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Figure 13, Production of OVA specific IgE by OVA-C-CPE mutant C.

Balb/c mice were nasally immunized with OVA-C-CPE-303, OVA-C-CPE mutant
CorD (0.5,1 o 5 ug of OVA) onceé a week for 3-weeks: Seven days after the
last immunization, the levels of senun IgE were detenmiiied by ELISA, Wm=3~5)
N.D,, not detected.
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THRFELTHRATEDZEEHLMNILT
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C-CPE #REBETHZ L TRTF FHEEXK
mORERIN P EETDHZEEZRHL, CL4
binder ZFIFH L7=RET VN OR[GEME B H
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1) OVA-CCPE #a—F L7275 R FOE
R

pCMV-ScriptOVA 75 A I Fa R L L,
5" -geggtaccatgggetecateggegeage-3”©  (Forward
primer, the underline indicates Kpnl site) .
5" -ccttaattaaaggggaaacacatctgecaa-3”  (Reverse
primer, the underline indicates Pacl site) % Fi\>
T OVA #&1efEIk KOD-plus-iZ T HIIE & H77,
1% 5 4172 PCR EE#) % PCR Purification Kit % fi V)
TR, Kpnl, Pacl %V T 37 ‘CIZT—Hk
HIREERAE LT, T4 DNA ligase VT 16
‘CITTH O U Kpnl, Pacl \Z THIFREER AL
B L7z pET-MCS-C-CPE ZERE L —Hp T A &' —
Va VRIBEITV, A — FOBERB LUV
— 7 T AT &R FTVN, OVA-C-CPE ZER{k%
a— FL7%Z7Z X3 F (pET-OVA-C-CPE £ &
&) 2/,

2) OVA-C-CPE EREDRBAFERIEOBET

OVA-C-CPE REBREHTSFAI Fxr—hv
3w 7 EIZTTKBE BL21 (DE3) (Novagen) 2
NGV ARTZHA—A—V 3L, LA 7b—HMZ
BELMEELE, ¥Haoo=—%2Ev 7
v 7L, LA 3 ml 12T 37 °"C T—HriRiZEs
L7z, LA % 2 ml $ 24 Lk Sterile
Culture Tubes (IWAKI) IZ KEFEESEIR%Z 50 pl
TOMZ, 37 °C T3 BRHREREE L, 20
. isopropyl-B-D (-) thiogalactopyranoside (IPTG)
EARIREE 0, 025, 0.5, E7/21X 1.0mM £ 725 X
HITHML, EHIT37 °C T3 RFMIREEEL
oo LGB X RIBE 2 BN, 200 pl O
Laemmli’s sample buffer (12.5% glycerol, 31.25
mM Tris-HC1 (pH 6.8), 1% SDS. 0.02%
1.25% 2-mercaptoethanol) (2%

bromophenol,

L. KW LZRDBH 20 BREBERLEEZITV,
RIBE Z e L7z, 4°C, 14,000 rpm T 10 43[4
BOLABEL, EEEEIL T 99 °C T 5 4Rm
BL., NEREKEHEYIE L, KEEY
v 7% SDS-PAGE 24t L. coomassie brilliant
blue (CBB, Bio-Rad) $faiE T 1 BRfiigefats
MilliQ /K % AV C Bifadei L, OVA-C-CPE &
EBEEEINTND IPTG BEE 2 R pE
ERE LT,

3) OVA-C-CPE ERED Al Rt Ofkat
OVA-C-CPE EREDOHKBEFHE LG ORFICHE
U KIGE % [ER U7z, KESH % 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 {Z5%# L |
KiIm L35 40 BF 3 BB FHALIE LTV,
RIGHE &R L7z, 4°C. 14,000 rpm T 15 43Ff
ELOOBEL., EEEZEI LA, RBIC 2%
TritonX-100 & buffer A % 1 ml N %, BEF AL
BEITole, BOLoBE%, LB 8 Murea &
buffer A Z 1 ml iM%z, BEFRLESE L, &l
SEER EIEZ B L, EHE 4 x Laemmli’s sample
buffer ZFM L, 99 °C TET 5 Z & THEH
YrTnveE Lz, K8AY 7% SDS-PAGE
Wt L. CBB Jefa L7=%%, OVA-C-CPE £EIE
B AL L TW B4 DAk & k% &
R ERE LT,

