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Reverse primer: 5'-ggttgtagaagtcgeggatg-3°, 94 °C,
45sec, 52°C, 60sec, 72°C, 30sec. 35 cycles)
., TRV T 4T ar ba—i b LTB-actin
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30sec, 58°C. 60sec, 72 °C, 30sec. 30 cycles)
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1) OVA-C-CPE #a—RFLEFF A3 NOIE
b
pCMV-ScripfOVA 77 A I F &R & L,
5" -gegstaccatgggetecatcggegeage-3©  (Forward
primer, the underline indicates Kpnl site) .
5" -ccttaattaaaggggaaacacatctgecaa-3”  (Reverse
primer, the underline indicates Pacl site) % FV>
T OVA % & {pfEIK KOD-plus-1Z THE X ¥ 77,
#% 57z PCR EE#) % PCR Purification Kit % V>
THRBIL, Kpnl, Pacl % AV T 37 °CIZT—Ht
HIFREER IR L7z, T4 DNA ligase Z V2T 16
"CIZTHOEMN LD Kpnl, Pacl {2 THIREERL
H L7z pET-MCS-C-CPE ¢t —Bp T4 '~V a v
FISEIT, A P — FOBRBLUOY—7
v AMRNT&{TVY, OVA-C-CPE #=2—FL7k7
5 X3 F (pET-OVA-C-CPE) %1§7=,




2) OVA-CCPE303 #a— RL#ZFFAI KD
fER

C-CPE303 Z a— N4 5RHNRT F—2 A,
pET-MCS-C-CPE303 % fE® L7z, 723, MCS
OEAIZIX, WYRIZ Ndel binding ¥4 ~&#&>
5’-tataggtacccgggactagttaattaagggaggaggaggatctgga
ggaggaggatetggaggage-3° . 5'-tagctectccagatee
tectectecagatecteetecteecttaattaactagtcecegggtacceta-3
"% F\ 7z, pET-OVA-C-CPE % Kpnl, Pacl %
WT 37 °C I T2 FRrRHIRREER A L, 1% TAE
FERWT, OVA BIEFE25BELTZ, OVA
BEFza s/ V280 H L, QAEX II
Agarose Gel Extraction kit (QIAGEN) % Fv T
R R L OVARGF L HHN LD,
Kpnl, Pacl {0828 L 7= pET-MCS-C-CPE303 & %7
A L. T4 DNA ligase %V T 16 °C CT—HBaT A
J—a VRIEETol, FA 7 — a VEY
PHOTTAI NERBRL, 1 — FORERB
LV =7 = AN 21TV, OVA-C-CPE303
Za— RFNL77 7RI R (pET-OVA-C-CPE303)
2/,

3) OVA-C-CPE DFEBRFEH LM DR
OVA-C-CPE, OVA-C-CPE303 ¥ 7/"F A3 N %
t— F¥a vy 7B TCKBE BL21 (DE3)
(Novagen) {IZh T A7 —A—a L, LA
TL— MIEEL SR L, Ban=—
2y o7 v 7L, LA¥#3I mliZT37°CT
—BREIER L, LA 2 ml o0 EL
7z Sterile Culture Tubes (IWAKI) & AR #i1E#
WE SO pl oM %, 37°C T3 REIRESEL
= « & @ % . isopropylf-D ()
thiogalactopyranoside (IPTG) Z ¥ 0. 0.25,
05, 72X 1.0mM ERB X HIEML, &6
(237 °C T 3 RpRBITR LT, mOLIEEIC X
Y KIBHE Z [ElIXT%, 200 ul @ Laemmli’s sample
buffer (12.5% glycerol, 31.25 mM Tris-HCI (pH
6.8). 1% SDS. 0.02% bromophenol, 1.25%
2-mercaptoethanol) (B L. KW LA H 20
MEBERLE LTV, RIBE R LT, 4°C,
14,000 rpm T 10 R LOSBEL . EEEE L
T99 °"CTS5HMMAL, ZhEEKEBVHAY T

e Ui, kIS 7V % SDS-PAGE 12t L,
coomassie brilliant blue (CBB. Bio-Rad) J:fiK
T 1 RER et MilliQ 7K % FV VTl EaSES L.
OVA-C-CPE. OVA-C-CPE303 & EEEEN T
VW5 IPTG B E 2 REREICERE L,

4) OVA-C-CPE DFEE{vEMDMREL
OVA-C-CPE, OVA-C-CPE303 DR HFHELKMED
MREHCHE ., KEBE 2 B L 7=, KIHHE % buffer
A (10 mM Tris-HCI (pH 8.0). 400 mM NaCl, 35
mM MgCI2, 0.1 mM phenylmethane sulfonyl
fluoride . 1 mM 2-mercaptoethanol .,  10%
glycerol) 1 ml (Zf&¥& L, ki L7205 & 40 B[ 3
EBERAEEZITV, RBE R LT 4°C,
14,000 rpm T 15 EELSBEL . EIEEEI L
T 1% TEBRIZ 2% TritonX-100 7 buffer A % 1 ml
Mz, BERUEZIT- 7, @ELoHER. L
IZ 8 Murea ‘& A buffer A & 1 ml iz, BEEML
B Lo, BONBE®R EEEEIRL, EH 4 %
Laemmli’s sample buffer Z#AM L, 99 °C THEA
THZETKkBAY e L, kY
7% SDS-PAGE (Zfift L, CBB s L 721,
DTA % 72X DTA-C-CPE H3% < "I L L Tz
H 5 ORI EM & ERICHEREGERE LT,

5) OVA-C-CPE O¥ER!
OVA-C-CPE # B S ¥~ KBE (500 ml
culture 43) % 5 ml D FEEL buffer IZRERE L, K
W LR G 40 RBE R Z 3 BYTV .4 °C,
14,000 rpm “C 15 #yfEhEOABE L, EiEEE L
7z, % 6 M guanidine/EDTA, MilliQ 7k, 0.1 M
NiSO;. buffer A ZNRIZHE L CHEH{L L TRV
HiTrap™ Kit (GE Healthcare) % F \» T
AKTAprime plus (GE Healthcare) (2L ¥ FE8 L
72. $720 5 buffer A 33 £ X 100 mM imidazole
10 ml > T#HFH%, 10 ml T 100-500 mM
imidazole W7 7 V= v b L2 AEMBITTHR
L. UVOMERTIZT7Z 7 v a vEEIRLE,
OVA-C-CPE H{&fE LT\ 5 buffer % PBS
(137 mM NaCl, 2.68 mM KCl, 8.14 mM
Na,HPO,, 1.15 mM KH,PO,) {ZB# T 57
PD-10 column (GE Healthcare) % FH\ 7z, & b




