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B —&ifiE o th€ B & X9 fh S R iKEsr /F H

I LA 12 5 1,2 1,2
F & BAX, & &, F F7, gHEA

(1. BXAFAREEYTHRFER, B2 BT 361021,
2. KFEGBEMIERERMTHATIRAE PO, BE BT 361021)

[BE] [ HIE RIS R G RIE T WM (Haliotis discus hannai) [ BN KBS ( prolyl endopepti-
dase, PEP), JFXJHEFTHE BEALIL, SDS-PAGE Z5R3EW], ZBEAAXS 70 7 BTt 2078 85 ku, H 45 3
L o-BRHE(28.3% ) . SLIAFATEY (17.4% ) . SFATEH(8.70% ) . BH:1(19.0% ) . JeHLAE#H (28.5% )
K, B PEP $5FAESEILIRY) Suc-Gly-Pro-MCA I HI 1, FFBEHC T 2 UL < £R 7 00T HLEA 740
FIMER P, G 3, AP | Cu®* | Zn®" | Ag* FI Pb** REASINH PEP (WL, R — @35k, 48
BTYEHE PEP B “RES MR EA T 0 T AT A . 04 R R, AR s B 4 PEP BOAE IR AN IA]
AP [ Cu®* Bl Zn®* FESZE PEP Z5KIISE R HRE VR Ca®t | Mg® " X PEP AOZSHRINE R 24 AR 7 A4 W 2 S,
M Ag* F Pb?* A 7E ARSI PEP 0 Z5 A BORTHR T 4 Has

(RS ] AN KA, AaUtil; SRegT; B @5, M

[hEH%Z] Q51

Effect of Metal Ions on the Activity of a Prolyl Endopeptidase

from Haliotis discus hannai Using Circular Dichroism Spectrum
LI Yue', YAN Longjie', WENG Ling"?, ZHANG Qian"*, CAO Minjie"?

(1. College of Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. National & Local Joint Engineering Research Center of Processing Technology for Aquatic Products, Xiamen 361021, China)

Abstract: Purified recombinant PEP from abalone ( Haliotis discus hannai) was obtained using a prokaryot-
ic expression system, with a relative molecular mass of 85 ku. The secondary structure of PEP mainly contained of
alpha-helix-28. 3%, antiparallel-17. 4% , parallel-8. 70% , beta-turn-19. 0% and random coil-28. 5% . The meas-
urement of enzyme activity was based on a specific fluorogenic substrate Suc-Gly-Pro-MCA and a variety of com-
mon metal salts solution was selected for the inhibition assay. The results showed that the enzyme activity of PEP
was strongly inhibited by AI’*, Cu®*, Zn>*, Ag* and Pb’*. The secondary structure of PEP treated with metal
ions was analyzed using circular dichroism spectrum. The influence of various metal ions on the PEP activity was
different. In comparison, AI’*, Cu®* and Zn’" had an impact on both enzyme activity and the secondary struc-
ture, while Ca®* and Mg’ did not influence the secondary structure and activity obviously. Ag* as well as Pb**
revealed a strong inhibition on enzyme activity while less influence on the secondary structure.

Keywords: prolyl endopeptidase; Haliotis discus hannai; metal ions; circular dichroism spectrum; inhibitors
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0 38

Jir & ok PN Bk T (prolyl endopeptidase, PEP, EC 3.4.21.26) SE 22 R AR i 22 TR 1Y —Fb R U
WK, PEP XJJHYI - f AR IE S REAS PUSI IR EE rh A I R AR I F S IR, %65 2 WUES G B AH ¢
(12 B FRAT G, DRG0 A 0 3 R FFUIR IR R RO R IS5 . PEP R [l B 22 5
B RELE T HT M AR B B — @ BRI, AT REAE HT R I K AN i 33 4> & 2t
B2 BRI PEP FEFIC YK BE 0 B B TR A ¥ AN, PEP 2URR 14 25 44 7R 2 52 1Y 5% el R
2 PEPVENFFRIERARME AN, HITKM—RZMIR T T HYr 8 NG 2 AT = RE5 1)
AEJ1 . PEP BR T AL =HRARPTTE AR O AL IX Z 50 I8 B —AS KR4 B B 47 8RR IR 2548 T+ 1 1Y)
“HRNERT S5M, AR T A REEPOXEREY M SRR IS 8RR 45
ez, TER T F B 22 SR B R I A AL BRSNS BT IR A R
S, BAKIRYH TS A W R AR AT A IR i 2 S50 09 A O X B, BT
PEP XHIRA K IR — P, akfh “B” 258 2600, JFEBIRARI

