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Studies on Phage Displayed Mimotopes of a Protective
Monoclonal Antibody ( SSj14 ) Against Schistosoma
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 E AR ALRFIRPHLER SSUMBRARRE FEANA AL R G EERPHEM. B SSjl4 £ H
REE MR 12 RE I3 A AR ELISA BRI, EF WA EE DNAFFSWARRINALESE LA E0HE
Lo H R A B SRR HN/Q-X-S PP XX -L-AT A8 A . AR I A AL SR A RS AT A&l
41 Western-blotting % % ,iE WA EHFORFHE . RENES A BALB/c A, H A I oA 2 A OB AL A nBE EALHR
PHRAIL-RAEL ARAA  FARAOEEANE AR LA RAAOLARE A FAAL A L5 AN A AR kY
HAE ke mm Ak R E SRR 13849 ~52.83% MR R R 34179 ~ 65.47% S AR T £ LR 28,800
~TBEHERAFE, ZA LR 25 ot Bail LA PR KRILR2REHEAL. ALAT A A B RO TH
B HipiE.
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Abstract  To abtain peptides mimicking epitope of a protective McAb $Sj14 specific to Schistosoma japonicum and investigate
their immuno-protection effects. A phage random 12 peptide library was screened using purified McAb 8Sj14, 33 clones were
picked up for specificity identification by ELISA. The epitope of each positive clones were detected by the sequencing analysis
technique. The antigenicity of three positive clones(P1, P2 and P11) and their mixture cock-tail were further confirmed by
Western-blotting, and their protective efficiency were evaluated by mice vaccination experiment. IL-12 level between the

vaccinated mice and control mice were compared. 30 positive phage clones were obtained, which represented 11 different
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epitopes respectively, there were a similar sequence " H-N/Q-X-5-P/F-X-X-L-A-T" among all of the epitopes. Westem-blotting

showed that all of the three tested clones were recognized by McAb S5j14. Significant adult worm reduction (13.84% ~
52.83% ) .liver tissue egg reduction (34.17% ~ 65.47% ) as well as fecal egg reduction(28.89% ~ 73.78% ) were chserved

in mice vaccinated with phages of P1, P2, P11 and mixture of three clones when compared with those of the blank control group,

among them, the mice vaccinated with the mixture of phage clones got higher protection than any of the mice injected with only

one kind of clone phages. At the same time, the IL-12 level in serum of vaccinated mice was found higher than those of the blank

control one, this suggest that I1L-12 may correlate with the protective efficiency induced by the clone phages. The study provides

a new way for developing an effective vaccine against S. japonicum .
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mEHFEREEERTEMATLEFER
R —. £MFH 76 1 E KA KX HE 1T I 0 S,
WREHADX 2L, ZRMAFYS~61L, &
EmEAXHEENHLSEFHERE" . REHes
Btk R HmEREE T EEERH.HE
HYTREEIEESE R, ARl R0y %,
M EENEAMRUEEMRLEFEE HEERX
BN AL B IR, B I B AR I R e
FOEMRREAMOAMR RRE SO LRSS
XRHEE.

AAm® s i f b H ik sS4 hELR
ZEPHE % P HE BALB/c DR FE B & /) R 855
BHARPEST 38.4% (P <0.02)H 68.59% (P
<O.00)MEREMRFRERRS . #H— L
FT %A BALB/c /NRL, HIl & T k3T 3%
M mFRRE, E R AR RT R B TER
B 3 (44.67% (P < 0.05) ~ 47.28% (P <
0.01) 1%, 15 8A 3% # HTIR 5 AY 30 8 3 F % 7 4
PERCEDRUORERPIESEES N RER
PAEA . b, AU R R B R BB R 12 RRAE
Tk B A i % AR PP BT SSjl4 L E A, 5F
HHEFESDRIE A MR B R RPURRER
YA TIR, W AR MR R EE R8s a.