C & PD-10 column {Z PBS % 30 ml J L T

{LLTHE, HiTrap™Kit THEZEHK 1 ml &

L7z, PBS % 500 pl 2%t L PD-10 column

D B IAHIK & 43 B L 7=, BCA™ Protein Assay Kit

(PIERCE) %AV, 560 nm {Z381) B0k B % 8l

ETHZETHUNIEREREN Lz, 2R,
BRERICIIIZEY R E L LT BSA WV

7

6) pFastBac-CL4 O {Ef

~ U A CL4 DE{ETF% T-Easy vector IZHEA L7z
pGTCL-4 (#F KFRKFREFHAER Hlsk
Htrots) 288 L L, KOD-plus-Z FHW\T
PCR #1T-o7c, 7%, Forward primer & L T

5’-gctctagaatggattacaaggatgacgacgataagatggegtctatgg
gactacaggtcctgggaatctecttagea-3’,  the  underline

indicates Xbal site) . Reverse primer & L T

5’-ggggtaccttacacatagttgetggeggggacagageggge-3’,

the underline indicates Kpnl site) A L7z, /B5

7z PCR E#% PCR Purification Kit % F\

%, Xbal BE P Kpnl 1T X V| 37 “CITT—HEHIFR

BERNE L, 5L Xbal B IR Kpnl AL

L 7z pFastBacl & T4 DNA ligase Z A\ T 16 °C iZ

T—BeZA 7=V a Y RIGEITO, A P — O

BRB IOV —7 = A 21TV, < U A CL4

a—RKL7#ETFAI K (pFastBac-CL4) #1537z,

7) Bacmid D{ESR

pFastBac-CL4 # b — b a v 7 EICTCKRIBHE
DH10Bac (Invitrogen) (Z b T 2 A7 4 — A —
a » L. 50 ug/ml kanamycin, 7 pg/ml gentamicin,
10 pg/ml tetracycline % & #, 2% 5-Bromo-4-
Chloro-3-Indolyl-3-D-Galactoside (X-gal) 100 ul
BEY 50 mM IPTG 100 pl 284 L7 LB 55
TLU— MIIBEL, 37 °C T 24 BERIE L7,
EBEOHau=—%2Yy 7T v, TAH]
TV FCTKRBEH S bacmid L,
R L7 bacmid ICER L THBEBFHEAZS
NTWVW5HZ &% PCR IBICTHERE L, 728,
Forward primer & LT 5’-gttttcccagtcacgac-3" %,
Reverse primer & LT 5’-ggaaacagctatgaccatg-3°,

5’-ggggtaccttacacatagttgctgpcggggacagageggge-3’
FRHWE, B E T HERTFE A ORALER

Sz bacmid Zb— M3 vy ZHEICTRBE
DH5aiZ b 7 R 7 4 —A—31 3 L, 50 ug/ml
kanamycin & &7r LB i (LK) 7L — MIEE
L, 37 °C TR L, 2n=—%tyv 7
Ty 7%, LKEH 100 ml T& HIiIZ—BRigE L
7o RIFE % B L, QIAfilter™ plasmid Midi kit
(QIAGEN) % F\ T bacmid-CL4 Z¥EHL L 72,

8 ) Budded bacurovirus (BV) -CL4 D {ER
B 6 N7 L— MT 2 x 10° cells/well DIEEE
T SO 2 (Invitrogen) Z##ERE L, TR T 18
MfE L7, FEFIC tube A (cellfectin
(Invitrogen) 6 pl, MIBELHEVELEE LW
Sf-900 ¥ #fI (Invitrogen) 100 ul) & tube B
(bacmid-CL4 1 pg, MFLHAEMELEERW
S£-900 #53#4 100 pl) % HE L. tube A & tube B
EEEEML, MY ThRVnES5icwo< Y
RyT 47 LItk BB T30 oREHKE L,
| FFEIERE T2 2 & CEEE S ' SO Ml
BEOLHAEDE LS ER0 Sf000 Bl THEEE.
EHZRFE L., tube A & tube B & DIRABKRIC
MFLFEHE S E 72> SF900 BEH 800 pl
Mz, V=2 (1 ml) ML, Fr—
Fet=—AT—7TEH LT 5 K., 27 °C
THE#E L, TO%, HHZREL, MEELR
B H 5T 2 ml D Grace’s Insect B Ht
(Invitrogen) IZ22#21.27°C T3 HREEBE L=,
3H%., B5E EIE% 800 x g T10 pREELT S
ZETEMXLTE P1 A by 7 EFFTB), i
T,2 % 10° cells/ml &> Sf9 #HAE 200 ml =%+ LT,
PlAbyZ 2ml #M%.27°C T2 BEREEL
7o 2 R, B35 EIE% 800 x g T 10 43 i L»
TAHZETEIRLE (P2 R by 2 ¢F-T3),
BEH 6 N7 L— M 2 x 10° cells/well D
BET SO MBEAEEEL, P2 XA by 7% 10,
100, 1000 pl F°-2/M %, 27°CC3 ARIEE L
(28 2ml), 3 B, 800 x g T 10 HyFEL L,
EE#EUL L7, Protease inhibitor (SIGMA) 3
O 1% Triton-X &% PBS THIlE XLV v b %
B, B RAAE O LRI iR E L
Teo BEEEBICHBTELCEEZRWVT,
Western blot {EIZTEMETHZ I EDHR




BEmER LT,

2 x 10° cells/ml ® SO {f % A ¥ —7 5
AIRB L, BEEROTERLP2 Ay 7
ZEEMA, 27 °C T3 BREEEE L, 3 B,
#& EES 800 x g CLOHRELTAZET
B U7z, BN U 7- 5538 % 10,000 x g T25
SEEBIGEL LT, Bb -k % PBS T
B, 800 x g TI0mREEL L, EFEEEIBIC
10,000 x g T 25 /3B L Lz, Bzt %
protease inhibitor & e TBS 250 pl THE L.
BCA™ Protein Assay Kit Z T4 37 Bik
EEXRIE L, ri, MERITIT BSA ZAWV
7.

