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(1. WK% Earfl220, IR FEF 2501005 2. ZHURTE K2 Eakl 2B, 28 FEH 241000)

AE: ASEABLE T EREREARTHAREABEZR THAIY P ESRERE MBARNEE &
SR L TR R R A A A k. (B HAE T S TR TR A Z . W EBIXIET (Fenneropenaeus
chinensis) RS THNEAR LER, A TH —PHAANEARE L AL R IhRe, W iZIER BT TEA
Fiko B E G AR A GUR R LR DR R A BT v B R R IR 0 pET30a 1, AL K AT B BL21 (DE3) ,
BEAT 15 S 30K, RIEFY 4 SDS-PAGE Uk i ill, Ho/r FHTE 40 kD 24, S E A XHFERESEE L K3 7 i
— Bl RETYY RGBS, 2100 R AR B, IF AT His-tag AEZRAIAEL, BB T AEs. FHEHES
1% T K RIUMIE . Western 24 R 0, HUE A L 72 H E WIXAFROAT | W B 2k, AR S b g ik, [ h

[ K P2, 2008, 15 (6) : 910-916]

REEIR: P E IR HAEHE L RREARE 420
XEHS: 1005-8737- (2008) 06-0910-07

HFESZS: Q959 XERERIRAD: A

HAHE (EC3.4) ZIBRMINGEM A, 1
i HAE R 7 R R R L4y 24 4MIKER (Exopeptidase)
F1 iy Bk B (Endopeptidase), A ik B 3 A 2 5
ER AL LR AN R 9 h: 2 = IR O I
(Serine proteinases) ¥ Bt & B & H B (Cysteine
proteinases) \ K4 Z R H B (Aspartic proteinases)
4 J@ i A B (Metallo proteinases) » JHH 2 it &
MR R AR AR A E A Ly B. HU N, S\ M,
T S AR[A I RR2E o B 3R SRR S
S EHE, HE OB L T B B R I
5, SRy ESt i EEY, R A ENEA
K. FItR IR E A S A A T 41 R
VR P, 3 FLAN AR P P R SRR A 1
HiRFEREFEE Y, AAEaB L MBS
EMEN SR K, LS 52 EEN EmTT
B, NPT IR IR 2 R AR AL RS i iR 4 A
VTS N I R ORI A A A LU
M L BE MBS TIFT SARS R ™. phah, 4
SEABLESRINTHEAENA ", REER
SEhPrhHAE AR L IERIEEZ, 2 50F

WhE B EA: 2007-09-12; &1 H #H: 2008-04-30.

ZA A ORISR, &2 E OO, A R SR
s, BERAAEAE LR TRED, HE
P90, Fenl R AR E O L /RN B2 M
ity e 38 3% M I ) 3 AL AR, VR AL DL i ANTE 22
2 F A SEEG R Mo B B EF (Fenneropenaeus
chinensis) H v S 2 LR E A BE L 1Y cDNA (]
P fel) AT IR AR AL R IK, RS T EA AR E A
o L, FHl&huk. — I RANEAE L
TEXTER AR A BB 25 93041, B B K BRI 9T HAE R
JRE e i 1 R IA B, HED H AR A4 PRI BB DI BE
I3 — 5 TH AT RIS B AL BB T VPR &, LUR
BE— 0 R REIF 57 BT e FE
1 #HREAZE
1.1 7R

PCR i 7. TagDNA % & B [ ] 1% W 1) 5§
&% 4 TaKaRa Biotechnology 24 & ( K % ) H] F=
i, DNA B [ Y 3k 71 &5, PCR 2l 46 il 1 & 08 T
Sangon ( _[#F ). T,DNA #2854 Fermentas 2\ 7
(7= o BEUTEWE HE VR R TR B L Al P

EE£WME: BExgARRFESRHIE (30770282); EREHAMI KB 863 t1RIE I H (2007AA09Z4252006AA100311) .
EE R . DT (1976-), 5, YHIM, W53 4 ) B AENE 5 F P2 . E-mail: buxingjiang@]163.com