1 MHHfTE

1.1 #8

4~6 FE Y BALB/c NRIWAE B X¥E
Fh R, A b R R b R 9
TEETHRIG 5 b = 5 A8 TR 45 1 b0 3F Ak U 1
B R MM ET BB E . L2 R & MI3
B, EMEEL 12 BKFE (Ph. D-12.TM Phage
Display Peptide Library) # § New England Biolabs 2%
L BREERE BE R 1.5 x 10" pfu/mL., B#LBEEES 2.7
x10°, KB R E.coli ER2738(tet Hi1E); £ W E

Schistosoma japenicum , phage display, McAb 55514, mimicking epitope, I1-12

#5101 7 £ ( Biotin Labeling Kit) M B Roche 22 7], &
T M EK (streptavidin, SA) W) H Promega 25 7) ; H
M F IL-12 %57 2 ¥ 5 Biosource 24 ] -

1.2 K&

1.2.1 SSjl4 BH A B A i W% 3 AT 7 0 o oR 4t 5
(SEA)BIHI % :SSj14 BHIF SEA R EHTH &, A
VLR B RS B U OE o i 4k SSj14 B ET N BLBE Ok, 4 4F
SPGB E QWA I SR . b AR
MEBREDEFICEAEEBBHITEHERIC.
1.2.2 WEENT BAMEENC. 58U 4]
17, 3% pfu/mL ATt B HEKEE .

1.2.3 FRAMME:. ZBECEK 477, UHEEEM
FURBERXZBENL AT T =ZRFH%. MEFH
WA E = (R E R TR+ o R AT
PR SEEERD) x 100%

1.2.4 ELISA £3& FEM & KU fE, FULPLm 33
MERBEBSIMNE I AR L. LB 1.23
HEAT I8 RO 0 E . 100p /LR B AR (29 107
pfu) 8% ELISA 4%, LA 1:1000 % B SSjl14 £ K 1:
5000 MR RIIRA I TN, NEEBER
{(TMB) & &4/5, M€ 0D, H. F3 BSA fEREXT R,
SEA A RMEXTE, B R oD BSHMME oD 4
R HAE =2.1 HlE M-

1.2.5 WEE (&4 A BKEE A9 DNA # . B 500uL B
I~ PR R I v RE B AR B, AIEA 200uL PEG/NaCi
UUEE 10min f5 B0, F E3E A0 A 100pL B4k ¥ 2 oh
#& (10 mmol/L Tris-HCl, 1 mmol/L EDTA, 4 mol/L Nal)
250l LK Z BB E, iR 10min, .0 F L7,
0% LR DR BRBOX 0L TE A MIE . A LT
EPHEARAFBE.

1.2.6 Westem-biotting 33 IF ¥ FHPEME R (K T &
7 SDS-PAGE .3k 5 R AB A ) NC IR I, BSA
B SG, LL 1:400 BB SSj14 BB B 1:500 5 B i
MEIR PR, DAB B 5, WE L5,
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1.2.7 /SMRHEAME RHEERF KL 4~6 [
BBt BALB/c /NREEVLS 0 6 4, 84H 10 B, &
B4 Gl KK A P1LP2. P11 MR s R FI PR R
AR B E, FCA HEM, # 0.150L (X A 10"
ph) /R, BRARTREF 1K XEax 3K, M8
Ha SN EFRNREMFRESEKEM TBS, £ 3KEE
E2REREERERRL O XA AN RREY,
BRI 6 JRT#R bR o vh oy, 30 o A R B SO
EME.AESRA  RRBTEREEHIT.
1.2.8 AP SEAGL AR E - KRKEZE 2 BZE,
F# #L ELISA %K W & H P4l SEA MITIERBE.
A Spg/fL SEA AL ELISA R , ¥ M T ER A 44
A PH SEA MR RE

1.2,9 SRmMFEP -2 SBRWME . AW ELHE
MEREREER2ARNEREE 2R 4H 6 A
HRAESERIM, &M, - 20CHREEM., RBRHER
20pL [ 5% Biosource 2 &l IL-12 K # X R & ik
R 3 P IL-12 MK

