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Clone, expression, purification and activity characterization of
Jian carp( Cyprinus carpio var. Jian) Cathepsin L
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(College of Food Science, Sichuan Agricultural University, Ya’an 625014, China)

Abstract: CAT L gene fragment which encoded mature peptide of Jian carp was cloned using TA clone and
characterized by double enzyme cutting firstly, prokaryotic expression vector CAT L-pET-30a was constructed
and transformed into E.coli BL21 subsequently. Recombinant CAT L was expressed after induced by 1 mmol/L
IPTG at 37 °C for 2 h. And the objective protein was gradiently washed by urea and purified by NiZ*~NTA
agarose affinity chromatography,SDS —PAGE was conducted to examine the results of expression and
purification. Activity assay (Z-Phe-Arg—MCA as a substrate) was finally used to characterize the pH and
thermal stability of CAT L,and illustrated the effects of common additives used in surimi product and frozen
storage on its activity stability. The results of double enzyme cutting indicated that CAT L gene fragment was
successfully cloned,and shared 99.11% sequence identities with the CAT L of common carp. The analysis of
SDS -PAGE illustrated that the recombinant CAT L with the molecular weight of 28 ku was highly purified.
Activity assay revealed that CAT L was stable ranging from 20 °C to 50 °C and pH 3.0 to 6.5,the activity of CAT
L was inhibited by NaCl and Na,P,O, and appeared dose —dependence,while sucrose and sorbitol had no
effects on the activity of CAT L. CAT L of Jian carp was successfully cloned,expressed and purified,and
effects of heat, pH,additives on the activity stability of CAT L was illustrated.
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TEE AU, CUNCAT LAAE & s 2K 5 n W
FR e 22030 I A b A 3 T A T, i LI 5 I 2N T
B OB, H BT A ECAT LW ot R Y],
REWE IR LA 2] 3 45 A0 58 3, hnodt 52 = L A 1)
AL, A, DR HC 7Kg £ JEE B S 1) D B &5 4 HR 1 —
JUERE 11, 2 5 B30 BE ) i TR o J 95 722 1) 35 25t
PRIz [, AR B WP TECAT Lis 5
A1 SR AR A DT PO R % R MR XU B T A %, G
i 9 P BTG R 1)1 i T £ VU 42 ) A e

SR (Cyprinus carpio var. Jian) f&=3 [F 3= 2% /K
2Bt IS —Mlth (Cyprinus carpio) 1 325 Pl , A AT
AEACPR, 7, BT AEAR 5, DA S S JEORE, Ik
£ BEAE PO I Al RS ). T R
BCAT LAEASENN A eV, SRAFEECAT L
FEWE T AT AR A, 2 43 B e 5 A0 R A LR
AHTUR B, JEAR LSS T e EE AT o AL, i n]
FRYECAT LRSS PERFA:, R FEN ] T3k it B 11
SR PR/ PRI R A

I HE AT 25 A X 8 ZE CATs e [ R IR 3E 4T T 0F
F, AR H AT WA W AR BECAT LIFAH SCHIE . 1% 5
ZHCAT LIWETT, 1] AR RARCAT LI, $E 4k
BEARE B AW . i, AT IREAT T 4
BLCAT LK v AN sk 0k, LA K A0 BE il i i T AH O
S O pHL Eh VB D R, CAT LK AR 106 1K
WET, DL S B AR b, 5 BRI ] 2000 PR AL, 32
e FELBE T it BT, SR REEAK SR
1 MBS RFE
1.1 HHRE5NE

ER i (Cyprinus carpio var. Jian) (500 g/)& , ff
AR W DU T 2 AR 1 T 3 5 IR ORI pET—
30a. & 52 25 N A W E.coli DH5c. K7 #F ¥ E.coli
BL21 (DE3) 35 py PU AR b K 27 B 27 B 7K™ i in
TR R S A8 IR AT s B ZURNA S L
W B P AR R RHAT BR 22 H 5 PrimeScript
® RT reagent KitikF]&-pMD® 19-T Vectori il &L
BRI VE N DI Nde 1/Xho 1T H AR S AEW) TREAT B
w5 JBORL /N 5210 S L 38 2 DN A 2l Ak [k 5 6
DNA Marker (NI TV) B HCRAR AR AT BRA 7] 5
5-VR—-4— 5 -3 -1 —B-D—F- FLIEIF X—gaD  EI[H
Sigma—Aldrich 2% 7 5 57 P 5k — B — D —fimt AQHE g3 == 1L opH