JEH T PEP BB 2 4 vh 7R FL 30 )M 41 T L B A5 Uk, A7 OGN PEP 78 B e A6 I v i 1z
5 EB/R T PEP FEBRF G VR ISR M . UTAEREE (K AR A D PEP BFSY Z AR AR (20
X D126 PEP RYBIFSE i AR DL AE 80tV O 3 [ 8 22 i e o /K ™ sh ), HonT Bl o0 i 2 HoAA 5 1Y
BT, KT KF=sh e i Fe b U ST 4 6 (R R I R AR DG, A 22 E g
e R A e B R A A i PEP i TR AN BRI, M LATE I R AR R £
LR M ORI BV E ] . TR IR, VRN IR PEP N2 5 e J5L AR P AL BT 4 25 11 i) 8T o
R, XS PEP & PERYIMEIME, BR TECON 20 Z-I 2S5 SUAM-14746 X PIFH PEP 4 57 1 40 il
R, EJEEF . BIER" . A RME X PEP MM HIE IR A B, XEABNT, SEE TR
A ZEAEFRON, AT LAE 4 )8 28 B b B0 75 BE A g R o mT DUl i 5 3 4 s 2 g o
TP X 8l A P s A AT 3 A 45 5 R A R s S

ARSCAE H NCBI £ HE 2 vh 09 4% 20 8% # (Haliotis discus hannai) Fili 2 BE W K B 4 K 7 5
(KY214290) HfFFik B iiHE (open reading frame, ORF) XTHZFATIRINFRIE, I RE . A
A S A0 PEP (Hdh-PEP) J5, R0 T LR G & 7 XHZmEr e A . A B — @5 o M e A
[Fi] 42 J& 15 %) Hdh-PEP Z5F U520, 38 5 B B F 0 H 050 JH R 5 A 0 Lo 49728 A -V b, ddad
AR 43 8 15X Hdh-PEP RUVEISCRIEAT 200, 040 B0 1 46 2 7 AR LI, O il W) 4 ) 5 1
Xt PEP BOfE RIS S %

1 MR EF*
1.1 FRIEHER

Hdh-PEP KiAE#k (Hdh-PEP-E. coli BI21 (DE3)) S8ass HIRFP, WHIERRINER, &6
L)L pET-28a AR S 6 PEP FRakgk ik, JfREAE ] 55 KK BiGPE R Hdh-PEP, 58%4)7 51 H1 NCBI
Ba PEARHL (GenBank Accession: KY214290)
1.2 FERFA

BERR A AN/ B IR R (AR) FIHABICHL & 82 B Btk Al FI A |l bk (AR) A
PevaitH A RAF]; B - Hid OB A AMRESCO IRFAIA ], B FRMAfb RS (Ni-NTA) I H %
¥ GE Healthcare "E¥)/NF] . DEVGIEY) Suc-Gly-Pro-MCA Il H H 48 PEPTIDE X7 A Rl EERENY, fHH
JHRIE [ PEE OXOID A=#1/ ]
1.3 XWHE
1.3.1 Hdh-PEP (RSN IR FI4lifL
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A FHmERENS . AR MR FSEAL AR SR SRR 500 mL AOFRUE LB WM HE F2 5L, 475 pH (M 7.0
BB, B EFRE R R B R BRI I AL T RN 50 me/L I RIBEE, T
37 C. 200 r/min FIZRIF FREFE6 h Z A N 0.6 Z241 )5, 18 °C | 90 r/min FEIRLKLERTFE 30 min, Z
Ja il T Mg 5 NI SRR AR EFLBETT  (isopropyl B-D-thiogalactoside, IPTG) i H: 24k & Hy
0.2 mmol/L, 18 °C, 90 r/min 55k 15 h,

