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Cloning, eukaryotic expressing and function analysis of
Schistosoma japonicum apoptosis gene §jcaspase3

Tao Wang, Yang Hong, Hongxiao Han, Chao Lv, Bingguang Jia, Xiaodan Cao, Qian Han,
KelLu, Hao Li, Zhigiang Fu, and Jiaojiao Lin

Key Laboratory of Animal Parasitology, Ministry of Agriculture, Shanghai Veterinary Research Institute, Chinese Academy of
Agricultural Science, Shanghai 200241, China

Abstract: For further research of the apoptosis mechanism of Schistosoma japonicum (S. japonicum). The cDNA
encoding Scaspase3 of Schistosoma japonicum was amplified by polymerase chain reaction (PCR) technique, which
contained 900 nucleotides and encoded 299 amino acids. The theory molecular weight and isoelectric point (PI) of the
deduced protein is 33.5 kDa and 6.39, respectively. Real-time PCR was used to analyze the transcription profiles of
Scaspase3 at different development stages of S. japonicum. The results showed that this gene was expressed in all stages of
S. japonicum with the highest expression in 21d worms, and the level of gene transcription in 42 d female worms was
higher than that of male worms. The recombinant plasmid pXJ40-FLAG-Sjcaspase3 was constructed and transfection into
Hela cells successfully. Real-time PCR and Western blotting analysis showed §caspase3 was successfully expressed in
Hela cells. Enzyme activity analysis revealed that recombinant Sjcaspase3 possessed the activity to cut substrate DEVD.
Flow cytometry proved that §caspase3 could induce early apoptosis of Hela cells. The results provide the basis for proceeding
further study on the biological function of §caspase3 and better understand the apoptosis mechanism of S. japonicum.

Keywords: Schistosoma japonicum, caspase3, apoptosis, enzyme activity, flow cytometry
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SN AEIE K ER BT 4 A5 Bl AR Sz
2 ) A B S S AR KA b RS H A I i
F77E Caspase9!®, {H HoAth a5 31 R WLAH R E

AR B DART TS0 T 46 DG T 4 B U8 T A 9 A
WIE 7 T ZEAN I T Caspase3
JE— AN 20 TP AT TLAE AT IR 56 T 40
PRI I O R N A RGN 2013
4 Kumar S5 F A Y005 B4 20 B 1 I W% L i)
Caspase3/7 B0 3% T AZEHY Caspase i 51HY,
KRB BB Caspase3/7 5 FI7E 4 ¥4 Fl =
REEH EFENTNHA W E AR -2z
S, M T L Caspase3/7 1E 25940 55 1)
AlREYE . PR X H A i i e Caspase3 %k P i fiff
FERAEEE S, AU BT H A i dL 40
MR T ML A FRAR , o Pl REAT BT H A 1 W
P BT 245 ) ) B

AWFFERT HA MK . Gcaspase3 1T T 78
B, FRik, Tk 7 HEA YRR SRR Y BT
P, IFAli75 Hela 40 A AR AL T, WIRA
WFFE H A ML AR 0 T AL 55 5E T kA

1 #rEr®E

1.1 ##

111 EEREF g
Superscript’ "I & % 5% i W [
Invitrogen /> /] ; Ex Taq DNA &1 . T4 DNA
BN . pMD19-T Ak . RGN YT
PrimeScriptTM PT-PCR Kit, SYBR® Premix Ex
Taq™ 1 (Perfect Real Time). EASY Dilution
(For Real Time PCR) #JlJ H TaKaRa 44 T %
(K3%E) A RA T ; DNA gfifl [maf ) &, /N
JEORE [RISER) 6 H Axygen 28 ] 5 KU Ok 2
b IE R & - QIAGEN A+, Caspase3/7

Trizol.