BiEE: £ 2 . E-mail: jxwang@sdu.edu.cn
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FERAN LA K SDS-PAGE HHIKIR A ZE Ky 43 b 43 711 -
KA A2 A B FR DHSo, BL21 (DE3) HIAS246
EIRLE
1.2 Ak
121 FHEHBE R S 20 E B R
44N (B L ( 1 #k FCL) B J5 ) cDNA J¥ %)) #1
18 B Ak pET30a 52 B A7 45 PR o 11 B U1 3R 3 )5
), Wt 1 AT R %R S R 5 51 ) CalexF
FI CalexR, 514 ¥ it 43 %] N N\ EcoRV F1 Notl [
) f7 FH: CalexF:5’ TAC TCA GATATC AGT CCC
TCC ATC CGC CAG CAG 3’; CalexR:5 AAC TTG
GCGGCCGC CTA CAC CAG CGG GTA GGA GGC
CTG 3'. DL [E B XF 5F AT AR cDNA A 545, L
CalexF FI CalexR & 5|4, #:4T PCR §7#. PCR
FARFR R 50 uL, §7 384544 : 94°C 3 min; 94°C 30 s,
55°C 45.72°C 50 s 4% 33 {5#H; 72°C 10 min. 28 1%
TS BB B I v 49 21 K25 950 bp HIF 8874,
HRZ AT RINE T YN, 2i4L[FD DNA % .
933 EcoRV A1 Not 1 X EgY] PCR 7 3 1) fel F: A
1 pET30a #iAA, 37°CEE VI % . BEVIJE fel &R H
PCR 7= #4405 & 2l 4k [P, pET30a 2R AT
il %% FLUK, IR AR & BB =4 . K Atk
JE P4 A T,DNA EEHER 16 Cik7.
1.2.2  fel-pET30a EHRMHIFENL K fcl-pET30a
T4 Ok 4k E.coli DH5Q, L) CalexF F1 CalexR
514 PCR i 2 BH 14 B Ak, PREX PCR i 21 04 BH 1
W&, 37 C IR 55 7 H S BUT R, 223 PCR 50 UF F1
EcoRV/Not 1 G136 UF AR A B I O A S F
IER A E TR 2 uL B3 1k E.coli BL21 (DE3)
T2 A MM, 145 T LB+Kana ( £ 5 2 ) FAR,
37 CHIEEREETE.
123 EHUAFRRAFTKIE M LB PR ESER 3 A
BRI B Y, 2 3 N EE R 5 mL LB+Kana
WA FREMREF,37 CREGFFRLR, ) H
BY 50 pL i 77 85 77 W A £ 5 mL LB+Kana ¥ {£
B FRE PR SR, 37 CHRFHE IR 3 h & ODg, [HAE
0.8~1.0 Z [8], R M AR A HEGL AL - - D - P
B (IPTG) FEAMREH 0.5 mmol/L, 4k 4L 37°C
GEFRER 4 he BFR BV —AFE 5 ECH
0.5 mL TR, VE Ay BRI B P 0f R
FIEERE, ZIH 0.5 mL B, 5 000 r/min
B0 S min WEA R, AR BSHER 8T
100 uL 2 B 7K H, LU A JUKRE 1 12.5% 11

SDS-PAGE. HR#E HL vk 45 H % E R L Wbk, [FIE
JEBGA T R E 4 FHE M B AR AT AR 15 S 15 (8]
MFRIESLLE, DB L, RELAMNIPTG 535,
fFG 1 hHL 0.5 mL W B, 215 S 6 h, #H4T
12.5%SDS-PAGE 3l .
124 EHEAFCL AHEREEA4L Pk
T TR KR BE M B8 7 [ 7F LB+Kana WA 756 37 °C
ARG E TR, R H, R 1100 A2
300 mL LB+Kana AR = B #3557, 37 CHR%
9% 3 h J5, ODg, HIEE] 0.8~1.0, F I A IPTG &
ZR % 0.5 mmol/L, 37 ‘CHRHEEF 4 h, F FATHUH
0.5 mL B AF A 15 S5 A