FFAPTG) Bt THAR (RO GRA A 8T
SRAEMTEUR 4B E Qiagen A H] s 4y T RE AR

Marker (14.4~94 kw)  JEHCRAR BB AT A w5
9¢ 964 K (Z—Phe—Arg—MCA) Ji&#) 55 [H Sigma 2
T s SN AR R A L R L ALY (BN R
BT B AR AT BR A T e Buffer A (£570.5 mol/L
NaCl, 1 mmol/L. EDTA#J50 mmol/L Tris—HCI, pHS8.5) .
MW (% 1 mmol/L. PMSF.0.5% Triton X—100 [¥]
buffer A . iEHT ¥ Buffer B (50.5 mol/L. NaCl, 1 mol/L
JR 2 [F150 mmol/L Tris—HCI1, pH8.5) . Buffer C (5%5%
H oyl ) Buffer B)  Buffer D (570.5 mol/LBK M 1) Buffer
O HPUIARNE R B b 272 Bt 2K o LS 54
RS 2= e o

234 50155 %18

A I

ABI9700 PCR WAY 3 EABIA =] ; Mini Sub—
Cell GT 7K “F gk #8 . Mini Protein3 & B i, ¥k # .
PowerPac3000 H1, vk HL Y5  Gel Doc2000#5% 12 kA% 22 58 -
Biologic Duo Flow 4> H ) "p & K =2 R g 36
Bio—Rad 2\ 7] ; Varioskan 4= I K 2¢Ot/ bb 6, 39 F 52 501
& [E Thermo ScientificZy 7] o
1.2 KWHIE
1.2.1 CAT LIEHFIH ¥t M5 Tsunemoto 25121k
KW Rt (Cyprinus carpio) 1 )7 F1 (GenBank % 5%
5 AB128161.1), ¥l e B A I CAT LA EEIE A
JE AV S R UER Y, BES ) : CGCATATG
GTCCCAAACAG, FRIZIBIr M Nde TEFUIN 25 FiF
5144 : ATCTCGAG GACGAGAGGGTAGCTAGCAG,
R E Sy S Xho TRV 55 .
1.2.2  CAT LERFHI 45 F oo bE  $EI AL R
SARNA, HEATRT-PCR R ¥ 55k o BASRAT iy gt iYL )
cDNA K BEH, B HCAT L EFIESIY, £ PCRY™ 14
(94 CTIAZ 3 min, 94 CAEVE40 s,55 CIE K30 s,
72 CHEHI40 s, PEATISAEIN, B 572 “CHEAHS min)
AT H I FE R A B, R EEAT 19% 110 B IR b el 1k 4G 300 o
¥ gl 4 [l e iy B R 38 R A B, 3% 4 & vl B AR A
pMD19-T, 15 FI| § 41 JF7 ki CAT L—-pMDI19-T, # 1k %
I 22 A E.coli DH5au, 28 Wi 111 BE i 326 T Nde 1/Xho TXL
Vit 1) s e S 5 e BH A4 v B2 32 Invitergen 2B 4) 44 W] 33
AT CCAT75 10 38 S A7« SKRHIDNAman
8.0 A Xk 12 Kt IR ) 471) K M 5 1) 2 S TR ) 41 dE AT [
VRS HT
1.2.3 FKIAFEAKCAT L-pET-30alfI#) £ A 5 2H 14 1)
Fik  HEHFEKCAT L-pMDI19-THI K ik ki pET—
30a, 43 5l FH XD I [P H 1) 3 D1 B R 28 AR )
Bt,16 CiEH16 he E WAL B IKZ & E.coli
DHSce, BEATBHPERIE , 3 LACAT LBV 21) 51 #y ik
AT B PCRAG I , %5 52 FIB4RARIIAY 22 -

