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WE.[LEYF® S —F&h e B xR (Deinagkistrodon acutus) ¥ % 4 & & A B (Snake venom metalloproteinase,
SVMP)Y 7 i, K07 1R A D380 KA M fle i B 45 R A B IR-M M 4 3 M #Uk B € (b SVMP, Al 4ok ot & % 4
Bt 4EE oMM EE4ERaBNBEE TN NBEEAR BEERE AR CNNIEERZ M pH @ % &
MELAMER M P E b F R REEE T ., (8RS R-5 K E 2 L8 G % B 4-5 R4 E 2 B A D380 K 7L 4 i
BT Ak T oy W A R BN 91.47%,78. 14 % A1 49. 44 % ;D380 A FL A g B A B L R BR 4Y-8 RO B E b B A E RS
JR [ b B B B R B MR A 39.00%,39.53% 41 17% EAAE R 4 K5, 5 -5 IR B T b B Ay B O B RO R E
TSI I B R LB pH W X MR, R W X MR E., [0 R E kB E &M SVMP By 3 R
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i 25 4 JB 2K H i (Snake venom metalloproteinase, SVMP) BLA 7K fiff £F 4 3 H 5D TG AL BRI A F X iS40
JEL R T A A /IR SR AR A A A IV 22 SR R S PR AR AR . R R e e v Y 4 R R Y
BEVRAR R 19 3000 LA 1T, 3R BH 4 Jm B 1 0 O e e 0 KR A I A e B R N h i R B A, R
(Deinagkistrodon acutus) J& T W H (Serpentes) i Mg Bl (Viperidae) 1 WV #} (Crotalinae) , & [/ WE B 1) 32 2% 43
J& SVMP., SVMP AR 4 A%t 43 F i K/ Al 432k 3 280 K4y SVMP iR # %, b hdE b & R Ak
il SVMP 1] L) B B2 B A £F 4 25 (R 2R R B 1 B . B0 H ATy Lk VAT I R S 2 AT R BT R L . e
FEVE NP E D (Equus caballus) R (Oryctolagus curiculus) S5 3, 15 20 8 5 vk 078 1 i B R A T8 97 i
B0 AHJE  3X — il a8 o B 23 77 A K B S R AR ST R B 51 ko s IO AR e M AR L S B0 Y i 1 Kk
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B X ECE M RS2 B0 T BRI PR, SRR BRI i 5 04 25 W R IR A SRR R AR 0 R AL, AR T
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1.1 #5108

WFFE R B9 R Wi SVMP 15 28 55 Fir 76 S 50 28 A7 i 4, — 20 “CAB. 52 JME O S MEFE 3K 90. 0 20, =ikl
B AW R GU) B BT S A AR W) R A B w4 AL 55 R BR B A e B i D380 (43 BT Al ) H KIS M N
SERE BB AT PR R A 5 R R TR O R O 25 %0) Hh S T B I Ak 2 AT BR S m R AL 5 Y AR S e e (4l
£ 98 26 B I B T AR Al AR AT BR 23 ) 4 At ¢ 1 R A 1 VR R AT 0w B AR s At S g A G R 3
R 53 Wt a5 AR AR 9 .

WFE T AR A : FD-1A-50 A998 VR T 1AL (A6 50 1 B2 B A A8 A PR A ) . GZX-9146 MBE A, $ g XU 1 4 46
(VRS AT BR A R BRSP4 ) JTU-10 BUHE R 4 )8 1w (Ll — R A FRA FD CTGL-20 2 & AR IR % 7R
B ALY & RHM A PR 7D CTY-80ATS AU 58 K (VL7548 43 I h s SR A5 il & A PR W) VHH - S21-BS
TR X AR R K VR SR L BRI R T SR A RS FDD L BT25S AL 7 K (db i 28 2 A3 R A PR
7)) \SP-Max 2300A2 %50 i 51 4 ik K Bl bR AL C I IR 3% AR M0 B A FR A 71D JIKA® Vortex Genius 3 858 i ik
ik (T8 XA W] (RCT basic BUHE G #% ) #EHE#F (B E X R AFD .

