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1. RETERE
FUETA 7 7 Y &6 LR BRI A E AR AT OB £ EiE—

1
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RAFEBFEMERRMIE (FHFEREREITHEERREE)
XTI

P47 70 215 U 7R BB E B E R AR L AT B AR DR 4t

EEMEE AR E—
MINATBHE AN EIRESRATIERT  ARAOiFses  EEWEER

MR E

ARITER T 0 T4 I 7 AFEW, DFA A8/, 77 —V5 475
RV in vitroflBSERIEM ARAE T2 2 LIk, MBANCHEETE AKEEAR
HEEBREICKT2HUFZAIH L, £ OREEHREEZ AW HIlEN CORBRESER
B, HDOWITHEREFRIEZ S TAHM2ERTILOTH S, MIEANT
BREL 5 DMBEBEII DI, FTA2 /707 Y VIMEBLIUHEEZ Y v —T
BWIE—RETEscVERBEIZEOND Z &, o, HIIEN TIHEEYIC T 4+ —
NT 4 U TET R T 2ME LS 02 e hh, RBICSEEOR A o— %
BT, TOFNLEDHEETS /70— 2 BHTZ ERBEL RS, RO A
7Y R—<{RIC LAPIRIER GBI o— 0 2837 THLRHZEL, &6
WZschvib, FIEMES 0 — 0 OFERE TIT OIS K2R L FhENEL TS, %
T CAETIE, IFEEICBWNT, A N IRT 4 28184252 LToERE
Tp—AREEFVHLE (scFv) D7 7 —V T4 7T VRS L MEEEE A BAZE L L CHF%E %
FEE LTc, ETEBRRTURICHT 2P EZBUSRIEEL 2B L O I8, AN E 455
B ETVEE 2 RO N—1L 9 BPCRI w7 A5 4 ~v—HREF L. FhiT L
Y FEa s~ v ABKAE B S cDNAD B VHES L OVLE = F A #gEIN L7z, —h bEfx
FEYH—EIITT A LERE L, 77—V R Z— |2 EA L TscFv Y 7
—UIGAT TV EBE L, BONIscIVHIERBLGTFDT AT 5 U OH A X32x
10°9THY  EEOETAHERKLTFIERL S— N —52 B~ L5 BT 75 )k
HTEELDEEZONT, T TERT 7 —VHET A 75 ) OMERHEND D I-
O, BEOETNATBREICHTIHEDOA S )~ TERBIZL A, TT7 4 =5
AN T L BFEEE T a— DORME, BLOFOFNS BRIHEA n— 2 %
BONDZ LR TE 2, REEEZ D L ITREELE, scFyiiilz Hilam T3H
S, FUEE LTHBRET 214 0V NI RT 4 2B TH & &I, BEEMIT-oRt1
A=V T ADISBIZAT T ERTE 2R AL TFETH B,

A. WHEER

AN=ZALERAL, TAES—Ty b eRD

BET (77 L) OBEE BB T 2 0,
miRNAZR K2 frE&E, BRKEW THIERE (7
074 —A)ThD, £EAETTIERGEN
RERTIAR, e Ao FEHEEERTHZ L
WL > CTHEBESIR T A7 nRNAL EBEEE L D
FUZERY, ER e BIBIfR D AL L 22 WA A
%<, BETFORBEMHETZTTIL. +H7RI1ER
EELNRW, TOH, BESoT I 7R
I & VEBORESCE., I1BBICE DRI

ERE X [BEELY—XLRP2EAE] #F
ELLED ETHRAPEFHEECTERFT TH
Do LxL, HRAMIZB CHERT a7+ s
AWFEDORLRICE S E | R A I =X LOfEA
REEMLBARBICEKS LG S Vo RER
RTHD, Zhid, BERE L B L TRER
RBCTHAELH L CWAREAEEAENET
DELFEELTHDIENY Tl BHEDE
BN - MENZEER ERICEHMETE TR L.
ZTNDOEENRIEHEAINL TN &I



KE<ERL TS, BIb, EESTHEIET
DOEDOWFRE (F—F N—2%F) OFLWN
R L > CREBEELEOMENEERED
ROERBENELE LD, HE< DIKE
BEERE O T LRBOBESCE/, 1BED
BLRDEBEAELRY AL T O DETI AR
AChHHTO, BRICERRE—7y VERE
TE TRV, ZTD7, B EEERME
EREOFNS TRIES—F > b X [EHESR
=X BRYIAL D EEXTEE, EEL
NBLOHIRL LT W27 | DT
CCDBRE K. FoXOCLT | KA
DORECE/L, IBEICED> TWnHDnE NS
BERAPERCTEIEBRENBLERFR &2
S TWND, AFFETIE, MN CORBEEESE
FEOEBEITICESEZKRY . ZOREDO TR
KBV LOTHS, RFETIE, ETHE
DR BEEE IR T PR & B - 8RR
BB AR O, X 6IZ, Hoivzhik
2 & B HIRENE B OBRERIE. B DV IR
PNESEERIUE (> b IART 1) 2T a—T &
THENA A=V TEWOMSLE BT,

AFERRII T 0T 4 I 7 AORREEBNE
B L. BREREROBACHEO R EELBAZRIC
FEETEHLOTHHO, MBPEOEEZED
ERZHEOEROALELT, EROBRELE
HwomE EIZEBTCE A LD EEZ BN,

B. WS E

B—1 3ERE~YT R scbv 77 —UHIUET A
75 U ERNEDORESL

cDNA o {E#Y

3 %% (C57BL/6, Balb/c, C3H) DIffsE~
7 A (6 EER) B0 bV EZ— LY
GERRIR L, BBEMAE & IR A [EI L7z, 50
~100 mg DFEREIZxF LT 1 ml & TRIzol
reagent (Invitrogen) #/Mx, FEV X — ML
Tro BIETOHOREA VFa—Tal,
TRIzol reagent 1 ml {Z% LT 200 ul @
chloroform Z %, 15 WEE#HE L, EET
3GHA ¥ a2 —3 1L, 12000 X g, 4° C
TI5MEL Lz, EEEF LA 7 aF
2—ZB L., BE® isopropyl alcohol & 1
/ 10 BE® 3 M sodium acetate 27, =
BCT05HEA rFa—g3L,12000 X g,

