) IU/ml IU/mg
IRA7c (500 ug/ml) 2.27 4.54
IRA7c (4900 ug/ml) 20.13 4.10
IYF5c (284 ug/ml) Negative Negative
IIIRC2c(500 ug/ml) 0.10 0.20
IIYGdv (125.21 ug/ml) Negative Negative




Soluble scFv antibody (concentration)

IU/ml

IU/mg

3C1; negative control (368 ug/ml)

Negative

Negative
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Aaanannszaumelisa (Ad9 Yamo-Rb) MInuns U 14 leaunakandlunisnad 2 1agvinnng

Y 9

Aatden (lulawnuda) 911w 1-5 sau lagldivelisanalsaivaiviinungnswan (inactivated
virus) 2 ¥ila @e PCEC uag PVRV Wuidmunglunisdaden nasinnismageulagldiznisslagn
] P X v o v & Al v A a4 o w =
wuhlaauvanifianuansatumsduiinnslanneweildlunisfnden wasilledduiuavesiiou
lagniaserlaeinIadiaseiafuuasnluda naanmaessiaduaLasfnwIatunIney

Muresaufived wansliviuiilaau IRA7C way 1aau IVBdcy Lulpaupelfunlsuiannadadeinu

Iaa

wIsn1siinisdnden (Lulewnuds) uanseiu inlillululaaueatsufivefvesuywdnitnizeie

[
= a £

LSUEJ‘W‘UE!MGUU’]‘U’]ﬂﬂaQLWQVILL?{fﬂQLL@u@U@ﬂ (scFv) ‘1/1’18‘1/13@%’]‘14’]‘14 13 1pau lwlulpausausufuafuss

9

uyudfiduIne amawwammmmmuummq] (Phage scFv) ¥ 13 laaugniumegeuANNEINNTe

[
[

Tunsudanmsnelsafivatath (Neutralization) Haainnisneaauasanasalunisiudsnisdelse
fiwgiiath fifles IRA7C waz IIRC2c Aifluannsadudnisnelsafivaiadild dufuidlsden
LouRUeALis 4 Taaunndn wazvilviudanslafdedtnng IMAC léud IYF5c, IVGay, IRATC wag
IIRC2c Tnpvinnsihduveswoudivenmaniluldlsly wanada pET27b(+) iitelguvnnisuanioan

Tmgnseanduneufived scFv wuudasylunuafiise £ coli BL21 Haa1nN1SNAdeUALEILNTa b

=

nsdudensnelsafivgiuinlagldueudven scFv wuudase (soluble scFv)Budunanisduganisne

A A

Isafivativdnlaglilululraueausuiuefiuansuuiiama (Phage scFv) failiiies IRA7C wag IIIRC2C

[
=1

Falasun1sfniaenuiaInadawaufvaAuywdnlasunisnseiuaieivgiaUvity N1
ANNENsadugInIsnalsafiwativiile Inediauanansaguganisnelsaiivativdl 4.54 IU/mg wag
0.20 IU/mg mua1nuntkansluniseasui 3 wag 4 Gagudiuvesiaufueiuyuds 2 1 a1w1sn

ihluimusesaaiarlUldiduwsuRvafd nsunssny vseteastulsalasaly uananiunaidail

A & a a ) ) v & | Y= |
NAN1SNAaBINUNaulafe waURUDALAAY IYF5C FauanIAINNaIu1satuni1ssulalusg19anuLdie
TSavfinne (PCEC) 91nn1536A1219835015 ELISA wanauliiininuaiuisaduganisnalsalawae
Fananrsneanstuandliiiuinliaiunsaldnaannnisimsieiensds ELISA Tunisaismiamnuaunse

a e [ gj Y a 1 I3 a ddy ) Y @ L =
YDILBURUDAUNISTUTILIALARSY Be19lsAnUwaUR UBA mﬁ]uﬂfdﬂisqﬂm%wummwaauwa

Th¥anelsaivgivtnlusedu strain lonaly

[ [
¥ a v adA Va

JoInsainuraulannanideilfe lunimaaesilfidevihnmsfamueuiveindnzainads

a

weuAvBRAuYYY 2 Adsfe Adtgly 1 Fudupdawuulgugd asranfenvesuuudunanag T 140

au Wuduwuuiivwinreudidlngfeussana 5x10° diundsi 2 Wuadawuunfegiiasiainiden
wywd 4 au Nlasunisnsdulnaiisauiivendnmizselisanalsaiivgivtnuineula 38nsaia

