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Cloning, Expression and Activity of Cathepsin B in Eimeria tenella
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Abstract: The aim of the present study was to clone the cathepsin B (Etcat B) gene involved in
E. tenella using homologous method,and lay the the foundation for further gene expression and
gene function study. Through analysis of E. tenella sequence published,the cDNA sequence of Et-
cat B was cloned by RT-PCR from unsporulated E. tenella Houghton strain. The Etcar B was re-
combined in trans-E1 prokaryotic expression vector. After sequence identification, the recombinant
plasmid was transfected into E. coli rosetta to induce expression. The purified protein was used to
immunize rabbits to produce polyclonal antibody,which was verified by ELISA,and was also ana-
lyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) gelatin zymogra-
phy. With the method of real-time PCR and Western blot, we detected the expression of Etcat B
and Etcat L at different stage. Results showed that an 1 539 bp gene was obtained, which encoded
512 amino acid residues. The Etcat B ¢cDNA fragment was sub-cloned into the prokaryotic expres-
sion vector trans-E1. After inducing in 1 mmol « ™' IPTG at 37 C for 4 h,SDS-PAGE electro-

phoresis showed it was expressed mainly in the form of inclusion bodies; while at 4 ‘C overnight

YR A HA:2014-12-31
EE B A XEIR (1986, 5 VLVE BN 11, 32 22 A 8 28 e Ak de AR AL A9 B 5T E-mail : 1rq29134@163. com
* BEEE T W, H$%, E-mail: vetdean@cau. edu. cn; 28 @7



10 1] XUAT #8245 L 2 BB 96 HBR iy Cathepsin B 32 A 1 5 B 6 3% K% MEBFST 1839

the protein was inducted into soluble expression. With the presence of reducing agent at low pH,

the recombinant protein can degradate the gelatin, which proved that the recombinant enzyme

having a certain activity. Etcathespin B was higher in the phase of gametophyte and merozoite,and

gradually increased during sporulation process. Cloning and expression the cathepsin B in E. renel-

la,provides theoretical basis for further exploration of the role of the gene in chicken coccidia in-

vasion and other biological functions.
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E . tenella Houghton ¥k A 7 T4k 5P 5 19 70 &5 .
aifk: 1. 0X 10" E. tenella Houghton # B 2 Ja%
PR J5 AR A 7 RICEE W . A A R A48
WEfE 100 H Wk U8 . 8 5 P AR RR ER 7K YR 0 T
FI 1096 ¥R G R #h Ak B, B0 U YE JE I 1
L AR AN, & T 4 CHHL
1.2 2 RNA WA RER

E . tenella Honghton Bk AR 1L UP 4 2 RNA
AR B 5 X 10T VR AF 1Y) B9 4 Heim A B I 4% WAL 5T
AT A 1 mL Trizol(Invitrogen) A, & J& i &
5 min, #EEUE RNA, 5 5K A TransScript 5%
s & de s 2 XS EYHEARARA A, cDNA
T —20°C,
1.3 3|#Eigit

FIH 58 b 4GB Y Cathepsin B B J7 41, 5
E. tenella W B 4% & Chttp://www. genedb. org/
Homepage/Etenella) ## 47 BlastP H X}, 76 504 )2
£ F 5 (Supcontig  23) A] 4 i H. 44 cathepsin B
K H R AE B JF L B 2 HE CORF), Al Primer
premier 5. 0 ¥ 3F 1 %F 51 9. F1: 5'-ATGAG-
GATGGGGAAGCTGTGGGCC-3'; R1: 5'-TCAT-
AGGTCCTGCGCTGACGGCAG-3',
1.4 Etcat B EEFFImER S