WA RO, FRIERES, HERZ WK (25 mmol/L PBS, 300 mmol/L NaCl,
10 mmol/L WKM | 5 mmol/L B-3iE L BE, pH = 8.0) HEANM, K 2350 ) 4 I A2 03 0 o FH 8 e
MR BALEE | ARBRS ARARTE 4 C L, B L3 LRET B S R0 Ni-NTA B 1, BRESE
Befg, MFHZEMRIATE 3 h B U, BV T B R e, A A AR AR A R A AR
F R Rk, A RRUE MBS TSR AN TR A0 43204 T2 Bk BE I, IR B 1 Bk B i (R 25
1.3.2 Hdh-PEP ByI% i

PR PEP & — 156K Y Suc-Gly-Pro-MCA BEAT VBN A& . BTG 10 5E 2 I8 Wang 4550 1905
2, 25 mmol/L [ PBS ZZif (pH =6.0), 7E20 C FN 10 min J&, MIAZIER (V(FE):
V (K) 1V (FAEE) =35:30:35) AR, 7E 380 nm BRI R, FIHZEES 66 EE R
HAE 450 nm RSP T BIZEIEHR A, AR 2 a0 B AR B T
1.3.3 28T Hdh-PEP 35 Pk B30 51 /5 A

& IB ARG — LA 1 mmol/ L X1 42 J& B 1 B VR FE N AR P . LA VRS N 4 @ 1 I Tl VL
YRR BR8N 4 15 7 1) R HE R ) o vk A T
1.3.4 Hdh-PEP BYI&] a3 Hr

W 4iALf5 1 Hdh-PEP ffi B ZIK T 4 C T AT @ENIF R E A B RWE £ 0.2 ¢/L, LUEBZIK
YERE (AR, DK TE R 180 ~260 nm, K 1 nm, BEASFES 3 W, K-F S EIETER 5
Mr, B3 CDNN A3 48 a5/ i L,

1.3.5 2J@E T Hdh-PEP S0 i1 B — 038504 ks M BA BU PA PU Pl P2

W4 R AR VAN AR PEP | i H R R N T g
1 mmol/L, Ff7E4 C T/ E 30 min, [AH, $ 1 mL
BERAE 60 °C T4 30 min /EN IR ARIGEAIA 4
(HT), DIRZANFEFRRAE oot B, ke e as 1
O, i CDNN S A I A b B4l PEP 95

TYREERIN & 1 s
) ERES N
2.1 Hdh-PEP H9F =544k 34

ffi 1] Hdh-PEP 335 B bk i 20155 § R kR 4l fb i §

B TE AT PEP (LI 1), AHEZTH0 E O (1 V0T M bR 1 BA— 2 408 UK 18 b 4 18 WL BU—

o o s . SRR R L W PA— 3R R T bR A TR PU—K G

PEP AXTS T Uiy 80.3 ku, SRISHME R His o 1 p1iNeb: 1540 5 0 PN 2 5
P LA B AR 7 90 e G 640 K BE PR 9 AR 1 BB Sy At

5.1 ku , 11 , %% ijj E lJI_[ E](J B i/t\‘ *H X\-J‘ ﬁ % E‘i‘ E“ %7 Notes : M—standard protein; BA—pET28a induced by IPTG;

. . e o .. BU—supernatant of pET28a bacterial lysates; PA—pET28a-PEP

85. 4 ku, %E%‘%ﬁﬂg H EQE IJI_l Eﬁfﬂ @U#E E/‘J B induced by IPTG;PU—supernatant of pET28a-PEP bacterial

