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gar, HER, B, T, FALE, FRE, GX8, eV, BEE, KHH

AL B2 B IR EDETE T AR S W A A R E ST A, B 200241

W E: AR AKAEAT B AmR R Cyclophilin B (Sj CyPB) % 49 cDNA, W4 B AR & RELH W
BRARGEEFL, WEETARBLEDRAN SO AR R BRI HE, AL D Al k& R cDNA H42
#., RT-PCR ¥ 3 LA H 2K cDNA, XA 73 NCBI, &% 5 4 GQ403665. KA FEi & PCR o4z A H £ B K
Mk R RERLE MR RKGE AR, METBRERK, RXLNELEE. FH Western blotting 4 T AKX G 49
RRM., AFERRLE AR, &L RFFOLARYHR. LR AW, RT-PCR KFT S CyPB b B 694
%k cDNA, HFHFEAEH 672 bp. B oM E LA CyPs KT 49 CyPB A B, & %% S CyPB. R K EE Z & PCR
A, ZARE I8dERPALETRS, 32d kX, HET THURAH pGEX-6P-1-SjCyPB, £ KMAFH T K
HERIA, KK FYHFEH 49.5 kDa. Western blotting KIER T2 T E @ LA RFWRAM, £ RABERET,
Em gt R, REMA RIKIF 31.5% M R E A 41.01 %N IEMIPE, KAFRIKFT B AR R & 25Kk
#) Sj CyPB 2 FE ¢4 4% cDNA, mAMBET Sj CyPB R TR A4, FERKBAE T RIRA, EFZTURRA
PNRARNEF AT R LAY R,

R@A: ARGk, Cyclophilin B(CyPB), A AL, fARY HR

Cloning and expressing of Cyclophilin B gene from Schistosoma
japonnicum and the analysis of immunoprotective effect
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Abstract: The present study was intend to clone and express the ¢cDNA encoding Cyclophilin B(CyPB) of Schistosoma
Jjaponicum, its preliminary biological function and further immunoprotective effect against schistosome infection in mice. RT-PCR

technique was applied to amplify a full-length cDNA encoding protein Cyclophilin B (§j CyPB) from schistosomula ¢cDNA. The
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expression profiles of §j CyPB were determined by Real-time PCR using the template cDNAs isolated from 7, 13, 18, 23, 32 and 42
days parasites. The cDNA containing the Open Reading Frame of CyPB was then subcloned into a pGEX-6P-1 vector and
transformed into competent Escherichia coli BL21 for expressing. The recombinant protein was renaturated, purified and its
antigenicity were detected by Western blotting, and the immunoprotective effect induced by recombinant Sj CyPB was evaluated in
Balb/C mice. The cDNA containing the ORF of Sj CyPB was cloned with the length of 672 base pairs, encoding 223 amino acids.
Real-time PCR analysis revealed that the gene had the highest expression in 18-day schistosomula, suggesting that Sj CyPB was
schistosomula differentially expressed gene. The recombinant protein showed a good antigenicity detected by Western blotting.
Animal experiment indicated that the vaccination of recombinant CyPB protein in mice led to 31.5% worm and 41.01% liver egg

burden reduction, respectively, compared with those of the control. A full-length cDNA differentially expressed in schistosomula was

obtained. The recombinant Sj CyPB protein could induce partial protection against schistosome infection.

Keywords: Schistosoma japonicum, Cyclophilin B(Sj CyPB), gene clone and expression, immunoprotective effect

I Wz HU (Schistosome) 2% 4L 5] & [ 1M W HL 9
(Schistosomiasis) & — ™ 5 A5 35 A\ SRR 19 27 AR
A%, HETZmATEAER 74 N EF MM RIT, A
2AC NGy, 6 AL NZ UM . BUE 2007 4F, FRIE
WA 449 DL HURTRATE (T, X)) 13563 i
T4, Mt 50 207 AW, Ak - N K i
W AU B VA TAE T RE, I e AT A A B A AL
P, AHJRAL P IR AR I HE M AR ME TS LB, KEE
AL R B SRR MR SR 05 o R I R R B I AT L
MR ALY o 32, (A4RYT AT RS S Pt e A, B
BT A 25 fERE, B 253R 7 B i il &
SRR, TR I ot PR SR T PR 1 RO 245 R S 5 E
BCA E A L SO B A AR A R FR K . BEE A
5. o FHEYE . AR R R, A
FHAH O 592 56 B AR - 15 A8 082 W ek 18 21 124 ) HE A
BT CA B IR