4° CTC1s piiEL Lz, EEZRE, 70%
ethanol Cwash L., 7500X g, 4° CC5 &RE
DL, BIEZBRE, pellet % RNA free /KT
VAR L., total RNA 2487-, Z® total RNAS ug
L7150 UM oligo(dT),, (Invitrogen) 1 ul,
10 mM dNTP mix 1 pl #J&#& L. DEPEC 4LE/K
Mz Tlopl &L, 65° CTHMA %=
~N—33 L7, 10XRT buffer 2 pul, 25 mM
MgCl, 4 nl, 0.1 M DTT 2 pul, RNaseOUT
(Invitrogen) 1 ul. SuperScript I RT
(Invitrogen) 1 pl ZA0x T, 50° C T504%
fil. 85° C T5 oK &¥7-, RNase H
(Invitrogen) 1 ul #A0%., 37° CT20 4
S &8, B iR L UM Sk cDNA 257,

scFv Bin T O/EE
BIEODCNA%R T v L—hE L T ==
JIREZ50° CTIH M, MEMISZ68 CT1
SEICERE L., Table 11Z/R L7=primer sets (2
pmol) & KOD-plus—-DNA Polymerase (TOYOBO) %
FAVNTPCRZ 35 A 7 WT o T2, & DPCREY %
PCR purification kit (QIAGEN) THEIL . VL
Wi & VHER R & L7z VLT S VHR R 27 v
L— & LTT ==Y v 7iBEE3 CTLoE,
fREXIGAE68 CTIHREICEREL.
KOD-plus-DNA PolymeraseZ FlU>Tassembly
PCRZ 19V A 7 V4T > 7=, Z Dassembly PCREE
W&, Notl A FEFETLHTT7A~— Y15
(5 -6C
CAAGCTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAA
A AATTATTATTCGCAAT
TCCTTTAGTTGTTCCTTTCTATGCGGCCCAGCCGGCCATGG
CC-3" ) K UNcol A FEBFTHTTA~—
Y16
(5> -TTAGTAAATGAATTTTCTGTATGAGGTTTTGCTAAA
CAA
CTTTCAACAGTCTATGCGGCACGCGGTTCCACGGATCCGGA
TACGGCACCGGCGCACCTGCGGCCGC-3" ) &V, T
=—V U 7REX65 CTIHM., BERISE
68° CTIoEIZERTE L., KOD-plus—-DNA
Polymerase® FHVNTCPCR% 35% A 7 /W4T o7z,
T OPCREM ZPCR purification kit THEEL L |
scFviB a2 1ER LT,

BT TR scFy 77 —VHEIA TV D
1ESL
scPv BIZF % HIMREESRE Neo 1 RO Mot 1




THEL, 0L Neo I B Not 1 THL
L7 7—Y I R ¥ —pCANTABSE & T4

ligase T 16° C, 16 BT A 7 —1 3

VRIS EITOT BN T A = g VEY
% PCR purification kit T L7z, H 5,
U 2YT 2 H#C 0D=0. 370. 6 % T L7z KB
B TGl (Stratagene) & MilliQ /K T 3 [AI¥EiE#:
{EZTTUN, 10% Glycerol THEREKS L, ==L
7 haRb— 3 VEATGL & L, A TG6150 ul
Zxt LT, BRBOT A 75— a v EY 1 W
¥ L. GenePulser Xcell (Bio—Rad) & B\,
1.8 kV, 0.25 pF, 200 QT=L 7 hakR b —
varE{Tol, FO#H, 2% Glucose EHH 2YT
BEEHATRIML, 1 RS L%, To—8%
& 5T 50 ug/ml Ampicillin, 2% Glucose &

BT HEHCHIR L, Petrifilm (3 M) IZ#EHE
L., 37° C CT—WRIEE L=, BN EEGHR
ano—HEFHATAZET. IAT T VYA
AEEH L,

DNA ¥ — 7 = o RRHT

R == bRy 7Ty T L
77— 75 A K& QlAprep Miniprep
Kit (QIAGEN) # HWTEIR L, 7J A ~—156
(5 —CAACGTGAAAAAATTATTATTCGC-3" ) &5
A <—158
(57 —-GTAAATGAATTTTCTGTATGAGG-3" ). KN
BigDye Cycle Seaquencing Kit (Applied
Biosystems) # WV TH A I NV —F 2V AKX
J&EAT o7, % D%, PERFORMA Gel Filtration
Cartridge (Edge Bio Systems) ZFAWTREEIL |
ABI PRISM 3100 Avant Genetic Analyzer
(Applied Biosystems)IZ L W DNA v — 7 =/ X
AT LTz,

B—2 REZr—VHEIAT7IV%E
AW HURERES X T b DA

schv #7R 7 7 — U D ERL

scFv A4 7 VBB TFEHBIALTE T 7 —
VIR - RBETCLERIC= L b
Rl—varl, £OEE% 50 pug/ml
Ampicillin, 2% Glucose & LB 7' L — MI#E
L. 37° C T—WEEE#E L7z, 50 ug/ml
Ampicillin. 2% Glucose &4 2VT B2 i %
Tav=—%2TEIRL, 250 rpmn, 37° C T
0D600 = 0.370. 6 £ TH:EE L7z, MI3KOT ~/Lo¥

— 77— (Invitrogen) Z¥II L. 110 rpm,
37° C T304, 250 rpm, 37° C T30 4rfdiEs
. 2000 rpm T 10 pEL L, Bz
Ly MZX LT 100 pg/ml Ampicillin, 50
pg/ml Kanamycin &8 2YT H5HiA ¥ L C 6
BrfIsEE L=, 4° C. 2000 rpm T 10 45, &
512 10000 rpm T 16 o7 L L, EX L7z E
BTk L7 20% PEG-6000, 2.5 MNaCl & 1/
5 volume Mz, L <{EFL CTKLETI1 KR
FiE L7z, 15000 rpm T 10 ZfiELO L THD
=~y b % NIE buffer (100 mM NaCl. 10
mM Tris, 1 mM EDTA)IZERE L. 0.45 pm D
Millex-HV (MILLIPORE) #FAWT7 4 /& —4A
®\L, Zry—YEERLE,

BlAcore R\ = v =

sy = 72 hE Blacore 3000 (BIACORE) %
Az, &% —F v 7 M3 (BIACORE) L1z 50
pe/ml IZFAR L7 EHE % 100 ul &2 FAvy, CM3
BT 2 bl ESWCEEL L, BEA
B & LC human KDR Fc chimera (R&D systems)
PRWE, BT 77—V 54T ) %
input & L THV, HBS-EPT buffer (0.05%
Tween 20 % & T HBS-EP (BIACORE)) T 10 EI%E
# L7, MUBUCHES Liz7 7 — Y % Gly-HCl
(pH 2.0) & Gly-NaOH (pH 11.0){Z & v iEHE]
L. output & U72, 1 M Tris-HC1 (pH 8.0)
% 4 ul & 2% Glucose &7F 2YT #EH#i% 250 pl
Mz, TO—EERNTEA F—%HE LT,
B DT 7 — % RIBHE T61 #RICEG: &+,
JEEE%, LT 7 — OEREICET T
TV EEH L BES = TBRERTo T,

