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B E: LABIRBRIT ( Euphausia superb) RTINS 4 , 1853 B R B2 70 UL
VE .Phenyl-Sepharose B 7K 247 . DEAE- Sepharose FF B T3 # 2 Hh & J5
B, NFI BT AR A 43 BS i fb R B I B . HLAlALAEHCH 5. 44 5, LY
F1438.3 U/mg, 1838 26% , SDS-PAGE k45 R BR , %EG I 4 F
Btk A 28 ku, & BRE RN 37 C & pH 9 7.5,Mg’" Ca™" |
Mn®* % B BT 2 I B LA G, 2 Cu® " (Fe’* BLAG B I 1 4,
Hep G I HIPESGR . BERSD )2 S0 0045 RKH, LU BADNA hJE4)
M8 K, 4 0. 073 mmol/L ,V,, H 1.44 x 10> mmol/L - s,k # 0.6

S7!, ko/Ka 4 8.22 x10° , PMSF £y 28 (1 B4 ) 791, %o g A B A9 26 19

MATM: HKAARKE
MHBFmENS A ma
A6 B A R BRI AR 1N 40 B9
tH B Ukl 2R 1 , P X LR 2
VIR 2 B o7 3 ) 2 A0 40 il 3l
JI2E AT

KR . MBI B EHEE;
aifh; Bt
HESES. S965.11

B FIMLA] 0 A T il o

AR B MR R 3K b B VR R e K B R A )
Z— R AR R6.5x10° ~1 x10° t,{f
SR BRI 2.5 x10° ~6 x 10° ! EH
URA: K T RIRAR SRR , (R N 2R R AR R 4 E
WA, B DR A S, KRS B S
AP FERBRIR R BN N T E AU,
HAERINIEHL s 0 & RS [
B E B i i T Ml DA e 3 % ol 4, 1) PR L 7 3% F 2R
HFEARDRETF & B T AR = o T AR B A U8
FEFAH Z R AESERE, REEAAK
H, BARFEAAN R Z, RIS & 7 & 50
i, X LA R R A R i S

FII B0 B UK 1 1k B E 52 rE AR B IR 2R
HERPESH 8 MEO /KM Wb 2Z R
JEREE G, P FP 2 A BRI R BEFLEE 8, LA B
FHERBKEG A, W R HRIKEE B o A< SC AR MR Bl AR
BTG, R 2= 45 43 B 2l Ak T B DA R AR
EMAPN B alifh th —FP R B, I X A2 1 R
DA K B3 Sy s A i 3h =i T s, B E R

RS HEf: 2014-03-14 {&E HH3: 2014-05-03
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SE5% FA R R BEAR T 2012 4 3 A 7ER R FAO
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EHELIE, -80 CHAMUTARHGE.

F K 3 24 : Phenyl-Sepharose 1 mL, DEAE-
Sepharose FF 1 mL %40 GE A F =M B H
Bt 1) 5] PMSF y Sigma /% ] 7 ff; BApNA 2y
Sigma 3 & i ; SDS-PAGE Fitr#EEE A4 LIt
TEAEEOR 2 ) 7 s At a0 389 0 B 7 43
af,

1.2 {(sRig#E

FE K %F SevenEasy pH 2 & 11 ( Mettler
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J7) ; UNICO UV-2000 $£5ha] W43t B (b
EVRERMSRAERTEAR) s EE R E T RS
CHRIST ALPHAL-2 (FLIE RN TSR A R AH]) 5
DYCZ-24D & E AR KA (JL i A —10E% )
DYY- A& FEAe i B ik A (LT A—AAS ) o
1.3 SBAFAE
1.3.1 BRI Esaift

