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SDS-PAGE
DH5 BL21 DE3

1.2  
1.2.1

L FCL cDNA
pET30a

1 CalexF
CalexR EcoRV NotI

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 cDNA
CalexF CalexR PCR PCR

50 L 94  3 min 94  30 s
55  45 s 72  50 s 33 72  10 min 1%

950 bp
DNA

EcoRV Not I PCR fcl
pET30a 37 fcl

PCR pET30a

T4DNA 16 
1.2.2 fcl-pET30a fcl-pET30a

E.coli DH5a CalexF CalexR
PCR PCR

37 PCR
EcoRV/Not I

2 L E.coli BL21 DE3
LB+Kana

37 
1.2.3 3

5 mL LB+Kana
37 

50 L 5 mL LB+Kana
37 3 h OD600

0.8~1.0 D 
IPTG 0.5 mmol/L 37

4 h
0.5 mL

0.5 mL 5 000 r/min
5 min

100 L 12.5%

SDS-PAGE

IPTG
1 h 0.5 mL 6 h

12.5%SDS-PAGE
1.2.4 FCL

LB+Kana 37 
1 100

300 mL LB+Kana 37 
3 h OD600 0.8~1.0 IPTG

0.5 mmol/L 37 4 h
0.5 mL

0.5 mL
7 000 r/min 10 min

20 mL 1 PBS
Triton X-100 1%

10 000 
r/min 15 min
12.5%SDS-PAGE Kuhelj 10

His-Tag
1.2.5 FCL

100
10 mmol/L Tris-HCl, 1 mmol/L EDTA, 2 mmol/L

0.1 mol/L pH 3.6 16 h

Heussen 11

SDS-PAGE 1

 2.5  TritonX-100 1 h
0.2 mol/L pH 3.6 37 3 h

1.2.6 Western
12

100 g FCL 1 mL
3

3 3
FCL TBS 50 mmol/L Tris-HCl pH 7.5 150 

mmol/L NaCl FCL

8 V/W TBS
5 mmol/L EDTA, 1 mmol/L PMSF 10 000 r/min 

5 min
100 g 12.5%SDS-PAGE 
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1 h
10 mL TBS 1%~5%

2 h
FCL 1 100

 TBST 3 10 min
HRP1 10 000 

2 h TBST 3 
10 min TBS 10 min 10 mL

1.2.7 SDS-PAGE Laemmli 13

SDS-PAGE
1.2.8 Bradford

14

2

2.1 fcl 
fcl

http://smart.embl-heidelberg.de/
L

3 1

MKFLTVFACVVVAAVASPSIRQQWHNFKAEHGRHY
ASPQEERYRLSVFEQNQQFIDDHNARFENGEVTFTL
QMNQFGDMTSEEFTATMNGFLNTPTRRPAGILRAD
DDETLPEKVDWRTKAVTPVKDQKQCGSCWAFSTTG
SLEGQHFLKDGKLVSLSEQNLVDCSGKFGNMGCMG
GLMDQAFRYIKENKGIDTESSYPYEAQDGKCRFEAS
NVGATDTGFVDVEHGSESALKKAVATIGPISVAIDAS
QSTFHFYHKGVYHDDHCSSTMLDHGVLAVGYGTE
ENGSDFWLVKNSWNTSWGDDGYIKMSRNQNNNC
GIATQASYPLV 

L
Cathepsin L

Signal peptide
1 16

Propeptide
17 110

Peptide-C Mature peptide
111 327

 1 FCL
.

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.

fcl CalexF CalexR
PCR 1%

1 950 bp fcl
 2a

2 000
1 000
750
500

100
250

2 000
1 000

750
500

100
250

bp bpN M O 1 2 3 4 5 6 7 8 9 10 M

a b

2 PCR fcl a fcl-pET30a E.coli DH5a
PCR b

N M DNA DL2 000 0 PCR fcl

1 10 10 .