4) OVA-C-CPE ZR{kDigal

OVA-C-CPE ZEAEHE*RHAFTEIRELK
B (500 ml culture 43) % 5 ml D FYE(L buffer
WREB L, Jkim L7222 5 40 BT AR % 3
[EIFTV). 4 °C. 14,000 rpm T 15 43R D4y BE L |
LEWEZEIR L7, FH 6 M guanidine/EDTA,
MilliQ 7K. 0.1 M NiSO,. buffer A #JEIZ{E L T
L LT\ 72 HiTrap™ Kit (GE Healthcare)
% FAVT AKTAprime plus (GE Healthcare) 12 &
DB L7, 77205, buffer A B LT 100 mM
imidazole 10 m! §" > C¥&#. 10 ml T 100-500
mM imidazole D7 T Vv b ERBEMIIZT
B, UV OE%RTIC7 T 7 v a v EEIL
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OVA-C-CPE 3¥fi# LT\ 5% buffer % PBS
(137 mM NaCl, 2.68 mM KCl, 8.14 mM
Na,HPO,. 1.15 mM KI,PO,) \ZE#4 57
PD-10 column (GE Healthcare) % RV 7z, & 5>
U PD-10 column {Z PBS % 30 ml i L CE-fr
L L TR E, HiTrap™ Kit THZEHIK | ml %
Jt L7z, PBS % 500 pl 9°-2% L PD-10 column
D> B YA HIE & 4B L 72, BCA™ Protein Assay Kit
(PIERCE) # V>, 560 nm (231 5 R EE %l
ETHILTHFURIEREZEH L, i,
REBRITITERESZ /7B L LT BSA ZHW
7

5) pFastBac-CL4 D{ERY

v 7 A CL4 D#&f=F% T-Easy vector [ZHEA L7z
pGTCL-4 (MFPRERFREFH 7R THERR
Mt X voits) 282 L, KOD-plus-%Z VT
PCR %#1T- 7, 72¥. Forward primer & L T
5’-getctagaatggattacaaggatgacgacgataagatggegtetatgg
gactacaggtcctgggaatctecttagca-3°,  the  underline
indicates Xbal site) , Reverse primer & L T
5’-ggggtaccttacacatagttgetggeggggacagageggge-3',
the underline indicates Kpnl site) Z#fEH L7, B b
7= PCR E#% PCR Purification Kit %Fﬁ VSR
#%. Xbal BX O Kpnl (2 XV 37 °C Iz T—RiHIfE
BEBLE LT, HOEN U Xbal B J:U Kpnl 5022
L 7z pFastBacl & T4 DNA ligase # FI\ T 16 °C iZ
T—H]I74 5 —Ya VRIGEITWD, A v F— D
TERBB LU —7 T R 2TV, <V A CL4
aA— RKL777 A3 R (pFastBac-CL4) 2157,

6) Bacmid D{ES

pFastBac-CL4 %t — b 3 v ZEICTKRGHE
DHI10Bac (Invitrogen) iZ hZ VA7 F—RA—¥
g > L, 50 pg/ml kanamycin, 7 pg/ml gentamicin,
10 pg/ml tetracycline % & %4, 2% S5-Bromo-4-
Chloro-3-Indolyl-B-D-Galactoside (X-gal) 100 pl
BEU S0mMIPTG 100 ul %847 L 7= LB B
TL— MIHEREL., 37 °C T 24 RERIEE LT,
EEOHaR=—%Yy Ty 7L, TAAY
Ty I TKRBEMD bacmid ZFERLT-,
R L7 bacmid ICBH L THBEFHEAS

NCTW5HZ L% PCR EICTHR L, 28,
Forward primer & LT 5’-gttttcccagtcacgac-3’ %,
Reverse primer & L T 5’-ggaaacagctatgaccatg-3°,
5’-ggggtaccttacacatagttgctggeggggacagageggge-3°
RV, BEIE T 2BIEFETA OFADHERR
a7z bacmid ZE— ha v ZERICTKRBE
DHSoZ F 7 VA7 g —A—3 3L, 50 pg/ml
kanamycin #&¢r LB §# (LK) 7L — MM
L, 37 °C T—HEEL, au=—%tv7
T v 7. LK #5H# 100 ml T 5 I —Busg® L
oo NEGE 2 EY L, QIAfilter™ plasmid Midi kit
(QIAGEN) % FV T bacmid-CL4 Z3F&I L7z,