B: 010-64807509

6 PERS M50 &, FuGene HD %% 4L i 57 1 H
Progema /A A ; FLAG ¥4 H CST A Fl; HRP
pric B AP/ R =P A At B = R AV
ARBFFEFT; Annexin V-FITC/PT 4 g 5 746 I3t
F & H Invitrogen 28 |l ; pXJ40-FLAG Ji ki
Hh ] A A L i S AR 5T T S S G = R
f£; DAPL YuRlig A b Fr A YR A BR A
H]; Anti-Flag JEFIEEEC A Poly Flag Z K H
Biotool A= ¥\ Fl o
112 AEYre

DH5a 1 BL21 (DE3) B2 2540 A b &
SR EWARRA A ; Hela 400 H o E 40 #}
B B E R R TS I = A HAS
W A AR pl ] Rl R 2 B TR I B 5T I
W S A ARAE s 6 RS HEYE BALB/c I H FiEF
Wk e SE R S A IR E s H [ R BE AR H AR 1
W o BEAEET 88 E o E Ol B B E TS R AT
T ET IR S G 2 $R 1L
1.2 FiE
1.2.1 RNA B 5k

IO R RAT 42 d HAS I H 24 150 mg,
Fi¢ B Trizol 1200 & i W o $2 U 4 5L RNA, F
A Superscript™ T4 SRR & RNA ;5
% cDNA,
1.2.2 Sjcaspase3d ZH K7

HaAE H A 1 Bt CASP3 2[4 (GenBank &
sk%5 FN315427.1) ANt =519 FlL (5
ORF 1) 1-20 (i HERES) 1 R1 (5 ORF 1y
878-900 M AZ TR I Ml AN, SI¥FHI WL 1,
I EgSE AR A RA R A M. PCR
S A 7 2% Ex Taq WU A5 . PCR S 451
Hp: 95 CHIZAEM: 5 min; 95 CAEM: 30s, 55°C
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Bk 30,72 CHEff 1 min, 3t 32 MG ;72 C
HRSEGEH 5 ming 4 CZ b v IR
1.2.3 HYfg BF#oHT

F|F ORF FINDER (http://www.ncbi.nlm.nih.

gov/gorf/gorf.htmL) TEZL 73 B 3-8 T 5 15 13241
¥ 5 54T BLASTX (http://blast.ncbi.nlm.nih.
gov/Blast.cgi?) #E4T HL XS #R AR LN FIH
Primer Premier 5 #FHEAT BV 5 70 Hr AT 1E
9 5 2 11 BT F 40 43 M s AL NCBI (http:/
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
F1 SMART (http://smart.embl-heidelberg.de/) 7E

Lo Hr FHRE B A MEGA 6 kT2
FeS X I i R R F s FIH ProtParam
tool (http://web.expasy.org/protparam/) TEZk 7 HT
FILMRIRILH Y . B H, EAREIS s T E
FNFR IR 45 L S A A TR AR o
1.2.4 F)tER PCR T Sjcaspase3 764 5!
BT RIXFLR

S PRI H AR I AU 7 d L 14.d. 21 d,
28d.35d.42d.42 d ML 42 d #EHUAY L RNA,

%1 PCR# RT-PCR 314}
Tablel Primersused for PCR and RT-PCR

Fi 8 TaKaRa PrimeScript™ PT-PCR Kit i &
b B A5 S S HAS i e 2% B 491 LA ) cDNA
PLH A GNADH FERA NS, A H
A MW HL cDNA AR, F£F]H SYBR® Premix
Ex Taq' "Il (Perfect Real Time) 17 9¢ 6 E
PCR L5, SE¥eiEFT 3 W d4 . caspase3
P E 7 PCRE1Y) (F2 FIR2) J7 4 Fl H A I
H gNADH NZ51%) (F3 F1 R3) J¥HIILE% 1,
S1Yh Fg e AR YR A B BLA
1.25 pXJ40-FLAG-S Caspased 40 Fki ke
W& Sjcaspase3 H 5 i Ul {7 £ il
pXJ40-FLAG £ g [ v a5 BET T 455 A Wi D1 47 A5
519 F4 F1 R4, Z350HE B RUES IR 5
51 A\ BamH I Fil Xho I FREIPERGFDIN S 5197
S 1, 51 M LR AR A BRA Al G
B, PCR SN ZR FS N 45 7F ] . PCR &3
FE Ak RS, e REE] pMDI19-T 244k,
e BB ST By 58 0E S oF — A O B F
pXJ40-FLAG # MR b I Bk 4500 15 55 0E o K 4
A IR pXJ40-FLAG-Sjcaspase3 75 [ B i

