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H 7 1 W o DU s 1 55— 35 /K 3641 ( TSP,HD )
LA ek SRR PEESE

RAEAT B4R 2 podadm 1) A ik 12 FHEt 12

[{BE] BH  ARURIERE B AR I DU RS A (258 o5 K3EH (TSP.HD) 3, Ifis ek, 7k RA
#S PCR AT AR HAMBE TSPHD (aal07~aal82) FERILH B, LT IEW)E, bR Bl AFAEUApCEX-4T-3,
Mg T 20 F 3K ok TSP, HD-PG, 54k KIF¥47# BL21 (DE3), #HE& EARIAFR LT, S HE-B-D-FALE T
W (IPTG) TRk, T T mman-RING AL BERC UK (SDS-PAGE) W% TSPHD fll &2 F R IA 0L, A
K (GST) A HEALLE (glutathione sepharose 4B) MFIAF=H)24fR FiE h4alifk GST-TSP,HD ftAHEH, HEE M A
PIER G &R, flaaifbnyELd TSPHD &1, M H A BEIE (Western blotting) 44T 41 TSPHD 2 -5 1L AL
BRI B i Wy SRR AR LV 1) BB S P 5 ERZH TSP HD A 1 S8 i 0 e g /I B bk L 200 L A7k U 48 o 1 3
5, ) LRSI S X B Pk v SR (cpm) MO SWFREELA TSPHD AWM, &R Sd3RES
PCR Y, K454 228 bp /9 TSPHD JEH, I AT IESE 5 RAREER T I 82—, & EA TR TSP.HD-PG 1§ 4k+
A, 2 1IPTG PG ZAMX TR (Mr) 299 34 000 B9 #PE GST-TSPHD Ri&& 1, BEIMLEFYE GST-TSP,HD
AR RS 4l b E 4 TSP,HD [, Western blotting Z3-HTERH , FZH 35K TR 11 7] 1 1 % R o JER % G 1 375 740 118 Hhe o
BHMF R, BB A R RN 2 TSPHD & A BE A i e A/ s BUIR A M5, SC9R 2 cpm IR & T
YRR, PIAHZERAGI#FREL (P<0.01), £5i8  HAMRER TSPHD FHE G R FR KRG, =L TSPHD HEIHH
FIRGTPEE M
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Gene Synthesis, Expression and Immunogenicity Analysis of TSP,
Hydrophilic Domain(TSP,HD) of Schistosoma japonicum
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[Abstract]  Objective  To synthesize and express the gene of TSP, hydrophilic domain of Schistosoma japon-
icum, and investigate the immunogenicity of the recombinant TSP,HD protein. = Methods  The whole DNA fragment
encoding the TSP, hydrophilic domain was synthesized by overlapping PCR, and confirmed by DNA sequencing. The
recombinant plasmid TSP,HD-PG was constructed by inserting the purified TSP,HD DNA fragment into expression vector
pGEX-4T-3 and the GST-TSP,HD fusion protein was expressed by transforming the recombinant plasmid TSP,HD-PG into
Escherichia coli BL21 (DE3) and induced the recombinant with isopropyl B-D-1-thiogalactopyranoside (IPTG) . The expressing
situation of fusion protein was analyzed by SDS-PAGE. The GST-TSP,HD fusion protein was purified by affinity
chromatography with glutathione sepharose 4B gel, and the purified recombinant TSP,HD protein was prepared by
digesting the GST-TSP,HD fusion protein with thrombin. The immuno-response of the recombinant TSP,HD recognized by
the pool sera of schistosomiasis patients and the pool sera of heavily infected rabbits was explored by Western blotting
analysis. The immunogenicity of the recombinant TSP,HD was investigated by comparing the difference of counts per
minute (cpm) value of lymphocyte proliferation test between experiment group and control group. Results A 228 bp
of TSP,HD gene fragment was obtained after overlapping PCR of three times and its DNA sequence was confirmed by

DNA sequencing, which was same to one of the native TSP,HD. The recombinant containing recombinant plasmid
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TSP,HD-PG expressed a soluble fusion protein of GST-TSP,HD ( Mr =34 000) after being induced with IPTG. The
purified recombinant TSP,HD protein was obtained through digesting the GST-TSP,HD fusion protein with thrombin. The
recombinant TSP,HD was recognized by pool sera of schistosomiasis patients and pool sera of infected rabbits,
indicating that the recombinant TSP,HD has a good response activity. The recombinant TSP,HD also stimulated
proliferation of lymphocytes in infected mouse, the cpm value of experiment group was higher than that of the control (P<0.
01). Conclusion The Sj TSP,HD gene has been synthesized and expressed with immunogenicity which is similar to
that of the native antigen.
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B A e LA M W U O RAT o 2 H RIS 9 5
ENFEDT I B BB T, AR AT RE R R 428 il i i
HORTATINA RO