77—V ELISAICE BRI V—=F
NV TRIZEIR LT 77—V % T6GL 12
Biexg, AUao=—% 96well L — b

ey 77 w7 Lz, &7 =)L) 0D600 =
0.370.6 \23ETH £ THELZHE. 100 pe/ml
Ampicillin, 2% Glucose & 2YT 54T 10 %
FIR U7 MI3KOT ~ L7 7 — DRI % 20
ul/well THA LTz, 37° C T 1 EFRIEE LS
L7-%%. 2000 rpm T 10 SREHEL L, FEAXR
* L7, 100 ug/ml Ampicillin, 50 pg/ml
Kanamycin & 2YT 55#1% 200 pl A2 T37° C
T—PEiEEE L. 2000 rpm T 10 AyEHEL L, H
WNENEEEEUTOR Y Y —= 0 TERIZ
iz,




anti-human IgG % 10 ug/ml &2 5L 51TB
buffer (0.05M carbonate-bicarbonate buffer

(pH9.6) ) THIRL., AL/ 7 L— K100
ul/well #H0 L C 8 BFfEIFRE L7, PBS T 1[H
Bed L. 0. 4% Block Ace (K B ABIZEM K& 4D
C#HR L7z human KDR Fc chimera (0.5 ug/ml)
% 100 pl/well ML, —HE4® CTHFHEL T
Bt L7z, BEMEREIZ well ROEEZFET,
4% Block Ace % 200 ul/well TRML TV R v
¥/ LT, PBS T1EIGERE, 77 —YHr
7'V 80 ul K TR 4% Block Ace 20 ul %€ 7 =
JVZERII L BONCIRE 5 SR NHERT
2 BB & ¥ 72, PBST (0. 05% Tween 20 %
&p PBS) T 3 [EIWEH#. 0.4% Block Ace T
3000 f%# R L 7= HRP/anti-M13 monoclonal
antibody (GE Healthcare Bioscience) % 100
ul/well AN L, IR E 5 SRV HLEIRT 1K
FIRG &7z, PBST C 3 [EI¥EHH4. TMB AWK
(Moss Inc.) &Mz THREEITV., 2 N RE%E
BN 22 & CRIGEZEIE ST, WIEE (G
FEEE 450 nm, XFERIE & 655 nm) iE~1 7 2
L— U —F—THIE LT,

Dot Blot analysis
ZFEREOTRE BE % Bio-Dot

Microfiltration Apparatus (Bio—Rad) & FHv >,
TBS IZi& L7z = h mk/m— A& LICEFE{E
U7z, OFLKDR scFv HLik e BAEEEA D 5
T, BB & LT human KDR Fe chimera, mouse
KDR Fc chimera, human TNFR2 Fc chimera (R&D
systems) . luciferase, BSA (Amersham). human
importin—o. (JENA BIOSCIENCE). human
importin—B (CALBIOCHEM) % {5/ L 7=, @%#L KDR
scFv PR O HEE 2 et o8, Bk
3 AHUEE L LT human KDR Fc chimera % 10
ng, 1 ng, 100 pg, 10 pg ZfEM L7z, % well
17 blocking buffer (10% skim milk & 25%
glycerol) % 200 pul §¥2#ML T, ZEE T2
BEFEL (T ey X & Tol, TBSTI1
[P . blocking buffer THR LAY
77— % 200 ul/well ML, IR T 2 BefE]
& L7, TBST (0.1% Tween 20 Z&r TBS) &
TBS T 5 El¥Ei## . blocking buffer T 7000
f£ZFR U7~ HRP/anti—M13 monoclonal
antibody % 200 pl/well ¥/ L7z, TBST & TBS
T 3[EPE%E. A7 5% ECL plus Western
Blotting Detection System (Amersham) CRLE

L. B % LAS-3000 (FUJIFILM) 2R L C
e LT,

7 77— ELISA

EAE{L9 D PUE & LT, human KDR Fc
chimera & mouse KDR Fc¢ chimera
(Genzyme—-Techne) Z VN, BIIEICE L TfT- 77,

B—3 HEx0x7 NVEEEEELEICXT
DR B

BlAcore Z W= N\ =7

EoY—F o7 (M3) IKEH{T2ERE
& LT, luciferase (Promega). human Bid
(ALEXIS BIOCHEMICALS). human importin—f
(CALBIOCHEM) % FAWN T, EIIRICE LU TIT o7z,

7 7 —37 ELISA
Er{L9 AEAE L LT, luciferase, Bid,
importin-B& FAWVT, RIEICEL TITo 7,

HEE~DERE
FEEDOHFICBNTIH, T ANDL U 3
BRAEREL L. mRNA 2 L7z, AEBRIZ, E
A 88 OFTE 5 MBI I 1T D EMpE
BRSO EMICBI T 2 EARIESHCHE U BB #E
ERHMEE R OAREHTER LT,

C. WFsthER - BE

FUKZ BN CHEESE D720 A &/
a7 LB I UOHEO R EFERE Y b
— CHEE ST —ARELHUE (scPviifE) 3
BieBgohsz b, £, RN CIREYIC Y
A —NT 4 7T R T AR LZ N
EG BRICEEEOTIE I u— 2 BUE L,
ZORDPLEMHEET S n— 2 FRHT
TEMMEELRD, L LERDNNA T F—
B L AR FUEEE S o —
ERAFVTITHLEREZEL, & HiTschvik, 7
W7 o — U OBREBE TIT O ITIT L KR
EFNEVLEETD, TTAREEL, A b
FRT 4 RAET B OO E LT,
scFvILEERETE 77—V T4 77 VB
EMEREREE A2 1T o T2,

C—1 BB~ RscFvy 7 —PHAET A



7F U ERE ORESL

BEICFEEIN BEBRAEIN TS <Y
R schy 77 —VHETATITVREOT S A<
—tv MI, OF T4 ~v—DHAHEEDLEN
144038V L &HEMEIcZ L, @scFv BinF%
BRI DBIC VL BETF. Vo —ES|. VHE
5@ 3 fragment assembly ZMHE L LTS
72O EESHEROERTR 7 L—A0 37 RED
D . ERERTATITVERIENTERNE
W) 2 ODKERBEREZBELTWS, 2hb
A2 AR T A 7010, £, ERHiEE
T EHEIBIETE D LI BEOHRE L
Kabat FLiEF — & _R— X ZHEZ, £ 1000 F
U L OMAEDENLRDT T ~—
Yy FEMBEICERE LTz (Table 1), LT, 3
fragment assembly %% < 728, VL Bz Tt
EVHEBEEFLERIZY - EH LN D
MHAATeZ &, VLEBERET. VHBETFEZF A
U7 MOERFRREL Lz, 207 I <w—Fy
b & W TIERE ~ U 2 OB, IR S sk
mRNA 2> 6 VL, VH Ef=FEr & 2 EEiE L
2o TORER., BRI 7= PCR EMIX. #9380
bp &#9 400 bp fHTIZAZE L. BARID VL, VH
BETEADBEIEINTHWDZ E2RER LT,
Z DWE{EF % assembly PCRIZ X ¥ EfE L7-,
FLTC, ZOEWET T L— ML LTYIL5,
Y16 75 A <= —% AV PCRIZ X - T scFv &=
FEERL, BRAEE, ERIKENCL VN
720 bp fHRICEGETFE A DBHEIEI N TWD Z
L EfERR LT Fig. 1), ZDHE LI scFv i
=¥ %7 77— 3 KX # —pCANTABSE
\CHAGA R, RIBE TGLIZ= L7 baRL—v
g AL YWEER L. BT 7 —UH
EIATI3YVDTAT7F VYA Xk, KIGE~
DIEEBRDIRNOEHE L2 A 2.4 x 10°
CFU Th ot (Fig. 2), FTo, T4 77U hb
FEBIZYy 777 L7 a— 2D DNA ¥—
7 X REENT LT FE SR (Table 2), 7 L—A
T RRT L —ANOERIIRBO BN
77o S DBIT. VH o CDR3 fEEIIFAD T 2 /8.
BIIOFTHRLSEHETH Y  FURICHT H5E
RS ICEETHI Wb TWAELTH
B, T URABNTORER, ATAT T VICE
WTh, COREROE X, B & bIZZFEOK
EUVERRIZ 2> TV A Z EHERR &SNz, L
DFERN O | R TR SN IERE~ T R