F S B FREERR, B 0.5 mL BIRVE it 1, 5
T AE G IS BB O 7 000 1/min BL 10 min
W £ 4 B, 4B R T 20 mL T4 1XPBS, I
J0N Triton X-100 28 2 5 5 53 200 1%, 88 75 3 A
AR (HZ S VLB B EEAE ) K Bk i JE B BRI 10 000
r/min & 0> 15 min, 47 A 408 FIE W0 UUE, AT
12.5%SDS-PAGE #ll. 2 Kuhelj 25 " 75 134T
L A2k, ¢ F His-Tag 2R F1EHT, SRS HME A .
125 EHAZEAFCLHEERN Haith)mm
HME NSRS, BT 100 14 7% 5T
(10 mmol/L Tris-HCI, 1 mmol/L EDTA, 2 mmol/L
A LB, 0.1 mol/L LR, pH 3.6) HiEAHT 16 h
PLE, DAERAERR M & T, BRETUIEL. &M
Rl 2 B Heussen %5 " 77 vkt AT, HEA S
SDS-PAGE #H [A], X JI7E T 4r B A0 A 1% B fig
1ENE OB R Y), AT ST I,
VK45 RS EAE 2.5 % TritonX-100 42 4#% 1 h, H T
0.2 mol/L Z.FRZEM (pH 3.6) "1 37°CidiA 3h ),
2% B frmii o, e Ja it .
1.2.6 IEEE S Western 5#F  HiEFI &S
F ok My e B R S G B R DA
100 pg E 4185 A FCL AN | mL 4@ [< 56 & V2 5 78 5
TRA), B R R 3 S MBS Fikohn o e
3 AR 3 RS TR B> B ITE =R
iAHI FCL & TBS (50 mmol/L Tris-HCl, pH 7.5, 150
mmol/L NaCl) #HEERBERI %t FCL MG #4735
PR ) S BRI . 3R AT G B IR 43 4T

ORI 2R 8 5 AFR (V/W) 1 TBS S5k (&
5 mmol/L EDTA, 1 mmol/L PMSF) 4] #%,10 000 r/min
B 5 min, BIEWHH TEAO S ENE, HEANKGE
100 ug £ [ INFE, 12.5%SDS-PAGE H k. HiIk 4%
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FOGRS T B IER AT 4 i 1 h, R E
F 10 mL & F (IE 5% 7B F TBS, 1%~5%)
o IR AR % B 2 h, B O IR E T A AR
B 1 #0 (Fadt FCL A3LITS 10 100 Fke T 3 )
iR RS A TBST BEME 3 ¥R, &4k 10 min;
B E F &SRR T Ht (£PT% HRPL: 10 000
BT H AW ) T EEIRSH A 2 h, TBST ¥ 3
R, 8K 10 min; TBS YEHE 10 min; ¥ PEE T 10 mL
BEWRF T RBEAR G, 5B 6 NE S, A%
TR PREIR B R B, BE

1.2.7 SDS-PAGE % #f % F] Laemmli & " f
SDS-PAGE Hyk 77 ¥4 T -

1.2.8 EBKRE=ENE 21 Bradford 77k ( X
PR D se s getais ) AT 1,

2 ERESH

2.1 fel EEY 1

B fel ZN S AR R E R E B IR, &
i http:/smart.embl-heidelberg.de/ FJ 4K {44347, 25 B
XPHFAL 2R 8 B L 2R R gm0 B ER (S 5 IR AT A
FURS AR 3 o4l (1) o

MKFILTVFACVVVAAVASPSIRQOWHNFKAEHGRHY
ASPQEERYRLSVFEQNQQFIDDHNARFENGEVTFTL

QMNQFGDMTSEEFTATMNGFLNTPTRRPAGILRAD
DDETLPEKVDWRTKAVTPVKDQKQCGSCWAFSTTG
SLEGQHFLKDGKLVSLSEQNLVDCSGKFGNMGCMG
GLMDQAFRYIKENKGIDTESSYPYEAQDGKCRFEAS
NVGATDTGFVDVEHGSESALKKAVATIGPISVAIDAS
QSTFHFYHKGVYHDDHCSSTMLDHGVLAVGYGTE
ENGSDFWLVKNSWNTSWGDDGYTKMSRNQNNNC
GIATQASYPLV

Signal peptide | Propeptide | Peptide-C (Mature peptide)
(1-16) (17-110) (111-327)

| S
HAT AL L IR
Cathepsin L
1 EFRUF FCL BHEM 7 g o g
TR AR TR BRI ERED 2 0 B s RANEE 5 o K
Fig.1 Amino acid sequence and structural domains of
cathepsin L (FCL) from Chinese shrimp
Double underline shows signal peptide; single underline shows

propeptide; the others show mature peptide.