7 )} Budded bacurovirus (BV) -CL4 D {E8
BER 6 N7 L — MZ 2 x 10° cells/well DIEE
T Sf9 flfa (Invitrogen) ##EFM L, ER T 18
MEgE L7, #FEBFIZ tube A (cellfectin
(Invitrogen) 6 pl, MFBHLHAEHE BEER
Sf-900 5% Hi (Invitrogen) 100 pl) & tube B
(bacmid-CL4 1 pg, MFHLHEVELFERW
S£-900 B5Hi 100 pl) #HAE L, tube A & tube B
EELISERML, BY TRV IKYw-K Y
RyT 4 w7 Lick ER T30 5 HIHE Lz,
1 FEEIRRET 5 2 & THEAE S/ SO filak h
EOLHAEDELE L\ SF900 B TLRE%,
A ERE L, tube A L tube B & DREAEIKRIC
MELIHEDE LS T4\ SF900 554 800 pul
Mz, v MZEE (1 ml) ML, FLr—
FEE=—AT—FTHESE LT 5 KR, 27 °C
THR LT, 2%, HEMiERREL, MFLH
B &S 2 ml @O Grace’s Insect 55 H#l
(Invitrogen) (ZZH#EL ,27°C T3 HREEE LT,
3 B, 5% L1E% 800 x g T 10 pE LT 5
ZETEILE PL A by 7 T 5), i
T.2 x 10° cells/mt 0> SO FHAD 200 ml {23t LT,
PlRAhyZ 2ml&M%x.27°C T2 HEREEL
7=, 2 B%, #EETE® 800 x g T 10 LSO
TAHZLTER L P2 ANy 7 EHRT D),
B 6 X7 L— MIT 2 x 10° cells/well D
BET SO MREEEL. P2 X by 7% 10,
100, 1000 ul T2/ %, 27°C T3 AR L7z
(2E2ml), 3 B, 800 xg T 10 oH&ELL




EFE%#EM L7z, Protease inhibitor (SIGMA) ¥
&' 1% Triton-X % & ¢e PBS THIfAN L » b &
iETR, B TR LABIR R LI & L
7. BEEEERBIUCHERTE{LRE AT,
Western blot JEIZCTHBIE T B X L /R7ED%
Ba B L7,

2 x 10° cells/ml O SO #HfRZ A ¥ F—7 T R
ZABL., BERBEOTEZP2 Ahy 7%
WEMA, 27°C T3 HEEE Lz, 3 Hi&., &
#ELEFEY 800 x g TIOHEELT DI L TH
IR U7z, B L7552 EiE% 10,000 x g C 25
S E HIGEL LU, BbiizitE % PBS T
B2, 800 xg ClOoMELL, LR EHIZ
10,000 x g T 25 SrfEhEL Lz, BohizitEks
protease inhibitor 2 ¢ TBS 250 pl THEHE L,
BCA™ Protein Assay Kit Z VT & 37 Bl
EE2EELE, 2k, RERIZIL BSA ZAW
77

8) BV ELISA

96 7X ELISA plate (Greiner) {Z BV-CL4 (X4 5 1
Tarvbha—nE LT BV-WT BXU BV-CL])
% 0.5 ug/well, 4°C, over night TE#HIL L7,
6% 7 oy 7 = — X (DS PHARMA
BIOMEDICAL) #HAWT, ZIRT2RH7Ta v
¥ F Ui ¥ v 7% 0.02 pg/well THRAI L,
ERT 2 BERES T, 1.6% 7oy s o—
AT 3000 212 AR L 7~ mouse anti His-tag mAb
(Zymed) %, BRIZT2HERG S,
HIT 04% 7'uy 7 =— AT 2000 FiIZHRL
= HRP 123 goat anti-mouse IgG Z ¥ L, =R
12T 1 B RS &8 72, TMB solution (Thermo
Scientific) M %x. 20 HERISEE, 2M Hilg
EMiRGeBELESER, v 4707 L—})
— =& AT, EEE 450 nm, BlEER 595 nm
THRHEEEZRME L, BB, FL— L EE
BERET HERITIE. 0.05% Tween 20-PBS
(T-PBS) {2 & 2 BEiEL 5 BT /2> 72,