17



T§3Ensieaiunisadieadeegntly 1 wioadumsizanudinguesailiviiu Jsldadaundn

o

ad o a a

1 A 6 1 @ au X 1 a 1% [ | & A
N1 AB 1.5x10 ’e)EJ’NIiﬂG]’]iJNaﬂWﬂﬂ?i’J‘UEJU‘W‘U’J’]LL@UWUE)G]‘V]ﬂﬂ‘ﬁ’m’]tﬂ‘ﬂ’mﬂﬁﬂ%@EJQZLIL‘Vl’]uu‘VliJ

q
[

Anuansatunsfugatielisdld nanisveaesluandiiiuil mnainedmiegituinlwilunsd

nidmanefiawnsavhnisnsggulaenisdaiaduld azaunsaldiluwmasn flunisndnlululraues

a ady Ve v I v aa ! v s & o X P Y Y] v
LL@U@U@@WW@QﬂWi‘lWﬂQLLN‘ﬂgL‘U‘U?’\Iﬁﬂw&%u’]@lﬂ@umqﬂLaﬂﬂ@nll ‘VN'U'E]'WLuaﬂﬂqﬂqﬂﬂqsaﬁqﬂﬂaﬂiﬂﬁiﬂf
a ¢ al o A o ] o Y o aa a ad o '

Laamsﬂaﬂﬂwﬂﬂmgﬂﬂﬁgﬂ‘NIﬂﬂL{jqﬂmqﬂwgﬂqwqglﬂq%‘ﬂﬁuu WWIm@ﬂaﬂWNLL@UWU@@W‘UWLW']%L"U']%‘UQW@

Wrnngeg1aunase Inen1sikeudusdlaay IYF5c handauaunsatunisdulaidusgnefduite
Th¥awiinnne (PCEC) 91nN1536AS1E%A2835015 ELISA wendulifimnuaiuisadudenisnelsalatas

Y ! 1 v a ¢ Y aa a =l
wansliinIldanunsaldnaannsias1eianedd ELISA Tunsainmianuaniisavesuaufueniy

v Y a o & < 1o ' [y a = 1 1 ¥
ﬂ’]iEJUENIﬁﬂIW"\]N Mo 1UTUNS1EIAILAUINTITIVVDILDURAUDA LAY IYF5C IMNNaWQﬂWiLGEJ’]ﬁ

Y

wadvedhia dwudvihbihisadmadidwaduasnalinlsala

VOLEAUDLUY

nan153eilanaduiudu schv ifidnenmadlunisiauisesandu therapeutic antibody

[y

Wedestuuarinwlsafivguudild Fspsdniiunsidedesensol mensusulmiu full-length

[
wva a

human IgG wagn1391 antibody engineering gy IikeudveniauautRavudnlunisiunay
gugauthunng dnedinasvin epitope mapping Ao LHalwd11a5550mIANITIVVOIMBUAUDA AULTD
Tfasioly druloufuefnld neutralize waanursaduiuituineglaauuaiu ELISA 919 luimun

mewenLu detection probe fflUszansnnlanely

a L% A a a sal o J d’lj a v Y %
M990 2 ﬁ?i?ﬂﬁ?ﬂ&laﬂ"lﬁﬂ@Lﬁ@ﬂIlIIUIF’]a‘LlEJaLLEJUG]‘UE)WUENZJH‘HEJVI{\]WLWW%W@LGUEJWUE:IUGU‘UW QRGN

'
0 Y a

YAMO-l az Ad3 Yamo-Rb 41u3u 14 lnsldivelifanelsanivaduinnuungnswad (inactivated

9

virus) 2 ¥iia A PCEC wag PVRV 1utmanelunisesasn

Library| Yamo-Rb YAMOI Total
(immunized) |(Non-immunized)
Target
PCEC 4 3
PVRV 1 5 6
PCEC+PVRV 1 -
Total 6 8 14

a A U A v a Y] o Y]
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ELISA result ELISA result Neutralization
(Phage) (Soluble scFv)
PCEC | PVRV | PCEC | PVRV | Crude | PEG/Nacl Soluble
Clone Phage Phage scFv
IRA7c* e + + = Yes Yes Yes
(4.54 IU/mg)
(IVB4cv)
IITRC2¢* S & + - Yes Yes Yes
(0.20 TU/mg)
TIRC3c 5 = N/A N/A N/A No N/A
IMRD5v - e N/A N/A N/A No N/A

M19197 4 M13EATUNANITNAADYBILAAUNNAAEBNIINASLNANUAAILDURAUDRA (scFv) Uywdnll

gnnszaumglifanslsafivgivdi (Ada YAMO-)