P AR T B A PR I R ) AR KO B
TR B SZARBHERAIE N, TREA I % S TR A
WO, DU AR F (tetraspanins, TSP) J&—/~5 41
MUEE . HEFH | PO AT SE 2 R BEAH SC Y R
FIZEHE , Tran SFBFFERM], E2H & I R Y 85
FRAE AP 2KFE A (Sm-tsp-1 Al Sm-tsp-2), JLH:
Sm-tsp-2 BB T 55 T 4096470 1M W HURRL 1) S e R A
M, e T ASBIESEXS H A L He
JBE AR A o K (TSP, hydrophilic domain,
TSP,HD) JEPRIFEATE R, BH KL, I H A
Jf

M EFE

1 KF

T, DNA JEHHE H 5EE Invitrogen 4], Tag DNA
REH ., WU aiibion & L B DNA 2lifkifin
& H 2L Promega A F], Pfu DNA RERHWH i
WFE A BORABRA T, FRIB#EAR pCGEX-4T-3FIH 4]
HHEMAi iR & (Bulk GST Purification Module)
) H & E Amersham 28], AR o E ALY B (HRP) b1
IEEPIR 1gG BB 1eG 50 [ _EIAEE AR
THREAT],

2 EEAFT
ENS e R S I R ki i =R = |
B H A 1 . TSP, B2 (EF634060) 3£ /K X A B,

(No. 30471515, No. 30671833) and Key Talent Fund of Jiangsu

HI 5 .GAAAAGCCGAAGGTGAAAAGACATGTCACTA
CAGCATTAAAAGACCTTGTAGGACAATACGGACACG
ATAGACACTTAGACAAAGTTTTGGACGAAATTCAAG
ATAAATTACAATGTTGTGGTGCCGAATCGCCTGCTGA
TTATTCTCGAGGACCACCTCCATCATGTAAGAATTAT
AATGAGGGATGCATTGGTAAAGTCACCGAACTGACT
AAAAAGCACCTAAAT-3',

3 EREGM. RESERE

3.1 FEFEFIIGE R MR RN PS8
FAR M HAMYSER IR BL, i LR T A TR,
ARIRFSARAF G, X 8 FHBZM, E—5&F
By 3% T — S By 5 S AT 20 A REE y BoANF
G, IFAEE 1 2R B 5" v S5 8 4% v Bery 5% o
SGIA BamH 1 K Sal T BRI P DI BEAL A3

Pl1. 5'-TTGGATCCGAAAAGCCGAAGGTGAAAAGACATGTCA-
Bam H1

CTACAGCATTAAAA-3'

P2. 5'-TCTATCGTGTCCGTATTGTCCTACAAGGTCTTTTAATG-
CTGTAGTGACAT-3’

P3: 5-CAATACGGACACGATAGACACTTAGACAAAGTTTTGG-
ACGAAATTCAAG-3'

P4. 5'-GCGATTCGGCACCACAACATTGTAATTTATCTTGAATT-
TCGTCCAAAACT-3'

P5: 5'-ATGTTGTGGTGCCGAATCGCCTGCTGATTATTCTCGAG-
GACCACCTCCATC-3'

P6: 5'-CCAATGCATCCCTCATTATAATTCTTACATGATGGAGG-
TGGTCCTCGAGAA-3'

P7. 5'-TATAATGAGGGATGCATTGGTAAAGTCACCGAACTGA-
CTAAAAAGCACCT-3’

P8. 5'-AAGTCGACTCAATTTAGGTGCTTTTTAGTCAGTTC-3’
Sal |

32 & & PCR (overlapping PCR) & il TSP,-HD &
4751, PCRMAZR N : 10xPCR i 10 pl,
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25 mmol/l. MgCl, 10 wl, 2 mmolL JIit & 4% = Wi ik
(ANTPs) 8ul, 50 wmol/L FEZHIRFEL P1, P2 (B P3,
P4, P5, P6, P7, P8) %5 2ul, 5U/ul Pfu DNA &
1pl, MKEILE T/KZE 100 wl, {#iHPCR 1% (2800
Rl REPE AF) PG, ROWVAMF R 94 °C 2 min;
94°C 30s, 55°C 30s, 72 °C 50's, 30 MME#FR, PCR
TR 2% NG HL Uk, WRES LRSS R, [l
W P1P2, P3P4, P5P6 J& PTPS, R 5+ ik Jiik,
Ll PIP2, P3P4. P5P6 & P7P8 735 H N5 191 T PCR
i, A4S P1P4. P5-PS (A Br, FELASLWIH B H N
1914 % P1-P8 (1) TSP,HD HE K451,