scBv 77 —VHET AT T U, AEnET
LIRS R BT 2ENZF A T T Y
THHIENREBRENT,

C—2 ¥E7ry—VHESTATSVEA
W BT BEEES 2T A DL

R = PTEFREOERLERTE S o
— b DFERMEFEE T T X g (SPR) 15
WL TYTNEA LNNIBPETE, A7 i
R TEREO—HEOBREE BEMLFEER v
AT LTH D BlAcore & L7 Fig. 3), &
TR =T HEERREEAE L, BREABICR
LTEYBEENOBRNIEZ B RET A7
DEBROIGEE L7 7 VR BRI
< T &R EREAR YRR St DRR TE B R T, B
45413 HBS-EPT C 2 [EI¥E#% & 10 EIVEE O &4
TENENN = T EITOD, EBLLDOEMET
BEEIZH T ATEORGEHRNBEVONE
B LT N TR T 7 —VFR T A7
Z U (input 77 —) &, RNur=r 7k
ENENF=T7 77— (output 77 —3) Ok
RERT LI A RN E2ERBICD
NTKRICHEET D77 —VDHTRITEREL
THY HLKR FLiE 2R Le 7 7 — UG
ENTWBZ ENRBaNT (Fig. 4), 10[H
DWFREBREZITHY 7 a )V T, 1st 20 =
V% LB LT 5th %y = 7% T, KDR
WCREEMEERT T 7 — PEFIDK 1000 128
ML TN,

WL, o= Tk DEREDTA T T
NHBEMIa— B R Y- T3,
&Iy RCEIREN 7 77—V 2 KBE T61
WCEBLERA-tTE 7 u—1{bL., KB
HIEELBETICEELESNEZ7 7 —VERWT,
KDR {2695 77— ELISA I & 0 & M4 5T
fiL7= (Fig. 5), FDOFEE. input 77— T
I, KR ICHEEMEERT I/ o — g A LR
DOENRPOTZDIZHR L, 5th = 7 H% O
output 7 7 — YV CIXKDRICHESMH A2 RT 7/ o—
VIRGERRO LN, 72, 2 EO%EEREY
1797 bz~ 10 BEREOSEEDITD
D3PTKDR ST DOEABEEICHEM L TR Y, &
FEERR TS 7 u— 0 RNRIER SR
TWABZERHBA L, LEB-T, LYEL
WRESESEET Ry = T ERITH 2 EICEY . %)
FIAEEZRIRTE S5 2, BEAEICH



LCRBfMERE T 70— 585 &
MABETHH EEZ I,

Wi, A7V —= ko TRIEES N
KR (BB EETAHEEZEZLOND 87 11—
NZDWTDNA v — 7 = AT B T T2 & 2
A, Ibra— 3 D 3EEORESE L
O TH B Z L FER Sz (Table 3), A&
BET T, N TRICAT ) —= 2 T &AT
STFI100 7 a—r 0o b BRiERE W& &
Z N8 7 u— Nl oNnTDLI —T T A
BT & 1T o7, Ll EHRAT Y ==y
TH7a—FEEMEEHZ L, kY
ZRFEONGKLEE - FIETX2b0EE %26
s,

BWT IERE T 7 — VAT A 77 U NG
HBES 72 3TEEDOFKDR scFv Hifk
(anti-KDR-1, 2, 3) DHr&EM% Dot Blot iE%
FAVWTEME U7z (Fig. 6), EE(L S#L7~ human
KDR Fec chimera. human TNFR2 Fc chimera,
Juciferase, BSA. human importin—o&. human
importin—PiZx¥ HiEEMELMET LI/ R. b
K KDRZ%F LT 3FET X TDOHKDR scFv 7 7
— IR EME A L OV, TR OER
BIZR L TIEnTho s o—r bESEE T
Ehpmolc, LEN- T, Zb 37 u—0,
KDR BEMRIECTH A Z EXRR &N, &
7. SDS B L OEMZ & o TEM X H72 KDR (2
DONWTHREAEMEZ R LEZEE, Zhb6H
KDR scFv #ifklZ, Western Blot 72 iz b
AR R ILAEDOBNFUETH D Z L HEI L
Tro 72, 2O 3TEEOFKR HilEEH WS Z
LT DL BUWBEDE AR F TR TR
EH ORETE Dot Blot fEFIZ L DT 72
(Fig. 7)o ZOFER. anti-KDR-2 TiX 10 ng.
anti-KDR-1. anti-KDR-3 Z 5 &, s
100 pg LWV HEOEHE CHHRHTESHE
BRELZRETHDZ ERENE o7,

Ty —UPRT AT 5 U OREE LT, B
Bar 7> & BABE L 7= nRNA /2 5 VL, VH B+ % Bl &
[CHEE L, T ORICERTF TEMICER IS
T EETITEETEE L2V E CIURZ 385
THREEZELONAFRRESRB I TS,
ZZT, SEEELZ, 20 3EEOH KR
scFy iR R = o JHREE LCRW-E k
KDR 721F Tid7e < | fiffE=F Y —X¢R L~
7 ADKDR & ERFEATEEA & 9 M ELISAIC K D &E
fli L7= (Fig. 8), & D5, 3 fFEHEDHL KDR scFv

P, £2THE FKRZET TR, 7%
KDR IZ & [FHEDOFREEHEE RT Z L HER SN
77 B, RERICHWEZ<7 ZKRIZE k
IgGl Fc L DX AT TH BN, FED IgGl Fe
Z¥H-D, b FINFR2 Fe F A T2 HHT KDR scFv
A Lol b, ZhbvwUR
scFv Z — k<=7 A KDR, T7bhbh B OHE
EREBTEAZLENHELNERoT, N T
N L D HRERIE CILER ., BEOHE Y
BT AR EBLI LR TH D, FT-,
HOHUR T2 ThH  RESmEOTEERE
LTI BEIIOFRED RN EVEREER
BrHE L LESaIIfiEsEshicdn
ZEBROENTWB, K7 7 —VHEITAT T
VEBWD EFRERBICHT 256255 2
ERTEBREWVWHBEET BEELSBTRERE b
B AREZOBRIZBWT, b MRS A
TV OFAMERBETLELDOTH D,
PLED X 50 R THERE L-ERET 7
— VPRI A 7T ViE, 100 pg BEOHBHE
DEAETHERNICHRETTEREN-FIE
FHEBCTELZE, &5, BERBIERT
HHELBEBECEX -2 b FREOE VS
B TAT TV THDHIEBANE o,

C—3 fEx0FEFNERBEEREICHT
DR D B

AW CTHE LIIERE T 77— UHiE T 1
TV OFEREEFMT A0 TR M~
ABEEHE TH 5 Bid, HEREEEEAQAE T
& % importin—B, XU luciferase (X LT
T 74 =T == T T o0 (Fig. 9),
FORR, FPUEEREICES L, BlREND
77— DEEEF = T EERDIION
THEEZ LA L. EEREICES T ER
RLTET 7 —UNRIR BRI N 2 LR
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Table.1 Primers for PCR amplification of VL and VH

Aol SG6GGSGGGGES
5'-cctttetatgeggeccagecgg(CATGGec- 5'-ageggeggeggeggct ctggtggtggt ggatec—