H fel ZEA R 72 514 CalexF I CalexR #EAT
PCR ¥ 3§18 A BRI 5, H & 1% SRR G
KA, AT B 1 4% 950 bp ZEA P =), 5 fel
FER R BA/MEFE (F 2a) .

bp N M O 12345678910Mbp
> .

a b

2 PCR Y1 fel(a) M fel-pET30a ¥4k E.coli DH5a
JG i) PCR i 46 5R (b)
N: [ ¥ % 8 M: DNA 4 F & f7 id DL2 000; 0: PCR ™ 3% 19 fl;
1-10: 10 MR 7 .
Fig.2 Amplification of fc/ by PCR(a) and screening of
transformed E.coli DH5a by fcl-pET30a using PCR (b)
N: negative control; M: DNA Marker DL2000; 0: amplification of fc/;

1 10: different colonies of transformed E. coli.

2.2 fel-pET30aEAFRFIHIME. FMiFE

¥ fel 1) PCR 434 =49y FA BR il A VI E§ Eco RV
F Not 1 B§Y), 42 22 5L [ FE B VI Y pET-30a T
b, ¥4k E.coli DHSo, FRHU ST T L DRI ek 5 14
HEAT PCR i 1%, 193 950 bp I PCR 4% (& 2b) .
Ut BH 1KLL B RK AT fE & fel-pET30a B 41 3% 1A ik .
SR 5K PCR 7k 31 ) BE M B AR 1885 7%, SR ERU Ok
HEAT PCR 1 Eco RV Fl Not I SUEEAIIAT . [RIFEHLE
25950 bp A H T~ (E 3), U H MER O A
s B JE , SRR RIEAT T FRAIE, 45 BRI B
Fa ) fel-pET30a BE4H 33 ok 40 IE i -

3 EZJFHRL fol-pET30a f) PCR 31E & EcoRV
1 Not 1 X 1B
M: DNA 4+ &E#5ig DL2 000; 1-2: B L0 L ) PCR 56 1,
3: B U BB DA IF
Fig.3 Identification of recombinant plasmid fc/-pET30a
by PCR and digested recombinant plasmid fc/-pET30a with
EcoRV and Not 1
M: DNA Marker DL2 000; 1-2: identification of two recombinant
plasmids fc/-pET30a by PCR; 3: identification of the digested

recombinant plasmid fc/-pET30a with EcoRV and Not 1.
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I AE TEFf 14 fel-pET30a 240 Fki #4 4k E.coli
BL21 (DE3) , P FHhH S il % AT — DI UF A 0
2.3 EAEAKL(FCL) B5RIE

BB 3 ANBHIE R [fcl-pET30a/E. coli BL21(DE3)]
HEAT /N ELEE G mL) ik 5 5 R &, 4 i SDS-
PAGE Wl 27, % 5 J5 BIFE & 78 40 kD &b LL X BR
HEZH 1 &0 WRIEBEYSRETE, LHE
SHEE R fel BN L 312 DN AER, » FREAN
34.785 kD, It 4k, pET30a # kA B FEMHTFEL
5.306 kDo A, AIACH 40 kD F I8 =481 4
HrysEH. FEEGEE AR E ks G (E
4a) . FFH Labworks R4 AF AT AN & B 40 HT
KHARRBEEKRM B EAORAEREAL LR
2R, HRE A 2R E O 0 40%. AN,
AN [E 5 5 0 R BURE JS 28 12.5%SDS-PAGE o il 2
S A9 IPTG J5 2~6 h HINE A RIE &K
K (E4b). f THERERABEAIFEE, EI
1 SR, B SHE Y 4 h, BEEAT 2 5 8RR

1 2 3 4 kb kD1 2 3 4 5 6 7 8
=
—— —_— —97 97
—-2-5—66 66
Seeae - " ‘sessee
Em—zo w-TRSEEEE
—20 20
—14 14
a b

4 v [E SR FCL RITERBAT B ) B4 %5
a HHEEFNNARAERNBESEE: I RESFELHRN:2 4
Jcl-pET30a /BL21 (DE3) AEEEHE ( ELAEK 1.2 f13) Kk SHRE.
b. & EAE R R R —BER N F RS (0] 895 S35k 1. 0 T EAniE,
2: RiFEF, 3-8: fcl-pET30a /BL21 (DE3) £ IPTG %38 1~6 h.