9) RUA~DREL YT EIN
BALB/c =7 A |Z#H 1 [E], & 3 [E, OVA-C-CPEs
EREIVERELE, B, TRTOECBY

T 1 ESEZY OBREREIZOVA L LTSpg
¢ L (OVA-C-CPEs ## 5 TIIMAER 6.89
pg). HEEMN 10-15 pl & 723 X 52 PBS 1T
Rz, RE®RE LY 1ERRIC, M5, 8k
Ptk YRR, BILOEERHKEZRER L
7o

- M

BB L7~ D ADGIRERMIZ L kK%
EMX L. 3000 x g T 10 4rfiEO L, L% PBS
T 10 fFICAHIRL, 20°C THREFL T,

- BIERRSE

LEFE S W w v ADEED D ST T T
T 200 ul @ PBS % §it LiAA:, F D FeHEHE % B
L. 20°C TRELE,

- [EBEIR

U AGEDOIZ 50 ul x 2 O PBS &t LiAA,
10 E Ny T 4 > Z%FTOEIR L, 20 °C T
FLT,

- F{EHHE

vV AOEBEZEILL, #EE 10 mg I2oX
100 u! DEETPBS #hx., 4°C, TI1045WHR
NT P RAEfToT, 0%, 3000 xg, 104
fiE L, REEEIRL, -20°C CHRELRE,

1 0) ELISA {LIC X5 OVA 4% EA P o f

E

OVA # [RERAETEIK (0.19 M Na,CO;, 1.67 M

NaHCO; (pH 9.6)) (¥ fiF L. 96 73 NUNC

Immuno plate {2 100 pg/well & 725 X 512437 L.
4 °C. over night TEM{L L7z, 4%7 vy 7 =—

AERAVWT ZERIC T2 ey 7Lk,

TBS-T IZT 10 AR LT mysx—2

(sample diluent) ZFAWVWTEREY I 2EE
FRL, 50 w/well TFL— MZEML, FiRiZ

T2 RIS Z 72, D%, sample diluent {2

T HRP detection antibody (IgG. IgA. IgGl. IgG2a
(BETHYL)) % 1/10,000 (27 L. 100 pYwell

LB EoITmA, BRICTIRMEESEE,
TMB solution %, 2R T 20 HFRE S,

2M BBEMARSEELE S, vf 70

L— b —=F—%RAWT, EKE 450 nm, Bl

# 595 nm CRAEEZBFEL. BHEZL log 10



OHfiE LTERRE Lz, 2B, 7V— b
Bk ZBRET DRI, T-TBS 12 & B ¥eig e
% 5EfT o7,

1 1) REFEHHAR D ENIX

&L LD 1 BR%IZ, BALBlc ¥V A%%
HEIE, WEAT LA THEEL, EEY
R & B L7z, 5 ml DEREZFWT, 70
pm DE/L R LA F— (FALCON) _ Caf
EHREVFTA AL S0mlF 2 —FIZEIR LTz,
2000 rppm T 5 AyfElEL L, XLy MIKG LT
ACT ¥&i% (15 M NH,Cl, 1 mM KHCO;, 1 mM
EDTA) Mz X <IEEBL . KH TS oA v
aN— kL7, 0%, & HIZ 10% FBS 25
RPMI1640 (NISSUI) 5 ml Z¥AML, E/LRX b L
AFT—ZBLTHD S0 ml F=—T 2B L7z,
2000 rpm T 5 yiEL L, EEZEREZ. 10%
FBS % & {¢ RPMI1640 THEE L7z, BB LT-
Jifig#IRa % 96-well plate (FALCON) 121 x 10°
cells/well THERE L. 1 mg/ml OVA IIEFEET.
37°C T24 FefiEE# L, B5& LIEZEI L, -80
°C CHREFELT,