9) BVELISA

96 7% ELISA plate (Greiner) {Z BV-CL4 (R T 7 1
Zay bua—)pe LTBV-WT 8BLU BV-CL1)
% 0.5 pg/well, 4°C. over night TEHMH{L LT,
1.6% 7 »n v 7 = — A (DS PHARMA
BIOMEDICAL) # AW T, IR T2HH7 e v
X T Ui, 7% 0.02 pg/well THA L,
FRT 2 KRG ESETE, 1.6% Tuy s o—
AT 3000 {1 HR L 7= mouse anti His-tag mAb
(Zymed) #/z, FRICT2RMRIGEE, &
HIZ 04% 71y 7 =—RT 2000 fFICHRL
7= HRP #Z5% goat anti-mouse IgG Z#M L, EiR
12T 1 FEfIRS & 872, TMB solution (Thermo
Scientific) &Mz, 20 FEIRG S, 2 M FiEk
EMzRISEEEESEE, v/ 70—
—F—Z BT, EiEE 450 nm, BlE& 595 nm
THRHAEZRE LT, 2B, TL— I bEE
HBEBRET HERITIE, 0.05% Tween 20-PBS
(T-PBS) T & 2 ¥cie#lEL 5 TR - 72,

10) vV A~DRIE LI T IVEIR
BALB/c~ U X{Zi# 1[8], 3 3 [H], ovalbumin (OVA,
SIGMA) B, OVA + C-CPE RA K.
OVA-C-CPE. OVA-C-CPE303 #Z&B L W £ 5L
Tre BB, TRTOBICBWTILIL, 1Y%k
DOR5EIX OVA & LT Spug &L (OVA +
C-CPE BEWH# 58 TiX OVA 5 ug & C-CPE
1.89 pg. OVA-C-CPEs # 5.8 TIX@EEH 6.89

pg). BEED 10-15 pl £725 X 512 PBS 2
R LTz, BKEELY 1 ARKIC, miE. 8
Tevpie, FERRRIR, B X OEEREREZRER L
776

- MiE

BREE L 7o~ 7 A OIRERMIC XY LiK%E
EZ L, 3000 x g T 10 s7fElE L L, EiE% PBS
T 10 fFIAIR L, 20 °C TRIFL T,

- BRI
REFIVT T AOKEI S BEICTT
T 200 ul @ PBS Z i LiAA & O PR & EIY
L. -20°C CIRFLE,

- BRI

< 7 ADEDOIZ 50 ul x 2 O PBS % LiAZ,
10 BIE Ry T 4 7 E2{TWVEIRL, -20 °C TR
FL,

- FEHHK

v ADEMBEEENI L, EF 10 mg 20X
100 pl DFENETPBS Mz, 4°C, TI105HA
WNT v 7 REToT, FDE%, 3000 xg, 105
fhELL, EEEEIRL, 20°C THREFLE,

1 1) ELISA ¥EIZ &% OVA B EAHAM DB

iE

OVA % jRERFREWE (0.19 M Na,CO;. 167 M

NaHCO; (pH 9.6)) IZ#fE L, 96 X NUNC

Immuno plate [Z 100 pg/well & 725 X 5243 EL,
4°C, over night TEMRL L7, 4% 7T 0y 7 x—

AERAVWC . ZERICT 2B ey Lk,

TBS-T 2T 10 fiEmML7z7 By s —2X

(sample diluent) T AW TEEY V2B E

FRL. 50 pliwell TFL— MIEML, ZEiRIZ

T2 IR S/, 0%, sample diluent 12

T HRP detection antibody (IgG. IgA. IgG1, IgG2a
(BETHYL)) % 1/10,000 {Z#&IR L. 100 plwell

LB X oo, BRIZT1BEESS 7,
TMB solution 0%, ZEiR T 20 HERKGESE,

2M HiBE MR EEL S, v A7 a

L— bt Y —F—% BT, EHE 450 nm, Bl

£ 595 nm TRIEEZREL, BHES log 10

OAfiE LTRELE, 2B, TL—10bE&

WREZBRET HERIZIZ. T-TBS IT X D 8E5H#8(E




% SEfT o7,

12) RElgAmia DB

B E LY 1| BR%IZ, BALBc vV A %%
BIEXH, BEAT7Va—/LTHEEL, EFE/Y
W lig 2 EU LYz, 5 ml DESEEHVT, 70
pm D€/ A LA F— (FALCON) L Chéfig
EREVTARXL.S0mF a— 7| LTz,
2000 rpm T 5 pEIEL L, Xy MIKkm Lz
ACT B (15 M NH,Cl, 1 mM KHCO;. 1 mM
EDTA) ZMx KL <BEBL kP TS5 HflA %
a~— kL%, 0%, X HIZ 10%FBS &1
RPMI1640 (NISSUD) Sml Z%Mm L, &/ R b L
AFT—ZBELTHD S0 ml Fa—TBLE,
2000 rpm T 5 yMEL L, _EEERER, 10%
FBS % &1 RPMI1640 THEEB L7z, BEBL
FEEAE % 96-well plate (FALCON) {2 1 x 10°
cells/well THEFE L. 1 mg/ml OVA EIRIFET.
37°C C2ARFEISE L, R EEXEILL . -80
‘C CIREFELT,

13) A bAhA 2 ELISA

EUR L7 EEEEZY A MIA T oA F
v b (R&D SYSTEMS) % AV THIE L7z,
EHEXXY bo7Fr ha—AiciEoTn,

® ¥ CL-4 binder D{ERLE L UETEARNT

1) C-CPE ZEEEOER

% C-CPE ZEMKIIKARE C-CPE 28R L L
THW= PCR BIZ X 2 EREARIL/ n—=
Y7 L., His  7BMEEBEREAN ¥ —
pET16b IZfA LT, ¥#E7 T XX F& E Coli
BL21 L hTF VAT F—A—Tar L, BED
ERUEICHED Ni T AERWET 74 =74
rua<w 57 43kICEDERIL7- (Biochem
Pharmacol,75, 1639, 2008)., EBHE O HFRIX
SDS-PAGE % Coomassie Brilliant Blue Z2&iZ X
DHER LT, i, BREBHIIBEZ PBS IKE
#ai% —80°C I\ HAERTE LTz,

2) VIRERER
0.4 M Imidazole & A PBS (pH 7.4) TR L 7= &
EREZRIIRB T 4 )V F— (Amicon Ultra-4 :