~GAYATTGTWCICHCCCARTC -3'  -GAYRTTKTGATGACCCAVAC  -3' —GAKGTRMAGCTTCAGGAGYC 3"  —SAGGTGCAGSKGGTGGAGIC -3
-GAYATTSTGMTSACYCAGTC -3'  -GAYATYCAGATGACACAGAC -3 ~GAGGTNCAGCTBCAGCAGTC -3 -GAKGTGCANCTGGTGGAGIC -3
-GAYATTGTGMTMACTCAGIC -3'  -GAYATTGTGATGACACAACC -3 -CAGGTGCAGCTGAAGSASTC -3'  -GAAGTGCAVCTGGTGGAGIC -3'
~GAYATTGTGHTRCACAGTC -3'  -GAYATCCAGCTGACTCAGCC -3 -CAGSTBCAGCTGCAGCAGIC -3'  -GAGGTGAAGCTGATGGARTC -3
VL -GAYATTGTRATGACMCAGTC -3'  -GAVATTGIGATGACBCAGKC -3'| VH -GAGGTYCAGCTYCAGCAGTC -3'  -GAGGTGCARCTTGTTGAGIC -3'
Forward | -GAYATTMAGATRAMCCAGTC -3'  -GAVATTGIGATAACYCAGGA -3' | Forward | -GARGICCARCTGCAACARTC -3 -GARGIRAAGCTICTICGAGIC -3’
~GAYATTCAGATGAYDCAGIC -3'  -GAYATTGTGATGACCCAGHT -3 —CAGGTYCAGCTBCAGCARTC -3'  -GAAGTGAARSTTGAGGAGIC -3'
—GAYATTTTGCTGACTCAGIC -3'  —GAYGTGSTGMTSACYCAGTC — -3' CAGGTYCARCTRCAGCAGTC -3 -GAAGTGATGCTGGTGGAGIC -3
GAYATTGTTCICAWCCAGTC -3'  ~GAYGCTGTTGTACTCAGGAATC ~3' CAGGTCCACGTGAAGCAGTC -3"  —CAGGTTACTCTRAAAGNGTSTG-3'
—GAYATTGNGCTSACCCAATC -3'  —GAYATTGIDHTVKCHCAGIC -3' GAGGTGAASSTGGTGGARTC -3"  -CAGGTCCAAVTVCAGCARCC -3
-GAYATTSTRATGACCCARTC -3’ GAVGTGAWGYTGGTGGAGIC -3'  -GATGTGAACITGGAAGIGIC -3'

~GAGGTGAAGGTCATCGAGTC -3

NotI

VL B —agcagaggcggcgﬁcgﬁcg%t a(«;:caGccaSccaGcc— VH 5'-cggeaccggegceacct GOGGCOGC-
~CCGITTGATTTCCARCTTRG -3'  -CCGITYNATTTCCAACTTHG -3' —YGAGGAAACGGTGACCGTGGT -3'  ~YGAGGAAGACTGTAGAGTGGT -3
Reverse | —CCGITITATTICCAGCTTGE -3'  -CCCTAGGACAGTCAGITTGG -3' | Reverse | TyGAGGAGACTGIGAGAGTGGT -3'  —YGCGGAGACASTGACCAGAGT -3'
~CCGTTTSAGCTCCAGCTTGG -3 -YGAGGAGACGGTGACTGAGRT -3'  ~YGCAGAGACASTGACCAGAGT -3

S=G/C, R=G/A, K=G/T, M=A/C, Y=C/T, W=A/T, H=A/C/T, B=C/G/T, V=A/C/G, D=A/G/T, N=A/T/G/C

o O i
b BM) and spl O =
mouse bone marrow (BM) and spleen Oo

SN

o

=== ¢DNA synthesis

[

VL |

VL VH VL VH

_VH !

CHI1 | Hinge |

CH2 | CH3 |

DEERN

VL and VH amplification

400D = ‘ ’
™ el [, [,
300bp BM  spleen \,
o' s o assembly PCR
e . ; S—
[ YL [G4S] VH

BM spleen

Fig.1 Construction of scFv gene library
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Fig.2 Construction of phage library displaying scFvs

Table.2 Amino acid sequences of randomly picked
the non—immune svFv library

VL

clones from

FR1 CDRL FR2 CDR2 FR3 CDR3 FR4 Linker
1 | DIVMIQSHEENSTSVGDRVSITC — KASQDVSTAVA WYQQKPGQSPKLLIY ~ SASYRYS GVPDRFTGSGSGIDFTLTISNVQAEDLAYYYC ~ QQYNSYPYT — FGGGTKLEIKR | GGGGSGGGGSGGGGCS
P PSS-YA-L-E--T---  -———INSYLS “F---—K---T--=  R-MRLVD ---S--$---—-Q-YS--—-SLEY--WGI-—-  LLSIVSS--
3 | TPLIL-VII-QPA--S-  -S--SLLDSDGKTYLN  -LL-R R LV-KLD- K--R-E-—-—6 W-GTHF-R-
4 | --Q-—AAPSVPVIP-ES-—-S-  RS-KSLLHSDGNTYLY -FL-R—-—Q-—-  RM-NLA- -—---S------A---R--R-E---VG-——  N-HLE--L- A
5 | - O V- ] N-G-N— A S----E-F
6 | -t W--T-HT Y5 L— —HY-T-L-  —A—LE-
A I Vom o NeG-N—- A S-——-E-F: L- L—
8 | N——Q——V— - NGN— A YT-RLH- S-——-E-F- L-
9 | ——— PAI-A—-P-EK-TH--  S-SS-SYNH —--=-S-T-=-RW--  DI-KLA- -—A-—-S----—-SYS--—-R-E---A-T---  --S-N-P- A
10 W=~TRHT S-——-E-F: L
n | LN ———T F---S ~HY-T--- L~
12| s G- W=-T-HT Y5 L-—  —HY-T-—-

VH

FRL CDR1 FR2 CDR2 FR3 CDR3 FR4
1 |EVQLVESGGGLVEPGGSLELSCAASGFTFS SYGNS  WRQTPEKGLEWVA YISSGGSTTYYPDSVKG RFTISRDNARNTLYLQMSSLESEDTAMYYCAR GGGVFYDY WGQGTILTVSS
2 |Q-—QQ-AE-—---A-V-1--K-—YA-- ~¥-N  --K-R-G—-—IG Q-YP-DGD-N-NGKF-- KA-LTA-KSSS-A-MQL---T-—-$-V-F—G GIYYFDY s
3 [D-# R -1 R aN R R GHY
4 |- D-—H A B S S F---T--R LTTWDY
5 |-K---—mv Qo e ——D-R—-L— T-N-N-GS DGNLYLLAY LV---
6 |—N - R GN R R RGNYYDYDGYFDV  —-A-—V
7 Q D-—-H A S I-A- T p-——F T~ GINWDYFDY
8 |—K—E A R —————-DY[--A-T-—- R - BERYYPDY
9 |- ME—-Q--S—-l---T—-== D¥A o NND--S—LL-§ — [ T-—-- DLYYFDY
10 [—R -4 R T--D-—-Y N K HGGSSYGFAY
1 |—K——E—-Q--S-M-—-T——— D-YA -—Vommooooom  N-NVD--S---L--L-S RGGIVCFDY -
12 |Q-—-QQ-AE--———--A-V-1--K-—YA-- SSWM-N --K-R-G—-—IG R-YP-DGD-N-NGKF—— KA-LTA-KSSS-A-MQL-—-T---S-V-F--= DD ———-omeeme
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Fig.3 Affinity selection by panning on BIAcore system
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Fig.4 Enrichment of KDR-
binding phages from the library
by BIAcore panning

Affinity panning was performed by using the
BIAcore®. The scFv phage library loaded
onto the KDR-immobilized sensor chip. After
the binding step, the sensor chip was washed
twice and ten times with HBS-EPT. The
bound phage was eluted with Gly-HCI (pH
2.0) and Gly-NaOH (pH 11.0). The ratio was
calculated as follows ; (output phage titer ) /
(input phage titer).