Primer name Primer sequence (5'-3") Size (bp)
F1 ATGGAAGAGAAAGTTGATGG
R1 TTATTTGATTTCTTTCGGTTGTC 200
F2 ATCGCTGTCCTTCCCTGATTGGAA
R2 ATTACATCATCGCCTGCATCGGCA H
F3 TGTCAGCCTGGTGAAGGTATCGTT
R3 ACATTGTCAATAGTTTGTGCAGACC 104
F4 CGCGGATCCATGGAAGAGAAAGTTGATGG
R4 GCGCTCGAGTTATTTGATTTCTTTCGGTTGTC o8
F5 CGGAGTCAACGGATTTGGTCGTAT
R5 AGCCTTCTCCATGGTGGTGAAGAC 307
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KER:FR, JFFIH QIAGEN Fukidmiit &z
B pXJ40-FLAG-Sjcaspase3 54 Bk , (1745 1
1.2.6 %Y Hela i

W KR BT Hela 4007 58 42 45 97 3
T e 2x10° cells/mL Y& B, #4559l 2 mL (5
HiE) 35 mm HARR MR TR . 77 40 A Il
AR E 80%—90%H AT AT AR MR Y . LIS
., A 37 CHi#k PBS ¥t 3 #J5EINA
1 mL 37 CHIME 2% M 1958 15
Jk. FIH FuGene HD #4437, #eHRBTRL (ng)
SEEYURF] (uL) 1 ¢ 3 09 H A e A %/’“ (5!
AREFEMEE YL 2 ng STk, 49 e B XT BE 4
JFKEZH FN Sjcaspase3 4H o Horp X HEZH H E?ﬁ@iﬁ%&‘
B, RPEATFORL R YL s a8 TR 4L Y AR IV 1
pXJ40-FLAG Jfiki; Sjcaspase3 %Y pXJ40-
FLAG-Sjcaspase3 B ZH i fi .
1.2.7 HHER PCR 7 Sjcaspase3 HE R
Rik

Yt Hela 4005 6. 9. 12, 15h, o33k
Kigedk, M 37 CHiAM PBS Uk 3 i, SRJ50
A Trizol S WAT4MAML . % B8 R J7 7242 B Hela
ALY S RNA I S 5% - B cDNA LA §caspase3
(¢ 6 it PCR 51 FIAZE ) GAPDH JE Ky
M2, LIS IR cDNA Witk , %88 ik )y
B T9OE iE PCR 4007, BANSEIEE 3 1K,
GAPDH NZ A 514 (F5 FIRS) WL 1.
1.2.8 Western blotting 43#7 Sjcaspase3 &HH
xRk

BEYL Hela 2015 6. 9. 12, 15h, Je3Ehs
FEIk, R 37 CHUAM PBS % 3 8, RIEMA
200 pL RIPA (&2 IR A2 i 4 C
24 30 min. WUEAMAFR, 4 °C. 12 000xg
#5010 min, W EIE#E4T Western blotting 73t