1.2 A&

L2. 1 Ramesdag A CH25],% 100 mg D52 G250 ¥ T 50 mL B4 9526 1 S B
Wb SR E 5 100 mL Bui 4380k 85 VBRI IR &  HZRRAK M BE AR 2 1 Lo F 1 B8 B (BSA) bR fE W 5T
WM 0.2,0.4,0.6,0.8 1.0 mg « mL~', 160 pl BB 409 % DT G250 IS 40 pL bR
AW MIRS) .5 min JFEEEK R 595 nm R R G AWOEE . BRI A EE L Hbr iz, DIE 2
A TR b R 1 S YRR ] R A IR R WA AR AR RS B A DL BAP IR, LR A AT 3 WK

1. 2.2 D380 K UM Ag 2 AR H) & B £ ALBE S MESCHRL26 ] FREUAK 36 1k 55 Tl M 28 205 B B 7 A3 e KFL IR 5 g 1R
Tt A8 30 B 1 0 Ak R ALA R o 7% Th Ak B A B 2R AT JE K BRI 24 b JE .50 CCARIF R HE T, BT g LT
R AR i o 28] S5 f 43 B30k 10 20 IR RSV WD, =R R R 24 b SRS FHUEACUE A AR L B 2R IR OK Uk, il A A
FAES0 CTF T4 24 h, ¥ 20 mg EBEHMAET 0.2 mol « L', pH N 7.4 B MRELZ vh i b . 5454 Tk
TEERIRIBIR G KKIE & TR MR 2 ho T 0.2 mol « L', pH N 7. 4 BB Sh B vpE e IR . B &2 |k
T R RS DN S B R P LR R VR . A RN L2 A B AR AEAE 0.2 mol « L1, pH R 7.4 AYBERR L 2% sl b L IR AT
WBEESN 4 °C . LSRR A 22 i R BSA 1R X B, 5 BaR DR, SCoe s 2 k1T 3 Ik,

1.2.3 S M-c RAEH & B A8 FMSCHRI27 L BEH 0.5 mL BTk E R 40 mg « mL ™" 1Y 4 )@ & 1 B
W5 5 mL i RO 300 BT SRR B M (40 CORVR ) BB B FRIR A1, B 0. 1 g e R T 5 mL i &
S3HHR 5% LRV R (40 °C KB VMR LSRG 0.3 mol « L' CaCl, ¥ W 1 mL. e HEge i Bt 2 h
40 °C LB 180 v« min 'K 4 B 11 I R IAR 8 R A 1) VR 5 VIRV A\ S SROBE VA T L R S8 RS AH ) AR 4
ARSI 30 min, SRJE L I 8 BN A FR A5 20 0% 15 BRI [ A kit 0K 55 B8 2 i B0k 0.3 90 IR R
W4 CTFaeH 4 h, IRIKAMEY R 0.1 mol « L' RIR Z 8 (pH 4 8. 0) S ALE . L R4 A Tris-HCI
(pH 2y 8. 0) 4 Pl i i vk U4 1 5 AL i TR . 76 3 TR A 2 v g 11 2 PRI B T 8 IR L e 0 iR ¥ o 33 R R T 2 o [
FEACHEAR TR 3~5 £% s e 4 o) — PG VR WRCAT , FHZ8 RIS VE 2 IR, B A VR TR 1 e A il . DLAE & 9 2% o
WA BSA 1E X B, A Bk D TR . SCl A T 3 IR,

L. 2.4 7 fec- s e AR & B 2 AL B AR SCRRL28-29 ], FL Ml P AMIR A W . TR-B W A BYBCHI 7 528 « 78 B Af b fin
A 1.7 mL PO S FERERE 100 pL HEE 300 p L ARF 50k 50 %0 B9 H M W . 250 pL BB 47K 1 100 pL W EE N
0.04 mol « L' MR RIA R IR A S5 FE W BERR % X 1723 20 min, I ARNEHE FrkoKig s, IREG W B R HE 77k
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500 pL MREER 0.1 mol » L' ABERELZZ W (pH K 7.5) 5 500 plL Fi WA 40 mg » mL ' &8 &
FIRG IR S . BHIRA W A TR AWK B — R BUR G 1457 BERC R BUE i, FRE J5 #5874 CUKFR  BER
JEOR S 1 55 %0 ~60 Yo i, BV AT B SRy R AEAAAE 4 CABE T o . 25 20 & i 2 F BSA [ 1 ad 7 5 il 11
AEAR TR o 53 590 445 it ke B 2 i 80 R ) J0 o W B2 19 BSA VW . D45 S 22 o R BSA VRS XT IR, B iR AP BR . 5
52 AT 3 IR,