MW 10K cut) ZfFH LT 15°C, 4000 x g TR
HE. 10 o B X ICBBREHER L, WiRE)—
ElZiRoTo & T A B RERR & Uiz, BHERR
R LLBESRMBE (BREERE) L
LC&FE C-CPE EREOBMEL LT,

3) CLA ¥EtH DT

Biacore % F\ T, &% C-CPE @ CL4 #&M%
fRMT L7z, BLY—F v 7 CMS 12 CL4 2 EE
{fb#k., &% C-CPE ZEF % 1.25, 2.5, 5. 10,
200M 272 K5Il mML, B —7 T A%
fRNTT 5 Z L O A E E LK Ka, ARBHEE E 4K
Kd, fEBEES KD (=Kd/Ka)ZEHH L7z,

@ #i#3 CL-4 binder D¥SIET HF BRI
1) OVA-C.CPE 22— RFLEFZ A3 FOIE
&

pCMV-ScripfOVA 77 2 I FE A & L,
5" -geggtaccatgggetccatcggegeage-3”
primer, the underline indicates Kpwnl site) .
5" -ccttaattaaaggggaaacacatctgecaa-3~  (Reverse
primer, the underline indicates Pacl site) % FHV>
T OVA % & {48k KOD-plus-1Z CHIME X 7=,
# b7z PCR Z# % PCR Purification Kit & A >
THERIL, Kpnl, Pacl VT 37°CIZT—H
HIFREERALIE L7z, T4 DNA ligase # T 16
CIZTHOHEMNUD Kpnl, Pacl (2 THIIREESRLL
B L7 pET-MCS-C-CPE &K & —W T 1 7' —
VavRIGEITV., A v — FOERB LTV
— 7 T AfEHTZ 1TV OVA-C-CPE E&E%
a— RL7%z77 A F (pET-OVA-C-CPE £ £
%) 2/,

(Forward

2) OVA-C-CPE ZEEORBRFELIFOMRES

OVA-C-CPE ZEBERBE ST AI Rk — ¥
= v 7B CKRBE BL21 (DE3) (Novagen) I2
v RATHF—A—arl, LA 7L—hiZ
BREL-WMEE L, BRan=—%2ty /7
v 7 L. LA# 3 ml 2T 37 °C TBRIFERE
#E L7, LA % 2 ml § 241 L7z Sterile
Culture Tubes (IWAKI) {2 KIBHEEEKZ 50 pl
FoMi, 37 °C T3 KEEEEE L, 20
%, isopropyl-B-D (-) thiogalactopyranoside (IPTG)




ZAIREE 0, 025, 0.5, F72iX 1.0mM L7425 X
SIHMUL, SBHIT37 °C T3 REliEETE L
Tzo BB X 0 REBE B, 200 pul @
Laemmli’s sample buffer (12.5% glycerol, 31.25
mM Tris-HCl (pH 6.8). 1% SDS. 0.02%
bromophenol, 1.25% 2-mercaptoethanol) {Z &
L. KIG LR H 20 BT HAE LTV,
KIGE 2R LTz, 4°C, 14000 rpm T 10 43f8
EOSBEL. LBEZEIXLT 99 °C T 5 4EMm
BL., ThEKSHEY AL Lz, kB
> 7% SDS-PAGE {Zft L. coomassie brilliant
blue (CBB, Bio-Rad) #faik T | Bl %
MilliQ 7K % v T fa ¥ L, OVA-C-CPE £ £
EBRZBEEINTWDS IPTG BEE L RiERE
IZERE LT,

4) OVA-C-CPE ZEEDFHE(LEME DR
OVA-C-CPE EREORBFHEL M ORI L
U KRG % EIR L 7=, KBHE % buffer A (10 mM
Tris-HCI (pH 8.0), 400 mM NaCl, 5 mM MgCI2,
0.1 mM phenylmethane sulfonyl fluoride. 1 mM
2-mercaptoethanol, 10% glycerol) 1 ml {Z8%%& L.
K& L72n3 e 40 BRI 3 ERFRAIE LTV,
RIGHE &R Lz, 4°C. 14,000 rpm T 15 538
ELSBEL, EEEZEI L%, BRI 2%
TritonX-100 &4 buffer A % 1 ml Il % . BEEHAL
BEfTolc, BWOLoME, ILBIZ 8Murea B4
buffer A z 1 mlM%, BEKRLEE Lz, Bl
Syt B A B L, BHE 4 x Laemmli’s sample
buffer Z#AM L., 99 °C TMET 3 Z & TIkE A
VrIne L, Kk8AY 7N % SDS-PAGE
2Bt L, CBB $+f L7-%%, OVA-C-CPE ££1k
BELTEELTWEEES OAES4d2 %
ICHERIGHERE LK,

5) OVA-C-CPE £ &K Dk

OVA-C-CPE ZEFERE*RBFEI T K
B (500 ml culture 43) % 5 ml D FEE(L buffer
ICRRE L. 2K L7235 40 HRIBSRAEZ 3
B4V 4 °C, 14,000 rpm T 15 Sy RELBEL .
EFEEER L7z, F8 6 M guanidine/EDTA.
MilliQ 7K, 0.1 M NiSO,, buffer A ZJIEIZH L T

L L CH V7= HiTrap™ Kit (GE Healthcare)
% MV >T AKTAprime plus (GE Healthcare) 1T X
DR L7z, T72b b, buffer A 3110100 mM
imidazole 10 ml > CHEE4%. 10 ml T 100-500
mM imidazole D7 T x v MR BEMEICT
BRL, UV Oz 573 a v #EIRL
7o

OVA-C-CPE M ¥fi# L C\ 5% buffer % PBS
(137 mM NaCl, 268 mM KCl. 8.14 mM
Na;HPO,. 1.15 mM KH,PO,) IZBH#¥+ 57
PD-10 column (GE Healthcare) % FV 7=, & 5>
LU PD-10 column iZ PBS % 30 ml # L C ¥
{ELTHE, HiTrap™ Kit TEEHE | ml %
Ft L7z, PBS % 500 pl >3 L PD-10 column
2> IEHIR % 47 B L 72, BCA™ Protein Assay Kit
(PIERCE) % V>, 560 nm 12354 5 W 562 %
ETDIELTHUNRIERELZER L, E.
BEMBRICITIERESZ V7 L LT BSA AW
7