PL cDNA g B, 473 45 1. 95 C i AEH 5
min; 94 C 20 s,60 C30 s,72 C100 s,35 MEH;
72 CHEAH 10 min, ¥ Etcathepsin B (Etcat B)PCR
FEES T &K At 2 XS EMHEAAGRA
AL L PCR Ky 51 7 i 16 BH Pk 5 B (pEAST-
T1-Etcat B), F§ DNAMAN #:47 % 51 4347 .
1.5 Etcat B ME#% K%
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K, F Primer premier 5. 0 # {4 % it 1 X154, F2.
5-ATGCCCTCCGATGATTTGGGCGGCGCT-3';
R2.5-TCATAGGT-CCTGCGCTGACGGCAG-3',
¥ PCR i 8) FRk &8k dum 2 X &= H AR
HI A A, PCR Ky 5 W & i & FH P &
(pEAST-E1-Etcat B), P & 18 B 4% 70 3] LB
(& Amp)H1,37 °C 200 r » min P K EI5, B IR ITE
E#ZE OD{H 0.6, 1 mmol « L ' IPTG 5%, SDS-
PAGE 7387 - i 2635 5544 . i FH Ni-NTA #: (Qia-
gen) AT 4ifl

1.6 Etcat B §yiE 4

WE BN A SRR SDS Bk EAESE vh
W (2% SDS,0. 125 mol « L ! Tris-HCl,pH 6. 8,
10 % H i ,0. 001 Y0 IR By #5) £ 7 0. 1 6B I 1026
SDS-PAGE Hi Jk % 1F J5 » 8 & TP (% 50
mmol « L' Z R4, 10 mmol « L' kP & g, 100
mmol « L 7! NaCl,2.5% Triton X-100) 7%t 1 h,7&
MKV 3 L 0 E TN 2% b i (50 mmol « L' &
FRAH 1. 212 g BB RR 0. 5 mmol « L' EDTA),
37 CHFHE 24 h, 100 sk e o, 6 J5 vl L 2L
Y JS2 Tt 1 P A Sy 355 W 25 W] 2%

1.7 Etcat B ZREHIKAH &

H R i L A7 ) Etcat B 54 84 1 it 5 S5 AR
B 8B IG5 2 FITR 21 J5 (0.5 mg « kg 1) % B AF fa
FEE AT I Z s T R ALR S, 2 85 A
Etcat B 1 20 8 F1 it 5 S R R I [RAS 58 A 7R &)
(2 mg « kg DFEBE AT B NUA S S B
TFAMEE AR (2 mg « kg DR RLATES .
VU 4 J5 SR 4 I3 P 6] 4 ELISA W@ Hrikset .
Etcat B & [ (10 pne e mL ) ¥k ELISA #e, & fL
100 pL, 4 Cid )5 FEMi A, PBST (0. 05 %) ¥ % 3
W FEM 5% (/) BEAG Wk i 47 34 141,37 °C 1 h;
PBST ¥k )5 43 9 I A [5] 75 ¢ B 09 it 1038 » [A) B
DA 2 I8 A S B X IR, 37 CHF R 1 h; PBST
VEUE 3 WKJG A 1 ¢ 4 000 FiBey HRP Fric i1l -
Yo 1gG,37 CHFEE 1 hsfmEd TMB 37 C 8B4 15
min, 2 [k W JE S B2 HR 450 nm W SGAE .

1.8 Western blot #1 Real-time PCR #& ifl]

10" A E. tenella W) ¥l 2456 + L T 1K
- A 1 mL TRIzol W78 /- 1R 4], EHAEH 5
min, B 107 4> R A 14 B 28 F 46 b AS [] Bsf [a] 59 4
TR A PO B 47 AR S A 1 mL TRIzol H
FA AT EIRAER 15 min IR HC RNA, 5 4% 1 41
MASWEDEEA ., BMA 1 mL TRIzol i 1.5
mL BNEE, EIEE 10 min,4 °C 12 000 X g & .0
10 min F 5. B 0.3 mol « L &R 95%

CEEVEVAE A BTUNE, A ] 1 mL TRIzol fil 2 mL
YR, IR CE 20 min,2~8 °C 7 500 X g B> 5
min, 3 B, L0062 . 2 mL JE/K SRE R RE O ik
PR —W ., A TR ARYIRE 10 min, A} 124 SDS
VR AT, S AT 50 C R I Ho8 e ff