¥ BT NCAT L-pET—-30alflE.coli BL21 (DE3)
A PR, B R LB AR B 7R 3L (5750 pe/mL R IR EE
2,37 °C,200 r/minid P E7 7712 he K HAG B
$2 1:503 N LB AR KT 773k (5750 pg/mLF A 35 ,
37 °C,200 r/min¥%373 ho 240D H0.60F, JIA LT mmol/L
IIPTG, 37 “Cif5 S E5 752 ho B0 R BRI, VeI
Buffer A, WKFT AT PEER BSOS, $%30 mL/gBRI AN
AR, BB TTTE , IR VR E3IR , 340.3 mg/mL Lk ]
SN S B (100 mg/mL) , 37 °CJZ W30 min. #8745
T A4, 8000 x g B8 402 10 min, Y 5 AL IR AR WL IE HH T
alifth .
1.2.4 HLHCAT LRgifb s #)1H0.5.1.8 mol/L
F) IR ZE TR A P A LIRS » W e 2R 18 mol/LL
PR 2514 35 WA FH Buffer BEFATIENT . 1M1 J5 48 Niz—
NTA 35 F14E (1.6 emx10 em) 2 #7244k, Buffer C¥k
2= AN B 171 2% 2 1, Buffer DBEAT RS Y,
0.5 ml/min, W4 B A 2iEFICAT L£20 mmol/L
IR 22 0P (PBS) (pH7.4) IBEMT M4, —80 C ¥R il
o 53 SNBSS R IR 2S5BS Pk it )5 I RE &,
BEFTSDS-PAGE X 2 (BRI 14%) -
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1.2.5 FEACAT Lyt il e SH L
) 750 5 B CAT Liv# s E fpHER e . B
CAT LR AEpHS.5444 T, T20~80 “CIuH N, K10 °C
SN, CE60 min, JHUK/KAE1434 °C, e 3
TR AR MRS o FFCAT LI AE20 CF, TpH3.0~8.0117t
I N, 530.5pH A A — AN TR B, T8 B 60 min, 2K 5
FEpHIH [R5 [ NV pHS.5, M Ho AR 2 W o I 3 I o
232 Barrett 391 77 V2, DL o e & K Z—Phe—Arg—
MCA & JI&4 , pH5.5,40 °C X V10 min, 3R WK N
380 nm, KA K460 nm.
1.2.6 BT FEAICAT LIiFTEFa e M semy  H
P i 5 £ 8 ml £ JBE R I I R SRR R, LA R EE BT
A URABPEFIR R A, 53 e B T AN R 245 11 &
LA (0.5% 1% 2% '), IR 4N (0.2%.0.5%) 17181,
TEME (1% 2% 4% ") 1L BL B (2% 4% 8% 2, I 52
FLXTCAT LB P i sema, 3 PRI e 77206 1.2.5, T
I =R
1.2.7  HBHEAAEE ST SRASPSS 19.08024 7K
PEREAT BE v 03 M, T TR AR IR I R bR v 22, K
HOne—Way ANOVAVEIEAT 7 5 B 43 M. p>0.05
TR ZERARNEE,0.01<p<0.05FK <22 57 8. 4%, p<0.01
KR ZE ST R 5
2 FEREITR
21 BEHCAT LEEFFIR1E
TP UL A B RNA, 45 S an 1R .

