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Rerig, ke, HKEZT, BEED,
Kk <, XY, EHAY

(L EEREEFEESSEY TR, mE EIT 361021;
2 R T RAEE R, T KIE 116034)

FE: WHERMAB NS PEP) EH XA MERATARINER, TRXAXLEE
PCR (qRT-PCR) $ A 247 4% &0 & 1 1 6] 41 48 o PEP #y & 3k 0. 38 335 B 0 R L JE i
SAE BT, NG R P o AR B A E R 4k PEP. A R AR i B KRS
(LC-MS/MS) % 7 Jik i B /7 %), DA Suc-Gly-Pro-MCA 2 Jik 4 4+ PEP #y 88 % M it o Fl
Z &35 AT iR E o PEP £ A g ® v R A % 0% B 3% (Western blot) F1 qRT-PCR 4 #r 81 %
EXFABHMPEP W EAMERKREKT. £REF, HAABH MR, PEP AEX
REMBEERG. AARRESZNEMESHEEN, NERT L BANGFRLFTESD
K 82ku, 4 &4 A 5.5 8 PEP, LC-MS/MS 44748 8| 502 N4 2L # 7% &£, 5 NCBI & 4
L0 T A BE R Ik B (KY214290) — % . PEP # 4% 3 8 )& Fn 5% 3 pH 4 5] % 25 °C %2 6.0,
B 15~25°C Ao pH5S~8 £ T RFRGWE M. MEREZ A, PEP oy —REMH W
DHHE, UEREWIREN (51.4£0.2) °Co PEP £ 4 0 ot M M IR oy & A K 334 a4t
te, EAEMNEERARATHAEEERAN KA REERSG. FREY, PEP £k
BARATHMERAENZRRNE TS 5HERLTHIE.

KPR ok, MABAIKEE; At MR RRAFE

hES%S: Q786; TS254.4

fifi 2 Bk N JIK B (prolyl endopeptidase, PEP
EC3.4.21.26) | iz 40 An T3t MY, HAE
FHIEY A BE /N T 30 S BRI T 5 I 2 IR ke Bt
(SERRY . PEP 3 ixb 4 S P 3 Ak 15 Il 2 R 3 5 1
WEAMZAK, fEVF AR, flhneE > Fid
1. ARG 55 S b 45 Y, PEP B
SAEZ ML S, RS AR
6 IE T g e B 7E K = B ¥ PEP BIF5E 5 T
ARG E AN E £ (Oreochromis spp.)' . #5 [5]
% (Decapterus maruadsi)® . #f (Cyprinus carpio)®
SR LA 4 B 4l A A5 2 PEP, R LT A E
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CRAFRERS: A

Ik 688 fik o IR 2 TR 8 1) R D/ N K TG 5 0 288 i 2
1R BT MR AT A SO 5 3k F A A OG o
AWFFEINH, PEP W RES 5L 3h ¥ i A= 48
AR, BFCRTFEMFLEh Y B AR T AR E S AL B S
RGN A v S PR XN B (Mus musculus)
K 77 Az i B O [R] s  PEP & o7 i A 9E & B
PEP 22 H/NEM &4, Hist 2 55 4
L B4 53 A AT 7 /I BRURS 5 4 R 98045 S S FI0RS 240
Al B rh 4R E AR TN R R e R R
W & B, BFARUK B (Rattus norvegicus) 52 FLIY
TG K BN TSR TR
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T PEP FENEERE, W] PEP Al G K44 1EH A4
FEIIREFT TR A9, PEP Al fiES 5T b
& HUIR IR 2= BEBOM R R i AKCF-, DN 420K
FHIMA M T, 5 —J7 i, PEP 580 FWA&
BAHOC, PEP 7E44 U1 551 i J50RL 40 1 )2 1 2R 55 L
FER OGP ) Uk AR L2 rh SRR B o B, FRHH AR
OEY & B IR S TR s TS O
Iil, PEP I\ 57K BHEAHOC . Yokosawa
R0 W B (Halocynthia roretzi) & T 4tk T
PEP, X H#EATAMLRAE, A PEP Fr 54 il
7 (Z-Gly-Pro-5 H i) v ATl A2 RS b FE, 4
ML RS 52 K5 i B2 . Yoshida 1™ PRV
i (Clupea pallasi) ¥ 5 1 43 25 i1} PEP, % 3 PEP
TR F R R, I 5 8 7 30s S H A
YEH .. X4t (Scatophagus argus) T i FHME —
B R AT R I FR SN, & B PEP JE R %3k
A BT R, X W] PEP AT fig il i B A
GnRH V45 1 B 2 [ B S i = R ik, AT AE A=
B A4 v A A Y