B: 010-64807509

Sjcaspase3 %K [1 7 Hela i iis H i ik .
1.2.9 rSjcaspased E4HE H 2L

FEY Hela UM 15 h 5530 2205973, A
F 37 CHiEAE) PBS {f¥E 3 i, SR JS A 400 uL
RIPA 21 it 524 fifp W 24 % 30 min o WSt 40 i 240K
4 C. 12 000xg &> 10 min B FiE . $%H
Anti-Flag % FHEE I a4k 30 0] 5 1T 824, X
300 pL 21 L SR T A 100 pL SR FIEERE 4 °C
JREWEH 4 ho FIH TBS STk 3 IR A
200 pug/mL #Y Poly Flag Z ik 200 uL. 4 ‘CIk¥%
WH 4hJ5, 4°C. 10000xg .0 1 min B F 3
Ri-haifbiy HAYE A . B 10 pL HE A EiEIE
AIA 10 pL 2x EAEGE P E B 5 34T SDS-PAGE
IR SEE .
1.2.10 Caspase B 1% #: i

%Y. Hela 0 15 h J5 %657 Ldsae gk, FIH
37 CHI#AY PBS %L 3 i, SRJEMMA 400 uL
RIPA Zi i 54 i 4% 30 min. USCAHR 20 i 4 ft
4 C. 12 000xg B5.L» 10 min B F3E . 4% 1
Promega Caspase3/7 [iff i ki I it 771 & v BH 454
1B, BRHAHL 200 pL FIA 200 pL 75 KA R-
B AR -MMATR- KA AR (DEVD) J¥ 9 HyHE A
Y, IRSEERER N R . 30 min J5H)
M FB12 SGREETHEICIEOGREE . BOR T Ry E A
SUFER AT E VMR E N E . AL 3
My S

Sjcaspase3 1AM B i A5 I 525 5 vk ] | B
100 uL ¥ rSjcaspase3 T HEH FiFHMA
100 uL Y, BAEEEIR N EGIRE . XHH-
S A TR [7) A B 1) B 0 L 24 7 . 30 min
JEAIH FB12 JGREETHEE IR . 2
HEAT 3 kA S TR S

17 3 Ik
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1.2.11 X2 B R ARG 0 248 B R T

% Hela 411 15 h 5 A A 3 =X 4l g A 4351
For i %o B 2 2 ki 2H Fll Sjcaspase3 B 2H ik 2H
MAPH TR, AT AR TG .
Zt Hela 4i1ffd 15 h JFURES AL, FH PBS
Uk 3 i, ¥ B Invitrogen 8 TG I K55 4 15d BH 45
FIH Binding buffer (RGN IRMAL) Fkalig
WeJEZ 1x10° cells/mL. BEYE T 100wl 4 i B
FiillA 5 pL Annexin V-FITC 1 1 pL PI (4,
15 min J& 1 FH 30 X 20 M ARG 00 20 B T

2 HERG0H

2.1 Sjcaspase3 £RE ZEFEMERED

FIH H A M B 42 d cDNA MHit, FH
Scaspase3 &K ILH 549 F1 #1 R1 #47 PCR 4"
Mo AZPREEIE FLUK 53 B A 750 bp A1 1 000 bp Z
)75 %] — 4% DNA H Bt (&l 1),

A= WAE BA M W] §caspase3 (9 ORF
A 900 bp, Zifih 299 PRI EL, HitsrT
WO 33 509.7 Da, HLgSEHL SN 6.39. FIH
NCBI ] Blastx 7E£& T HAr#T, KBIZHER 52
G I W HL SmCaspase3 & [H AR A 77%, il

Query seq.

B B K iy 44 & Geaspase3., Fil ] NCBI
Conserved Domains Search Service fl SMART i
ITast IR &, 455 B/R Sjcaspase3 J&F CASc
MR, B CASc 45kl (& 2), dEH2 K
W Ht | SR i g L A S SR R AR K 4
HUFN AN 2R Caspase3 it [H 5 H A 1l W HL 1Y
Scaspase3 H[H 1T 2 74 FL L, BEm A PEAR
KN 77% . 73%. 53% . 50%71 43%. F|F§ MEGA
6 AR RS R B, 455 IR S [T W Uiy
Caspase3 £ K 5 H A 1fil W H1 11 § caspase3 3 4k
ilt, 5 A1 Caspase3d L H R MK (K 3).