SDS-PAGE & H H ¥k )5 . %6 F§ PVDF f#, A Bio-
Rad {56 # .60 v 5% 2 h, L PVDF R A 570

RWIHE .37 “CHi 1 h; PBST(0. 05%0) Y ik 5 43l b
A 12000 f—Pi. 37 CHEE 1 hsitA 1 2 000 Fi
By HRP FRic iy I E 414 1eG,37 "CIEFE 1 h; PBST
ek 5 UG i ECL-plus RS I 8 H 5

Real-time PCR {# i 10 2| W & FcatB (5'-CT-
GGGGAAGCCGGCCAGCTGTTAGC-3"), RcatB
(5"-CGTTCCAGCTGTTCACAGCTAGCCAG-3") ; 1%
H N2 R Bactin s 5| ¥~ Factin (5'-CACCAC-
CgCCgAgAAAgA-3") FiI Ractin (5-gAACAA-
CATTgCCgTAgAgg-3")

W AR & cDNA BEfR 2 pl, Power SYBR
Green PCR Master Mix 10 pL, /{51 ¥ (25
pmol « L") 0.5 uL s H,O 7 pL, Bf&F 20 uL,

W AR :95 C10 min; 95 C15 5350 C30 s;
72 °C40 sCEEARD » 3k 45 MEER.

MM GraphPad Prism 5 %X % il 28 47 73 A
2z, F A SPSS # 44 % F Duncan’s multiple
range test #E47 & HEIE B EES T,

2 F R
2.1 Etcat B BEEYIEBRFEI ST

TR P vk (B D R A 1425 1 500 bp
A, G/ —B0, D 45 R B oR 3k H RN
1 539 bp, 5 sanger | Ff8 1 /% 7 (Supcontig_23)
SER—H ., FI IR Etcar B 4t X (CDS) %
i 512 A2 3R . H 2 [ B AH X 4 B & Ol 56. 86
ku, B pl 24 5. 82, I & A 21 A2 5L M A i
(15 5 K. F2 FL i A5 BL ALY cathepsin B Y 45 #4 4§
fiE. 55 JE RURIA MY cathepsin B AR 57 % .
2.2 Etcat BEBRREHEHWHMEFMRIEEZGERL

SDS-PAGE i yk 45 R @ 75, £ 1 mmol « L'
IPTG &M, 5B b i F AL £ IR T 57
ku K/NE RS (& 2, 9KGE 3.4 F105) , 5 H0 14 A
XPor RS (B 2), RBEREBR,.37T CiFR
4hoizEA R EEIEREMIEAFRL 4 T
WSROI IR .
2.3 E4H Etcat B iEF &N

A g Tt 1 3 6 R (I 3) S 7 AN ) o i
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Fig. 1 Cloning of Etcat B gene
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1. Trans-E1-Etcat B i ki 51k rosetta HiES 0 h a4
HH 5 ;2.3. Trans-E1-Etcat B Jii ki % 1k rosetta & 37 °C
WS 6 h MR A8 LW RITIE s ML B R A 4
JEERUE; 4.5, Trans-E1-Etcat B Jfi ki 5 1k rosetta B 4
Cid &7 R RGBT e

1. The E. coli transformed by Trans-El-Etcat B induced
with IPTG for 0 hours; 2. The supernatant proteins in-
duced with IPTG in 37 °C for 6 hours; 3. The inclusion
bodies induced with IPTG in 37 °C for 6 hours; M. Protein
marker;4. The supernatant proteins induced with IPTG in
4 °C overnight;5. The inclusion bodies induced with IPTG
in 4 ‘C overnight

B 2 Etcat B [F1% %% SDS-PAGE B ik 43 #ff
Fig.2 Analysis of expressed protein by SDS-PAGE

WD BEVE R R . ¥ RE A [R) R BE 9 B A B IS . 57 A
35 ku HH BURE S5 MR 0 B & . HL AR T A v R R
150 o R AR AV IS A5l ] I
2.4 S HEEHEF ZF1 Western blot 5 Real-time
PCR #& i

Al 4% EILSA &Rt Etcat B Il i % 78 107
i b RUIEHAEA A R e mitt, U E.