(®)Wash x 2, (m)Wash X 10
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Fig.b Isolation of antibodies to KDR

After panning on KDR, the binding properties of selected
clones were measured by ELISA.
(A) Washx2, (B)WashX10
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Table.3 Amino acid sequences of anti—KDR scFvs
FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4 Linker
1 DIVMIQSPATLSVIPGDRVSLSC ~ RASQNISAYLH WYQQKSHESPRLLIK ~ YASQSIS  GIPSRFSGSGSGS-FTLSINSVEPEDVGVYYC ~ QNGHSFPYT  FGGGTKLEIKR | GGGGSGGGGSGGGGS
2 —————QKFM-TSV——VT-  K——VGINVA ——=—PG—KA—Y S—YRY- -V-D—T——TD——T-SN-QS—LAE-F- —-QYN-Y-W- L=
3 | —— HKFEM-TSV———-VT- K———VGINVA ———RG~KA—=Y |S=IRY¥- VeD=T——=TD~—T-8N-0S5—=LAB-F~ -RYN-Y-IL- A I
FR1 CDR1 FR2 CDR2 FR3 CDR3 FR4
1 EVELVQSGAELVRPGTSVKLSCKASGYTFT SYWMH WVKQRPGQGLEWIG AIYPGNSDTSYNQKFEG ~ KAKLTAVTSASTAYMELSSLTNEDSAVYYCTR ~ EWDYYAMDY WGQGTSVTVSS
2 Q-WV-E—G6—K—GL——A—F—8§ —AS —R-T-EKR—VA  T-SS-G-Y-Y-PDSV—  RFTISRDNAKN-L-LQM-——RS—T-M—A-  QRRDGSIWFDV —A—T——
3 EAQL=E~G6~Q=G-L——-A—F—=8§ =G5 ——R-T-DKR—-VA  T-SS-G-Y-Y-PDSV—  RFTISRDNAKN-L-LQM—KS—T-M—-A-  HYYGSSYYFDY  -——TL-——




(A) (B) [ (C) | (D) (E) (F) (G) | (H)

anti-KDR-1| @ ©

W

anti-KDR-2 D

anti-KDR-3 > i

Fig.6 Binding specificity of anti—KDR scFvs

(A) Native human KDR Fc chimera, (B) human TNFR2 Fc chimera, (C) luciferase, (D) BSA,
(E) human importin-o, (F) human importin-f3, (G) and denatured human KDR (100 ng each)
were dot blotted on nitrocellulose membrane and then the purified anti-KDR scFvs antibodies
was reacted in the wells. (H) No protein were blotted. Binding properties of anti-KDR scFv
antibodies was measured by CCD image analyzer.

KDR KDR KDR KDR
(10 ng) (1 ng) (100 pg) (10 pg)

anti-KDR-1 . o
anti-KDR-2 .

anti-KDR-3 vw - Q\—'

none

Fig.7 Sensitivity of the anti—-KDR scFvs for antigen detection

Anti-KDR scFv antibodies were reacted to KDR-Fc chimera (10 ng, 1 ng, 100 pg and
10 pg in each spot) immobilized on the nitrocellulose membrane using dot blot manifold.
Experimental protocol was described in the section of materials and methods.
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Fig.8 Binding properties of the isolated scFvs to human
and murine KDRs

Binding properties to human KDR or murine KDR of anti-KDR-1,2,3 were measured by ELISA.
(A)anti-KDR-1, (B) anti-KDR-2, (C) anti-KDR-3, (D) negative control (anti-Luciferase)
(#) human KDR, (O) mouse KDR
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Fig.9 Enrichment of scFv library to various disease—related proteins

Enrichment of the desired clones was performed by affinity panning on the immobilized
various antigens using BIAcore®. (A) The ratio of phage titer at each panning round was
plotted. (®) luciferase, (L) Bid, (A) importin-f (B) After the fifth panning on various
antigens, the binding properties of the selected phage clones were analyzed by ELISA.
(B) luciferase, (C) Bid, (D) importin- [3.
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The non-immune phage antibody library system is one of the most attractive technologies available to cur-
rent therapeutic, diagnostic and basic scientific research. This system allows the rapid isolation of antibodies of
interest that could subsequently be applied directly to drug delivery systems and antibody therapy. Previously,
we reported the primer sets to encompass the antibody repertoire and thus improve library quality. However, a
wide number of varying primer sets cause to decrease the amplification efficiency of antibody genes. In the pres-
ent study, we re-generated the library primer sets newly and constructed an improved library from non-immune
mice that was far superior in terms of variety and quality. This new library contained 2.4 billion independent
clones. In addition, we optimized the selection step from this library to isolate high-affinity antibodies. The opti-
mization of an affinity panning protocol by the incorperation of an automated Microfluidics instrument led to
the successful isolation of three different monoclonal antibodies for human vascular endothelial growth factor re-
ceptor 2 (KDR). These antibodies were demonstrated to exhibit high specificity and were able to detect a mere
0.6 fmol of KDR by dot blot analysis. Previously reported antibodies for Iuciferase were also isolated successfully
from this library. Our results clearly demonstrate the importance of the improved protocol for the library prepa-

ration of antibodies and the resulting isolation of antibodies for clinical and research applications.

Key words
lial growth factor receptor 2

Monoclonal antibodies are not only highly regarded as
reagents for basic biochemical research but also for clinical
diagnostic and therapeutic applications.”™ The production
of a monoclonal antibody is laborious and time-consuming
using established methodology involving the immunization
of animals with large amounts of antigen, the isolation of B
cells and the production of antibody-producing hybridomas.
Therefore, the development of a rapid and easy method to
produce monoclonal antibodies is highly desirable as an al-
ternative to conventional hybridoma technology.>®

Over recent years, phage display library technology has re-
ceived a great deal of attention in terms of antibody produc-
tion.” ' The phage display system is able to construct a
large repertoire of protein or peptide libraries consisting of
hundreds of millions of molecules. The phage antibody li-
brary which displays the single chain Fv fragment (scFv) of
immunoglobulin is one of the most promising applications of
the phage display system. Monoclonal antibodies against tar-
get antigens are obtained rapidly by the use of an affinity
panning procedure in vitro which selects and amplifies the
phage clones specific for the antigen required. There are two
different types of phage antibody library system: the immune
library made by using B cells isolated from patients or im-
munized animals as a gene source,'" and the non-immune li-
brary made by using B cells isolated from healthy persons or
non-immunized animals.'>'® By using the non-immune li-
brary, antibodies for vast number of different kinds of anti-
gens can be isolated without the need for in vivo immuniza-
tion. However, several studies report that the common non-
immune scFv libraries do not function effectively because of

+ To whom correspondence should be addressed.
# These authors contributed equally to the work.

e-mail: tsunoda@nibio.go.jp

non-immune antibody library; phage display system; single-chain Fv; high-throughput screening; vascular endothe-

inefficiencies related to library preparation. The first problem
associated with scFv library preparation is poor coverage of
the PCR primer set used to amplify immunoglobulin genes.
The second problem relates to the complicated procedure as-
sociated with the 3 fragment assembly which connects the
VL and VH gene to a linker sequence. This assembly process
is inefficient and often cause sequence frame shifts resulting
in poor library quality.