1.2.5 & BFqiFwaN 7k SMCHEI30]0 )7k P MIESEE., M MARE S TRE 2808 1400
NaHCO, i+, R W E 4 10 mg » mL ', $ 0. 06 mL BB BE HER S 7. 5 mg B T [ 2 18 O A
400 pL pH 2 7.5 B 50 mmol « L' Tris-HCI, 2 il % [ @ (b B R FURTEIS K, 2 2 th 22 v i) , FF 78 37 CF
BEHE 60 min, MMASIEYEIRTR 1. 16 mol « L' S ER 45 1k SO0 - B850 23 BRUTVE , B 17 150 pL fEPE KN
440 nm AL E WOGRE . X5 BRG0S0 T B TR AT SROBH 1 52 AL I R BSA 5 480 11 1A 988 1R -7 RO [0 2 1L 1t
1.2.6 & E AT B ZACER B0 Fra 435I 3 Fl— 2 5 09 18 16 4 8 2 O A 2 4 R A e AR A L R S
Rl 75 43 I AE 35,40,45,50,55 °C 4[] Y il B T W0 A [0 2 1 6 1t 0% ) LAt SR A ORAF AN S . DS R WO i
R 100 Yo Bl i 7 o IR il 08 RH XS S T

1.2.7 pH *F Bl AL BG & M 0g el B 5 19 3 ol ] o 1k 4 J& 2 E1 g R0 25 4 JB A A g L 7 pH 4302k 7.0,
7.5,8.0,8.5 F1 9.0 (2% T I a2 [F 5 Ak il A0 0% 225 1 1 0% 7 LA AR R AR TR) . DA B KOG SR 100 %0 IS 77, 9F
TF 545l 14 FR GF TG

1.2.8 B Aoy & F 40 Ak [ 5E AL B8 DN S AR 2 b 43, S 30 e A {0 P RB R . 7R T TR -8 SR W [
EALEEF A 0.5 mol « L' pH A 7.5 & Tris-HCI, 7£ % -5k 1 [ %2 1k B A1 D380 K FL A i 5 %2 1k B i A
0.2 mol« L' pH 7.5 BYBERR L 22 v, I I AW BB 60 min, 8K Ji5 43 25 W 1A T [E  , Pk 4 . 35 42 T 1
A T P T 0% M, 25 5 [ A il o 52 flT T 10 R e

1.2.9 B R ACHE B & e A An B 25 8 2 R BRGNS I3 00 5E J7 i, 43 B TH5a 3 Fl 5 Ak it e 3% 100 %, 1D

L A e — P S AT B 1

R FHEE 15T & 1 0 8 7 i 20 il E B 3 R ] E Al B mE S 20 1D

- s e DG A VR 1 O - R A ] kS VR Y AR BT
th@@@@*n 2—*&41 {ﬁ?—%ﬁﬁrﬁ l’:l):ﬁi/ﬁ\i

X100% .

X100% .

2 &R

2.1 iR E X B E B A R R0

TEAN [F) B9 3 BE S5 S T 3 b A (] [l 7 e Tl R 22 T 100 A X TS 0 284k . pRIRT 1 TR i R A A R e
i % A VD380 LA i [ 2 Ak Mg 0 Ui 35 2 -7 SROWE 1 7 Ak g AH X i 3% ) e e B A4 L E 43 )l 45,50, 45
Ml 45 C,
2.2 pH ¥ Bl 7 . B & 1% 1Y % 1

F Pl 2 AT AT, 3 i Ak 0 Bl pH 2408 8.0, BB ATT AR X Bl S O B ik B EmiE . R, BEE pH AUE
(R b b i T 0 R SRR A Y S P T AL
2. 3 Bl E L B B B i B U4 2 AN B 48 2 &

it i1 5 Ak 3k R v A2 K8 G KON AL BELASOR L SR AR 43 LRI 4 BBORS0NE A5 AR A 5 e O — i L A8 )
TR, PR IR IR - D380 K AL A [ 22 b Bl i) Bl 42 2 232 | 1l 3% [0 c 38 49 ) 2 49, 44 %0, 41. 17 %6 5 i it~
U5 5 1 2 b il 1) T8 28025 L il 3% (Rl WS 40 1 Sk 91, 47 Y6 1 39. 00 %4 5 165 35 T M- 3R W 1 Ak i 10%) T 5 28 % L Tl 0%
[ R 3 31 ok 78. 14 % Fl 39. 53 %
2.4 BIEHEENEEFERAY