EFRTARAE(F, 28 N R RUZATHEIT, @8I yiesiP sl | of i recombinan potin 2—an-

et (W1 UkaE P2), TR

e e 4 2 R B 1 Hdh-PEP #h5h3i% % 2 & SDS-PAGE
2.2 Hdh-PEP ) =25 5 = REATTN Fig.1 SDS-PAGE analysis of

L NCBI 4l 2 Hh 2 85 5% 1) Hdh-PEP #5465 17 571 the recombinant Hah-PEP
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REER, ARPEELEAT: Prot Param tool (https://web. expasy. org/protparam/ ) #iiill], Hdh-PEP A5 4H
XJorF R 85. 4 ku (FEARIN IR AR ), FH A 5.93, 18 Softberry TEL Jr AT H
FLEAE (http ://www. softberry. com/) , I RAYULE LW, Hdh-PEP 2%l 4 Fh Z 20454 5L H 4 1,
Ho, o RHE A 27.05% , BTN 28.47% , B¥Eff 1t 10.06% , TCHLNE: MY 34.42% , Horp, K
) B T B % b N BIAE Hdh-PEP FF 8 BYHGHR, BI <07 AL R N i B MR85 Y 45 44y 42k
M o BRAESE I BUAE R A5 0, BRI, 7E b EEal b, fii ] SWISS-MODEL 7EZ A, X) Hdh-
PEP 1T = REEMMPIAAAH, BB R BoR | Hdh-PEP 23K &L PEP 250 (WK 2), H
= REEF I PSS SHE W 5 AR K, S5 2a B Fulop 5570 XF 4% PEP FYZ5 A4 25 S AH L
 2b ' Hdh-PEP [ = 20454 5 HIAEAARRL, (HAESSHZ0Y FATA X0

1 v

a) & PEP [y = g 45 4 T b) Hdh-PEP #Y = 2% 25 14 f50
Prediction of the tertiary structure of pig PEP Prediction of the tertiary structure of Hdh-PEP

B 2 1L SWISS-MODEL % £t # PEP # = S £ Fil
Fig.2 Prediction of the tertiary structure of Hdh-PEP based on SWISS-MODEL
2.3 AEEBEEFI Hdh-PEP BIHIHI R
NIF 4 J8 B F XF Hdh-PEP AR FHZCR W o
/3 HIE 3 AT UL, Na® Fl Me®* % Hdh-PEP (936 S™ T ™
PR PR AR, Ca® " AR S 22 Fh 23 F G A 8 A
T X% Hdh-PEP [FJ#F =42 T2 HEE T, oA
ST TN T 4 10% . AP* L Zn®t . Cu’t .
Ag* Ml Pb** FELHE N 1 mmol/L i Xt Hdh-PEP
TEPE= LR SR EU IR, 2% 2 00 R X6 il 0% ) 5
AT, M HRBRAE X PEP B AF 5% K B
Cu’* J& PEP WIRABUMEIR], REGZA 2D H PEP
TG PE

%

100 F ===

©°
S

80 |

70

60 |-

50

40 k

30 F

20

X 75 71 Relative enzyme activity/

180 ~260 nm fH#i 5, L EEIEIER, hE 4 1]
UL, Hdh-PEP 7E 3 1< 190 nm Ak i B 1 KL, 3 FE&BETF Hdh-PEP HiE M2
7£200 nm AU (AR N GLEL. A5 1] 4 JIT 7R (19 m B Fig.3 Effect of different metal ions on Hdh-PEP activity
FPHE S A CDNN, 3155 Hdh-PEP [ R 4540 S ., 255R% M, 7F Hdh-PEP [ 25,
o - BE AT L 28.3% , RREATEEM G HE 17. 4% , FATEER 5 L 8. 70% , B i fA N kL 19.00% , TG
il 5 28.50% , AHLE TERAEBINZE R, B RS EH 4 R i) Hdh-PEP S HE 20 B - s
SIS G, AHILFERHES D B - & 5 B - Mot R SRR Mam e, 5=%
SERIEA AL B Hdh-PEP A4S R EARAT
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2.5 ©&RBEF3 Hdh-PEP MBI T HE — it