6) BV ELISA

96 /X ELISA plate (Greiner) {Z BV-CL4 (247
7aybu—/ e LTBV-WT BX U BV-CL1)
% 0.5 pg/well, 4°C, over night TE{L L7,
16% 7 a2 v 7 = — X (DS PHARMA
BIOMEDICAL) #fWT, BRT2KE7Ta v
X T Ui, U7 % 0.02 pg/well THRANL
FRT 2 RS S/, 1.6% Ty ron—
AT 3000 fFiZ#IR L 7= mouse anti His-tag mAb
(Zymed) #MN%., FRICT 2R ESHE, &
BIZ 04% 7wy 7 T—ZT 2000 fFIZHFRL
7= HRP #Z7# goat anti-mouse IgG Z#M L, =ik
12T 1 KRS 872, TMB solution (Thermo
Scientific) Z M., 20 ARG &H, 2 M Wik
ZMAIEEEIESRZ, 4 707 L—RY
— & —ZRAWT, WK 450 nm, ¥ E 595 nm
THRAEEZRE Lz, 2B, TL— ML EE
BEBRET HERIZIX. 0.05% Tween 20-PBS
(T-PBS) IZ X 2 $E#/E%R S BT/ o7z,

7) R OA~DRE LV TN EIR
BALB/c =7 A|Z:@ 1 [B], #t3 [El., OVA-C-CPE




R, OVA-C-CPE303 #EE X V5L,
2B, TRTOBICBWT1IE, 1 ES72Y 0
BEEIZOVA L LTS5 pg & L (OVA-C-CPEs
BEFTIIRAEN 6.89 ng). {E &M 10-15 ul
LB X PBS TR LTz, Bk L0 1
BREIC, MF, BEERERR. BIESR, BX
U EFER & & [EI L7z,

ik}

BREE LTz = w A BIRIEERMIC L Y K%
B L, 3000 x g T 10 rfEiE L L, L7E% PBS
WTI0RFZHIRL. 20°C THRZFEL T,

- BREREEIR

RS-~ ADOKEN D BEEIZTT
T 200 pl @ PBS % LiAA, Z OB % EIY
L, =20 °C TR LTz,

- JBBEEHR

~ 7 ADEEAIZ 50 ul x 2 D PBS &1k LiAA,
10 ESRy T ¢ T ETVEIR L, -20 °C TR
EL,

- BE{ERHK

<~V ADOEFEELEIRL, EFE 10 mg iZ0&
100 pl DEFIETPBS ZM%., 4°C, T 10 53~
NT o7 AEFfToT, TOH%, 3000 xg, 105
BiEo L, EEEBIXL, 20°C TRELR,

8) ELISA {2 £ 5 OVA f BAHLAEMORIE
OVA % [REEFEEIR (0.19 M Na,CO;, 1.67 M
NaHCO; (pH 9.6)) IZ#fE L. 96 /X NUNC
Immuno plate {Z 100 pg/well £ 725 X 12457 L,
4°C, over night CHEMHBIL L7z, 4% 7 2y 7 T—
AERWC . BERICT2RM7Tay*x 7 Lk,
TBS-T (ZC 10 fFARL 2T ry s m—2R
(sample diluent) Z i WWCEEY IV E2BE
FHIRU. 50 whwell TFL— MZHRML, ZRIZ
T2REIRIG ST, £D%, sample diluent T
T HRP detection antibody (IgG. IgA, IgGl. IgG2a
(BETHYL)) % 1/10,000 {Z#FR L. 100 ulwell
ERBEOIIMA, BRIET IRMRG S,
TMB solution %M %, Z=iR T 20 RIIGSE.
2M FiBEmx RS ELEE, ~1 77
L— b —F—% AT, EEE 450 nm, Bl
£ 595 nm CHRHAEEZBEL., RALEZ log 10

DO LTRE L, B, TL—F»rbE
B EBRET DB, T-TBS 1T X A ek
% 5 EfT7e o7z,

9) MREHIAE D EIR

RHEE LD 1 BE#%IZ, BALB vV A%%E
BIESH, HWEATLVa—LTHEL, EEH
R A B LYz, 5 ml OEHE 2T, 70
pum OV A kLA J— (FALCON) _E Caj#
ERETTARAL.S0mIF 2—7IZBEYR Lz,
2000 rpm T 5 HFEL L, Rby MIkKB LE
ACT ¥ (15 M NH,C1l, 1 mM KHCO;., 1 mM
EDTA) #MA LB L KF TS5 HHA %
a—h L7z, 0%, 52 10%FBS 25T
RPMI1640 (NISSUD Sml %ML, AR FL
AF—%BLTHD S50 ml Fa—T7ZB L,
2000 rpm T 5 43 REEL L. EIEZBRER. 10%
FBS %5 1r RPMI1640 CHEE L=, BB L
JElgHERA % 96-well plate (FALCON) 21 x 10°
cells/well THEFE L. 1 mg/ml OVA WIRHFET.
37°C T4 BRfER L, E LFZEILL. -80
°C TIREFEL.

10) YA bHA YV ELISA

ER LB EEEYA NI T oA X
v b (R&D SYSTEMS) #HWCHIE L7, #Hl
EFERXy bo7a ba—iliEorz,

11) OVA-C-CPE ZREDIEY 7 F L fEMH
fEMT

6 JE i OMEME C5S7BL/6 < 7 A2 1 [B], & 3 [E],
OVA, OVA-C-CPE 194, % L<i¥ OVA-C-CPE
303 2REHKLG L, B, vUX1IE 1[H
W DREEIZOVA L LTSpug & L, &5
ENR10-15ul &7 5 X DT PBS KM LTz, &
a5 X v 1 A%, FPiZ EG7-OVA i
(1 x 10° cells/mouse) ZFZ FHHE LT, ZDE,
3 HBCEEREZWEL., EBEOKE S2EH
Lz, 2B, BEEOREIIIRE x & x &
7B NIZEIVERLE,




® C-CPE DRI

1) HERRREEE M DT

BALB/c v D R{Zi@ 1 El, & 3 [El, PBS b L<
X OVA-C-CPE £k (OVAEL LTS pg) &
REERE L, FkaZEo 1 BRR%RICSEPEERKE
BN U7z, EUY U7 SRRk % 4% /T RV A
TNATE RIZT4C T—HEE LK, ¥H, PBS
B L, 7774 FAT 4 AN Y P—F (TR
77 4 I OFERL, H&E Yefa, 3 L UHBRRET
RaRE LT, MR RIXEICREAMROR
BIZOWT, 0, 2L, 1; MREREE, 2; BEE, 3;
BE 4 BEOSL—FTERLL,