Fig. 4 Recombinant expression of Chinese shrimp
cathepsin L (FCL) in E. coli

a. Total proteins of the fc/-pET30a /BL21(DE3) induced by IPTG. Lane
1: non-induction control; lanes 2-4: total proteins of the fcI-pET30a
/BL21(DE3)[ recombinant BL21(DE3) 1,2 and 3] induced by IPTG.
b. Inducing expression of rFcL in a recombinant . coli at different time.

Lane 1: Molecular marker; lane 2: non-induction; lanes 2-8: total

proteins of fcl-pET30a /BL21 (DE3) induced by IPTG for 1 h to 6 h.

24 MBEEPEHEHRER

¥ 1SR AR FE 300 mL, B IR T
&, FFEEATHE A R . 225 12.5% SDS-PAGE %f
KB ik 1 B Ao AT A, B
FRMEHEFEA, KB40 kD W HEAFAET
MIPTvE S, UL B i A 2 LA TE AR 1,
B AR PETIE - 20 3k 75 2 v i ) A e A AR
FMEMAAES, B E AR Dl s IR ST E
TR G LB, 2318 His-Tag HE AT £ Z
B, TR EIREMHMES (K5,

kD M 1 2 3

97
66

43

I
™
:

t

30 ja=

20

14

5 BRI fcl-pET30a £ 4L E.coli BL21(DE3) J5 % &
FILIWELHE AR L 19 SDS-PAGE il

M: B A BT EhrifE: 1 RBFEFEL TN 2: IPTG T RIE;

3: RAMBETAMLHN FCL 8 H: ik mAWEA .

Fig.5 SDS-PAGE analysis of expressed recombinant
protein FCL from E.coli BL21(DE3) cultures containing the
recombinant plasmids fc/-pET30a
M: standard protein; 1: non-induction control; 2: induced expression
of the target protein by IPTG; 3: purified FCL. Arrow indicates target

protein.

RPN 8E B & &, iFE 2L FCL E 4l
EEFE (KD, HE1AJUES, HEAKNE
BN 24%. TRULRIESE, ST 5 IR AR fT A 19 3
FCL HHAHEH 110 mg.

®1 HEBAMFEHAES (FCL) MAKFE (300 mL)
Tab.1 Purification yield of FCL from Chinese shrimp

(300 mL)
g BEATE /mg ME /%
Step Total protein Yield
2 B 4RV Bacterial lysate 140 100
B B
S - 90 64
upernate of renaturation
His-Tag 4fi{t.j5 Purified tFCL 335 24
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2.5 BEHAZEAFCLAYEM

T sk NP DR K A ) Y FEBR MR A A T A
S E A S A FCL AT TN, 45 Rk re i
TS, UL A (1 FCL EM M &4 T A R
A AR BIVNEN
2.6 FCLRYELANT

R4k FCL #l#& T i . A&
L& 6 FCL 78 %7 WF % 20 2R /Y 2% 15 %> A ] Western
blotting BEAT T A (B 6). MWE 6l LLE H,
FCL 78X HF i JFFJBE i B Rl v A 3R 0K, T 72 BF 52
AR, R, B8R FCL FERIA AL L
PR A AE : I PEMERIR (4> T &4 34.7 kD)
AW (5 TE423.7kD); WINE AR
Marker FJE ER W HE R T E2E5HENN S T &
FA—E IFH H 2 FCL.

kb 1 2 3 4 5

97 .
66 [
43 e
30
- — A
20 —— “-—B

14

6 fol FEDRIAE A [ BH 4R 5 2H 2R 1 33K 1 Western blot 53 #7
L B H T B 2, SUE; 3, R IR; 4, B 5, ;s
A 7R FCL [MEBJR: B 7% FCL BLAIK .
Fig.6  Western blot analysis of fc/ gene in various
tissues of chinese shrimp

L1, standard protein; L2, ovary; L3, hepatopancreas; L4, stomach, L5, gut.

A indicates procathepsin L: B indicates cathepsin L.