ku

66.7

42.0

30.0

18.4

1~5.0.03.0.06.,0.12,0.25.0.5 mg « mL ' A 5 ¥ IK
@@ & s ML 2R [ B AR X 43 5 4 b
5. The result of gelatin zymography in 0. 03,0. 06,0. 12,
0.25,0.5 mg * mL ™' respectively; M. Protein marker
3 XA SDS-PAGE BARKE ik AN EAZE BTG
Fig.3 Activities of recombinant protein by SDS-PAGE ge-
latin zymography

tenella Houghton #RMC 14 oK ffl ¥ 16 0P 4 . i+
G cDNA R BEA , [ B K Ercar B Fi1 2 IR
FEN (Bactin) B F3K TR & Bir Bt Etcat B J&[H %
KR XS 7K F- L 45 R 7R Etcar B mRNA 7K 7E Bt
A RN L AR L TR A Ak O 3 R T 4B B B
(4, 43 5ILL ER E. tenella PFAS ] B B G 2K
15T A AR (6] B A Etcat B A2 B H 5T (tubu-
lin) 3K 45 R 7R Etcat B LLR F 2 R B 24 P A
B TE 8 1 R/ g3 B2 57 F 35 ku, Etcat B
TE E - 14 R0 24 1A Iof 3 3R 58 3 » AR A 7 A 7 1
T B Be 2 38 AR A B AIK CEL 5) . LA A6 A (8] B B
(0,6,12,18,24 F1 48 h) cDNA 5 #z , ] B 46
Etcat B %ﬂﬁ%ﬂﬁgl(,@-actin)ﬂ/‘]%‘ SATEAFAA

[FBY Bt Etcar B % K 3% 3k 19 A0 %5 7K F, 45 1 5w
201

) Uso
% o < d E28 Sz

v b B8 Mz
e = 0 Gz

= e

= e

> !

S E._:,_.

£ s

2 o _,_

K BBt Life stage

Gz. B F14 ;s Uso. KA F LGN 5 Sz. F11F s Mz. 58+

Gz. Gametocytes; Uso. Unsporulated oocysts; Sz. Sporozo-

ites; Mz. Merozoites

& 4 E. tenella Houghton #% & % B M X Etcat B mRNA 7K

Fig.4 The mRNA levels of Etcat B in E. tenella Hough-
ton strain in difference life stage
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Etcat B mRNA /K -AE A F Ao 8 v, S AR R R — 3L
( 6), DA [ B Be (3.6.12.18.24 1 48 h)
SV PO B, [ B A I Etcat B A1 2 B 1 (tubu-
lin) (3R 35 . 45 B 7R Etcat B 75 716 B2 Rk
AR 13RI R P R B KSR AT B TR T

Uso Sz Mz Gz

Immature

Tubulin ~" ‘ ’ ~”

Uso. KL F LN % 5 Sz F 1 F s Mz, I 5 Gz B F 14
Uso. Unsporulated oocysts; Sz. Sporozoites; Mz. Merozo-
ites; Gz. Gametocytes
B 5 E.tenella Houghton #k & & & M B¢ Etcat B Western
blot 45§
Fig.5 The result of Western blot of Etcat B in E. tenella
Houghton strain in difference life stage

Abitrary value (15-ACT)

b

Oh 6h 12h 18h 24h 48h
FHF1L¥r Bt Sporulation stage

6 E. tenella Houghton #k 71 F & 7 [& B X Etcat B
mRNA 7K

The mRNA levels of Etcat B in E. tenella Hough-
ton strain during sporulation

Fig. 6

3h 6h 12h 18h 24h 48h

v |

B 7 E. tenella Houghton # 7 F 4£ 7 [E] Iy X Etcat B
Western blot 45 5

The result of Western blot of Etcat B in E. tenella
Houghton strain during sporulation

Fig. 7
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WA AR AR R — P BT T B A
TERE YL A TR B bR T SR T AT AR S BB A
1677 75 25 BT L 2 4 B A DR D O B 52 3R R