2 #R

2.1 BRN4ERRECRAKSHNE

Ffi0 70 5% BR B 1k 3T SSj14 BT btk ai ik
J& ,SDS-PAGE 3 3k 7E 78kD &b W SSj14 BH[ B &£ HF
PA B 22.5kD #1 65kD 4L ] WA RM=ME&H . &
ENERERREEN 1. 2mg/mL, FEITED R
icE, H SEA B BIREME AL ENNERER
F 2" I Sk S A ST A 7 R R A B R R
FURBIGLAR, of LUOR U BK PR e 30, W EARid
EWBEH A E N 0.5mg/mL,
2.2 FHMEMTFHEE

A LR SSj14 By SRR VLR R 12 BREE#
TRAMGE, E=RWEE, WEHLE SR,
MR E -8 7.6x10° plwmL HMBE=%
#3.1x 10°pw/mL, BE T 25015, ERFEHER
*Fz1,
2.3 BEGRAUETENER

BEULBE I =R IR @R 0 33 ek, 405

®1 BEASLEENR
Table 1 Recovery rate of phage clones during biopanning( % )

Phages added Phages eluted

Rounds of

R

biopanning #{phutmL) /( pfufmL) ecovery/%
1 2x 104 7.6 % 10° 3.8x10°°

2 2 x 10" 5.5x% 10 2.8x10°*

3 2x 10" 3.1 % 10° 1.5%10°2

Y E. coli ER2738, ¥ 1% W P &, ELISA 48 #ingt g
{KTERER SSj14 BHI 5 & MIBE 7, BSA WP HEXT IR,
SEA N FHHER B, SR BR, R Pk i 33 R,
NS SS4 B R N ERE NEES ODES
FRtEXT M oD R =2.1 #E MM, B R
P 90%. HEAKBAWREEK R hAF TR
RS, R A MR sl R A,
2.4 BHEGFERANSHET S

£ ELISA % 2 1 30 > FH # vt 8 1 w2 Rl o
DNA #FF , K15 ssjl4 BHEMMBERLD 11 £
BEFF3I,iE 0 P1L~ P11, Ho P1 B 9 X, P2
MBI, P3HM3IK ,PAMPS FHE 2K, K4
H—W, HREM H.N/Q.S\.L.P/F.LLA.TEKXEH
Rl — e EER. WEAR(P)RAEXAER
(P RGKERER, S FERBEIHEM, XLE
BRNASERE(Q)S FEBBBRIEL, Xk
BEAA “H-N/Q-X-S-P/F-X-X- L-A-T" Bl & 17,

SAERLA 1,

No. Sequence Rate
Pl ) [ N SRR F L K T F 9/30
P2 HIQI LIS ER F 1 S [LTART|H 8/30
P3 HI NI RISIP s 1 k [EHWIT] o 3/30
P4 RIIQIYSIF Fp siLisSiTs 2/30
b5 W[ RIS PSR v ¢ L fLE 2/30
P6 TIIY| ISRl T s« PEPART| D £/30
p7 SIS 1S Bl T s u| T v 1/30
Py WVIE||N|RISIB[E R VLA 1/30
Pg BB T SEH I %\ii.iﬁ TV 1/30
P10 Rig{l@|n ¥ P 0 ¥ k[DILIT 1/30
P11 HEHERInS[B F v R DIAIT 1/30

B 1 FEEEER TS RE S
Fig. 1 Analysis of the sequence and mimotope of peptides

from tested phage clones

2.5 Western blotting 3 iF

RIEMFER, BB RSN PL.P2. P11 H&
REM-RBEEAGSINRBAWERTRS sSjl4 8
Bt AT RIE, FR R N B A R A 2
Frs , i —250E B T P 44 0t A o R o S 40 B LB
26 EXRGEEEANBHEREREABTENE