28 S

—18 S

BT B RNA LK
Fig.1  Electrophoresis results of total RNA in Jian carp
LR RNA S S O PR DNA, L Sy A5
BHTS 091G, Prs v BAE B el ri ik R BLZ0665 bp
sy (12> o iy 7 B2 S CARIE A CAT L
bp M 1

K2 #ECAT L PCRALKIE
Fig.2 Electrophoresis results of Jian carp
CAT L PCR amplification
T M: DNAZP T i A5TE (Marker 11D 5 1: CAT Ly 5455
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(Genebank & 5% 5 : AB128161.1) B3Ik 3 ] B K
JEAHFF
22 #EHEBCAT LEENRERMNFER

P F A TR CAT L—pMD19-TZ: XUifF V) % 52 , 4%
T B 3TN, WD G CAT LI BEK /N 665 bp, [H
CAT LR A I a5 K —2. pMD19-TH B A
2692 bp, 5 TS R —20. DL % 45 B i ak
TH I vl B T EECAT L3R B

bp 1 M bp

K3 A FURICAT L-pMD19-TXL AT I
Fig.3 Double digestion dentification of recombinant plasmid
CAT L-pMD19-T
s M: DNAZ T2 bRiE (Marker TV) 5 1: CAT L-pMD19-TXfff
I/

X ORI CAT LAE PR BegEAT MY, 45 2111
DNAJF ) B A 2 FE 7 50 WL B 4 o B 120 )y 45
5 F N PR A7 CAT LI Al 38 Ik 3 IR 470 88 4 7 AR ARL
o LG, 2 SEAHALEE 5 99.11%, B 1) 24 5L 158 17 41 AH
AL 100% .

1 ATGGTCCCAAACAGTTTGGACTGGAGGGAAAAGGGATACGTGACTCCCGTAAAAGATCAG
1 MVPNSLDWREKGYVTPVKDDQ

61 GGTGAGTGTGGTTCTTGCTGGGCCTTCAGCACTACTGGAGCCATGGAGGGTCAGATGTTC
21 GECGSCWAFSTTGAMEGAQMF

121 AAGACOGGAAAA TC AGAACC TGCTCCCGCCCT
41 RKETGKLVSLSEQNLVDCSRP

181 GAAGGCAACGAGGGCTGTAATGGAGGTCTAATGGACCAGGCTTTCCAGTACATCAAGGAC
61 EGNEGCNGGLMDOQAFQYIKD

241 CAGAACGGTCTGGACTCAGAGGAGTCCTACCCCTATITGGGAACTGATGATCAGCCCTGC
81 QNGLDSEESYPYLGTDDO QPC

301 CATTATGATCCCAAATACAGCGCAGCTAATGACACTGGATTCGTTGACATTCCCAGTGGA

101 HYDPEKYSAANDTGFVDIPSG

161 AAGGAACATGCACTGATGAAGGCTATAGCTGC CAGTGTCTGTGGCTATIGAC
121 KEHALMEKAIAAVGPVSVAID

421 GCCGGACACGAGTCTITCCAGTTCTACCAGTCAGGCATCTACTATGAGAAAGAATGCAGC
141 AGHESFQFYQSGIYYEKECS

481 AGTGAGGAGCTAGATCATGGTGTGCTTGCCGTTGGTTATGGTTTIGAGGGTGAGGATGTT
161 SEELDHGVLAVGYGFEGEDYV

541 GATGGAAAGAAGTATTGGATTGTCAAGAACAGCTGH AAT TAAAGGT
181 DGKEKYWIVENSWSENWGDIKSG

601 TATGTCTACATGGCCAAGGACAGACACAACCACTGTGGTATTGCTACAGCTGCTAGCTAC

201 YVYMAEKDRHNHCGIATAASY

661 CCTCTCGTC

m PLY

K4 @EICAT LIED 541 K AR ) 8 HE 1R 141
Fig.4 The nucleotide and deduced amino acid sequences

of CAT L

2.3 RIEHMACAT L-pET-30aky#33E & CAT LAY
FRixdiik

5 D N CAT L—pET—30a 1 BH M T8 Bk 8k 47
PCRAGIN, &5 5 WIS, PCRY™ 1 119 H 171 )5 BER N Ty
665 bp, 5 T8 B ICAT LIE R B S — 30, U6 Wk
Tk 3 T ARIR A .