ELISA result ELISA result Neutralization
Clone (Phage) (Soluble scFv)
PCEC | PVRV | PCEC |PVRV | Crude | PEG/Nacl | Soluble
Phage | Phage scFv
IYF5c +++ - +++ - No No No
IYClic ++ 4 N/A N/A N/A No N/A
IYC12¢ ++ = N/A N/A N/A No N/A
IYDilc Gt 3 N/A N/A N/A No N/A
++ SE - Sran N/A No No
OYG4v
5 + N/A N/A N/A No N/A
IYGS8v
= + N/A N/A N/A No N/A
IYD4v
+ = N/A N/A N/A No N/A
IIYES5Sv
= +++ N/A N/A N/A No N/A
MYB5v

UELUR); Signal of OD 405 nm

- No signal compared with negative control

+ Low signal compared with negative control

++ Medium signal compared with negative control
+++ High signal compared with negative control

No haven’t got neutralizing activity



Yes have neutralizing activity

N/A is an abbreviation for not applicable
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6 Histidine (His-tag) Way Glu-Gln-Lys-Leu-lle-SerGlu-Glu-Asp-Leu (Myc-tag) dsunsiaitiadulsa

WwauvUn (Rhabdoviridae Lyssavirus) fmeinaiia fluorescence in situ hybridization

¥an191899nqw: Production of human scFv monoclonal antibodies from human scFv library,

fused with 6 Histidine (His-tag) and Glu-Gln-Lys-Leu-Ile-SerGlu-Glu-Asp-Leu (Myc-tag) for the

diagnostic of rabies (Rhabdoviridae Lyssavirus) by fluorescence in situ hybridization technique
2.2 AeduavEtnmsussivsianil 1201005939 Tufldurwe 5 waednieu 2555

Fan1wlve: FudruwaufivafnIunIsiawlasiugnssuaeifed (12 vlia) Nanunsadudnmiziuie

Thanelsafivatiath

Fon1v18s ng: Single chain variable domain antibody fragments (12 kinds) that can bind

specifically to rabies virus

[

2.3 AvefuavsnsnisUszAngiavil 1201005940 Yuiiduue 5 naAdnieu 2555
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Fan1wlng: FudruwouRvafnIuNIIAnkUaIUgNIINAEUINaINsaTuTIziuelTanalsa

Wwadvn

Fon1u18s ngw: Light chain variable domain antibody fragment that can bind specifically to

rabies virus

2.4 AveSUANSURINTUTERYEAIN 1201005941 Jungudve 5 waAinieu 2555
Fanwilng: FudruwouRvefiun1sAnLUasiugnIsaeReIiamsaduInziudelifanalse

Mgt Nwseuunan wadfgeuvedli

%ammé’aﬂqw: Single chain variable domain antibody fragment that can bind specifically to

rabies virus derived from chick embryo cell

2.5 AveFUANSURINTUsEAYEAIN 1301000990 FuUNEUAITD 19 NUAWUS 2556

Fan1wlve: Tululpaueawaufvefuywdviln scFv (Human anti-Rabies) Niinaa1naae FITC (Anti-
Rables conjugated FITC) d1v15unsi3itiadelsafiwaiuyn (Rhabdoviridae Lyssavirus)aae

wAlA fluorescence in situ hybridization

Fo0191 g4ngw: Human scFv antibody (Human anti-Rabies) tagged with FITC (Anti-Rables

conjugated FITC) for the detection of rabies (Rhabdoviridae Lyssavirus) by fluorescence in

situ hybridization technique
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AARNUIN UV ﬂ’]'iﬁdaﬁl‘l.!ﬂaﬂﬂ'i

1. dunilmwowanuideil Wl dudunildiverinug vealndnudSyin 1 au fie wiean
QlYY WONWUNSITUN

2. dunilwotlasinsided dulasenstymiauls uieasey wasun UNISEUU Wam
210 35 gIUTINEN F0a “MeiauIBnmInnadeugiduiuesyuddelsafivglivtdeg
35ms eLisA” Bawaeull WSusetamenanmsihiauenansiineu Wunwdinguluse
Wpeans nagasou In1sfinw 2556 wazdalasunisamdenduiwnulssnalngly

WauenadUluN1TUTEYN SSH science fair 581131937 5-8 @A 2557 TUsemnAg Y Bnaae
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v L