bp M 1
2 000

1000
750

500

250
100

1 PCR ¥ 1 Sjcaspase3 £ &
Fig. 1 PCR product of §caspase3 gene. M: DS2 000
DNA marker; 1: PCR product of §caspase3.

255 270 285 299

Specific hits
Superfamilies

CASc superfamily

A

2 Sjcaspase3 Ifi §E 15 4> #

Fig. 2 The function domain of §caspase3 gene. (A) The function domain of §caspase3 gene analysed by NCBI
conserved domain search service. (B) The function domain of §caspase3 gene analysed by SMART service.
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100 Schistosoma japonicum
4 ~|—|:S’chistosoma mansoni
Echinococcus granulosus
‘ Clonorchis sinensis

Homo sapiens

—
0.1

3 Sjcaspase3 R4 & B

Fig. 3  The phylogenetic relationship of caspase3
gene in Schistosoma japonicum, Schistosoma mansoni,
Echinococcus granulosus, Clonorchis sinensis, Homo
sapiens. The phylogenetic tree was constructed by
MEGA 6 using Neighbor-Joining algorithm.

2.2 Sjcaspased 7EZHAF HIKFR R RIEIFR
S

W R PCR 2500, Jeaspase3 7
HAIMW R EY . 7d, 14d, 21d, 28d. 35d.
42 d KR RGR (181 4), Hidr 21 d iRk
. 42 d BUARMERE B SEKCEARLE , MEHUER
st TR HEAA B 2ER (P<0.05),

Relative expression

= %

2
Q@*&o A

>
N

Worms of different developmental stages

4 WHEE PCR 54 Sicaspase3 7£ B A MKk
TAZERANERKE (X£s) *RTEREE
(P<0.05)

Fig. 4 RT-PCR analysis of §caspase3 in Schistosoma
japonicum at different stages. Expression throughout 7
stages of S japonicum and expression in female and
male adult worms were analyzed by real-time PCR.
Housekeeping control gene S§NADH was used for
normalizing. The experiments were repeated three
independent times and data were showed by X*S.

B: 010-64807509

2.3 %% Hela #ifaf5 Sjcaspase3 EF# R
KF

pXJ40-FLAG-Sjcaspase3 5 41 Jii ki % Y& Hela
MRS, 9E 0. 6. 9, 12, 15 h BF&2ZOEE
H PCR B R /3HT Seaspase3 KM 551 (815).
E R B IRTERE Y pXJ40-FLAG-Sjcaspase3 Joi il
J&i 6 h A K 5 §caspase3d HL[H f)4; 5%, 76 15 h
Z NBEE IR IE K Scaspased JE[H [ # ki
B I [A] 1 I 2P T

24 3 Hela #if2fF Western blotting #
Sjcaspase3 EA R IEIE R

e 6 itz , 54 Hela 40 )5 43 BI7E 6.9
12 15 h BFYFEEF T Western blotting #5:ill, 12 h
Bf 7] WA i Sjcaspase3 ZE[1#6ik, 15 h J5H]
L BH i ) Sjcaspase3 & 141k

80 000

60 000

40 000

Relative expression

20 000

9 12 15
t (h)

5 Sjcaspase3 7£ Hela £ Bl 7 A< [&) B 8] B9 5% ok
FE (X9

Fig. 5 Expression level of §caspase3 in Hela cells at
different times. Real-time PCR analysis of Sjcaspase3

in Hela cells after transfected with
pXJ40-FLAG-Sjcaspase3 plasmid. Human GAPDH
gene was used as housekeeping control. The

experiment was repeated three independent times and
the data were showed by X =£S.
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kba 0h M 6h 9h 12h 15h
40—

30 —

25—

[l 6 Sjcaspase3 & H7E Hela 4 il dp 3= 1% 4& i)

Fig. 6 Western blotting analysis of the expression of
recombined Sjcaspase3 protein in Hela cells after
transfection with pXJ40-FLAG-Sjcaspase3 plasmid.
0 h was cells without transfection. 6 h,9h, 12hand 15 h
were cells collected after 6 hours, 9 hours, 12 hours and
15 hours post transfection with plasmid. Abl was
anti-FLAG monoclonal antibody and Ab2 was HRP
conjugated goat anti mouse antibody. M: protein marker.