In an attempt to overcome these problems, we previously
attempted to construct a higher quality library by preparing
an scFv library with improved PCR primer sets.'¥ However,
because the previous primer sets were constructed using
mixed bases, the combinations of primer sets available to
amplify the VL and VH fragments amounted to approxi-
mately two billion and six billion sets, respectively. There-
fore, the ratio of one primer contained in primer sets was ex-
tremely low. In addition, because the amplification efficiency
of PCR was extremely low, it was possible to incur bias in
the amplification of antibody genes. Moreover, antibodies
could not be isolated to some antigens using the previous li-
brary. In order to prepare a much better quality scFv gene li-
brary, it 18 necessary to re-design new primer sets for which
the amplification efficiency of PCR is extremely high.

In the present study, we re-generated the original primer
sets to remove any unnecessary primer variation whilst tak-
ing care to maintain sufficient diversity to encompass a wide
variety of antibody genes. Using this new primer set, we
were able to amplify antibody genes effectively and prepare a
much better quality scFv gene library. Furthermore, we opti-
mized the use of antibody selection methods with this new li-

© 2006 Pharmaceutical Society of Japan



1326

brary and successfully isolated several high affinity clones
specific for a tumor endothelial marker, KDR.'>!®

MATERIALS AND METHODS

Construction of scFv Genes Total RNA was extracted
from spleen cells and femoral bone marrow cells prepared
from non-immunized 6-week-old male C57BL/6, Balb/c, and
C3H mice. The mRNA was purified using a mRNA Purifica-
tion Kit (Amersham Biosciences, Piscataway, NJ, U.S.A.)
and first-strand ¢cDNA was synthesized with the Super-
Script™ III First-Strand Synthesis System for RT-PCR (In-
vitrogen, Carlsbad, CA, US.A.). From each cDNA, im-
munoglobulin heavy-chain and light-chain genes were sepa-
rately amplified and recombined by three subsequent PCR
reactions as follows. In the first-step PCR, variable regions of
the heavy and light chain genes (VH and VL) were ampli-
fied. The light chain 5" primers were modified to include an
Nco site, and heavy chain 3’ primers to include a NorI site.
Light chain 3’ primers were designed to assemble with heavy
chain 5’ primers (Fig. 1). Light and heavy chain variable re-
gion genes were amplified by PCR reaction containing 1 ul
of RT PCR products (cDNA) and 2 pmol of each primer set.
The samples were cycled 35 times at 96 °C for 60s, 50 °C for
60, and 68 °C for 60s. The PCR products were then purified
using a QIAquick PCR Purification Kit (QIAgen, Valencia,
CA, US.A)). In the second PCR, equal amounts of the previ-
ously amplified VL and VH DNA were mixed and cycled 20
times at 96°C for 60s, 63°C for 60s, and 68°C for 60s
without primers. The resulting PCR products, the scFv gene
library, were then purified using a QIAquick PCR Purifica-
tion Kit. In the third-step, the additional sequences were ex-
tended from Ncol and Not1 sites upstream of the scFv gene
library by overlap PCR using primer Y15 (5'-GCCAA-
GCTTTGGAGCCTTTTTTITGGAGATTITCAACGTG-
AAAAAATTATTATTCGCAATTCCTTTAGTTGTTCCTT-
TCTATGCGGCCCAGCCGGCCATGGCC-3") and primer
Y16 (5'-TTAGTAAATGAATTTTCTGTATGAGGTTTTGC-
TAAACAACTTTCAACAGTCTATGCGGCACGCGGTTC-
CACGGATCCGGATACGGCACCGGCGCACCTGCGGC-
CGC-3") by cycling 35 times at 96 °C for 60s, 65 °C for 60s,
and 68 °C for 60s.

Construction of Non-immune Mouse scFv Phage Li-
braries and DNA Sequencing The PCR amplified scFv
genes and pCANTABSE phagemid vector were digested with
Ncol and Notl. The resultant scFv fragments were inserted
into the pCANTABSE vector to generate a scFv-gene III fu-
sion library, using T4 ligase (Roche Diagnostics, Indianapo-
lis, IN, U.S.A.) at 16 °C for 16h. The ligated product, E. coli
TG1 was transformed by electroporation and grown at 37°C
on culture plates containing 2YT medium supplemented with
100 pg/ml ampicillin and 2% glucose (2YTAG medium).
Twelve clones were selected at random and insert plasmid
DNA was sequenced and analyzed.

Phage Purification A scFv phage library containing
2.4x10° clones was used for the affinity selection. Glycerol
stocks of the scFv library were grown in the log phase, res-
cued with M13KO7 helper phage (Invitrogen) and then am-
plified at 37°C for 6h in 2YT medium supplemented with
100 pg/ml ampicillin and 50 gg/ml kanamycin. The phage
was subsequently precipitated with PEG-NaCl (4% PEG,
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0.5M NaCl) and then resuspended in NTE buffer (100mm
NaCl, 10mm Tris, and 1 mM EDTA).

Affinity Panning Affinity panning was performed by
using the BlAcore 3000 system (BlAcore, Uppsala, Swe-
den). The sensor chip CM3 (BlAcore) was modified with
5 ug of antigen (KDR-Fc chimera; R&D systems Inc., Min-
neapolis, MN, U.S.A.) or luciferase (Promega Co., Madison,
WI, U.S.A.). The scFv phage library was then incubated with
50% HBS-EP buffer (BIAcore) and loaded onto the antigen-
immobilized sensor chip. After the binding step, the sensor
chip was rinsed with HBS-EPT (HBS-EP containing 0.05%
Tween 20). Bound phage was then eluted with Glycine-HCI
buffer (pH 2) and Glycine—NaOH buffer (pH 11). These
processes were regulated by BIAcore Control Software. The
eluted phage was then incubated in log phase TG1 cells and
glycerol stocks prepared for further repeat panning cycles.
Phage titer was measured by counting the number of infected
colony cells on Petrifilm (3M Co., St. Paul, MN, U.S.A.).