3 it

AT 5T ] B R s A F Y fel FE A,
Hoe B R BAE 4K Ol 987 bp, dnfl 328 MR,
HrPar 16 MEERAE L KR 312 M2 &R
FIRY FCL B R . 181t 5 GenBank 9 [ [H] 5 )3 51) bk
B, 5 NN A5 (Litopenaeus vannamei) 28 27
EAW L AU EIE 91%. EHAREN BT HE
ST, REREET 312 AR AR IR, H

B A T IR ER % 8 B B 0V A HLER AT 57 LA 21
I3 A

HLVE OB Lo — PP B A A IREG i v 00 2 It
AMREAN. WA RAEAE LM EEE
M RE R ARV AR N P B 1 e SR, ST PR A
FRW, AR EAM LB TN E B S
BRZAIN, F 2 MBI EE, MR E 2 B E
S8 IR A B B R A B T e,
HAEA LT 5T 2Rmar ",

FH 1 45 35 B0 S 70 FCL ALV S A6 ) AN 5] £H 21
HAFEAE L ARENE N, iL Western blot SE 4
RI, HRE OB L /8 ER. 8 A R,
HEG RS RV R B AP BB R T
PR R, AR A5G L A4 200 KER o #0 2
AR IS T2 SUA7 AR, TENUR 78 20 A & A8 i g v
M. HTHAEARL EEFAETHLSE SR, B
VLIRS B L AE 0 —MiE ALEs, 78 B B R
TR AT R AL B Y. HET, E A R
KB P A SE T P,

BT AN 5T 5 22 BT FCL O [B B S lF 4
LR AN L) R FRIE, Rk, R 200 & a5
G I 1A, B SE 0 8 B SR AT A . X T
HEEWELMECIEETHFATER. B T4
2V (B L 7E AR AT - — Bar 2k, B
L P BT B R RS B B B R iR T &
VR 1, BRI, B AR I AL LB O B
7EF 18 BH X B AT 5 Ik de] g By D)9t A 00 AR
K, AL EA LB RS2 eI &4 TE IR
WG KA B RIE s R, A RIE
WAHHLREABRECTEXMEABNZSS, 1
R AR JRER VAR E O D I8 HAMHE
s U8 B2 AT R R, FEBRIE A1 T iF 1 i
|HE, FRAREELANEAR, KIRFZ
—A[RE R BT pET30a 2 A FRIE M B A B A, 1
Z T BB ASRENED, K EAEAMNE
PERTRES AWM. T2 TA/ENFAEOEZ
() — B3k B (1 BY U4 DA O 1% B B R A S
fbo JRIE 22 — AT R % B B 04 35 A A LA BL ] .
CRl s oof T 2H 23 8 0 L I D 1 3 A L 761 i = At
— AT
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Recombinant expression and tissue distribution of cathepsin L from Chinese
shrimp Fenneropenaeus chinensis

BU Xing-Jiang"*, ZHANG Xiao-Wen', SUN Yun-dong',ZHAO Xiao-fan', WANG Jin-xing'

(1. School of Life Sciences, Shandong University, Jinan 250100, China; 2. School of Life Sciences, Anhui Normal University,
Wuhu 241000, China)

Abstract: Cathepsin L, a member of the papain superfamily of cysteine proteases, has been linked to tumor
invasion and metastasis, antigen presentation, osteoclastic bone resorption and apoptosis in mammals, but
the knowledge of cathepsin L from invertebrates remains underdeveloped. A cDNA of cathepsin L has been
cloned from Fenneropenaeus chinensis (FCL). In order to analyze the function of FCL, it was recombinantly
expressed in Escherichia coli. The fragment of FCL ¢cDNA was subcloned into pET30a expression vector,
and the recombinant plasmid was transformed into E.coli BL21 (DE3) and then induced by isopropylthio-3-D-
galactoside (IPTG). SDS-PAGE analysis confirmed the expression of FCL and the molecular mass was about 40
kDa, which was in accord with the expected. However, the expressed product formed complete inclusion bodies
in the cells. After denature with 8§ mol/L urea and refolding by dialysis in Tris-HCI buffer, the soluble target
protein was obtained, which could be purified by His Bind resin chromatography. The purified FCL was used as
an antigen to immunize rabbits. After several injections, the polyclonal antiserum against FCL was obtained and
used in immunoblotting experiments. Western blot analysis revealed that FCL was distributed in hepatopancreas,
stomach and gut, but not in ovary. [Journal of Fisherg Sciences of China, 2008, 15(6) : 910-916]
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