2.5 rSjcaspase3 EHER A4

F| FHl Anti-Flag 3 FIEE X Hela 40 g #1519
rSjcaspase3 4 & 11 #F 17 4l b If 2 A7
SDS-PAGE & LYK, 45 R UK 7 FroR . alifbsh
RN H—ZHE, K/ 33 kDa, 54 Bl .

kDa M Oh 15h P

¥

7 rSjcaspase3 EHEHRIAEL

Fig. 7  Purification of rSjcaspase3 recombination
protein. SDS-PAGE analysis of purified rSjcaspase3
recombination protein in Hela cells. M: protein marker.
0 h and 15 h means Hela cell samples without and with
transfection of pXJ40-FLAG-Sjcaspase3 plasmid,
respectively. P means final purified protein.

http://journals.im.ac.cn/cjben

2.6 BRI

2% Hela 2111 15 h 5 20531 B2 O i B 2
FEREAT I — AL B . 3 0 X BRAH | s Bk
2H 1 Sjcaspase3 T 4H ki 4H 1Y) Caspase [ PE45
BB 8. R BN, XL AN Bk AH
I, Sjcaspase3 H 4 Ji i 4 HL AT 4% 5 A 98 G
B o {RHh Caspase 16 S0 45 R anE 9 fios, 45
WEXTREH ML, 4lifblr) rSjcaspase3 T & H
2HHA BRI DGR EE

2.7 AL RE AR 4 A E T
MR XL RN 10 Fin . x4 by
99.1% FY 20 M hy 1 W A0 A, 50 0RO 40 A
0.5%, BRIAPHT-A00E A5 0.4%; 25 BURLAIE & 2
M 91.7%, FIAET- 400 5.3%, BRIAYE T
YA 0.7%, FET- 40 2.2%; Caspase3 4 ik
WM 79.8%, FIHTEHT-AIM Y 19.2%, B
T4 5 0.3%, ZET-41HE & 0.7%.

60 000

40 000

Relative light unit (RLU/s)

Black Negative control Sjcaspase-3

E 8 % Hela#fiffs 15 h IF A [E4H %I Caspase g i
LRl

Fig. 8 Caspase3/7 activity of Hela cell lysis after
transfection 15 h of different group. Black control was
black Hela cells without treatment; Negative control
group was transfected with pXJ40-FLAG plasmid;
Sjcaspase3 group was transfected with pXJ40-
FLAG-Sjcaspase3 recombinant plasmid. Cell lysis and
substrate incubated at room temperature for 30 min and
then measured with FB12 luminometer. The experiment
was repeated three independent times and the data were
showed by X*S.
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150 000 -

100 000

T

50 000

T

Relative light unit (RLU/s)

Control

rSjcaspase3

9 rSjcaspase3 EHE RS Caspase B iE #

Fig. 9 Caspase3/7 activity of purified rSjcaspase3
recombination protein in vitro. Control group was
purified normal cells without transfection; rSjcaspase3
group was purified rSjcaspase3 recombination protein.
Samples and substrate incubated at room temperature
for 30 min and then measured with FB12 luminometer.
The experiment was repeated three independent times
and the data were showed by X=*S.
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10 XA Hela ZHREA T
Fig. 10 Flow cytometry detection of apoptosis of Hela cells. Blank: normal cells without treatment; pXJ40-FLAG:
cells transfected with pXJ40-FLAG plasmid; pXJ40-FLAG-Sjcaspase3: cells transfected with

pXJ40-FLAG-Sjcaspase3 plasmid; E1: dead cells (FITC-PI+); E2: late apoptotic cells (FITC+PI+); E3: normal cells
(FITC-PI-); E4: early apoptotic cells (FITC+PI-).
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