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JZ #r ¥ HiTrap SP HP HiTrap Q HP HiTrap
DEAE FF (1.6 emx2.5 cm) #1 Hiload16/600 Su-
perdex 75 pg(1.6 emx60 cm)Cytiva (4 FL), it
T BRI A A R L 5O G IR Y Z-
Phe-Arg-MCA Hl 7-Z #-4-H 3 FH T FE (AMC),
F [ sigma-aldrich PG A% ¥ B8 B %7 3 7] ; Bradford
PR &, R R A R ) 5 Pk 4R g
Rl&, DA TAY TREBRMGAERAR; =& 2
R TR OTE i SRR | S SR N |
AL EN BRI A A BRI A S H B R
A B2l 2 4R AR 2E R A BR A HD
12 MNB{5EHF
HEHHI RS Z KL, R
Stephan 28 ] ; AKTA pure & 2T &40, FimdLiE
FH A BEIT4E A (GE Healtheare) ; F=7000 % 5656
TEAY, H A H 57 (Hitachi ) 23 & 5 5 5 4 4 B0 AL,
% [E Beckman Coulter 2y 7] ;79480-3 ¥ % T &
Bl, 3% E CONCO 2w ;8 H Ik R 4, K E Bio—
Rad 2~ H]
1.3 KA *
1.3.1 HEFR B S22 iR i U5
WU A 28 B PR B AR BB P B AR AR, A 4
fERFR 4 CTRY 1) 25 mmol/L. RN S ik (& 5
mmol/L. L—Cys 0.3 mmol/LL. PMSF,pH 5.0) T4 C
519 20 min J&5 12 000xg £ L> 20 min B 5,
VW D 2 2 A ok S B AR S
1.3.2 FRAMER  FH 1 mol/L £k R 43 71 & 4% K il 43
BN pH fHE 3.0 f14.0, T 30 CH N5,
10,15,20,25,30 min 5 4] 1 mol/L &% Ak 44 [] 3
pH {H = 5.8~6.0, 37 Bl 12 000xg &5 .0> 20 min B I
TR VRO O T VR R A R AL R A
1.3.3 Bt  XmRAH S H 40%~90% 1
B BR B 43 PUTVE , FTATERHT IS 12 000xg #50> 20
min, 73 51 WA DO UE F L TE W I AR 1k R
T o WA B TTVE FE 53 B R B2 B 5%
134 FEHEBIEWkS XmRERTHEAHS
mmol/L. L-Cys,pH {65 6.0 ) 20 mmol/L Y 8 fiX
AR 5% vl W i, R H 4r F B & 43 i ol 3500,
7 000,14 000 u HYEHTHE T 4 CF &M 24 ho BT
G0 4338 338 6 U e 4 D Ay vl 44 KL VR
1.3.5 B HEN Kk ARG 0.45 wm