% D N CAT L—pET-30a ) 3 41 14 MK E.coli
BL21, BT S 3RIA , RIK =28 PR 22 B W6 L vk

20155 £188H 235
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Fig.5 Electrophoresis results of PCR identification of the
recombinant plasmid CAT L-pET-30a
TE: M: DNAZF -5 bitfE (Marker 11D ; 1: B PCRY 3474 .
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Fig.6  Detection of expression and purification of CAT L
by SDS-PAGE
T M #5201 ibs e (41 S f i Marker, 14.4~94 ku) ;
1275 T3 2: 5 95 3: 0.5 mol/LIRZZUEER HIVA R : 4: 0.5 mol/L.
PREEVEES L35 5: 1 mol/LIK R VLR B 6: 8 mol/LIRZR VLR
HIVARY): 7: 8 mol/LIRZRWAR _F375; 8: NP-NTAFEAALJGCAT Lo

J&, RSN E T AT 2lidk, 3/45 H IR 1 . SDS-
PAGEXS Fik %420 R &5 R BEAT %58, 6 s, 48
IPTG 17 T 1) H 21 B A S it M) 7E26.0~33.0 kulal 45 1
U RIR AT s G R R VRS FE VR LR T O )
DBE O, B 23R AES mol/LIR 22 T 11 B3 i, A4 s 1
BYR D s SR ERAT S RN R T Sl AL )5 A5 3 v A 1 EE A
CAT LI, 47 5, 5r T HEZY 428 kuo HuREPIZl
b T il 4 (Cyprinus carpio) 75 WL+ [FJ CAT L, SDS—
PAGESE 73 T 52436 ku, IX W HESEHLLEAL I CAT L
A BT AR TE 2R — 1) 77 52 5 4223, I Whang 2524 5
% T 2541 (Oplegnathus fasciatus) CAT L2751,
FLRTAARTE S5 T3 438 kus Benjakul 5529444, T 1
VIS A (Gadus macrocephalus) 54.2 ku[FJCAT L, & HH
37 kuBE R IFICAT L5515 ka0 74 %1 2 590
T Tsunemoto?5:1' Az A ranishi 2520 )\ i £6 fT- e B 4 44, 75
FFJCAT LEAWIGEH 77~ 550 %) 2h28 ku.
2.4 CAT LAREMFMpHIZE 4

FA G MICAT LA PR E PR 2 45 R (&7 3R
W1, CAT LEA BRI E, 7E20~50 CHFEE , JU
H50 CHUE L i, V9REEE T £945%5 14, 60~70 °C
A IFUHIBE W RN o IX 5 HuSERYWHHT ST, K ali4h )i il
i (Cyprinus carpio) CAT LYES0 C'FHEHE 1 him it
5L 2950% A — 8. T Lin 5Pl L T 30 kalf i

236 015z %18

A I

CAT L, HR S35 M AE50 CINZT10% , Pt W] i R AS [
PP E]CAT LR E AP ER K ZE ST

BRAIE T (%)

20 30 40 50 60 70 80
ULEE (O
Bl7  EAICAT Lt
Fig.7  Profile of pH stability of CAT L

THFTLR T, B 5 A BE P ) 5% B 358 2r CAT L
WEPERS, A 8 BEAE (50~70 C) by kB IGE S A0 )5
BRI AK (modorD . S H H A WLt ff 6 BE -HCAT L
WA L RIS, (H R B CAT LAES0 °CRF ) nf 44 45
e I v R e, HED RIS R, R ECAT LAEAE /K
R e RS P I T S S M R I —ILER B O, R G
JRE R 245 Ll Ay, B % T 80A0 BE T W e Ik 5 AT

FEH M CAT LI pHAR E M & 45 1 (K8 &£
B, CAT LEA R GRI R EL P, fEpH3.0~6.5 V5 [ Y
Fa 52, pHS . 5F& 58 PE B o, pH7 .0 JTUf 2k uh, JUIHAE
pH3.0 6.5 FJEUE 30 min )i, 1588 50 MR T T £150%
FHA0% PR 42 i P o A2 7 v dg i 4 R JBE IR p HLA
3)6.5~7.0, LIRAT 55 K 5E BT )& A 7, T 8L CAT
LAEpHO6.5 I A7y vl LR 457558 vy 1) ¥t 1 5 100 W Gt e i £y
JEE Tt S il T R P AS I R 5%