3.3 4R TSPHD R By e 75 o1

3.3.1 TSPHD [ 535 g v (A) R E Kaife
HITSP,HD P HBEE T PCR RS, MIA 10xPCR 2%
MR 10 wl. 25 mmol/L. MgCl, 10 pl, 10 mmol/L. =i
JRAERIES (dATP) 1 wl, 5 Ul Tag DNA B4 1 pl,
IR B /K 2 100 pl, 7F PCR X | 72 CH£IE 30
min, i TSP,HD &K 5'dmhn F“A”REE . FHEEI =9
aifbiR A & aifbin A BJS/Y TSPHD F B,

332 TSPHD £ H FEwmks Sx  HSUHk4 ]
4ifb TSP HD 3K Bt 5 pGEMT #ARIR G, £ T,
DNA FEHEREIEF T 16 Cit e, B s =Wk K
¥4 B (Escherichia coli) DHSo JEZ A4S, &
MIESENHTEZE (AMP, 100 mg/ml) Y LB ¥k
L, AR IR 5-TR-4-5-3- 0| We-B-D-2F LB
T (X-gal ) Fl S N 3E-B-D-F AR 2 2B (IPTG), 37 C
B, KHEUA G REEBE, UL PL, P8 5| HiifT
PCR ¥ 14 455 FIVE TR T . filde PCR FHMETE T i
2R DNA, #E4T DNA J¥ 8045007, th LA T A
TRERARRRSS A BR AR TE

4 BARIKFRAIHE

FH B0 PE N VI BamH 1, Sal T % 3¢ 35 i ki
pGEX-4T-3 J & 45 TSP,HD R Y TA 5 [ 5 41 Tk
A A7 B i PEEEDT , P D) S pGEX-4T-3 2k
ik J TSP,HD BeH B, Fr2lifbiy pGEX-4T-3 4t
JEk K TSP.HD JE [ i Bedte— o LR A 2, t
HAFIRFOR TSP,HD-PG, iEH L SHA TSR
JrilEl 3.3.2, {2 LB AR BTG X-gal 1 IPTG,

5 TSP.HD ERWEARIESHK

PREURAAN & TSP,HD-PG 5 41 ok 5L T 7%
AT 3 ml LB KRR S (& AMP 100 mg/ml)
W, 37 CHEiFRATR, WKHIE 10 10 K532 A 2
El"] LB (@iﬁiﬁ?%%‘:‘j s i%?%@ﬂﬂﬁ'ﬁﬁ (Asoo {E)ZO-S ’

A IPTG ZAWESE N 1 mmol/L, AkEE853%E 3h, B
WCHE AN B, T o A TR 0 - 2R T s T e 5 e P Yk
(SDS-PAGE) W< TSP,HD & [ Kk 15 M.

P REZR N TSP,HD £ H 1Y H 41 F 4 i H PTG it
FREFESEE, ) GST gl &85 A maifid ) &
FESCHR[ 5 ] ik alifb s 2 TSP,HD &,

6 = TSP,HD EH REEMESH

6.1 ZGJR¥PiE (Western blotting) 541 K TSP,HD
HFHEAT SDS-PAGE HLTK, ARG 8 A4 R 21 i
FREFHERRE (NC ) b, S AHUE 30 V., HLIE 90 mA,
4 CEERLIIR, P 1940 38 F 8L (BSA) R 2% i
WA NC R, K NC VIR 4 %%, 435I 12200 Fi
TR I A P R AR LY IR R R LT L
GG | fEFE AT S NC B LB APURY, 37 C
IR 2 h, F PBST (& 0.05% Tween-20)BEE 3 1K,
FH2EPU % HRP-IgG (1:50)5 NC /N 2 h, FEH
SEHA HRP-IgG(1: 50)5 NC BERS , 37 “CHEF 2 h,
PBST ¥EJEE 3 W Jm, BIRIR A 3,3 - &R BRI
(DAB) WA (20 mg DAB % F 10 ml PBS H1,
& FHATIIA 30% Hy0, 2 ml), ZE N 26 5~10 min,
0 J5 FHZR IR K BRI L E S