WE 3 R, &2 WG A0 T D380 AL A [ 7 T i , V75 e -5 I 13 5 A Tl 10 V6 3 1R M- SR I361 2 1k
TRt ) AR XoT Tt 9 0 R R MR T
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Fig. 1 Effect of temperature on the activity of Fig. 2 Effects of different pH on the relative enzyme activity of
immobilized metalloproteinase and free enzyme immobilized metalloproteinase and free enzyme
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W TR £ 2 b I 5 W I A 4 TR -0 R W 11 AL T
TE 40 “CEAFT MR -7 R A AT R A A
BRURGE R BRI, A8 ORS B8 1A . 3 A 1 ¥ e AL T
AEZ A B T R T 3L sl B R AR 5 15 1 R TR S B R 5 4 45 B 1. D380 AL Mg I < Ak il 15 90 w5 i
T LU S B 35 A W) S iR (Lt A T A i o Y P K T 90 80 I 0 401 5 o A TR I A e R v MR-
I#i] 7 AL R AE 50 °C I 7% o] Wi 4 3K B i vy o EL Yl 32 8 g o 7 R AP, X R v T SRR

I8 5 P A3 A 4 £ 2 A PR AT 2 B 25 M RS AR . FEAR TR Y pH S8 B A, D380 ALY AR 8 5E 1 5 g
(9 T ) R s E TR BRI B M FEAS WY R W SE AL S AR pH T8 R K I R R T R L i R
65 5 I ELAE R X8 3 () pHL A5 PF T 9 J0- BRI 19 o Al A1) A 5 1 B X BB 1 B 1) ]

AHIEFE F A 3 o ] A T3 A 280 A T R £ R T A1 A AR T U R (R e T IR A S Y
e BHTT G RNZT A RGO (Y K, (8 LB AT) 0 T i T AR . 9 - T 20 A R T 9 TR -8 RO A 43 3 L
i G 3k | Rt Ak I A A L TR 2RO 0 91 AT D0 R 78 1406 L T D380 ALK I 5 5 1 Wl F) £ 20k
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A 455 89 D380 R AL IR [ 2 1 Ml B A W Ik 22 S (] P s 35 1) ol 8 A ik ) 57 BEL SO ARG T B8 I 0 o ¥ IR e
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Fig. 3 Reusability of immobilized enzymes
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Preparation and Characterization of Three Immobilized Metalloproteinase from

the Venom of Deinagkistrodon acutus

NIE Xuekui, HE Qiyi, HUANG Dachun, CHEN Junbo, YU Xiaodong
(Chongqing Engineering Research Center of Bioactive Substance, Ministry of Education Engineering
Research Center of Active Substance and Biotechnology, College of Life Science,
Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes ] To screen an optimal method for immobilization of snake venom metalloproteinase ( SVMP) from
Deinagkistrodon acutus. [ Methods ] The immobilization of SVMP was carried out by using three carriers, including D380
macroporous resin, sodium alginate-chitosan and sol-gel. The enzymatic activities of immobilized and free metalloproteinases were
measured spectrophotometrically, their enzyme loading rates and enzyme activity recoveries were calculated, and their temperature
tolerance, pH tolerance and reusability were examined, and the optimal immobilization method was screened. [ Findings | The
enzyme loading rates of sol-gel immobilized enzyme, sodium alginate-chitosan immobilized enzyme and D380 macroporous resin
immobilized enzyme were 91.47%, 78.14% and 49. 44% . respectively; the enzyme activity recovery rates of D380 macroporous
resin immobilized enzyme, sodium alginate-chitosan immobilized enzyme and sol-gel immobilized enzyme were 39.00% ., 39.53%
and the enzyme activity recovery of lyso-gel immobilized enzyme was the highest after four times of repeated use; the pH tolerance
of lyso-gel immobilized enzyme was the best and the temperature tolerance was also the highest. [ Conclusions] The sol-gel
immobilized enzyme had the best effect on the immobilization of SVMP from the sharp-nosed pit viper.
Keywords: immobilized enzyme; D380 macroporous resin carrier; sodium alginate-chitosan carrier; sol-gel carrier; snake venom

metalloproteinase (SVMP) ; Deinagkistrodon acutus
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