Fig.2 Amplification of fcl by PCR a  and screening of 
transformed E.coli DH5a by fcl-pET30a using PCR b

N negative control; M DNA Marker DL2000 0 fcl

1 10 different colonies of transformed E. coli.

2.2 fcl-pET30a
fcl PCR Eco RV

Not I pET-30a
E.coli DH5a

PCR 950 bp PCR 2b
fcl-pET30a

PCR
PCR Eco RV Not I

950 bp 3
,

fcl-pET30a

2 000
1 000

750
500
100
250

M 1 2 3bp

 3 fcl-pET30a PCR EcoRV
Not I

M DNA DL2 000 1 2 PCR

3 .

Fig.3 Identification of recombinant plasmid fcl-pET30a 
by PCR and digested recombinant plasmid fcl-pET30a with 

EcoRV and Not I
M DNA Marker DL2 000 1-2 identification of  two recombinant 

plasmids fcl-pET30a by PCR 3 identification of the digested 

recombinant plasmid fcl-pET30a with EcoRV and Not I.
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fcl-pET30a E.coli 
BL21 DE3

2.3  L FCL
3 f cl-pET30a/E. coli BL21 DE3

3 mL SDS-
PAGE 40 kD

1
fcl 312

34.785 kD pET30a
5.306 kD 40 kD

4a Labworks

40%
12.5%SDS-PAGE

IPTG 2~6 h
4b

1 4 h

8

a b

kD 1 2 3 4 5 6 7

97
66

43

30

20

14

1 2 3 4 kD

97
66

43

30

20

14

 4 FCL

a. 1 2 4

fcl-pET30a /BL21 DE3 1 2 3 .

b. 1

2 3 8 fcl-pET30a /BL21 DE3 IPTG 1~6 h.

Fig. 4 Recombinant expression of Chinese shrimp 

cathepsin L FCL  in E. coli

a. Total proteins of the fcl-pET30a /BL21(DE3) induced by IPTG. Lane 

1 non-induction control lanes 2 4 total proteins of the fcl-pET30a 

/BL21(DE3) recombinant BL21(DE3) 1 2 and 3 induced by IPTG.  

b. Inducing expression of rFcL in a recombinant E. 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.

2.4
1 300 mL

12.5% SDS-PAGE

40 kD

His-Tag
5

1 2 3kD

97
66

43

30

20

14

M

 5 fcl-pET30a E.coli BL21 DE3

L SDS-PAGE

M 1 2 IPTG

3 FCL .

Fig.5 SDS-PAGE analysis of expressed recombinant 

protein FCL from E.coli BL21(DE3) cultures containing the 

recombinant plasmids fcl-pET30a 

M standard protein 1 non-induction control 2 induced expression 

of the target protein by IPTG 3 puri ed FCL. Arrow indicates target 

protein.

FCL
1 1

24%
FCL 110 mg

 1 FCL 300 mL
Tab. 1 Puri cation yield of  FCL from Chinese shrimp

300 mL
 

Step
mg

Total protein 
%

Yield
 Bacterial lysate 140 100

 Supernate of renaturation 90 64

His-Tag 33.5 24
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2.5 FCL

FCL
FCL

2.6 FCL  
FCL

FCL Western 
blotting 6 6
FCL

FCL
34.7 kD

23.7 kD
Marker

FCL     

1 4 5kD

97
66

43

30

20

14

2 3

A

B

6 fcl Western blot

1 2 3 4 5

A FCL B FCL .

Fig.6 Western blot analysis of fcl 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. 
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Recombinant expression and tissue distribution of cathepsin L from Chinese 
shrimp Fenneropenaeus chinensis 

BU Xing-Jiang1 2 ZHANG Xiao-Wen1, SUN Yun-dong1,ZHAO Xiao-fan1,WANG Jin-xing1 
(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-b-D-
galactoside IPTG . SDS-PAGE analysis con rmed 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-HCl buffer, the soluble target 
protein was obtained which could be puri ed by His Bind resin chromatography. The puri ed 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
Key words Fenneropenaeus chinensis cathepsin L recombinant expression tissue distribution
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