H A I I R A 0 s B, Zead 2 E R TR
RAWE, MW RO & B B A=A AN [F] A
PR PRRIE . B R I AR LR TE R R IR E
BrBedufk, fEmm i RRE P RARERER YL,
AR SS R AR R R 0 a0 e B R
FRE RSB W EE AR, T8 H A il 7% A
RS VAR 5 0 AR i ik o+ S 2 b
DA EE 1 5524 40 BELUBT I A P A 35 s O 2 Ay B 4 i T
U AR R AR Y AR A HE Y AR I R
H cDNA SCPE, RHEBRE S RIAERPRARS
Wi T RIFAYF 5. CyPB 2 5MEAMNT | &
Wi Pr RS SR T RE A OC, AEZ AR
AHEIZHEY, ARG LI B R IR R S
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CyPB WWFFER R, wibE . ik TiZHEN, Bk 7%
FEINAE H A I 0 e iU R R, R PEAl %2R A
A T AR /DN SRS P9 R A I T HR A PR A AL
R, Rt — BRI A A A Dy e S AR B
il BLE 1 HEA

1 MRAT %

1.1 EZERFFEG

Trizol Fl superscrip' M1 I % S f§ I [ Invitrogen
/A¥]; Ex Tag Hot Start DNA H 44 . T4 DNA %4
fitf . PRI PEPI VB EcoR 1. Sal 1 . RNA inhibitor,
DNAse, #6590 % i PCR (SYBR Green i) Il
WA EMBEYLE Y0 A TaKaRaEY) TR (Ki#E) A
B /A H]; DNA Marker DL2000, DL5000, /N ik
A & E B RR AR AR A A
QIAquick®Gel Extraction Kit W4 H Qiagen ZyH];
Agrose., DEPC Wy H AR TA Y THRAF; EIREF
RN (Whatman) W H b SRR XA YH AR A
FRZ\F] 5 Bacto-yeast extract, bacto-tryptone “& Oxoid
N Al s GST Bind Resin (Merck-Novagen) 1 H 5T
A PHE A RA R 3,3,5,5-PUH JEBEE M (TMB).
FPife 1gG-HRP, £ Pl IgG-HRP ¥4 H Sigma
AL
1.2 E#. KImFnmE

JRZ B KAFF I DHSa. BL21 I [ RARA1LE
Bdbmt) HBRAT, pET28a(+) Fikzk i ALK
FIRAE . B AR (MEPE, 2.5~3.0 kg) WA L
B R GRS 575, BALB/c /NI A EE
& 53 ven) L7/ L RN N = N (18 R R ES N i 7 9 =
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H A 1.0 # Sj Cyclophilin B B[R # Fo ke . Feik Fe e R RO 40 H7 319

iy e AL B A= B I R T T IR AR Ry
V8 2= AR ARG i 43 0% 15 000, 8000, 5 000,
2000 &I UMY, 7EIRGL)E 7. 13, 18, 23, 32,
42 d 3 A DU T R IR 1 s Wi Uik, T PBSS
FEATVRU B BRA I T A LU, HRAARA A
H A 1195 M BT D e 8 SR IV PR AS 38 4 056 2 UM
2
1.3 RNA RY4EER

WO R R AT 1 H A4S 10 He 38 ol R sk e, 4% Trizol
RS B T B RNA A $EER & 4k
1.4 2 ORFcDNA REHEREYEEZSN