6.2 HE IR X

6.2.1 REA /N R P 4B & BALB/e /NEL 6
H (KHE 2095, 6 i), WA P EFABE
s, BEFL ASEEL R IR, SEaR A R
/NERUERIL 35 S5 M), JERYLIEER 6 SRRk At
HOpgL, dlA MG AR (R FRIEE S 5%/ NI
TH B9 RPMI 1640) , X HEZH Ry A SR (R fd /N R, LA
AETR 57 1 B8 AL £ A RS RR

6.2.2 HFERIE  PREE b AR M B A0 R R R
2 x10° /100 wl, 4325 2 96 FLOF JiE 40 i 15 F: i
AL 100 i, B /N ERUIGIHK B 40 e B 9 S FATAL
(RPZE X AL . I FLAIBH X BRFL4S 3 1Y), DAE
FLHIMAZIALAY TSP,HD S B  (Z9REEHR 5 pe/ul),
25 LA ZE 5 RPMI 1640 35355, BHAEXTRFL A hn
ANEERJITERE T A (Con A, Z9RIEH 5 pe/ wl).
37 °C 5% CO, ¥iF#fihR:3% 56 h i, EFLANA 0.5 mCi
SIAMIC IR EREAZ AT, AREERTTR 12~16 h, Bk 40
RO BB R 4R |, KW PBS (pH 7.2) | 5%
ZHABERRAICK CBEPR R ANIAS 3 K, BRI RS
TR INAY (1LS6500 7, & Dl w2 /0 /) I fik
HHEEL (counts per minute, cpm),

7 HIFFES
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M SPSS11.5 Seit-arfx g s it
a5 ES

1 TSP.HD EEHEK

RHES PCR L, &l 35891, K4 228
bp R B (K1), fiAEE Tag DNA BAEEEILS
A B 5N b “A” R EVRIEST TA ST DNA i
JP, Wy 455 H AR i i HL TSPHD 3 K F 4
(EF634O6O)75$#£51, VIR TSP,HD HEA S0

T K

M 1

bp

700
600

500
400

300

200

100

M. DNA#REY, 1. A0 TSPHD £+ PCR HEt,
M. DNA marker, 1: The full length of synthesized TSP,HD.
1 TSP.HD EE&H
Fig.1 Gene synthesis of TSP,HD

2 BARKFRHAEE, BEEARKESH4K
B 4 Ukl TSP,HD-PG 1) E. coli BL21 4 IPTG

B SREFIEZ Mr 34 000 GST-TSPHD B &, 1

H & 8 FORL pGEX-4T-3 AYZ4H B H 3235 Mr 26 000

GST #H, &HMEERETHINIERREAW (K 2),
M 1 2 3
Mr
97 000 s
66 000 —
43000 —

31000 <— GST-TSP,HD

20000 ms—

M. EAFREY, 1. E coli BI21 (DE3), 2. & EARLFR
TSPHD-PG IR FIL M, 3. &0k pGEX-4T-3 AN k4 .
1. E. coli BL21 (DE3),
of bacteria containing recombinant plasmid TSP,HD-PG,

M. Protein marker, 2. Expression product
3. Expression
product of bacteria containing plasmid pGEX-4T-3.
2 TSPHD EEZEE. colifMIREE KL=
Fig.2 The fusion expression product of TSP,HD gene in
E. coli BL21 (DE3)

4lif, GST-TSP,HD il 8 H 4B ML A V&), 153
ARXF A>T Mr 8 500 F4lifk TSPHD 2 (K 3),

M 1 2 3
Mr

97000 [

66 000 W

43 000

31000

20 000

14000 W

1, 2, 3: Zifeiy@E4l TSPHD &4,
1, 2, 3; Purified product of the recombinant TSP,HD.
3 TSP.HD EH 4k
Fig.3 Purification of TSP,HD

M: HEABREY,

M: Protein marker,

3 E4{ TSP,HD EFMEEFEES T
35 LA L e R M R I e JER B I 3

YEh—Pi, Stk TSP,HD & H 4T Western
blotting %4 , DAt FiE A RN 4dt 5 G 10375 A BH A X BE

RN, HAEHTSP,HDIEL Mr 8 500 5 1M W
g B3 I Y7 R 00 o SR A I R YA — e S S
et TS AR B AR SR LT O e N (18 4),
ULEHEEZH TSPHD B A BT 10 G g8 s vy 14

M: EEFAREY, 1. EERME, 2. BRI, 3. f@E

NI, 4 M0 HUBGE B 0
M: Protein marker, 1: Sera of healthy rabbits, 2: Sera of infected
rabbits, 3: Sera of healthy persons, 4. Sera of schistosomiasis patients.