S

XA 42 )& B 4778 T i Hdh-PEP #7475 —
GG AT, He RISV AN TR FH X 4
JEE T T, RIS Al L, Mgt Ca’t X
Hdh-PEP JeHP il V5 I B T A7 5 AL E 5 7k
PS5 FREE A e OB kS, A a3 5 D A
T, UK Tl 43 8 B F JF R X Hdh-PEP 119 % 14
GER T EERIGE , 5651 2.3 455, Ca’* %) Hdh-
PEP F36 M HA 29 10% BIPEHEVE T, 368 Ca® 1]
A VR T TG PR O B SR RS
] 6 A HLAT $ 46 24058 19 45 I8 25 1 X Hdh-PEP
M E g, SXTRAM LT, SEE T

A =

IS4
2

10

CD/mdeg

7/ 190 2

A/nm
B 4 Hdh-PEP BB — L&
Fig.4 Circular dichroism assay of Hdh-PEP

A ETERTESE E A™ AE T A%, BRI HIBOR S PEP MM RAE A 5, ARUP, 7560 C Kk
HRRE T AR L 9 15 i P A P o W B, 5 SR 2 9 R R A 2 i CDNN R0 R 6

+:
él:l:":%‘:z 1 EFIO
10
8t
6l —— Control
_V_Mgzl
SR ——Ca”
5o 2 )
< <
E O E
a LY a
2 |
Q &)
-4
6 |
8 |
10 L

A/nm
B5 ZHHHREESFI

Hdh-PEP i i B — & % &

Fig.5 Circular dichroism assay of Hdh-PEP in
the presence of metal ions without inhibitory activity

-
<

NV
TARRARAY

60

o & b WO N & o ®

— ZnZ+
—>—60°C Incubated
Control

6 BEMHMREETF

Hdh-PEP i i B — & i &
Fig.6 Circular dichroism assay of Hdh-PEP in
the presence of metal ions with inhibitory activity

R1 AEEGLAEF Hdh-PEP KM S L
Tab.1 Secondary structure percentage of Hdh-PEP with various treatments

i Percentage/ %
Control ~ Mg** Ca** 60 C Ag” APY Cu®” Ph** Zn**
o BEHE a-helix 28.3 29.7 29.5 27.0 28.3 27.1 28.0 28.6 27.1
14T Antiparallel 17.4 13.6 14.1 17.6 17.3 20.5 18.4 17.6 18.2
AT Parallel 8.7 8.9 8.8 9.5 8.8 8.8 8.7 8.5 9.3
B %M B-tum 19.0 18.2 18.3 18.9 19.0  19.6 19.2 19.1 19.1
To B M Random coils 28.5 30.5 30. 1 32.0 28.8 27.9 28.0 27.5 30.8

3 i

PEP M —F R BRI , 55 2 DGR MM 2 R EREASG, 22812 KT, 5 PEP

http : /xuebaobangong.
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FEAEYRN S EAL, FIFHRIRE ST HBRA R A RME R AR RSN IR 3L T K A
A IEPER Hdh-PEP, FEAFSE T 2R ECH W 48 B8 7 X FL A il 2508 . XA TEE BT Hdh-PEP 9 4H
XPEPE IR A R R R AR AR A LT LR A AT, AT DL NS, R AR B T AR
T, 60 CHER T Hdh-PEP KGRI o BRHE AU/ FTC LI 6 th A9 35 m, R BZEE T Hdh-PEP
CLHR I T 450 LR9RR, SECOLTEMEREAL; Co®t . Pb* T Al Ag™ BARABAZ MR ZUAM §i] Hdh-PEP 7%,

(EAE 2 o LT A B AR L O AR Ak, BEFIIX 3 Fh )i B 1 T Hdh-PEP flf LR 3
AOPLEF AR IL —eZhhy , TiiJ  1m) 55 30 Pk PO 25 A B0 P =454, M Hdh-PEP 2
R