AR A2 AR Y B L cDNA SO 3RS — Bt
FI 2R EIK EST, K 436 bp, i NCBI ' Blast
AT, KIXITFANS Schistosoma mansoni Cyclophilin
B [FJi. DL Schistosoma mansoni Cyclophilin B J¥51
WIts1Y (LS9 PLRTRWES |9 P2), LLHZARIM
W% 2 L cDNA WA, PCR 734 % ORF [ cDNA
FBUF S R BE B P1(5'-3"): ATGGCCGTGTTAAG
AGTGTT, P2(5'-3"): TCATTCAGCAGCGTCAGTGT,
i b IR AE W RAT IR /)5 8o 8 D A5 2 Y
cDNA J¥FI#E NCBI LA 7 Rl LLXS (http:/www.
ncbi.nlm.nih.gov/BLAST); #JH DNAStar 34437
ZHEH K ORF, JEAH SRR . A, FEH
FARXT 3 B S AT 08 ; I Clustalw #044%F
AEYIFE) CyPB 4 H & IR 7 9 #4722 8 L X5
FIH GeneDoc BRA4 X} b X 45 S 47 4 i
1.5 KHAEEEE RT-PCR 27

Ay WIERECH A M AL 7. 13, 18, 23, 32 Hig &
42 HBR AR RNA, &, [k, iR A
DNA, Zlifblnlll . LLH A M 2 NADH JEH 2 N2,
PAGlAL A R BT 30 0 HAS 0 B cDNA SH#sR, LA
SYBR Green {% #1750 7 & PCR il Sj CyPB &4
ML, P71 Sj CyPB 5|4 : Sense primer(5'-3'):
ATGGCTAATGCTGGTCCTAAC , Antisense primer
(5'-3"): GTCCACAGTTTGCTATCTTCAC, 514
REFSIR A YR R A R A R, U R
BOR BN 250 bp ity S EE S 10 pmol.
NADH 5|#J, Sense primer(5'—3"): CGAGGACCTAAC
AGCAGAGG, Antisense primer(5'—3"): TCCGAACGA

ACTTTGAATCC, 5|¥)J¥%H Dr Goffrey Gobert £
fit, S1¥ 38 FHESIR R Y HOARA BRA WA R, T
PIAIEP R BB 250 bp AAT, I VR R
10 pmol, WK% : 2xSYBR Green PCR Premix Tag
10 pL, EUE5149 0.4 uL, FUF514 0.4 uL, EASY
Dilution Butter 8.2 pL, Az 1 pL; SO 544 : 95°C
10s, #RJ5 95°C 55, 55C 10s, 72°C 15s, 40 Mg
B, H 72°C 15 s B[R] 505 SR A
ROV 3 FLEER . SR cobert /A F] rotogene6.0
A HEAT A0, L) NADH #E NS, 15 AT
TRE TR H RS &,
1.6 EHFTERNHHESFKIE
1.6.1 FHHFA TN E

TEIZHE K ORF 944 77 51 (1 53 A1 335 53 33 5 A
EcoR 1l Sal 1THEYIf A%, ik PCR 4" 3475 355 5¢
#& ORF 11 Sj CyPB JEH P, FHi%)T 51 %€ 10 W 7 P
T JFA% IR A pGEX-6P-1 192 valefir 51X, H
2 #35 FORL pGEX-6P-1-Sj CyPB.,
1.6.2  ZKGFF 1117 A

LA PCR. BEUIFNN 3 )y i 5 S B 1Y
pGEX-6P-1-Sj CyPB/BL21 #FF LB ki3, 37C
PRG3R, 24 ODgoo=1.0 B I A HEE K 1 mmol/L
) IPTG 3381k, 7E IPTG 535 A [ i) 5 43 51
WA B, B0 e A7 Tt ) R OG5 G20k 4518
[ L SDS-PAGE Hi ik 73 Hr £ 7 {1 ik I 1) TR A
B, HEHRBRO B DAL AR A e i
AT 8 mol/L JRE, SR 5 LAWK FERR BE AR Y
Vi IR ZE 1Y) PBS B #TENT S PBS o, e M, B
J& L GST Bind Resin Ziifk i A E A .
1.6.3  Western blotting 30l

W alifb ) B 418 4 SDS-PAGE Hijk,
FIRSPR A AE R (NC) B I, 4 pGEX-6P-1/BL21 %5
BRI AR I A T B 1 R ) A o 8 e 4 e g
JR G S LS A —PT, B A AL B IC e
1gG N 40, LITLIER TMB 1ENIEY T 86,
1.7 DMREREP IR
1.7.1 ¥ 44