12) %1 bAA 2~ ELISA

EUX L=k EEE YA MIA T oA F
v b (R&D SYSTEMS) %W TCHIE L1z,
EHEEXY ho7a ha—AIciE- T,

13) OVA-C-CPE ZBEEDIIEY 7 F &M
FEHT

6 JE i DMEME C57BL/6 ~ & R 1 [, § 3 B,
OVA, OVA-C-CPEs # R &% 5 Lz, 2B, ~
AL, 1EYS7ZYDREREIZOVA L LTS
pg &L, BE5ED 10-15 ul & 725 X 512 PBS
WCHSAR LTz, Bl E- L0 1 EB%IC, FPiC
E.G7-OVA #l (1 x 10° cells/mouse) % F#%
L7z, £0%, 3 BEICEERZAIEL, &
BEOREIZEH L, 2B, BEOKE IIX
BR x @8 x @R /2L VEHLE,

® C-CPE MR LM

1) HEREFEEME DT

BALB/c ¥ 7 A2 1 [El, § 3 [E, PBS & L<
/¥ OVA-C-CPE Z£{& (OVAEL LTS5 png) %
RARE L, REAED | B IC KRR
BN L7z, B L7z BREEERE 4% /3T RV A
TNT ke RIZT4°C C—HEE Lz, A, PBS
WWEBHEL, 7774 RAT 4 AN H—F o
77 4 U R OERL H&E Y6t 3 X ONERERT
Rz KB LTz, MR RITEICREEMRDR
EIZOUVT, 0; 72 L. 1; MREREE, 2; R 3;
BE 4 BEOSL—FTELE,

2) SMIEEIZRIT S IgE EEA DN

1 [E, 7 3 Bl &Y 7% BALBe ~ U
ACEERE L, RS —ER%IC SR
HIREEIR L, -20 °C TRELT,

OVA % [RERIRTENR (pH 9.6, Na,CO; 0.19 M,
NaHCO; 1.67 M) IZ#fE L. 96 /T NUNC
Immuno plate (ZEfE{b#%, BPEAIR L 7GR
U, ZBRICT 2 B4 v Fa—}F L1
#% . HRP detection antibody (IgE) (BETHYL
Laboratories, Inc.,) Z#/1 L, TMB solution % %
BHeLTAWT, BEEZHELE,

C. IREER
FERIIDEIZE & O TEH,

D.& B
@ #i#R CL4 binder DIGFE T HF B RRHT
CL4 iZxt¥ Bt atE. KIBE COEAMLEZEE
L. ¥k 21 FEIZERMLEEREOFHLE
HIEC,D,FZ#EIRL, OVA L OBEERE%R
ER LI A ERECBLUD OBMEEA
BT CLA EAMBMERE S TV b0 &
BiF F MAEAE TIIHAMERHEE LTV,
(Fig. 1)
ZLCERFBCBLUDFEERE*RAR
B LU, o, B8R, BEREE, BBEREEICE
75 OVA R EM) 1gG EEAEET LTz Z A,
ZRIED TiX C-CPE184 & A2, ZRIEC T
1349 10 FLL Lo RIS IEES BRIz



(Fig. 2A-8D, data not shown), nTWiz (Fig.4). M. WTFhORERELE

0.7 1 OVA-C-CPE 303 1000000~
0.6 - OVA-C-CPE mutantD
' 1000004
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§ 0.4 [[]ovA-C-CPE mutantF ﬂ O 1g62a
¢
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Figure 1. Interaction of OVA-C-CPE mutant with CL4. 15 5 05 1 5 0.5 1 5 (ng)

Binding of OVA-C-CPE mutant ¢ and D to CL4 was investigated by ELISA with
BV-WT, BV-CL1, or BV-CL4. Data are means £ SD (n=4). The results are
representative of three independent experiments.