B TR IG SE B B AR AR , A 2 AR5 50
mmol/L.pH 7.5 ) Tris-HCl 2% ik , F| F§ 4H 2149
ML TR )S ,12 000 r/min 4 ‘CE.L> 15 min,
BRE T W O LS VR BOREL B R I A B PR Bk &
30% M ANE,#E 2 h J5,12 000 r/min 4 °C &>
15 min, B EIEWRE 46 S IN A BR 4% 2 70% 1 F0
EL,#E 2 h,12 000 r/min 4 C &[> 15 min J5{F
BULTE. K UliEMmA 1 514 50 mmol/L, pH
7.5H) Tris-HCl 2t iRV R I BT K BTG HE
At AR RS YR BESN 1 mol/L, 55 0. 22 um
TRFLUE T 8 B 1 mL BT AKTA Purifier 2
#r %4t , Phenyl -Sepharose Hi7KJZ#H: & 1 mol/
L i ER%& #) 50 mmol/L pH 7.5 Tris-HC1 2% phii -
K I P A< g 280 nm, PEBLE LN 1.0 ml/
min, S5 1 mol/L g4k #) 50 mmol/L pH 7.5
Tris-HCl ZErP R RS & H . J5 BBt
Y. 10 CV (50% & 1 mol/L % & &% i 50
mmol/L pH 7.5 Tris-HCl + 50% 50 mmol/L pH
7.5 Tris-HC1) ¥, 4R )5 10 £5A: A F2 (50 mmol/L
pH 7.5 Tris-HCL ) Pt , 73 BR L4 25 WO 4 e Jid TR
FERLINEE I BETE 7o KoK 2 B e R YR A
FeorEHT 12 h J5, BT 0. 22 pm TAFL UE AR
1€,80 1 mL L #4¢, HiTrap DEAE-Sepharose FF [
B34 50 mmol/L pH 7.5 Tris-HCI 2% iR
S, RIS O 280 nm, P EE D 1.0 mL/
min, RERESEE B VEBCH G , R S B UER , 10
FEAE AR B i 2 vk BE AR B2 A2 4K (0 ~ 1. 0 mol/L,
NaCl) B 455 2 FUe b ok, 23 BRI 4R 2 e 4R 1
JIE R AS I 2 BT T o
1.3.2 FHEEKEKNE

JEHT AR R AR R SR AN AR A I, A6
M A 280 nm, HoAthB IR 2R FL R B2 Lowry
HEIRE
1.3.3  FEH BRI E

L BApNA Jy s ¥y, Il %€ fie 25 H B E 1.
PR R 37 C, RPAARFR D 1.8 mL ZZE il (50
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mmol/L pH 7.5 Tris-HCl) +0. 1 mL E¥ +0. 1
mL BApNA (10 pmol/L) , 410 nm 2544 M %€ 2.
7 1 min WEOGRRE2EMES . BEE BB HIE J1 BT
(U) & X 8o ik 1 wmol IRYI BT I EE& .
Z5 HE BB A 0P
1.3.4 SDS-PAGE H3 k6 il 45 fb R I 22 H B
s FRIE

& B B i AL ROR J 262 B ) 4 TR
& SDS-PAGE H3 3K #F 47 43 #7, Ha Uk 2% 14 i %
12% ()53 B I FI 5% HIVRAE L, LA 1 25 B s 7
TIREAREN N ], DL% S5 i R-250 47 4
.
1.3.5  EEMPER S HT

(1) B F) foc iV P IR BT e A e

H# 4.10.15.20.25.30.35.40.45.50.60
70 180 C I H HEHTE 7 o FAERE T SE Tk
W T 4.10.20.30.40.50 F1 60 °C 43 HliE 15.30
F1 60 min J5 I %E B IE 77 o

(2) BgHyf%i& pH 1 pH 25 M

m pH3.4.5.6.7.7.5.8.8.5.9.10,11,12
13 (5% WBAR 2 v 43 I A BB, U 5€ R [R] pH
KT EABNG f1. pH RGE LR BN E
TR pH(3 ~13) B T ALFE 60 min J5, Ji5E
B AR B ) o

(3) &R B T X R AR AT 2 5 e 1 ) Wi

Fi Tris-HC1 285 % (0. 05 mol/L pH 7.5)
Fii & 10 mmol/L Mg’* . Ba’*  Ca’* . Zn’* Mn** .
Cu®* Fe’* K" AP B FEW. MEERFET
BWRM T EEREE T .
1.3.6 E§H3h S5 Akl zh f1%

(1) Btk W AR 2 B K % BApNA 2 1 i 3l

VIS

DI 4351205 0.2.0.4.0.6.0. 8.1 mmol/L
i) BApNA ¥R , 72 37 C,pH 7.5 R BLFK
4 I %€ 28 F B85 77, Lineweaver-Buck XU{| %1
HE K, #fV,.fH

(2) PMSF X Bt i R 25 5 B ) 2

TEJRPIMREE S 0. 5 mmol/ L f) [ B 4 & H fim
A0 ~70 wg/mL [¥] PMSF ¥ , 0 & el R BERE 77,
il 2R 7 R JBE LA g 05 P PR IR 50 %% 14400 7 5 vk 2
et (1Cs,) o