2) BANPEEIZIST B IgE BEA DFRAT

A 1[E, § 3 B, £V 7% BALBlc vV
RACREEE L, RERS—E MR I SRR
EREEIR L, 20 °C THRELE,

OVA % [REAFRTER (pH 9.6, Na,CO; 0.19 M,
NaHCO; 1.67 M) IZ%&fi# L. 96 JX NUNC
Immuno plate (ZEE (L&, BFEAR LIk
W, BRIZT 2 FFEA v FaX—F LTz
#% . HRP detection antibody (IgE) (BETHYL
Laboratories, Inc.,) % %<0 L, TMB solution % %
BELTHWT, BREEZRIE L,

C. FR#ER
FEEIXIDIEICE O TRE,

D. & &

@D NALT (2115 CL4 IR

5B RS BEARRR /A = ARITIX CL4 BEFRE L
TWAZ ERMbN TS, 2T, £ NALT
IZBIT D CL4 DRBEEZHER LT, £9. NALT
MEEAWTRI-PCR BLRY = RFZ TRy
TAVTIZEY CLA BROFE/EMEYT Lo L
A, mRNA LULB L OERE LAV THU
IZBWTHNALT IZEB1T 5 CLA BEBBES
7z (Fig. 1Aand 1B), & Z CRIZ, NALT 2317
%5 CL4 BB 2B REIZLVEIT LT 2 A,
NALT %278 > EREAREIZ VT CL4 DRV Gy
BEENRBD bz (Fig. 10), LLEDFER B,

CL4 ZF|F L7z NALT ~DHREZE D AHEME DS
AR ENh7-, TZTRIZ, BT VT I~
(OVA) 257 VHE & LTHWT CL4 ZFIA
LT=$5RE D 7 F o DVEMEZRAT LT,

A
7% Mouse claudin4
B8 Mouse B-actin
B
. Mouse claudin4
Mouse p-actin
o]

Nasal cavity §

Figure 1. Expression of claudin-4 in NALT

A) RT-PCR analysis. mRNA was isolated from NALT of mice, and expression of
claudin-4 was agsayed by RT-PCR. B) Immunablot analysis. The lyzate of
NALT was subjected to SDS-PAGE, followed by western blotting with anti-
claudin-4 Ab. b-actin was used ag an internal control. ) Immunohistochemical
analysis. Specimens were c¢ryosectioned (4 pm) and stained with anti-claudin-4
Ab, followed by horseradish peroxidase-labeled secondary Ab. The
immunoreactive regions were stained with a commercially available staining kit.
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1) OVA-C-CPE D{EHY

9. OVA L X#ARH C-CPE OBAERE%Z1E
#1L 7 (Fig.2Aand 2B), KIZ, OVA-C-CPE ®
CL 33 BV It T 5 &M% C-CPE 2RV T
47y b —)L LTHWTHIFLEZE Z
5, OVA-C-CPE i CL #E¥ 8 BV (BV-WT) B
LR CL1 % BV (BV-CL1) IZI3fEA ML RE
7. BV-CL4 IZx L TCORFEAMERLIZZ &
235 (Fig. 2C). OVA-C-CPE /X CL4 $glAtE %2 H
THLDEHEIND,
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Figure 2. Preparation of OVA-C-CPE WISy CL4 o
A) Schematic illustration of OVA-C-CPE. The claudin-4-binding site of C-CPE
is located in the C-terminal 16 amino acids. OVA was fused with C-CPE at the
N-terminal of C-CPE, resulting in OVA-C-CPE. B) Purification of OVA-C-CPE.
OVA-C-CPE was expressed in E. C'li as a his-tagged protein and isolated by Ni-
affinity chromatography, The purification of OVA-C-CPE wag confirmed by
SDS-PAGE followed by staining with Coomassie Brilliant Blue (CBB, left panel)
and by immunoebloting with an anti his-tag antibody (IB, right panel). Lane 1:
molecular weight marker; lane 2, 3: OVA-C-CPE. The putative molecular mass
of OVA-C-CPE is 62 kDa. C) Binding of OVA-C-CPE to claudin4. Wild-type
BV (WT-BV), BV displaying claudin-1 (CL1-BV) or -4 (CL4-BV) wag absorbed
ontoa 96-well immunoplate, and then vehicle or OVA-C-CPE was added to the
well. OVA-C-CPE bound to BV was detected by an anti-his-tag Ab followed by
horseradish peroxidase-labeled secondary Ab. C-CPE wag used as a positive
control for a claudin-4 binding. Data are means = SD (n=1).

2) OVA-C-CPE D%y iRiE{LIER
Wiz, YERL L7z OVA-C-CPE DE&KREIZL D
G RRIELVERC DWW TR LTz, 6 Bl
£ BALB/c <~V X2 1L¥472 ) OVAEL LTS
pg &3 L HICHARIL, B 1B, &3 ERER
EL, B&&EELY 1 BEMEBIC0LE, SEkE
R, EEESER, BXOEEMHEREEIRL, &
Y 70 OVA REAZ2PUEM%Z ELISA
EIZ L VBN LTz, TORER, OVA B 55
BILUOVA & C-CPE & DREHEER G Tlim
& D 1gG ikl LR 3FD bRV DITH
LT. OVA-C-CPE B#EHCIXIAEREANE
B/ahi (Fig. 3A), Ebl, BEEEFRR
FUAREA HER® B iz (data not shown), #&5-44
TETE T db % BHEIE T O IgA FLAAM b L+ 1gG
Bl & F4EIZ OVA-C-CPE REHTOAEE
iz EH L TWiz (Fig. 3B), F7-. =EREKSETR
THHBHERB L UEEFD IgA HiiFMb
OVA-C CPE ®EHTOARFERTEMD L7
FRH b7 (Fig. 3C and 3D),

C-CPE XTI @ CL4 IZtEAT5Z & TR
THERE A RE SE, MR EZ T LI E X
REERAZTTHOD, 73 FED 20kDa LATTD

WEIZR BN D, OVA DL FEIiT 45 kDa TH
B EnD, OVA MR Z@ilEd 25 Z & 23
T&79, OVA & C-CPE & DRAWEKGHTIX
REICENEEINRP T bDEHESIN
%, ULDOFER XY, OVA-C-CPE #RARKRE
TH5ZET, EFEDOAL LT HIEEIZIHBWT
TMRBRNRBEISE2ERTH L2 RH
L7,
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Figure 3. Production of QVA- :-pegtEcE I2G and IgA by OVA-C-CPE
Mice were nagally immunized with vehicle, OVA, amixture of OVA and C-CPE,
or OVA-C-CPE (3 pg OVA) once a week for 3 weeks. Seven days after the last
immunization, the levels of serum IgG (A), nasal IgA (B), vaginal IgA (C) and
fecal IgA (D) were determined by ELISA. Data are means + 8D (n=4), N.D.,
not detected.