120 1
100
80
60

4
40 r

BARiE Y (%)

20

0 —— e o
30 35 40 45 50 55 60 65 7.0 7.5 8.0
pH
K8 FLICAT LpHEENE
Fig.8 Profile of pH stability of CAT L

2.5 h #E . EXTCAT Lig RS

) 52 AN [E) & JBE 11 35 BH L X EEAL CAT LIS TERY
Fo, SR IR, MR LRI, M 1% L R &ALl
XFCAT L% PE JL-T- TG 52 W, 110 1% % 2% 1) S A% 480 X6
CAT Lif A A 25 i 3msdil/E H (<0.0D , H 285
AR 2 IR FE0.2% M0.5% I £ IR &, W+ 0
ZEHBANH] T CAT Li M o A [R5 B R 5 (0 pREpE 1 1) Y
B, XFCAT LygPE LTI s .

A BE )l A2 e e R R I N 2% ~3% 11 T Eh 1
AT 4RI, AR SR R SR A — LR £ 4 B A I
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T B A0 BEBEIRE I 405 S5 R IR T R, kA, £ PR B
PRI 25 N R v 22, 2% 2 AR R0, Dl He 3l % A
e URAD N T ob, AL AR P, 110.2%~0.3%
FEREIR &5 2% ~A% REVE L A% 1 B4, I Lopl T | TR
b 25 AT R I SR 7 M 9k 2D UK 1R T ases-31, DR gk ]
DLV R B 1 VA R AR M

T AE £ PR ot Rt vp L A0F 9T 26 ) 40 £ 2 JUIL A
VK4 dJ5 CAT LAL B 86.25% 3% ML, F-—20 °C V4 ik
65 J5 CAT LAY B 79.99% ¥ 35 ML, X fiffl £a 4 55 1K)
TSR0, 1 BE TR INCAT LS f0 BESE A o B 02 R
B T 24.339%21, %1 FIRCAT LG Py v (1 ok 5
e LS BE N T AR 52 i), WF 5T R T £k A Huk B
Jo At BEFTA VRAS P FUAT CAT LI PR RS20 , 65F T 45 47
NG B AR A A A BE I T 2 A U R R CAT Lis Tk
W, BT — @ s e T e .

L1 SRR PE SR VB BT FZH CAT Lis 5% iy
Table 1

Effect of different salt ions, sugar, and alcohol on
activity of CAT L

NI BIRPE (%) TR a s (%)
pagist 100
S 0.5 94+3.81
1 T742.65%
2 61+1.92%%
FETEIR £h 0.2 15+1.07%*
0.5 (s
TR 1 103+5.31
2 107+4.67
4 107+5.18
Ll AL P 2 108+3.73
4 108+3.43
8 108+4.57

SRR L, [RIZVER i Frion 22 7 W35 (0.01<p<0.05),
RN ST (p<0.0D) &

3 #ig

RIS T R ETCAT L SRR EE RS IR B, KR
665 bp, SR ACAT Lk # K EE (0% 3L )7 41 [5] 95 M
N99.11% ;s I H R IA AR CAT L-pET-30a, H 3K
AW PRE. coli BL21, JL£81 mmol/L IPTG{E37 °C
P52 Wl RIAFELICAT LEE . &R ZREE VLS
FINi*=NTA & FENT @b )5, 3k A5 s = aifb H 10 2
F1, 53 2028 kue 3G PERFAESEE R W], T4 CAT L
1E20~50 °C fpH3.0~6.570 B P9 Fa i s 1% 2% A &tk
B4 20.2% 0.5% ) FE IR £ 0) CAT L VR & 31 4l i
# (p<0.0D FRYHMHRIAE F 5 T AN [F) A S5 1R e b < 1l B i
DU HyE P TG 2 s .

5% 3k
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