S5izLahsa L, B NSNS Y PEP (1)
WEFEAEXS B = o B AR TE I DI A AF 90 rh AR AT BA s
1534 8045840 (Haliotis discus hannai) PEP B[,
IS T % A RSN m AR R I b T H
IREEFN, {H KSR PEP M4k S il =7 1 ot 0 B LA
Ko A B PN AR AT A DL A

NI R L R C e - A
PEP, 437 Ll 27k S0 B2 — R 2k, ik — B oY
fify PEP 7EVE R & B it f b 2B K2R, AT
ABFSE PEP TEBITE IR & & R i i D) e de AL HE i
Z%,

1 MRS I7

1.1 SR 5IR

S Fir FH A s s A B 9 T R I PRk
LG, BTG HIE RS 40 g, BCHAIZUR
PR T I 2585 .

DEAE-Sepharose, Sephacryl S-200, Phenyl
Sepharose %5 )2 i§ (GE Healthcare, ZE[#), Suc-
Gly-Pro-MCA 255 Y (Peptide Institute, H AS),
SUAM-14746, EDTA. Phenylmethanesulfonyl flu-
oride (PMSF) (Sigma, 3 [E), E-64 (Amresco, 3
), =W R T B (Tris) (7 AP
ANFE, RE), BURHEK IPG R4k . T bR R
By, NRSBERE (Bio-Rad, E[H), % hiise s R-
250 13 7 R % (APS) A 3 [ Sanland-chem 73 F]
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PR . R4S PEP £ PR R AEIE TR
SFEE AR A5 B-actin PUMARIE T 38 E X Te & Ak
YIH RA /A A HRP ARICHEPL R 1gG HLik
ECL % 4%}y 35 6 Pierce 24 7™ o BCA & 13k
JEE I AR S B i S KA AR IRA R
Eastep” i RNA $2HUL ] &0 3 KARAELRHE db
) AR/ F . Evo M-MLV 5 St & [ 3
Bham A TRARA R . HAb st 2l [ =
R AL 2E R A BR A F o
1.2 SWrEE

S FE LR 2140 F PEP mRNA #) KA &
2 M ] [ 57 AR R AR B b BHE
(NCBI) H K % 4% 80 4 0 PEP 3 [H ¥ %1 (KY214
290), MRHEAKIFHNEITEEE i PCR (QRT-PCR)
WS, EEE 18S rRNAME NS, 519
FF A WL 1, B 6 H T B i BE X 23 0 e % 51 )
BEARRIAIZ . AR, B . 68 LA . .
PERR . K RIAPAZUR A, FH RNA SO & 12
HURNA, il RNA ¥ B 22 J5 57 BDRs HO 5% 5o
cDNA, 3311 cDNA 7 F-20°C & H . L4
ASZH LU cDNA AR, H ABI 7300 ¢ ) & &
PCR 1Y (Thermo Fisher, 3% [#){%#17 qRT-PCR #"
B, RN R AN R T S BRI D 3E P 19 07 vk
FFMGE M0, B SRR PN S 35 K170 E
3R, SRR 2 A A A A X A

*1 WATASY

Tab.1 Primers used in the experiments

514 F5(5"-3") P&
primers sequences (5'-3") usage

PEP-F CCTGCTGGTGGGTGCTTGTAT qRT-PCR

PEP-R GAAGTCGTCGGTGCTGTCTGA

18S-F CCGAGGGTCTCACTAAACCATTC  gRT-PCR

18S-R TCCCAGTAAGCGTCAGTCATCAG

Y4 FE 80 PEP R 4L F 0BaE AT B
6 H T fiE Wi DX 3 ME R S50 0 B B AN TR L 2, 0%
FIFHLGUR A, A 25 mmol/L i ik £k 2% i
#WR (PBS) (pH 7.5) 5, HAALUHSHLRIE, 4°C,
15 000xg #5.0> 30 min, HC 5 W RN ML R . TH
PV R R I S, K S R R T B
W EAHRWSE, f£25°CF, B FR ik
T AR X R