3) OVA-C-CPE D#EEMAKIZRIT S CL4 D

BE5

OVA-C-CPE #5125 Ful i ZAYGZE IS BT
BT 5 CLA DG ZRRFET 572 DIZ, CLA fEE

M % 4% ¥ 72 OVA-C-CPE303 % {E#4 L 7= (Fig.
4A), 7. 1ERIL 72 OVA-C-CPE303 ® CL4 #&

AfPE% BV ELISA IBICK VRERR LTz & T A
OVA-C-CPE303 % CL4 fEAMEZHEEL TV

(Fig. 4B),
% Z TWIZ, OVA-C-CPE303 #REHKE L

EREIERAEZRF Lz, TORE.
OVA-C-CPE # 5.8 TR ® b L/ iF . A,
FERERR X OVEFEFIZEIT 5 OVA FrEMTUE
> EHA, OVA-C-CPE303 H#EHETIEREDH L
n7zno7z (Fig 4C-F),
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Figure 4. I t of claudin-4 in the immun to OVA-C-CPE
A)Schematic-illustration fOVA-C»CPEmutanI The C-terminal 16 aminp acid—deleted C-CPE mutant (C-
CPE303) did not bmd to claudin4. To clarify themvolvcmen! of claudmA in the immune response mmm:d
by OVA-C-CPE, OVAwas fused with C-CPE303, rerultmg in OVA- C-CPE303 -B) Interaction of ( OVA o
CPE303with claidin4.. Binding of OVA-C:CPE3031s claudin4 was investigated by ELISAwthwdd
type BV (WI-BV), claudin-T or -4-displ aying BV (CL1-BV; CL4-BV): C) Immune responses by OVA-C-
CPE303, Mice were nasally immunized: wlthOVA OVA-C:CPE or OVA-C-CPE303 (51 mg OVA)oncea
wcckforBwpakx. Seven: days after the last-immunization, the levels of serum IgG (C), nasal IgA D)
vaginal IgA (E) and fecal IgA (F) were measured by ELISA. Dataare.means * SD (n=4):

B DfERIZ OVA-C-CPE I X AHURFKFRD
72 B N E DIEMEALIZ X, C-CPE & CL4 & DFH
BEERAPEELTWAZ EEZRRTHHLDT
HY. CL4 ZERE LI¥EREY 7 F o HiffiBE %
DEREMENTR STz,

4) CLAHHMEY 7 F v ORE GV EE DT

WP EZ XL TH Thl RiZA V¥ —T7 = n

v (IFN) yoA v #—nuA ¥ (IL) 2 ZEE

LCIgGa EA*FHEL, REREEELTS

Th2 RiT IL-4 R IL-13 2EA L 1gGl EEZH

43, ZZT, ThbZRETH LT

OVA-C-CPE I & % e e fRis LR % T L 72,

ZFDfER,.BALB/c < 7 2 &% OVA-C-CPE TH&E

T 5 L 2BIA N R—THIFEFEER O 1gGLIZM R,
1 B~ L8—T HIRRFEEA O [gG2a HLiEMmD L
ANBEESNnT-, —F. OVA-C-CPE303 & 5-8f
TIRINLY T 7 5 2AOEAIIRD bR H
- 7= (Fig. 5A),

VT, OVA-C-CPE THRE LT~V A LY
Mg L, in vitro T OVA IZ X D HH#
WMTDHZLTEELEZYA bAIA VERZRIE
LTz, ZD#ER, OVA-C-CPE THRE LD
Z X0 U7 igiaieic OVA THEK L7

BHTOH Thl ZYA R A (IFN-y) BLY
Th2 ZY A b A v (IL-13) DEAVBED b
7zo —7. OVA-C-CPE303 #E#TIXZh b Y
A MIA VEEITRD NIRRT,
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Figure 5. Th1 and Th2 responses induced by OVA-C-CPE

Mice were nasally immunized with vehicle, OVA,a mixture of C- CPE with OVA, or OVA-C-CPE (5 g
OVA) once aweek for 3 weeks. Se: mdynfmnh last 1 serum and spl were
collected. Serum IgG subclass (IgG1 and IgG2a) was determined by ELISA (A). The splenocytes isolated
from the immunized mice were stimulated with vehicle or OVA (1 mg/ml) for 24 h, and the cytokines ((FN-y
and IL-13)in the condil d medium were d by ELISA (B). Dataare means * SD (u=4). ND.,
not detected.

® ##R CL-4 binder DA &Y

KSR% C-CPE % prototype & L THWT, &%
EREZER L& 2 A, RIRF C-CPE (17 0.3
mg/ml) 2tk U CIEfEMEIZ BN 7z C-CPE &K
A, B. C ZRH L7 (Fig. 6), = biz, &£H&
C-CPE ZEED CLA fEAMELIT LTc L 2 A,
KSRAY C-CPE I1ZH LT 4~20 f&&V > CL4 $ifn
M2 HET 5K C-CPE ZEEDOBIFIZARTIL
7= (Table 1),

@ %73 CL4 binder MRGIET HF > iEMMRAT

CL4 IZxIT BiEE M, RIBFE COLEEEELER
L. BEEC,D,FIZO\WTOVA L DORAERA
BRI ZA ERECBLIVD ORE
EHE T CL4 BEHEMREINTHNZHD
O, EREFMAEAE CITEEENHEELT
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Figure 6. Solubility of the C-CPE mutants

C-CPE mutants was investigated in PBS (pH 7.4) containing 0.4 M imidazole

at 159, The number over the columnn indicated the solubility (mgAnl),

Table 1. Binding kinetics of C-CPEs to claudin-4

Derivatives Ka (1/Ms) kd (1/s) Ko,
C-CPE184 5.96 < 10% 255104 429pM
A 6502105  2.93x104  451pM
B 5.59x 10°  853%x 105  117pM
G 8.67+105  3.05:10%  46pM
D 713105  324x104 455pM
E 7.67-105  287%104 374pM
F 7555105  1.45x105  19pM
0.7 OVA-C-CPE 303 -
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£ 05- EMovaccrEmutantc
§ 0.4 []OVA-C-CPE mutantF
@
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Figure 7. Interaction of OVA-C-CPE mutait with claudin-4.