FAPRTERE R 7L K8 3 K2 BALB/c /DRG
TR Rl — KKl ,ELISA B MBS AR B mES &
SRR PEBLIR SEA R NIYE, W 3 Fim, KR
HAPMBBHFERFAET B8 E QR K, B ik
1:6400,
2.7 BHMRPRE

AN T %5 BALB/c NR,EB =K%
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050 .
—+ Mix clone
045F —%~ Clone P1
040} —+— Clone P2
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0 ; . \ :
17100 17200 17400 1/800 1/1600 1/3200 1/6400
Dilution of serum
2 WE SRS
Fig. 2 Western-bloiting analysis
1 2 3 4 5

) B

3 MEE=KEE/DEG SEA KR HETKRRE
Fig. 3 The titer of antibodies specific to SEA in the sera of
mice after three times immunization with phage clones
1:mixed clones of 3 round of biopanning; 2:pl phage clone; 3: P2 phage

clone; 4:pll phage clone; 5:original phage library control.
a2 BUER 40 + | ZEHTBEBRE .6 AR
AT RO T R R R R B AT B T
- FRBRIHE(LEPG) . B RIAA —ADBIEE, TH
BREFETHPR(EPG), LRAK 2 iR,
2.8 /MEmHEP IL-12 KFERN
SAESEMAMAERAEERE—2F 248,

“HRE2RA.ZREF 2 AR, &R/ EER IL-12
M. %A & 21 BALB/c /BRI # H IL-12 i
BELT#EZH, F=Ke®kE,P11,P1,P2 &84
/DRI P IL-12 B3, 34 518 20.43pg/mL,
25.75 pg/mL,22.02 pg/mL, T % B4 /MR 1-12 KF
BUAK, RBRAAR T BA/NE(P <0.05),
BAREH/DPETFHIL12 &i530.34pg/ml, ER ¥
BT BHANE(PH <0.01), RE3,
%3 BALB/c//ROBIL-12 ERERUNSHEE

Table 3 Comparison of IL-12 level in serum of BALB/c mice
before and after immunization

Group No. of IL-12/{pg/mL) ( £* = 5)
mice Pre-immunization Post-immunization
P11 clone 10 15.47 + 1.14 20.43 £ 1.81
P1 clone 10 14.82+0.98 25.75£2.97
P2 clone 10 13.48 £ 0.83 2.02+2.14
Mix clones 10 13.17+1.69 30.34+4.19
Original library phage 10 14.34£1.76 18.44 + 2,68
TBS Control 10 12.98£2.13 15.36 £ 1.88
& Clone P11 -
2 Clone P1
~ 3T BConep2 B
2 25| B Mixed clone M
@ § Original phage 'é
§ 204 O TBS Control i ";;\!
= 5] =N
150 Al BN N
: 7 A B
£ 1o} Al Bl 1A
8 AN EN g220
s 5| EN 72 AN
3 N 72N §=§
= 0 4=\ FED AN VRN
pre imimun Ist immun 2nd immun 3rd immun
Phase

M4 AR 12 KTFHSHEHT
Fig. 4 Comparison of IL-12 level in serum of tested mice

3 W®
BB PR R R B R R TE 20 A2 90 FR R R
BRMG—THER, KERE EATFEALBANL

rEE" EMEFNLH SR ERGY
MBS o il P R R 7 B R X 4 S M e AT 3

%2 REMBROED . F.EKRPYR

Table 2

Reduction in worm burden and egg load in livers and fecal of vaccinated mice

No. of Wonn recovery  Worm reduetion LEPG x 10* Egg reduction EPG x 10*
Groups . Rate/ %
- * mice (£5SD) rate/ % { +8D) Rate/ % (£ 8D)
P11 clone 10 16.44+ 6.3 13.84" 1.83+0.263 34.17° 1.6+ 0.159 28.89"
P1 clone 10 14.75+5.8 22.69* 1.43£ 0,827 48.56" 1.24 +0.264 44.89"
P2clone 10 14.6+4.29 23.48° 1.47 +0.249 47.23° 1.12+0.341 51.32°
Mix clone 10 9+5.27 52.83" 0.96+0.128 65.47" 0.59 +0.182 73.78"
Original library phage 10 18.22+6.16 - 2.65+0.325 —— 2.13£0.244 | -
TBS control 10 19.08 +4.12 ———- 2.78 £0.284 -— 2.25 £0.373 -