UseIngIdevan

s ganse el Tuil 8 unsiau 2510 iuynsves se.ag. @fla uag we. s1lw sanse
aumsAnuiisluszduuszan war Sseufnwianlsadeuaiiaquiasnsaiuvminende antud
Anwsiedl Anzndumans uinerdeuding IHSuUiygesndveansSaudniesaden ded w.e.
2532 udlsdrsussnmadundunsusyilsmerviamngniudunal 1 U nsuazunlueiansd
Usedanzinduenans unnineqesadn Tud 2536 lasunu Fulbright Pre-doctoral Fellowship U
¥19113987 University of Minnesota tlutian 9 e udddldsunuszuialngluiFeudelusedu
USagynendt University of North Carolina at Chapel Hill Usewaansgawsn laedl Prof. Dr. Brian
K. Kay +Ju01915691U3nw1 aun1sfinwn seduuSaaiendiu molecular biology 1ud w.a. 2541
iyl we. 2543-2545 lonuluyi postdoctoral research i Mo jUAn15ves Prof. Dr. Richard
G.W. Anderson &d. University of Texas, Southwestern Medical Center, Dallas wazlul w.e. 2546-
2547 lasuvu Alexander von Humboldt Fellowship 1Uﬁ1ﬂ1ﬁf§]’8ﬁﬁaﬂﬂﬁﬂj§mﬂm Prof. Dr. Kai
Simons . Max Planck Insititute for Molecular Biology and Genetics N 54 Dresden Usz L
avifusigLooTiiu ausafiu f.as. Angun wadiy Wotudl 16 Awneu 2547 uazilyns 1 au To a.q.
g1iin1 sunde waiiy Yagtwlusesmansiansd wasiamiaiviivimalulagdanin drinda
wmalulagnsinens univendemalulagasus Muideludtudunuiunalulad@inimdeny
(molecular biotechnology) ﬁaLﬁum{L%’LquIaﬁLW% (phage display technology) Wy atiney
A7u1n15 (molecular evolution) Tua1U719IAINTTULBUAUDA (antibody engineering) Way
Aenssueules] (enzyme engineering) Aufistlagiuiinanuddeiilssuniseensumsanailuansans
M9IWINTTLAVUIUITIA 39 1309 auaAn3Tng 1 Fes 1Tue1asdiuTnuinerdnudndnves
uvndaudin 5 au wazquitudie 4 au uanduimi lassnsidedanun 36 Tasanns liumeta

INIRNUSALAUIIN 1 TuD 2547 LAz andnuAAUA1LNISITEIN Una 1l 2556

ﬁaéﬁmmsaﬁmﬁaﬁ

g nalulagiinin darinigmalulagnisinens
W Ingaemalulagasuns

. WANINYIFY 9. 1189 2. UATIIANT 30000

N5 044 224152-4 224234 %38 244388 In5a15 044 224150

Email: montarop@sg.sut.ac.th
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unwA ¥Uaen Aaletuil 15 Augieu 2504 1Juyasues we9M Lag u1eYd suia
umsfinwseivlszananisaieunauviatnuuianies udssufnwaeuduainlsedeuaninia
wazdseufnyineudaisainlsusugiinineids auUSyaIns Angineamans a1n
w3ngdeveuunu el wa. 2526 Fuvhavludunisinineremansnisunndfdeitouas
WAIUT @01ULE19A1 @n1n191alne (WHO Collaborating Center for Research on Rabies
Pathogenesis and Prevention) 1Aseiienfiuhialsafivativivhunsimuisnsdniadudesiu
Tsafivatatuuulsendninduie fafuiindnansadineios SadaiosjiRnsnsamgiduiu
Tseiwatatdemaiawadinizides (Rapid Immunofluorescent Focus Inhibition Test) NALYY
watlan1sledninaass (Mouse Neutralization Test) fnemIusIud821A Dr. Mary Warell , Oxford
University Wag Pasteur Institute, Uszina d¥aiaa © 2506-2550 16Uy RONPAKU Tu@nwisely
seduU3qay1endl Oita University Uigmm‘ﬂﬂu U 2546-2548 AnwnATANITY1 recombinant
rabies virus A Dr. Kenjiro Morimoto ﬁamﬁ’u NIID (Nation Institute of Infectious Diseases)
Tfer Usemadlu 2549-2550 Tuvina1udde Anwinaziniunynnsia rabies antigen fewmaie
immunochromatography (ICT kit) uaztnlUuszgndldnsa rabies antibody (RAPINA test) $aufiu
Prof Akira Nishizono , Oita University Usginadiu Tagtuiinasuddefléfunsifiuiluasans
MAINTIEFUUIRI Y 65 1309
fegitanunsnansiold
AeAduazisiu da1ulannl @ninivialng
1871 aUUNTZIING

UL NFUNN110330
50/802 u.da s ¥a87

auusednuasuien n.dwle 9.5yU3

Unus1i12130
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