L U8 B 3k 9% )5 43 3] b FE 2] HiTrap DEAE FF
(1.6 emx2.5 em) HiTrap Q HP (1.6 cmx2.5 ¢m) |
HiTrap SP HP (1.6 cmx2.5 cm) & 32t , i 3h
A 55 A 20 mmol/L B BEERILZZ Wik (& 5
mmol/L. L—Cys,pH % 6.0,7.0) .50 mmol/L ] Z,
MR £ 2% v (%5 5 mmol/L. L-Cys,pH {4 4.5), A
0~1 mol/L SAALAAMH FE VR, WS B 1 MR I i T |
gV AR, B Ry B T A8 4y i 1 mL/min , B
BILEE 4 ml,
1.3.6 HilLoad16/600 Superdex 75 pg &t 82
Bro ¥ 8 F 38 953 L AT Hiload16/600 Su-
perdex 75 pg (1.6 emx60 cm) #EACH:, H & 0.2
mol/L S fL &M i 20 mmol/L YR EZ 2 Ml (% 5
mmol/L. L-Cys ,pH {4 6.0) - F1y5 i, i 2
1 mL/min, YCBE 0 VS | B8 4 mLL, 375 By 08 vk 46
A T-80 CE&H .
1.3.7 HZUEAE LG e 28 Yamashita
SO T K AU AR L R SRR Z-
Phe—Arg-MCA ¥ &£ Bt i 5% 0.1 mol/L, # % A 20
mmol/L 587 il 7 89 2 Bt & R 19 0.5 mL 4 mmol/L
EDTA-0.4 mol/L Z TR #12% th % (pH 5.5) hn A
0.9 mL A dh . IRGWRAE 25 CF Bk, [A] B
BMA 0.5 mL 0.1 mmol/L & WU H 46 S, 78
25 °C'F i 30 min J& , i@ 3500 3.0 mL 0.1 mol/L
=AW 0.1 mol/L. TR ZE Il (pH 4.5) % 1k ]z
N, TEECR DK 370 nm AUE $H% K 460 nm AL
BRI ERS AMC 26, RAARITE AMC
FERVENARUERR L . 76 25 CF 4% 8 1 S5 5
AR 1 nmol AMC T ZUE g L 0936 H:
1.3.8 HEAMWENE SH5FSHElk, R
FEYRFN I A A Bradford 25 A 2 =ik7 &, U4
I3 B AR o FR AR B I 100
wL AR B, G A 1 mL Bradford TAE
RA), 2R 15~30 CCR N 10 min J5 2243806
10 595 nm bW M
1.3.9 & 15T 5 D9 M ok e 6 e VK AR L7k R
JH SR TN s T i B g P, D ik T 8 A BE G, LT
JS S 2R FH AR G 32 WA 0 f v A1 = 5 4 1
1.4 HiELE

IR T BENLIHEUREAS | T 4R 2 AT
FE 3K B S bR HE DR 25 R0k
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FERE S IS BIE SR AT B3RP (P<0.05) , KI3R
H OriginPro 2017 #K {44 .

2 #RE5R
21 M HBEEHNRL

H Al O A B 2058 N 2 A W 0 LA 5503 Y
JUE v 43 s gl A SV U L, A0S DA £ 7
LY FE AR (R0 2R I BIE £ S A | 32 R
FHBIL TR e 20 A7 L ER AL J2 0T 55 2 R B i fb o ik
MG TE ., b T BRERER BT,
ABEFEAER] AL S U BEXT R Ak Eh b B AT 3 NP
BREAT SRR AL
2.1.1 R ZAME W HLE AR LA
AR e R E M R RR AR E M, 38R 2 6 HE R
YEAT SRR AL AR IR 5 100 3 pH (B A iR A BE T B R 42
o T R[] A R Ak B 4% A T R R VR P 41 41
FEAE L AL & 1 frs MR 280t pH
3.0,40 CHALFE 10 min 5, HAPHLUEAE L
TN 2 R B Y 37 A%, R pH 3.0,
40 CHALHE 10 min J5 FHE Z pH 6.0 7E 4 R AL FE
LA
2,12 EHET R SRR EERATIE AT LK
gLl v R 4 RN A 2l Ak R T, IR AT AR &
RS AR 2= o0 R 1 R A R an 1] 2 i Al
LA H il 2 B T B 1 R BE MG, 22U 1 L
1E 30%~40% 1) £ FUUE o LI AR X ) A 1
Ulmg A2 47, iFE 55% B R &% Hh I 4h R s Uik,
4 B TR B AR B 38 B 55% ,70% ,80% ,90% 1) | L
% ik 3] 2.40,2.63,2.08,1.91 U/mg, [H I A
55%~90% H) Bt 12 4 A8 T AT D e K B EE RT i H
MEA,
2.1.3 BEHRURILE X 3 RSB T AS Ay AR
BN AR 437 2 1 21 o0 A T 2R L LT
W e 25 L2 1, 3R 1 A% 3@ 7 000 u
BEHTAE TS B B o 2L LR LY I o
1, AT 14 000 u 33 T 480 241 53 Le TG fe X, 2 TR
fif W AE 7 000~14 000 u 43 F J5i 0 il P9 A7 A5 36 1
MY U g Lo A 3X 57 Y e —
B}, ALEAE LIS R TE 30~45 ku 6 [
W EAENLIA N L ZUE T L AEAE 2 FE S dE
it — PN VR a4 590 0 2L T8 0 e ELAR TS 1 1 i A =X
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Fig.1 Effect of acid condition on cathepsin L activity
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Fig.2 Salting out curve of cathepsin L
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Table 1 Effects of molecular weight of dialysis