(3) PMSF i R AR i AT 25 19 Al ) 10 ) 3 ) =

1w B I R R A A 0.20.,30 140 pg
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f) PMSF 014351 , 00 5 A [ g e B ) L B
FUWT PMSF it R AR B AR 1 I R 90 A 28 2

2 HREWHE

2.1 ERBFERENSEAL
2.1.1 Phenyl-Sepharose Hi/KJZ T

Bk BT RE T EH R E K ZER, 7E R
EWP, ERRS S HUKBCEA S, T H ALK
Z28 A R BT, AR R, T LAY 2R
B0 8, AT 25 WE e R —P 4R
g, K1 R BEEFE E B Phenyl-Sepharose i
IKEMTEER . i FRAR v BE i VR M 7 ¥ , B I
T EKZ TR E B T R, 7E 280 nm 4
M3 AN E W, 56 3 AN H SRS B .
MEF A5, &t m KR ERG , Bl K&
FEBER, G HEERT S E A S BBK. WERE
PWEFE o BTG & T — B2l Rl R4
gridid SDS-PAGE #ill 2E AL RCR o

4000 6.00
3500 1 ~m s 2
30001 o B§IET) 1 5. g
= 2500}t ,h. 4.00 g
%2000» (L poR
1500 | , ;
1000 | ," IR
500 | /\;“‘1.00 Z
0 334 00 &

0.
135 79111315171921232527293133353739
)
1 Phenyl-Sepharose 2T 4R
Fig.1 Phenyl-Sepharose column chromatography

2.1.2 DEAE-Sepharose FF B 733 EHr

BT A4 JE AT = ) 0 R R A AR
SR iy B FH B B S [R] T X 490 o 26 47 43 B8 o
FL AN (] B 9 JB, R B 28 4 300 A A TR Y 3
77, BUE PR PR S SR B A pHL, ) R REAR TR A
EMH P k., K 2 & DEAE-Sepharose FF
B TSR ET ARl SR Ve R P YR
W7 G TR FAC A EME R R T
Ko Vel AR b BN B g, X %2 ik
FTEETEASIN , 55 — AR U e B VS TE R R, EE &
20, WS - E B g4 5, SDS-PAGE HJk
K25 5 g B — 2, SE glifb i A2
2.1.3 SDS-PAGE Hyk &5 R4

TR B (18 3) AT LAE H , BRBR S 73 UL

EEFEEBR TR TFERELD, MG
Phenyl-Sepharose Bi/KEZHE)5E , /N FEBPEEB
1B PAERs, it DEAE-Sepharose FF [ T3¢ #
EWE SR B — Bk AR, RS T
JR 2 28 ku, ANHELLER % )3 tR 4T
REY P53 3 Fh 2 & REE QR (TL LILID,
FAXT TR BN 24 ~ 33 ku, HUEARSEY @it
DEAE-Sepharose Fast Flow [ 7+ E 5
Sephacryl S-200HR &EJ R HT 45 G 12 HTEE L, A
FARBRATA N 7 B Ak — R B, 2 TR &
2y 28 ku, 5AIFEHKEBMS T RE—E.

(=]

BApNABSE 77/ (U/mL)
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5000 . iVl
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0 L o
B9

A, /nAU

OHNWRCIOINR0O =
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2 DEAE-Sepharose FF
BFXHREERNER
Fig.2 DEAE-Sepharose FF

ion-exchange chromatography

3 ERBIEARSBALEREIKE
Fig.3 SDS-PAGE of the purification of
Euphausia superba protease
1. Mark; 2. M ; 3. #h#7; 4. Phenyl-Sepharose i /K JZ 173

5. DEAE-Sepharose [ F3c# /247 o

2.1.4 FRBHINE A ERRLEILEAE R

AWHFEXT BB AT E A AT T 3 il
TR B PR BKZHT BB 7 582 T,
KPR BRI R B B R 2B BON 5. 44 £, [EDIL
RN 26% , S FRAEHE REA & B LE
1,
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®1 BEHRBTEABALER

Tab.1 Purification of a protease from Euphausia superba

iR HEH/mg REHE/U i J1/ (U/mg) B e/ % B
Ll 1071.2 7541.3 7.04 100 1
30% ~70% B FR k5 FUTHE 778.1 6410.1 8.24 84 1.17
Phenyl-Sepharose 125.8 3831.4 30.4 51 4.31
DEAE-Sepharose FF 50.6 1938.5 38.3 26 5.44