#P<0.05; » P<0.01; »*P<0.001
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g, AT LK R A A R AR E B BRI R E
RIS KTR L ok T RIBMERETREG R T
Rt R E ., FHANRERIFR @,
PR RR AT AT B A R 8
A T B SR T T X A AR BT R R 2, 5 3
WERT TEIUEMAREREF - ERENRPELR
B AXFRAREARRI LT H A @R &
B RE T B B IR AR

AT I K F 8 B0 1 O B 43 F U A W O IR A AL AR
FE,ZK18 T SSjl4 BRI IR R A 11 2K
FFol. ARk R dTEMEREREMCH S
FE . AT ST B R e B A R R B R BT R 18 M R R
KWK FIRKARRAHR, BB EZKTFHER
HELIBEEHE, BPE A F “H-N/Q-X-S-P/F-X-X- L-A-
T MBS, R 7 AR T IRE A SSj14 it
R E RS RE K. & NCBI L H#iTH
FHRER.SREM O AFIHTEESFRR L
H AR SEMAYEMESMBNAOMNER
KAk, Ha P15 H A& MK 4 NCBI _E &R f—
BF 5 AHEBH
ACCESSION AAX24739) , BB L H FFI B EEH
RiE®.

F 7 (epitope) B L T ALK (ligand ) EH L HI B E
% AR (receptor) 5 ITH R, WREER
BEH RUBWNREESEN. B BF5 ESERILA
XEEAEMAN . BEEELENEAEENHER X
fi £t XF SSjl4 BAIMMIERMVES BMRBEN
R AR

MBS R, RINERARENEEERBE
REPL.P2ZRPI M=RHESIIMESHAR L
REMYET s BALB/e DR, R B R BEy
BITREHHAENBRPE, APREGUEEER
U R TR e R FE AT S, FTBE R
TREMFEECETUELEEMUSE"  ARE
AEBKTEMEN TRANRERN MBERT
RN EERN . AR, HERAEE RN
mEEIL52.83% , S AEEH HBREARE,

IL-12 FEEMT ThO 41K, {8 #+ ThO 40 B4 fa
Thl BIGA S 4k, BB BER AW, AL & b Thl
B i B AR, B A0 0 T BT i R R R E B A R, Thi
MERETEBETMREAGEFRLEER . Hik
ATRWAN T REDMREHERNMES 1L-12 F
BREGA GRER, ZRKQEZR, HEEER L
fé& P11,P1,P2 R I IL-12 IKER T, 2518

[ Schistosoma japonicum i

20.43pg/mL, 25.75 pg/mL,22.02 pg/ml, 5 TBS 5
HREMEA AR EER(P<0.05), BEE
B RS ] IL-12 F Py ik 30.34 pp/ml, Bl &
ST EH (P <0.01), I 112 A TR
SSjl4 RHIMME RV ERSFOE~ERP INE
HZ—-

MR B B A& R #H EL, L SSj14 B
RIS R R R E R B FT AR B = E
ek, RERITFMEARRPRE. Fot g &
FHEP, TERES Tl s EET
— M ER.

AR R FW, AT SRR 2/ 07 ok M
WAL 12 BREE R IRE T SSj14 B b IR 36 4 B
69 B, 33 8 45 R R AU BT O i TR [l A R B o
B SR A%, 1T LU 3/ R AR 307 A9 08 B 3 A O
PR M AEROLBAFESEFEEE L.
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