bags on cathepsin L activity

AT REEA W iE/U-mg™
3500 6.32 +0.32
7000 7.47 +0.40

14 000 5.45+0.29

AT % TR 04 A A 50, [a] I e 1R A Ak P e
2 B A o 1 B o T X B 3 P e LA RN o3
TR B A, BT LSRR A B A SR 42U
FU LA AhE MR R IR G Y. I T8 ORER
JE [N HAT 5 PR A U g L, AN TS 7 000
u HEAT AR BEAT RIS
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221 BEFXHIZIAEM LR Lo 505 HE
T2 JZT o0 2 AT | BH B 38 3 2 A FLE A
JE AT U 2D Ak 0 T L B 2H 20 L Hu
SRR FH — 20 B - 22 e £ 5% 10 DI £ 35 UL b Al Ak
S EHLUE A B L; Cui 29 Ogata 2520 4l fk 45
S 2 W iR PH 2 - 22 e AT DL K MR 2 5 2 28R 1 L
(A EETE , B PH B 7 ac e A XA SV I L LA
AP B . S TR BGE A & A aifk )20
HE 3 R 58 FH 2 7 (HiTrap SPHP) |5 [ 25
T (HiTrap Q HP) F155 018 F (HiTrap DEAE
FF)3 Fi 5 7 28 8 H X KLt b 1) 41 202 1 Tl L
HEAT A3, Gl 2 VR I L L Ok O A 1Y
B sc b R E 3 s,

P 25 55 B B8 T A 28 4 2 0T (81 3a) )i, 72
40~80 mL A P& M AR B ] N A5 31 55 i 16 1 R 236
U/L YL ZLEE F L TG PR 4 s 200 B B T Ak s
e 2T (E 3b)J5 , 16 15~30 ml A9 3% B A B 9 6]
S 2 5 = 3% Sk 181 U/L Y20 4056 (I L 3%
43 5 7 28 5% BH B 7 AR S 2 AT (B 3e) Ja L AN AE
50~60 mL 1435 AR Bl P 45 31 5 s % 718 113
U/L B ZHZUEE TG LGP 0 . BTES Ao 845
B A ) B R A Ay RS B H Y
U SR AP ETE 16 mAU 247, 10 BH & 14 70 3 15
R R 2 HoRGE , HH M8 g S5 iR
FETE 2 mAU Ze A, vl W I 85— 52 4 A e A 280 A
i SV TR L, HA SO B2, ey
HIF B AFIE &5 S S [l 81819211