P 6~8 JEIIE (SPF %) BALB/c /M 30 H, Fifi
BULATHL 3 41, Bl 10 2, Sl e dd . At iR
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HAAS AN IR . SR R R TS 206 /05
120 pg glifk i) Sj CyPB H 412K 1A FLAL I ; fc 7T
R 2 5 U g HOE SRR R4S ERY 206 {7257 F1 PBS 1931,
PR s 25 O PR A v g RS AR AR PBS,
el FAmE ey 2 J, oA 3 . 5 3 IR
2 8, B H/N R ZIE R B R e B R (30+2) 4%
A i W L R W
1.7.2 BIETT#

Y 42d e, FI/NE IR, DU T#
U A W A, TR A, AR R
1.7.3  JFAR L 715

fife /N BB SR AR IFFAE , PRI T g, ITA S mL PBS,
FHEEHLIR )G A 5 mL 10% NaOH (W/V),56°C
KB HIEAL 2 h, TSR SRTRATE 4 £y 50 uL A
i, BT B (EPG TR A 4
IIE), IR RE,
1.7.4  ELISA #2091 1k F

BN TR . — . M =RE
57 REARCRAN, B RO M o3 #5103, 12 100
T B 42 4 0 ELISA 77 BEAG I TR R )
1.7.5  HdlEaHrmsgeit

5 B4 DL SPSS R F i AT G it 2 A b
(Duncan %),

2 %

2.1 SjCyPB EFMZEREYEEFEST

FEAR R A A 1) B Hle SR v 7 A5 2 H AR I
Wt Sj CyPB JE[A, #% 1 R R 2 5L 1R I 51) 43 Bt Lh 3%
G5 NIR T A ) E R S 2 G L CyPB
HA R AN, R B mAEE CyP RIKYIRESS
Fa3ak, W44 HAS LW . Cyclophilin B 5E[H (S)
CyPB), # iz KN ¥4 $#E28 #] NCBI, %54
GQ403665.,

DL F A i g B i cDNA A B, PCR o[k
15 05 S LTI e 2 ) A A 6 R, L TR I B2 A A
672 bp (Bl 1) /T B , i B 4t 243 AEILTR,
HEMEE 70 7R 23.5 kDa, BEF4> 515K H 2 K
Wy, SRR NG REMR . OTHE . BEDfa JNEL. 4.
AN FUNFFL R, Bkl ZA, Hoksz | gk
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HEd 15 MY CyPB 38 Y R B IRY 5 i 47 2
Foxt, 25 IR i TS Z IR )T 55 2 [
MW HL i) CyPB MUK 84%, 5 CyPB HiAth4Fp
AHIETE 54%~64%2Z 0], X5 CyPB HEHTEA A
YiRh e RS, Has A B B A 3 S W R AL R
BT AR A
2.2 SjCyPB EEAMHANERRESH
Real-time PCR /3 #r45 SR%E 1], Sj CyPB 1 H A
M A BRI R B s RS (B 2),
18 d H HUSL PR ek it fie iy, 7 d B LY R Ak A
XA (H 2),
23 E 4 JE 1% F X R R pGEX-6P-1-Sj CyPB/
BL21 MM SR FERERH K
22 PCR., XUV 5 A Y, IESE pGEX-6P-1-
Sj CyPB/BL21 F 4 ik FURi Ay il Dy . EE 20 A0

El1 PCRi =Y
Fig. 1 PCR products of §j CyPB gene. M: DL2000 DNA
ladder; A: PCR products of Sj CyPB gene.

illion)

1.40E+06 [

& 7 13 18 23 32 42
t(@d)