ME M. FFFRERW L TE S, mansond W HAUE Tl B
R/ 770 e R T R N 1A = S R O
lamblia T 3 DHLVE TG B, 78 B4 0 16 28 F
P R VRN . T brucei AL EH B S
AR R A A A R R ELA A A T S AR
JR A ST 2R A A S SR R BR U A T sk o, 2R
25 T angE S0 AR TR 38 BETE Ak 55 6 22
M R, HHSVEAR B P RAS ST
i b A B g AR ROGT BR S 4 14 5 e e S A

AR i RT-PCR F B 5 [E 4 i K 52
FHO LA [ s B 26 5 R L 25 AR BR L 41 41
H M B, Wit pBLAST g & B, 32 3L 56 Bk
WA H 2125 AT B(Etcat B) 5 T. gondii (Ac. No.
EPR63374. 1) #H Bl 55 & » T 3k 4906 55 AR L1
WE A A R IR A E. siliculosus ( Ac. No.
CBN78981. 1) .T. spiralis(Ac. No. XP_003379650.
1).S. mansoni (Ac. No. XP_002574974. 1), 48l P4
SrH e 43%.4020.39% . 5 & FE A H (Ac. No.
AAAS7075. 1) B TE DR SF DX IR P 55 (7T 5k
40%) .fH Etcat B &K &4 512 D& LR, 1M 48 1)
cathepsin BAUS A 340 D& HERR . 5 & XF o & B,
TEA A b R N s e 075 7R F A0 45 4 58 E
X BIAR K, BF 58 6 ], cathepsin B Y 3x — 45 ¥ 8 A
AR 2R B B C AT & bR A HT L o mT LA A 2
AITEE" . UL, “E MRS L R, XN
PLHAE B 25 NG I7 808 S MR 28 1 Akfi .

AR g b A R W FF 8 A% KGR R SR R R
IREHEA Etcat B, EHETE 37 CiffFF 6 h
FAFT LA AR 08 A7 1 AR A R AR X ik
Yol A 0 238 77 i 4 s R WA A AEE DL AR A5 1 1
RAF A TRIAE T o 15 T 2 8 Bs PR I
IR PO R IR SRR EAT TR R BLAE 16 C il
SRS TEA B AT AR DL BV IE R GR .
ok B i it 3 v R AT i T AR B 1 B — o 1
2R R R ANAE 57 F1 35 ku A7 WG S84 vk AT L
W53 53] 52 Etcat B R A AL A .

Ve % 8 20 25 1 5T AT Tl 3l ) 2 OF Tl e
ot ELISA 15 % . Fl ] Z-Phe-Phe-AMC £ ] 1% ¥
JE ) Etcat B M, 25 58 B R R A EAE AR
(G PR AR 3 — 45 S Al ML Schaeffer % 1y 45 it —
3. M. Schaeffer 8 1o 120560 22 B, I B} R 48 R X B 1%
P B B R S PR L 1B Etcat B 3K H 451
1R 3 J3E M R AL B i o FL A HR TG PR R O B,
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2012 4, M. Katrib %5 5 ORI 2 5@ B 19 7
X Etcat B AN [\] iy 1 19 2 ik 47 1 90 26 0 #r
2013 4, A. Rieux &1 FH I 52 B 15 19 7 3% ik — 4
W€ 1 Etcat B 7 B h i RBKF. MG
M. Matsubayashi 217 F 2k & & 3 45 #7 T Etcat B
TEAE A B v 9 2235 . JF 1T Western blot B 77 ¥4
Rl AN & B B B R as T 0L, AR AR E
FFH Real-time PCR 1 Western blot 1Y Jy ik ik —
il 1 Etcat B fEBR 3L & A [R] By Be A48 1~ AL AN [A]
B B 3k K P 5 3R R Etcat B 7EC 14 F1 24
AR I I AR A R R AR A B Be 3K Gk A
XA A g R A A B . AR R SE O R
Etcat B 7EBR MU & B FIAAZ P D8 M -4k 5 H
HARE B IF T 4R A I8 A R S A 2 S
BEE T LA
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