XF P 3a fIE 3b, W LLE 455 B0 5 4
SrEAFEIR H R RETETE R, HIGRMAR R
YR A VR R L s T, 2R
B AR 1.3 M5, 1245 AT R O SR B B A
(438 ] pH B3 FBI7E 2~12, 55 B & 7 HE (03& F pH
{HTE 2~9, HOW T IR P 25 11 1l (45 2R DL IET 8) iy 1 41
B LA, 5900 B A0 2 PR 25 T ]
BT OO AR i ik 56 2 R ok B B P AR (H-
Trap DEAE FF)/EN 4 ZUE F B L 2> &4 ny e
TFHE,
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YR 5t % o A 8 150 B D pHL {ELAY 1 X T
Y ESBORA AR A5 52 vh i 14 75 - o
I pH R A T 45 77 8 B ARIE R 0 B R RRUE
IR H SR IR TS B S EOR Y 4
AHERI 2R, M HEA S E T HIOR A R
SE RIS A, TR 2R 5 B T S R A S N
TR, PRI I % A i A9 1 0 22 ot vl L 25 B
KA 9 2% 8 A2 KA 23 A 58 26 B 20 mmol /1L |
pH 6.0 @R £ 22 i i E P15 2 vh i, o A7 326 B
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20 mmol/L .pH 7.5 B Tris—HCI 2% vh i AE Sl 55 B
B AT 0P A 22 v ™, R T A B 55 B
B AR A Bl O T R T 2 o
W pH E, 73 3% B pH 6.0 Al pH 7.0 A9 20 mmol/
L MR Ah 22 sh il AT VR 1 L 2 s, 20T
Mk ah R anl&l 4 s, i it e LA HFE pH
6.0 25 L 55 1 B 1A X 41 21 P L A9
B T4y, HOH R S i (236 U/L) J2&: pH 7.0 %1%
(180 U/L) 1y 1.31 f% ., pH 6.0 /4 N 7E 280 nm
AR E ) H B R O 4~15 mAU, L pH
7.0 &M FH 2~7 mAU &, HEER 20 mmol/L . pH
6.0 1 R £h 52 v 1R A 1 555 BF) 5 1 A 19 °F- 1y 2
W, LB R ATRESE NN pH 6.0 42 3T 24 41 5 1 il
L 55 02 H A 8 7 A L A TR ) R
B RARARE S R HE (I pH 7.0 19
B AR B TR TS S BRI AR 50 45 SR AR
pH 7.0 B AN Gf 19 J5 R T B 2 44 3R 1 S ik B K
T SO R AR FIRE T 23 A SEDRE Y 55 B8 B S 1
SEP TS B S R g AU
223 HFEENT O T HE— 2P Al ik 44U
L, W5 5 55 BF) 2~ 28 4 J 1 00 58 0 A 4 ke 4
FISF- M 45 (1) Superdex 75 pg 4> T Z AL, B
JEHT e E £ an & 5 s, T LA R AE 40~50 mlL
Ve AR R R A5y T Ay 1, 7E 50~70 mL
VEMLAR BN A — 2 5 5ME SR s A A A4 1
£ 100~120 mlL ¥ i AR FRAL A 58 S5 5 455k 1 2R
PV, 38 2o S DU 26 B AR P 4 40 T 41 40
B L, R 2 B 207 0 )2 BT A B 6% K 41 20
AR L 5L eERdE— 208,

23 HALEAEM LT HBRANFENITMN
2.3.1 SDS-PAGE HLJKIE% w2 W HAHAN
R LT P 00 e A 43 Wi Tk 4 Sl ik SDS—
PAGE HLUKHR Y (675 S FLali i, g5 L anl&l 6 By
TN VKAE 2 S Rl E A 55 B B T AR 4 2 AT IS
KArF IR AR H B2 8 A s kbR, (A4 &
SRR . VOB 3 R I o 0 2 BT AR Y
HEVE H M LG YRS S0 AE 45 ku A0 R — 5%
i, B LR AL LA E T n] A Lk Al A
ZUE IR L, e 058 R £ rh 3R A5 1 41 U8R 1
i} L 43 F i i oA 36 kul™, WA Fel 5 rp 40 £k ) 41 20
EEM LT B 30 k" Li Z505IF B 6 £ 1
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Fig.4 Effect of different pH balance buffer on the

purification of cathepsin L. pH 6.0 (a), pH 7.0 (b)
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Fig.5 Superdex 75 pg molecular sieve elution curve
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Fig.6 SDS-PAGE analysis of cathepsin L

in silver carp dorsal muscle

32, AW E Mk B R AL BCR 487 %, N
1 000 g fiff 1 )L 43 B9 2 Ak 1 1 2L il L 2
22 mg, 45 WML B D BRI A AL RCR — i, 22
55 B 25 - 22 e J2 A7 I 20 Ak A5 5Ok A T R 7 v 4
IR 35, A0 R AT — 2D i Al Ak A5 EOR L 9]
BT ENREEA R U B it 2 AR
RERI3 23 1 o Hu SR ] — 26 B A0 4 g ik
M 1000 g fa i alifb it 4.35 mg 41205 1B L, 4l
AR 18 %, Li SR A B 304 BRI 0k
FEAZ AT U A A 1000 g fa A Halif i 0.32
mg HZUVHE ARG L, 2 A5 80h 2 130 £, ANFY
afi g R 5 R A SCR it A HT Y 2 BT AP
R 2 A A O i IR AR, 2R BT
AR IR SR FH Y 55 B B 38 0 43 G 2P
JE BTk SlA A RN RIS B 8 HL T S B