Binding of OVA-C-CPE mutant C and D to:claudin-4 was hivestigated. by ELISA
with BV-WT, BV-CL1, or BV-CLA. Data are means * SD (n=4), Theresults.
are representative of three independent experiments. Statistical significonce wag
atialyzed using Student t-test (*, p<0.035, when compared with OVA-C-CPE
mutant D).
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Figure 8. Production of OVAspecific IgG and IgA by OVA-C-CPE mutant C

BALB/c mice were nasally immunized with OVA-C-CPE 303, OVA-C-CPE mutant D, or OVA-C-CPE
mutant'C (0.5, 1 of 5'ug of OVA) once a week for 3 weeks. Seven days after Lhe last immunization,.the
Tevels of serum IgG (A), nasal TgA (B), vaginal TgA (C) and fecal IgA (D) were d:mmm:d by’ ELTSA Data
aremeans £ SEM (n=3~5). The results are rep of threeind P d 5

significance wais analyzed using Stident tsest (%, p<0.05, when d with th: same ion of
OVA-C-CPE mutant D). N.D., not detected.

HEREBMEEAYE L bIT IgGl, 1gG2a DFE
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Figure 9. OVA specific IgG1 and IgG2a responses induced by OVA-C-CPE
mutant €.

Balb/c mice were nasally imsmnized with OVA-C-CPE 303, OVA-C-CPE mwtant
CorD(0.5,10r 5 ng of OVA) once a week for 3 weeks, Seven days after the
‘last immunization, thetevels of semim IgG1; and IgG2a were determined by
ELISA. ‘Data are means + SEM (n=3~5). The results are representative of
three independent experiments. Statistical significance was analyzed using
Student t-test:(*. p<0,03, when cumpnted with the same concentration of QVA-C-
CPE mutant D).

B, PEfigAmAR s> S IFN-gamma <° IL-13 23EE X
N QAY (Fig. 10A and 10B), . WI D5

BINELRRF CHEEAE TIIN 10FLE



900 x
800
700
3
2 600
\"'500
RS
3" 400~
= 3004
200
10044 g g :
zZ Z Z [ | rLl B g
5 0.5 1 05 1 5 5 05 1 5 05 1 S (ng)

OVA-CLPEOVA-CCPE "OVALCPE  OVACCFE OVA-CCPE OVALCPE  yunniation
303" mutantD inutant 303 mutant mutant C -

§ g
B e
5

&

B Vehicdle OVA Stimulation

20 .

o

IL-13 (pg/mL)
s -
o v
: )

[
1L

d ddg dddd d g
ZZZZZZ;ZZ

505 1 5 05 1 5 5 0.5 1 5 05 1 5. (pg)

QVAC-CPE OVA-CCPE OVALLPE  DVACCPE OVACCRE OVA-CCPE
303 nmwtantD mutant < mutant O mutant ¢ Tmimunization
Vehicle ovA Stimulation

Figure 10. Th1and Thresponses incduced by OVA-C-CPEmutant C.

Balb/c mice werenasallyimmunized with OVA CEPEJU]. OVA: CH CPEmmmC orD (U 5 l or5 ugofOVA)
orice aweek for 3'weeks. The spl _‘ . ulae w.u._vehxde or
OVA (1.ing/ml) for 24 h, and lhecytuhnn(lm Y(A)an 1L T
ELISA. Dataaremeans SEM(n=5). Th hveo P P eril ‘Statisticd
significance was analyzed usng Student t-test (%, p<0.05; ‘when npared with the same ion 0 fOVA-C-CPE
mutant D). N.D., nntdmctcd

DRI LIEEPBE S, ZEKFRAE
BAE&RE TR EBREIRE OEMEIT
BE IR o7 (data not shown), KIZ OVA
REEEMRE AW EE~ Y 2 2HANT, Y
YMAEAEDOY 7 F UEME OB 2R
LA ERECRAERE. EREKDRMAEE
HEOREBRZFIZL Y, EEEHEOMEIZ R
BEIN, CL4 HBAMICEN-ZREK CHER
HEREWIESEEEEZ A LTz (Fig 11),

red by

® C-CPE DR EMEH

ERED L OVA OBIEERE2RERE L,
EXIERICR T D ABEEELMET L 2
A, ARFEN2EFIEES o7 (Fig
12A and 12B), &HiZ, BEEKCHAERE.
ERIEDMAEHE R CIIgE ELEIIBE
Ehipdo7z (Fig 13),
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Figure 11. -Anti-tumor activity of nasal immumnization with OVA-C-CPE mutant
C

(57BL/6 mice were, nasally immunized with vehicle, OVA, OVA-C-Cl PE
303,0VA-C-CPE mutant C or D (5 pg of OVA) once a wi eek for 3 weeks. Seven
days after the last immunization, the mice were injected s.c. on the right back
with1 X 106 E.G7-OVA cells. The tumor growth was monitored by measuring
two diameters, and the tumor volumes was calculated ag é X b X b/2, where @ is
themaximum diameter of the tumor and b is the minimum diameter of the tumor.
Data are means £ SEM (n=5), The results are representative of three
independent experiments. Statistical significance wag analyzed vsing Student t-
test (% p<0.05, when compared with OVA-C-CPE mutant D).

Nasal passage

Vehicle

OVA-C-CPE
mutant D

Q+——00000————00000—
Vehicle  OVA-C-CPE
mutant D

Figure12. Histological injury caused by OVA-C-CPE mutant D

Balb/cmice were nasally villmuunized with vehiclé or OVA-C-CPE muitant D (5
ng of OVA). once a week for 3 weeks. Seven days after the last immumnization,
nasal tissue was collected and fixed by formalin. Thin tissue-sections were
stained with H&E (A) and histological injury was.scored with the following
sealel 0, no damage; -1.:slight damage; 2, moderate damage (B).