B2 RHAXBEEEZ PCR S Sj CyPB EREEHAMDRE
HAREM B RIRBIRIEER

Fig. 2 Stage differential expression of Sj CyPB in different
stages of Schistosoma japonicum by real-time PCR. 7 d: 7 days
schistosomula; 13 d: 13 days schistosomula; 18 d: 18 days
schistosomula; 23 d: 23 days worms; 32 d: 32 days worms;
42 d: 42 days adult worms.
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ki pGEX-6P-1-Sj CyPB/BL21 7£ K% BL21 Hi4k
gk, EABEAN TRAN 49.5 kDa, STHILE
SARY o BRI 00 ViR B A 5 2R st ) DA Tk
IR, R BRI 0.5 mmol/L IPTG 5%
6h, EABBIRARER, THEEPTER: HH
HEHUGBIKEATE (K 3), M EHAEAERT
8 mol/L JRE , LAIRZR R BE B EFEAINAY PBS 12 i tr
% PBS . SEME M, 4id GST Bind Resin 4ifb &
HEA (K 4).
24 FRIEFHMEMES
FiknyHHE A 4ifk 5 31T SDS-PAGE HilK,
ZHEERS 2 NC L, 14 pGEX-6P-1/BL21 A&
TR AT BRI B AR B 1 2 R 1% A ot P B 4 O A

3 SDS-PAGE % # pGEX-6P-1-Sj CyPB/BL21 E4H &
H BRI

Fig. 3 SDS-PAGE analysis of the expression products of
pGEX-6P-1-Sj CyPB/BL21 in E. coli. M: low-molecular protein
marker; A: pGEX-6P-1 uninduced with IPTG for 6 h; B:
pGEX-6P-1-Sj CyPB/BL21 induced with 1 mmol/L IPTG.

4 SDS-PAGE %4 #ff pGEX-6P-1-Sj CyPB/BL21 Zh{k Y
EHEH

Fig.4 SDS-PAGE analysis of the purified recombinant protein
of pGEX-6P-1-Sj CyPB/BL21 in E. coli. M: low-molecular

protein marker; A&B: purified recombinant protein of pGEX-
6P-1-Sj CyPB/BL21 in E. coli.

HMIEVE—PT, Western blotting #0253 & MA

— WL AR, KNS EME R & —3 (K

5), REMHREYEA RIFMPRIE

2.5 FYPRBEREER
YRR Gk 1) KU QXA

HUNB B B 21.9 &, fAEFIRHIRZE N 20.91 %%,
ML N 15.0 %, SaAX AL, EHE

M Sj CyPB 7£ Balb/c /MR H 5T T 31.50 % Y 8 4t
Bt K AT 3 A G e 41 N 2S X R A 25 S
(P<0.01); SfcfIxTIRAAHIL, EHHEF S CyPB
7£ Balb/c /NRHIESF T 28.26% MR, ¢ K2y
Mr e WA S e L LRI Rl 22 7 B 3% (P<<0.05), Jif
WEZIE AL RS , S fOBE B R AT HOp ik, A Foxt

W21 S 244 53 /N RUIFIIE HR B 70.768 4>, A7t
MEZH ) 69.866 1>, MG E Ky 41740.7 >, H55H

XTHRLHAR L, HEE L BR A 41.01% , ¢ Ko 553 Hr
WoRZE ML E (P<0.01); SR IRAM L,
JHF I S BRBO8 2> 40.25% , ¢ K96 o0 s 25 5
(P<0.05) (3 1),
2.6 MiFHIARKTE

B /NS T Sj CyPB #5524 1gG Hilk g7z
UL 6. 55 2 RS 7 d EAAPUR BRI
Sj CyPB 5t IgG P B2 ik BB & K-F, = %5
MWEA T, BOdR 6 JE RIS S TR KO A 5
PR A, TAs E BRI X BR4L Sj CyPB $§
Sk 1gG HUA AR TE B 1 5 — B AR R R K
-, KR (K 6).

5 pGEX-6P-1-Sj CyPB/BL21 E4HZE B Western
blotting 43 #f

Fig. 5
protein. M: protein marker; A: protein of pGEX-6P-1-Sj
CyPB/BL21 induced with IPTG; B: purified protein of
pGEX-6P-1-Sj CyPB/BL21 uninduced with IPTG.