AP AR B0 SR AR R B /N &R T, HVRIBE BRI HIE, B AP W)
IS Hdh-PEP WV S [ PATZE A B R 38 i, SR80 AL AP0 /E A — & B2 L J& i T4 Hdh-PEP
LRI BTSSR . A, AP VE R Z R AT MM 2B A IR 7 gt 2 R B e F 2 A 220
T et AR LA RO AL R G A AR, AR FESRZUN §) Hdh-PEP 15 09[R, B 8 38 i T
Hdh-PEP [ S [RSEATE5 M LU, 75— R b e T HA8E A RE J1 %t B4 Fa i s

AT EME, Mg 5 Ca®* BASNH Hdh-PEP 15PE, A1BH W50 7 Hdh-PEP /Y 20454, H.
5%t RALH AR HE 4 S B 1] AT 485 R Ul /D 1T oo MELHE N JE RO 25 il B84 I 34, X — 2 R IR RTER
WP AR BN, SCPR L, PEP XEYIREIH — P EZEEE WA St ES s
SER IR S5K, Mgt 5 Ca’t BAE I RT REE iR B A B AT S A R T i S A S i
PR, HPEA/E LA G BUEAS S — P42 A SCERIRAE , Ag* BERT Dl it 5 B s Mo 45 6
MG, A MO B AR SR T FEARER S, Agt TR B E M Hdh-PEP Y %
ER LR, AR SO IR Hdh-PEP 364 PO SR 45 & #5420l s 1. P> 1E 4 i
FEMEE T, X Hdh-PEP P2 2E s ZUIIHRIRCE {2 Hdh-PEP (9 204548 5 H IR IC W 7284k, 4278 Pb** o]
el 254 Hdh-PEP 436 P X 3ok i il Hes v g

I AENEYIRA LT ITCRZ —, FEARZ AR B THHOCE S b e A 3k, Ae R 2R G ZE 40 i
JEh A EE R S RE, H Zn® T IR K B 8 S e K A AR W R 9 BT B AR AT
Zn> " AEA T 1) Hdh-PEP 724 TR m iR iE A 48 b, i obell, Zn®* I YE M T Hdh-PEP ffi
G O 237 NN (T B B RS

4 #ig

GBS T AT R P 5 A R e (0P P MO T 5 1 R P 0 A 10 B AL 2 LA o
e, AHFFOE TR a3k %5 U4 8 B T1E I F 19 Hdh-PEP JE4T G085 M & 00T, Sl s 5 4 R
S 60 °CHRTRALIHLA, WAL T 45 4 R BS 10 B WL Pk I O PR LR L 4 400388 1o 00 2 g 3
TSR VEAISRR, ARE 4R B TR EIHIRT IR, O PEP (92E FRDERF ST I R IS IER

[ &% 3k ]

[1] GARCIA-HORSMAN J A. On the role of prolyl oligopeptidase in health and disease [J]. Neuropeptides, 2007, 41(1):
1-24. DOI:10. 1016/]. npep. 2006. 10. 004.

[2] MORIYAMA A, NAKANISHI M, SASAKI M. Porcine muscle prolyl endopeptidase and its endogenous substrates [ J].
Journal of Biochemistry, 1988, 104. 112-118. DOI.10. 1093/ oxfordjournals. jbchem. a122404.

[3] YOSHIMOTO T, NISHIMURA T, KITA T, et al. Post-proline cleaving enzyme ( prolyl endopeptidase) from bovine
brain [J]. Journal of Biochemistry, 1983, 94 1179-1190. DOI;10. 1093/ oxfordjournals. jhchem. al34463.

[4] GASSJ, KHOSLA C. Prolyl endopeptidases [J]. Cellular and Molecular Life Sciences, 2007, 64 345-355.