2.2 EREBHEE AR
2.2.1 FERBEERE B SR IR

B TRRSS A AR ER 52 B F IR 1, 8 S L F) o
TR BT IR 22 57, W 2R R AR, 1 T o o = o T
BEVEEE 2k 30 ~60 €M), 7E pH 7.5,4 ~ 80
C J or 1 & 3 B PN, o A 0 O 2 8 g L T
Hio 37 CHEHBEHERE RN IRE;TE4 ~37 C
TN, FEE R T, R B 2 B e B
FFtwm; 37 ~80 CHu [N, b A IR B 1% i
=, B EETE T . rARBRAT 2 B R AEAS [FIR
JE AH R B (B FBCEE TS, BEE TRLBE 1S, B
RKER(E4) . tHFNRERET , BEE 5 E
PNESTE R R Ko 4 ~30 CIRAFFERBEIFER
ity , BT 7 B B 1) G 38, B BT T B, (ELAR R 8K
ANo MIREES 30 C LA B, 25 F SR R K, 40
C AR 15,30, 60 min F§ & J7 # 2& 4 51
20.13% .28.20% F143.12% , 60 C{#E 15.30,
60 min i 1 /18 & 4 Bk 47. 3% . 76. 4% F
95.4% 60 °C3iE 60 min J5 , ®IREIE S LR
F(KS5) . WHHERIIEE R BRI E B B R E 1
HHXTR 2

100
80
60
40
20

HEXTEEE 71/%

10 20 30 40 50 60 70 80
R/ C
H4 BHRERE
Fig.4 Optimum temperature of the enzyme

2.2.2 FRBEIFE A RHECE pH & pH R
A RRERMEE pH — 8 7.0 ~
9.0, FERRMEA M T RBIRUE e FRRIESAMA
YE 6 B, LR BED 37 C,pH ££3.0 ~ 13 1
FOSARFR B AR BN AR R R A BEE M. B

http: //www. shhydxxb. com

-+-15 min
—-30 min
-+-60 min

PR T1/%
'S
(=]

0 10 20 30 40 50

L/ C

5 ERMAIEEN
Fig.5 Thermo stability of the enzyme

60 70

B pH i 7.5,7E pH 3.0 ~ 7.5 S Hl Y, Btk %

UREE G S R BE pH 3 K& i+, 78 pH

7.5 ~13 YEE W, pH FHim, BT T RERE, B

e pH 7.5 %M TR 47 60 min J5, B§IE I AN

A5, 7E pH 9 &4, 4R FF 60 min, TR EHE 1 4

72% o pH 12 ZA4 T 4RFF 60 min, F R EIE J7 1L

H320% ., fE pH 7.0 ~9.0 JEHE A, & H BT

&, BIR¥F 70% LA B WG J1. 76 pH 3.0 AR I

pH 12.0 DA LB, BB E, FIAREE 11

20% IR,

100
80
60
40
20

0

ARRTEEE 71/%

3 4 5 6 7 8
pH

6 Eg&iE pH X pH REM
Fig.6 Optimum pH and stability
of the enzyme at different pH

9 10 11 12 13

2.2.3  @JRE TR R BT R H BT R
MFE2 Bl Mg’ (Ca®" Mn’" RS —ERLE
AR R AR BRAR R IR ; Zn " (Cu® (Fe’
X AR A A O A B R, S
R, Hor Cu®* X g AR A AR 2 T 1 400 ) 3 R
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XATRER Cu®" R TSI 45 & AL R O IR i s
THEBMMS, IR 2 20 i

®2 SEHTFXERBHIEESEEENZE
Tab.2 Effect of metal ions on the activity

of the protease from Euphausia superba

ERETF AHXS G 1/ %
ZH 100. 00
Mg?+ 110.53
Ba®* 72.30
Ca?* 113.16
In?* 68.42
Mn?* 115.79
Cu?* 23.68
Fe’+ 47.37

K* 97.37
AP 94.74

2.3 FIWRBHIFE QB N FE RN N E
2.3.1 FIRBEARE 2 EGIE BApNA 7K fif [ i
w3 1%

KIERHEEK,, BT 5 FR Y 56 F 7, 58
IARYE Lineweaver-Buck XUE|%LETHE 53| K, Ky
0.073 mmol/L, V,, & 1.44 x 10> mmol/L - s,
k,}0.6S7" k. /K, }8.22 x10°, L BApNA i
JIEHy , B35 X AR 2R S K, O 0.003 4217
ENEEXTHF K, 27 0.249 ,k,, Ay 0911 5 K, Hefiit
W S IR i AT 25 6 5 I ) BApNA SR A ) B05R,
HAEHE R,