PEP E MM ZE 7% 5% Yoshida %" [
T B8 kit . BARTJ5 . LA Sue-Gly-Pro-
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2434 KopE OE R 46 45

MCA N7 EEY, K 50 uL ¥ JE 10 umol/L 1)
56 E W m A | 850 pL ¥ 25 mmol/L PBS (pH
6.0) 11, FAA 100 pL B, 7E 25 °C [ 30 min
Ja, SERIIA 1.5 mL & R (P B - SR« 2%
T7K=35:30:35, {KBLL) &k . HZPE05
6 A 52 £ 380 nm 4 & I 1 A 450 nm % G
WK T R =AW =) 7-F He-4-H B F/R TR (7-
amino-4-methylcoumarin, AMC) ¢ E5RE

FAREMNE  EERALSRET, i
L8 NI 7 A T E 280 nm AR FIROGAE L B B

S5 4 L0 PEP 69464 B 100 g PR, T
A 4 5 RFR 22 sl A (25 mmol/L PBS, pH 7.5,
4 mmol/L B-5i & L ), LU, T 4°C,
15 000xg 250> 30 min, Frfs LG RI 4 PEP HLAG
4 BT A5 A AL VR FH TR I A 60%~80% FA L R 24 4
RULTE . DR IR A ZEVIE R BENT
FEBE T FET FHZE i A V-4 1) DEAE-Sephar-
ose FH & T2 e fE (2.5 cmx15 cm), &ZE M A 76
SFRVERE ., FH 0~0.5 mol/L NaCl 25wk A LA
1 mL/min #EATEMEVERL, PERL AT 500 mL. Uk
SE TGN PR = W A oy AT B B Mk 46 ), R
¥ T Sephacryl S - 200 &t & i 3€ 4, H & 0.15
mol/L NaCl B 2% il A AT TE, WA BTG 1 44
44y i (NH,),SO, & 44 F 4 1.2 mol/L,
WA S, H 022 um BRad € ORERE S AR R
FHEA 1.5 mol/L (NH,),SO, HYZ% ik A SEAfirid 1y
Phenyl Sepharose (5 mL) &i7K JZ 17461k . H
B A AR JE (NH,),SO4 FIZE IR A TRIE R Ap50<
0.05, #RJ5 FH 1.5~0 mol/L (NH,),SO, ) 2% wh itk 1k
ATERMEVRN o 105 1 BB 4 WS B HEA T H K o M g
2B o

K73 64 iR AR &35 % BR R 0% (LC-MS/MS)
2 alifb B 11 R T SR TN M T e R e R Uk
(SDS-PAGE), HLIKIFYL )54 H i 557 MBERE I
VIBg, ZAERINT N EE B ARG BRA " it 17
LC-MS/MS 43#7 -

Mo gk XA LK AT S R IR AR (1)
AT o K alifk s 9 PEP 5K A W (7 mol/L
JRZE . 2mol/L Hillk . 2% CHAPS). 0.5% it
. 20 mmol/L DTT., P ERMEIRAFS IPG
JE 4% (10 em, pH 3~10) A B i 2548, )45 Jin
A 200 uL 0 WS T IR S R AR . SR R AL,
WIEH IS T 1% DTT B9 822 i 1 1 1.5%
TAA B 2% wp 1T Fh$2 PR 3R % 20 min, -5 45
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WG, W4 T SDS-PAGE 4347 .