4 EZH TSP,HD EH Western blotting %7
Fig.4 Western blotting analysis of the recombinant TSP,HD

alifk F2H TSP,HD 25 1% H 2 ifi W o Jekgy
MM EA TN AR AR FE S, X RRZH cpm {HA 358.0+
56.3, TSZI4H K 4 508.0£866.2, Wik 2% H %1
R (P<0.01)(F 1), RFEH TSP,HD &HHEEA
ORI /N BRI AR RS 5, A Bt A e i D

/NI
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F1 WANREAE T HEHAMIGER AR (cpm(H)
Table 1 Comparison of T lymphocyte proliferative response in
murine spleen of the two groups (cpm value)

cpm {H cpm value

2151 Group

Con A TSP,HD
&L Control group 4619.4+707.2 358.0+56.3
Y2 Experiment group 4 637.9+806.2 4 508.0+866.2"

o+ SXMgIE, P<0.01,
Note: * Compared with control group, P<0.01.

5 I
ML HORE R HE B ASFIT7 1L W SRR — ol
WETE, T ENIMIFRE T, JA9A

BE5CH1A) AL 2 R 928 T 5 3 - AT ol v A T ) S

FEM R A R B R, I R A AN
H M REE AR AL TEEMER, xR, 24k
AE, BEPEATE . ZIRIIRENI TR A I 5 1
fBEE 43l A B B R E R, — 5 wial L
T 2 I A3 S A 14 A By i L i e e A K
BAAR, F—Jr AT LGE SRR B E F A M

i G S P SRR AR T A R N A (5 5 )7
IR A5 TFIHEE, SRR RSN | IRas
BHEASTRREGALTB, ARSI R G S
PB4 e AR 0 e 1A i W R B U AN i B S
S A E A FRR, R T —Ht B A i g 2
FISMr IR GG A FRAES, X X7
FIHE— 2B IR A B 05 mT VR Ay it i R 2 v 1
LT

o [ I % 2R Ay O 5 S 1 (TSP S A7 7E T 1 W e
BB (BRI SN R RN ZRE A, BIRHTD)
BEMATTERE, (HEBIE R — S A 2 1
HRPET R, i T H AR A 5 A PGl
FEAEFR R 225, H A L% B 5 8 Gl W 3G TSP
Iy FLER BEARARAARL, (HRIEFHN I —E LS,
FIERIFIEE R 72%, HA MK & TSP fIhEE, Tt
R A SR B i JCHRAE . ASBT AR H A 1L
W B TSP 43 F P e SEHE () S R P 51, R E &
PCR ik, NT A MY TSP 43F R 2 SR/K KB
(TSP,HD) JEF ¥ 51, 745 R R T4 1 DNA
FPAI 5 RARFEH P91 58 22—, UEIAARHIFSE i FE R &
PRI R

¥ TSPHD JEH 4 A B3Rk pCEX-4T-3 # &
HFRTRL, 24 PTG BFI TR AE AN ERL, R
I GST S MZM ki vl s tEm G EAE A, X

HAE A G TR, Rk EA
TSP,HD ., S e B E 41 K14 TSP,HD
FE A RE -5 108 MR EJER e L5 I T O R I S
N7, AN B SRR A I e AR R I 1], 1R s
WP, 38 #4H TSPHD & [ WP FE 78 5 K 4R
TSP,HD £ FARIAY B AHMIRAL . ASBFFR A RIE LI,
H 20 TSP,HD £ 171 HE 5 25 A 0 iz HUER Y /)N BRI 248 e
W%, UL TSP.HD 2 1 T REAFAE K IR T 40 sR
D7, X —&5 SR RIS 21 2 (R L TSP,HD £
H5 S ACE AR VR ML S S e e ARG, T
JNERZH H A I Bt TSP,HD 25 78] fi2— A 30
P 0L P R BRI A 0 T

AHEFE N M3k T H AR W% H TSPHD 2,
20 TSPHD £ @A SR FZ N K il &, JFRA
5RIRE AU e 5, Ait— it o 2 T 1
Wz P2 VA E T B A (BB AL T 4 H0

Z £ X #
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