Phage ELISA Following the panning process, individual
TG1 clones were picked, grown at 37°C in 96-well plates
and then rescued via M13KO7 helper phage infection. The
amplified phage preparation was then blocked with 2%
Block Ace (Dainippon Sumitomo Pharma Co., Osaka, Japan)
at 4°C for 1h and then added to an immunoassay plate

5'~cctttctatgeggeccagecggCCATGGCC-

=GRYATTGTHCTCHCCCARTC -3! ~GAYRTTKTGATGACCCAVAC -3
~GRYATTSTGMTSACYCAGTC -3' ~GAYATYCAGATGACACAGAC -3
=GAYATTGTGMTMACTCAGTC -3’ ~GAYATTGTGATGACACAACC -3’
—~GAYATTGTGHTRWCACAGTC -3’ —GAYATCCAGCTGACTCAGCC -3
VL —GAYATTGTRATGACMCAGTC -37 ~GAYATTGTGATGACBCAGKC -3
Forward =~GAYATTMAGATRAMCCAGTC -3° —GAYATTGTGATAACYCAGGA -3
~GAYATTCAGATGAYDCAGTC -3’ —GAYATTGTGATGACCCAGHT -3
—GAYATTTTGCTGACTCAGTC -3' -GRAYGTGSTGMTSACYCAGTC -3¢
~GAYATTGTTCTCAWCCAGTC -3' ~GAYGCTGTTGTACTCAGGAATC -3"'
—GAYATTGWGCTSACCCAATC -3° —GAYATTGTDHTVWCHCAGTC -3t
—-GAYATTSTRATGACCCARTC ~3'
5'-accagagccgocgecgecgetaccaccaccace-
VL —CCGTTTGATTTCCARCTTKG -3’ =CCGTTYWATTTCCAACTTHG -3
Reverse

=CCGTTTTATTTCCAGCTTIGG -3'
—CCGTTTSAGCTCCAGCTTIGG -3

=CCCTAGGACAGTCAGTTTGG -3°

o

' ~ageggegycggeggctetggtggtggtggatee-

—GAKGIRMAGCTICAGGAGYC  —3' ~SAGGTGCAGSKGGTGGAGTC -3’
-GAGGTNCAGCTBCAGCAGTC -3 ~GAKGTGCAMCTGGTGGAGTC -3’
—CAGGTGCAGCTGAAGSASTC  -3' ~GAAGTGCAVCTGGTGGAGTC  -3'
~CAGSTBCAGCTGCAGCAGTC -3 -GAGGTGAAGCTGATGGARTC -3’
VH -GAGGTYCAGCTYCAGCAGTC  -3' -GAGGTGCARCTTGTTGAGTC -3’

Forward ~GARGTCCARCTGCARCARTC -3 -GARGTRAAGCTTCTCGAGTC — —3'
~CAGGTYCAGCTBCAGCARTC  ~3! -GAAGTGAARSTTGAGGAGTC — -3'
-CAGGTYCARCTKCAGGAGTC -3’ -GAAGTGATGCTGGTGGAGTC — -3'
~CAGGTCCACGTGRAGCAGTC -3 -CAGGTTACTCTRABAGHGTSTG -3'
~GAGGTGAASSTGGTEGARTC -3 -CAGGTCCARYTVCAGCARCC — -3'
~GAVGTGAWGYTGGIGGAGTC -3’ -GATGTGAACTTGGAAGTGIC  -3'
-GAGGTGAAGGTCATCGRGTC -3

57 -cggeaceggegcacctGCGGLCeC-
v ZYGAGGAAACGGTGACCGTGGT -3° ~YGAGGAAGACTGTAGAGTGGT -3'
Reverse -YGAGGAGACTGTGAGAGTGGT -3' ~YGCGGAGRCASTGACCAGAGT -3
~YGAGGAGACGGIGACTGAGRT -3 ~YGCAGAGACASTGACCAGAGT -3'
$=G/C, R=G/A, X=G/T, M=A/C, Y=C/T, W=A/T, H=A/C/T,
B=C/G/T, V=A/C/G, D=A/G/T, N=A/T/G/C
Fig. 1. Primers for PCR Amplification of VL and VH

New primer sets were designed that allowed immunoglobulin genes to be amplified
as efficiently as possible by referring previous reports and the Kabat Database. Linker
sequences were added downstream of the VL gene primers and upstream of the VH
gene primers so that the amplified VL and VH genes could be easily connected.
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coated with the antigens. Plates were then incubated for
2—3h, with agitation at 250rpm, and were then washed
three times with phosphate buffered saline/0.1% Tween 20
(PBST), and finally incubated with HRP-conjugated anti-
M13 monoclonal antibody (Amersham Bioscience). Plates
were then washed once more with PBST and then TMB per-
oxidase substrate (MOSS, INC.) was added. Absorbance was
then measured at 450 nm and 655 nm as a reference.

Dot Blot Analysis Antigens were immobilized on nitro-
cellulose membranes using the Bio-Dot Microfiltration Ap-
paratus (Bio-Rad Laboratories, Hercules, CA, US.A.). The
membrane was incubated with blocking solution (10%
skimmed milk, 25% glycerol) for 2h and then washed twice
with TBST (Tris buffered saline containing 0.1% Tween 20).
The phage preparation was pre-incubated with 90% blocking
solution at 4 °C for 1h and then applied to each well. After
2—3h incubation, the apparatus was washed five times with
TBST and then incubated with HRP-conjugated anti-M13
monoclonal antibody. After three further washes with TBST
and TBS, the membrane was treated with ECL-Plus reagent
(Amersham Bioscience) and detected by use of a CCD image
analyzer (LLAS-3000, Fuji Photo Film Co. Ltd., Kanagawa,
Japan).

RESULT AND DISCUSSION

In this study, we aimed to isolate a scFv monoclonal anti-
body from a non-immune antibody phage display library
constructed using our improved PCR primer set. We specifi-
cally designed the primer sets to produce a non-immune anti-
body library that was superior in variety and accuracy than
the past libraries (Fig. 1). To begin with, we re-designed
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primers which allowed immunoglobulin genes to be ampli-
fied as efficiently as possible by excluding an unnecessary
mixture of bases from the previous primer sets. The combi-
nations of primers to amplify the VL and VH genes were ap-
proximately four thousand and three thousand sets, respec-
tively. Furthermore, the combination of primer sets to con-
struct a scFv gene was more than ten million. The diversity
of this primer set increased by approximately 10000-fold in
comparison with that of the past reports. In addition, by
using these primer sets randomly, we confirmed that the PCR
products were gotten from all reactions (data not shown). In
addition, in accordance with our previous report, linker se-
quences were added downstream of the VI gene primers and
upstream of the VH gene primers such that the amplified VL
and VH genes were easily connected, thereby reducing the
possibility of frame shift in the sequence. Using the modified
primer sets, the non-immune murine scFv phage library was
prepared by the method described in our previous report.'®
The titer of the resultant scFv phage library was 2.4x10°
cfu. The repertoire of this library was as diverse as that of the
library previously reported. DNA sequence analysis of
twelve clones picked randomly from the library demon-
strated no evidence of frame shift in the scFv genes (Fig. 2).
Because the diversity of the CDR3 domain that is important
for antigen binding is estimated to be in the region of twenty
million, we suggest that our new scFv library has almost
equal potential as the murine or human immune system.!s'?
Additionally, because the plil protein of phage is generally
toxic against E. coli, it was likely that contamination of the
plasmid coding for the frame-shifted scFv gene promotes the
production of the wild type phage that does not display anti-
body (data not shown). This means that we could not isolate
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Fig. 2. Predicted Amino Acid Sequences of Non-immune Library

Amnino acid sequences of 12 clones which were randomly picked from the library and analyzed by DNA sequence.
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