*2 HEENAREAELAUERR

Table 2 Purification result of cathepsin L from silver carp dorsal muscle

5B YR &8GR E R E/ mg-ml! A & /U-mlL™! W& /U mg! 4 A
4 R AP B R 3.06 0.17 0.05 1.00
BRA ) Bk 1.40 2.59 1.85 33.91
& A7 0.88 2.34 2.67 48.93
& AT 0.69 5.17 7.47 137.10
R4 LB R 0.83 6.56 7.88 144.57
DEAE M & F & % % 0.32 7.09 22.16 443.2
Superdex 75 pg % F & & o 0.09 1.95 24.38 487.6
24 HLAZAOEHLWEREFER 243 RWEL—MEMR N S e R AE

240 fiE ROV IREMARGEE mE 7 R,
Bt s I T XGPSR TR L T T
B 5 2R R B AR IE RV E R 55 °CL 5K
T I RS Y 45~55 C45 Ry &35 HHH
A L0y PR OE P B R EE T = 2R B 7E 50
CLATE 1 h BEIEHEAPREE 50% L) 1, 1 78 CF &
B h J5 LT, e R R 2R A L
A — 7 M B

242 Feid W pH M pH (Efe e MK 8
AJAL, AR 2 SR R LA S N pH R S~
5.5, FRMEZAAE T HOGMA IR RS, o pH 3.0 B
UHROREE T 45% BTG VL o B8R 45 10 I e A 375
ARIFRE, AE pH 7.0 BEA 20% A5 45 BTG 7E
pH 8.0 W JL-T-2K 1 , 2% W Jb il i 92 P 2 1 il

1B Y 212U (I LW R — MOk IR Y Z-
Phe—Arg-MCA 75 50 149 7K it 15 14, % 41 4L 2K (1 i
B R ZVE I H 9% —PE9OLIR Y IL-F- % A K
fige % Mk H G RN Bl ) A 2k (1 9) FEK IR 7
WEE USRI IR S SNIVEIEL Y o
130 U/mg, K, {64 49 pmol/L,

3 it

ASHIETE R 1 8 b 21 2L EE L PR o S R 4l
WeIr kAT T, EATSE T R R G AR
B A AN | WAL BRI AR R AT 42 73 o 1 X
RLAE I P 2V g LAS YRR, DL ke slifhid
TR AN [) 288 2 - S8 82 T R S 4 - i 42
T pH A X 2T 2k 45 R e, 45 5R R
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Fig.9  Kinetic curves of the hydrolysis of Fig.10  Double reciprocal curve of hydrolyzing
Z-Phe—-Arg-MCA by cathepsin L Z-Phe—Arg—-MCA by cathepsin L
i , 0B B A R TR A R R R Y L 2 55%~90% ‘@fi properties of surimi from silver carp (Hypoph-

I PR 5N pH 3.0,40 CHUEFE 10 min J7 [7]
W2 pH 6.0, FEN4REAESF BN 7000 u, LA
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Abstract The preliminary isolation and purification by protein chromatography of cathepsin L from silver carp dorsal
muscle were studied. The influence of ammonium sulfate saturation, acid treatment and dialysis bag of molecular weight
during preliminary isolation on the activity of cathepsin L. were mainly studied, as well as the influence of different types
of ion exchange column chromatography and ion exchange equilibrium buffer pH during purification process on protein
chromatography purification results were studied. The results showed that the optimal salting out ammonium sulfate satura-
tion range was 55%-90%, the optimal acid treatment condition was pH 3.0 and the heat treatment was at 40 °C for 10
min, the optimal molecular weight of dialysis bag was 7 000 u. As a result, 45 ku electrophoresis pure cathepsin L. was
obtained by combining weak anion exchange chromatography and molecular sieve chromatography and using 20 mmol/L,
pH 6.0 phosphate buffer as the equilibrium buffer of weak anion column. Moreover, the purification fold was 487 and
the recovery rate was 22 mg/l1 000 g. This method has the advantages of simple operation and high recovery rate, which
lays a good foundation for exploring the effective method of inhibiting the deterioration of surimi gel.

Keywords silver carp; cathepsin L; preliminary isolation; protein chromatography