OVA-C-CPE  OVA-C-CPE QOVA-C-CPE mutantC
303 mutantD

Figure 3. OVA specific IgG1 and IgG2a responses induced by OVA-C-CPEs.
Balb/c mice were nasally immunized with OVA-C-CFE 303, OVA-C-CFE mutant
CorD (0.5, 1 or 5 pg of OVA) once a week for 3 weeks. Seven days after the
last immunization, the levels of serum IgG1. and IgG2a were determined by
ELISA. Data are means = SEM (n=3~5). The results are representative of
three independent experiments,

BAK C BAEBAE TII 10 UL Lo
LIEMEIBE S, ZEAKFRAERERS T
IR RENREREDEELITBE IR
D37z (data not shown), ¥KIZ OVA FEE EEHE

"5 05 1 5 05 1 5M) 5051 5 05 1 _5(ng)

OVA-CCPE OVA-CCPE OVA-C-CPE mutart C OVA-C-CPE OVA-C-CPE  OVA-C-CPE mutant C
303 mutart D 303 mutant D
B D
10- 100+
104
L
g 1-
=
H ]
5 051 5 05 1 5(uo) 5§ 05 15 05 1 549

OVA-C-CPE  OVA-C-CPE  OVA-C-CPE mutant C OVA-C-CPE OVA-C-CPE  OVA-C-CPE mutant C
303 mutant D 303 mutant D

Figure 2. Production of OVA specific IgG and IgA by OVA-C-CPEs
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 or 5 g of OVA) once a week for 3 weeks. Seven days afterthe last immunization, the
levels of serum IgG (A), nasal IgA (B), vaginal IgA (C), and fecal IgA (D) were determined by ELISA. Data
aremeans T SEM (n=3~5). The results are ive of three independ peri N.D.,not
detected.

WERKBAEERE L HIT1gG1, 1gGa DFF
WAEHEINTHY, Thl %, Th2 ROREKX
IR EET A IEESREEND (Fig 3), &
B, BB B IFN-gamma <° IL-13 3 EA S
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Figure4. Thl and Th2 responsesinduced by OVA-C-CPE mutant C,

Balb/c mice were nasally immunized with OVA-C-CPE 303, OVA-C- CPEmutantC orD (0.5, 1 or 5 pgof OVA)
once a week for 3 weeks. The spl isolated fromthe Balb/c mice were with vehicle or
OVA (1 mg/ml) for 24 h, and the cytokine (IFN-y (A) and IL-13 (B))in lbe :nndmoned medmm were measured by
ELISA Dataarcmeans = SEM (n=5). Thercsults are rep Xp N.D., not
detected.
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| ow
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Days after tumor challenge

Figure 5. Anti-tumor activity of nasal imnmmization with OVA-C-CPEs
CS7BL/6 mice were nasally inununized with vehicle, OVA. OVA-C-CPE
303,0VA-C-CPE mutant C or D (5 pug of OVA) once a week for 3 weeks. Seven
days after the last immunization. the nice were injected s.c. on the right back
with 1 X 108 E.G7-OVA cells. The tumor growth was monitored by measuring
two diameters, and the tumor volumes wag calculated as @ X b X b2, where a is
the maximum 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.

® C-CPE DR

ERED & OVA ORMGEHEEZRERSE L,

SRR I D ERESEERIT L& Z
A, MBENZETIEEIN o7 (Fig.
6Aand 6B), S HiZ, ERFCRAERE. &

A

Nasal cavity  Nasal passage

Vehicle

OVA-C-CPE
mutant D

Vehicle  OVA-C-CPE
mutant D

Figure 6. Histological injury caused by OVA-C-CPE mutant D
Balb/c mice were nasally inmunized with vehicle or OVA-C-CPE nmutant D (5
g of OVA) once a week for 3 weeks. Seven days after the last inununization,
nasal tissue was collected and fixed with formalin. Thin tissue-sections were
stained with H&E (A) and histological injury was scored with the following
scale: 0, no damage: 1. slight damage; 2, moderate damage (B).

RAEDMERAERGH CIIIgEEAIIBRS
hiahole (Fig. 7).
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Figure 7. Production of OVA specific IgE by OVA-C-CPEs

Balb/c mice were nasally immunized with OVA-C-CPE 303, OVA-C-CPE mutant
CorD (0.5, 1 or S pg of OVA) once a week for 3 weeks, Seven days after the
last immunization, the levels of serum IgE were determined by ELISA. (n=3~5)
N.D., not detected.
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