350
= 300
g 250
N

£ 200
g

S 150
L 100

y=43. 02x+69. 40
R*=0. 980

S/ (mmo1/L)

B 7 FEHRBEEE AfE Lineweaver-Buck
Fig.7 Lineweaver-Buck plot of the protease
from Euphausia superba

2.3.2 PMSF X} Btk B AR B 7 F52 e
PMSF iR EE [ Bl 30 ] 370 , % o 26 1 ol Al 0%
ELA5 ) %] /& Fi, JOHNSTON %' #f 35 18 |
PMSF TLCK 7l SBTI 150X 7R 7 s i ) o 2 5
Bl o7 Y 00 ) 280 5R 4 B Ak 97% L 90%
92% , & 8 HA[FYk A PMSF X} REtk B iR & (H i

5 TR0, R 48 & AT 45 1Cs, =30. 2 pg/
mL,
12071
100
801
60 +
40+
20
0

HITEHS 11/%

0 10 20 30 40 50 60 70
PMSF/ (u g/mL)

E 8 PMSF E5iE IR0
Fig.8 Effect of PMSF on the activity of the protease

2.3.3 PMSF XJBgtRmidT 28 B 3h /) 2

BUSTOS 4" B F A Ay S 4L S5 1 e Al i AT
Ji & B 14 % PMSF, TLCK , Benzamidine FiI p-
Amino benzamidine FJ31J |, TPCK X HI%5 M o5
Wy, N —Fh 2 R E B, W E N, TE
00 5 T 2R G0 PP AN 40 1) 590 B, ) 3 B X v
TER, At JF R Bk, FlE 0I5 % PMSF fin A
BRI, B 00 B i 8 ) 5 % 30, T PMSF
X T AR A A, A 4 P D A mT e

~ 12 a
u b
Q 10 c
E‘ 8 d
§ 6
é 4

2
b
R 0

0 40 80 120 160 200

InegE/ vl

B9 ARERE PMSF 3} HY R A 405%E B H R0
Fig.9 Effect of PMSF with different concentrations
on the initial velocity of the protease

PMSF Sl A& : a.0; b.20 pg; c.30ug; d.40ug,

3 4hig

LY A K R TR TSR BB A &
W JEAT AT BAS 2 v Tk 2B R AR B AT 2 B, B
& pH N 7.5, Ia@ R 37 °C,7E pH ly
7.0 ~9.0 BFEABAFRREE, 30 ~ 60 C ORI
BRFEABNEARE, Mg® (Ca™" \Mn®" fB{R
HEABENE, 2o’ (Cu®" Fe'* IR RBEITFE A
R P R A Ve Cu® ™ 4 o e e
3o LI BApNA SR W), % B K, 29 0. 073
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mmol/L,V

J71.44 x10 > mmol/L + s,k 4 0.6

2 7 max

Sk /K, 4 8.22 x10°, PMSF X} Bt B o &
H BE R A Al s

X AR B A A A I B R SR, A B T

TR T AR T A A B T A , Dha e AT R 4 55 A
TIRAEHISHE , o o 2B A O FH 1R — g i 1
i/t\igﬁtﬂ o]
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Purification and characterization of serine proteinase from Euphausia
superba

TIAN Xin, WANG Zhi-he, SHI Wen-zheng, LI Yan
(College of Food Science and Technology ,Shanghai Ocean University, Shanghai 201306, China)

Abstract: A serine protease from FEuphausia superba was purified by a series of procedures, including
ammonium sulfate precipitation, column chromatographies on DEAE-Sepharose and Phenyl-Sepharose. The
purification multiple of the protease was 5.44 times, and the yield of the protease was 26% , with specific
activity of 38.3 U/mg. As shown in the result of SDS-PAGE electrophoresis, the molecular weight of this
protease is 28 ku. The optimum temperature of protease was 37 °C and the most suitable pH was 7.5. Mg** |
Ca’*and Mn’" were activated to protease from Euphausia superba. However, Zn’*, Cu’* and Fe’* were
inhibited to the enzyme activity, and the inhibition ability of Cu** was the strongest. The enzyme kinetics
experiments were performed by using BApNA as substrate. The results showed that the K value was 0. 073
mmol/L, V,_ value was 1.44 x 10 > mmol/L - s,k value was 0.6 S™' and k_, /K, value was 8.22 x 10°.

PMSF was a protease inhibitor, and its mechanism of action was irreversible inhibition.

cat cat

Key words: Euphausia superba ; protease; purification; enzymatic properties
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