Western blotting analysis of Sj CyPB recombinant
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%1 BALB/c MNRREBERIPIAKEER

Table1l Worm and egg counting reduction rate induced by Sj CyPB in Balb/c mice

Average worm Worm reduction

Liver egg reduction

Group burden (xrs) rate (%) P value Eggs/g liver (x£s) rate (%) P value
PBS 21.9+4.94413 — — 70768+28327.72 —
206 adjuvant 20.91+7.3818 4.52 >0.05 69866+35330.36 1.28 >0.05
SjCyB 15.0+£5.56776 31.50 <0.01 41740.7+16609.72 41.01 <0.01

Dynamic changes in IgG antibodies of different groups

12 —+PBS control
| =206 Adjuvant control
| —*SJCyBplus

e o =
o » o

Absorbance OD,s,
o
i

S Qe
o v

preimmune  first second third 6 week
(0 week) immune immune immune  after
(2 week) (4 week) (6 week) infected

Time of immunization

Bl 6 Balb/c /R ILFEH Sj CyPB HUR %55 1% 1gG Hikk

T g R
Fig. 6 Specific IgG level against Sj CyPB by ELISA.

3 ik

I AR 3% s B, i A A T S AN T B B
MAMAIEE . KEFABEMRES, WHER, W]
REVR T H A I W AR e B Be RS A | sk d I
A BUK- 2257 o 5530 B OG5 75 BB 4 5%
Wi R e B b R IR A Y Re
s H A W RS S T RIS, TS A AR
557 F A ELAE FH O 22 R R H AR I O T
HHEHL AR5,

Cyclophilin (CyP) J " {ZAFFE, FEAIRIYIFR i
HRSF o CyP AIES S AHOCE FT, I s & |
BEMCRNEIZ 5 R w2 I R 09 2 1 ST T
T, BESTHERNIEN; RN EE S S hEsE
R ARG SE B Sj CyPB LK N CyP
FIEW EE WG, CyPB AAAE TR M, A7 E T
IRBEE AW MR IR, W R L
AR A YR N R R A T Re . AR
AR 25 A BB TS | R KB T ae O,
AELAE i 52 H v oA A % LT R A T A0 B 5 41

ATV Sj CyPB IIFFEXNT S, vike TixKEN ,
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FHF5 5 Sm CyPB HXT, A3 H A i 4% 3 A
JIT G i R L TR 17 51) 5 22 T W H i % 2 S TR 7 51 1)
I 84%, 5 HARYIF CyPB Jk A 1AL 7E
54%~64% 2 8] o ZFEH gl & L8RP 515 H A %
BZRMEFWMA . 4 CyPB Byt & IEMR ¥ 5 25 5
WK, VU 1E T RS 515 53— 40] 245 ) A ik
FTR AT B W] BB
AL, Sj CyPB 7E H AR MW AR E B
BRBRHa R, KLl 18 d B a3k N F ik i
B, 7 d B AU SE D ek AR . 18 d 3 e KB
J5 B B HUATE LR i ERN A K R TR, ST
B R, CyPB RERTEIZ B By K
ik, WEES CyPB ZH5MEAMT.. Bifi. &
FFEZE S5 A W) F D) REAH G, CyPB AT BETE H A IfiL
W A TR AR KRR E A B R
AW 5T LA B A I W A BT T G 92 e I Y A
—3¥T, Western blotting {E5Z Sj CyPB HHEHHA
RAFHRBEEPE. L Sj CyPB BAHLF AT/
JFE e R, Z5RRW] Sj CyPB B HUETEN
FRUA 75 7 A TR A S B R P ARAOR /D UG L A
I T 31.5%, HIEREPEOE T 41.01%. DL L
W RW] , Sj CyPB KR AT VE R AE 1 H A% ifiL W 8
B FIRABFGE . [RIAF, A ELISA J7 B
TR R S CyPB AN AR R 1gG PUiRTHKIE
B, S5 3R B A bR S/ N A T R 1gG
BUoR, M2 X B AR 0 B2 R S 1 1gG BidAk
KAV B AEFFAERARIK T, BoA BlcA A2, R
Sj CyPB FABUIFEGLRE /N BUR 15T A (0 1A 93
07 2% P R AR I R R B
AW ERE T HA MR He Sj CyPB 5, 437
Sj CyPB f£ H 7% ifiL W HUA [R50 i) R B A8 B0, B 78
KGR AT T 3R35, IR T s e e Rl e,
B0 UE 12k DX 21 5 AT AR LR 5 5 AR S R
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TER. BZ, ABEGEXT Sj CyPB JEH AT T R4
F, %R DAE I A5 K R AR s D RE A K
AR DA A7 a5 R 0k 8 2 1 25 W S A 1) 0 T AT
PE— L RANIE
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