[5] FULOP V, BOCSKEI Z, POLGAR L. Prolyl oligopeptidase: an unusual beta-propeller domain regulates proteolysis [ J].
Cell, 1998, 94(2) . 161-170. DOI.10. 1016/S0092-8674(00)81416-6.

http : /xuebaobangong. jmu. edu. cn/zkb



3 1 e, AF . T AR T < Tt e S Bt PR AR ) - 173 -

[6] KAROL K, TOMASZ R, REINIS D. Molecular dynamics, crystallography and mutagenesis studies on the substrate gating
mechanism of prolyl oligopeptidase [J]. Biochimie, 2012, 94(6) ; 1398-1411. DOI.10. 1016/j. biochi. 2012. 03. 012.

[7] GORKA L, ITXARO P, LORENA B. Prolyl endopeptidase activity is correlated with colorectal cancer prognosis [ J].
International Journal of Medical Sciences, 2014, 11(2): 199-208. DOI.10.7150/ijms. 7178.

[8] YOSHIDA K, INABA K, OHTAKE H. Purification and characterization of prolyl endopeptidase from the Pacific herring,
Clupea pallasi, and its role in the activation of sperm motility [ J]. Development Growth & Differentiation, 1999,
41(2) . 217-225. DOI.10. 1046/j. 1440-169x. 1999. 00424. x.

[9] WANG M X, ZHONG C, CAI Q F, et al. Study on a prolyl endopeptidase from the skeletal muscle of common carp
( Cyprinus carpio) [J]. Process Biochemistry, 2012, 47(12) ; 2211-2218. DOI10. 1016/]j. prochio. 2012. 08. 016.
[10] WU G P, CHEN S H, LIU G M, et al. Purification and characterization of a collagenolytic serine proteinase from the
skeletal muscle of red sea bream ( Pagrus major) [J]. Comparative Biochemistry & Physiology Part B: Biochemistry &

Molecular Biology, 2010, 58(9) : 5730-5736.

[11] LADRAT C, VERREZ-BAGNIS V, NOEL J, et al. Milli-Calpain fromsea bass ( Dicentrarchus labrax) white muscle :
purification, characterization of its activity and activation in vitro [J]. Marine Biotechnology, 2002, 4(1) : 51-62.

[12] WUJ L, GESY, CAIZX, etal. Purification and characterization of a gelatinolytic matrix metalloproteinase from the
skeletal muscle of grass carp ( Ctenopharyngodon idellus) [ J]. Food Chemistry, 2014, 145(7): 632-638. DOI: 10.
1016/]. foodchem. 2013. 08. 055.

(13] Foatk, $w, phif, 55 AR A KBS 73 2 BAm s R Hag /e LR (1], e (AAFR
2FRR) , 2017, 22(1) : 10-20.

[14] KUMAR R, BAVIR, JOMG, etal. New compounds identified through in silico approaches reduce the a-synuclein ex-
pression by inhibiting prolyl oligopeptidase in wvitro [ J]. Scientific Reports, 2017, 7. 1-14. DOI; 10. 1038/s41598-
017-11302-0.

[15] ZEik, K81, &K, BB FEABENNEER (T, HALZET, 2017, 47(6) ; 345-351.

[16] XUEL, #hzid, W, 5. WP XERES S Ammmsm (1], AWEAR, 2006(4) : 49-52.

[17] KURLAND L T. Amylotrophic lateral sclerosis and Parkinson’s disease complex on Guam linked to an environmental neu-
rotoxin [ J]. Trends in Neurosciences, 1988, 11(2):51-58. DOI.:10.1016/0166-2236(88)90163-4.

[18] SUMATHI T. Protective role of cynodon dactylon in ameliorating the aluminium-induced neurotoxicity in rat brain regions
[J]. Biological Trace Element Research, 2011, 144(1/3) ; 843-853. DOI.:10.1007/s12011-011-9029-6.

(197 pouk, MfAe, E30ME. (RMREERS , BERER X 1 IROSCE My aErE SR LR S e 2mg (1], BTR
R (ASRBIAM) , 2012, 51(4) ; 767-773.

(REHE DEE HXHER WHE)

http : /xuebaobangong. jmu. edu. cn/zkb