B A= pH AF PEP 69 %57m TGS PED
I, EARIEEE (15, 20, 25. 30. 35 Fl140 °C)
W R, B B BE VR IR . IR
PEEAE LIRARRE T, #E9EE 20 min J5, 7F
e 32 Yk T U0 R A AT

i pH AEAOIIE - e BRIER M e i, 7
pH 4.0~10.0 1% thif i 2 Bl 05 P o BT 22 vh itk
0.1 mol/L ZFREMZE I (pH 3.0~5.0). 0.1 mol/L
PBS (pH 6.0~7.5). 0.1 mol/L Tris-HCl & ¥ (pH
8.0~9.0) 1 0.1 mol/L Gly-NaOH %% #'¥#{ (pH 10.0).
pH A2 AT R i TR [R] pH (B A 2% vl
4 °CH¥E 30 min J5, 7FHib i 25 °C, pH 6.0
T A A e

& G B39 4) ) &F PEP 89 % m WA [F]
BB HIFI PEP {GPERISE I . FE4°C T, ¥
7T 25 mmol/L PBS (pH 6.0) 1 PEP ‘54 [&] 9 B 1)
HRBE A 30 min, K5I F AR mE IS M, X IR
AT . & B SR PEP A4 S A
il 7] (SUAM-14746) . 222 & 2 (1 fifg 9 1 57 (STI
F1 PMSF). it 24 IR 25 11 i 410 1 57 (Leupeptin 1
E-64). <Jm & HEHIH5T (EDTA 1 EGTA),

J& M 4 S AT TE LA _E 5250 R S5l
pH AN B S, DUIARIFRZE A5 EIR Y AT 4,
PEATBEIS PRI 22, BF PEP 4R S5 MEDEOLIK Y Suc-
Gly-Pro-MCA WG R A 100%, H5 i3 dH
b JEE 0 R AR R

— &,1% (CD) & # PEP 69 = 2K 45 #) A= 34
THRE  SHEGIEE™ Wk, Kalifk PEP
M 25 °C Jin#hE] 95 °C, SR M 95 °C 2] 25 °C,
I AR IR B AR Al B2 b S5 ) AR A
R AR AL R K 1 °C/min, I E % K 190~260
nm, i#id Global 3 KA PEP BV IR

PR R F) £ F BT 210F PEP 89 R ik & 547

Z: MR ALY ey vk, i IR,
NGV == 40k R e 57 ok 71 N1 I e
JE 3 BRI D R v A T I AU R
4°C, 15000xg B .0» 30 min, HU 35w, HEH
e B I R e L IE VAR R, LR 40
ng, UL B-actin fERHNZEN ., LHALRSHINE
AR [ R GE 4B, SDS-PAGE J&, kK
FHAE TR PR I BT (B 5% IR W31 TBST)
FIREA 2 h; TBST YEW 3K, AKX 5min; H%R
PUE A 204%:48 PEP (1 : 5000, AFIH) 1 RILIAK,
FEZER TE 1 h; TBST PEU 5K, &K S min;

R E K224 F 7/ sponsored by China Society of Fisheries
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1 HRP #ric i 1L BT R 1gG o IR BTk e = i
FWFE 1 h; TBST ¥R 5K, HHK 5min; HIA R
O IEFT ECL B0 . Image] B4 40 M7 26 1 25

=g
+
2 4

2.1 PEP 7E#2H A AE M & mRNA 7KE 547

R T fi PEP FESRZH LR i o3 A G O, K
AR ZIAE 25 mmol/L PBS (pH 7.5) 20 4R #1914
TN SHALHEARE 2 3, FREERET
Ao 0 TG 1, PEP 7R R b B S M d s, FEL
PR R R A A I et A T 38 O
HA PR REEIS M B (K] 1-a), qRT-PCR 45 R,
7E mRNA KPR K e,
UORNLA, HoAll 4 Fh2H 2 i R R AR (B 1-
b), X -5 AR X S M A 25 AR . PEP 7 PR AR
(A TG P L B mRNA R 7KF- 1 s, el S
PERR B AR L B BV
2.2 PEP B4t

h T BRI S PEP AR, aE i kR A
J7 75 PR v 43 B 4l 4k 45 21 PEP. 5] 2 Sh i iR
PEP 73 B 2l Ak i A SR AT I o PR i 28 3ok i Ak BN
DEAE-Sepharose B & 43¢t 2 J5, 2Bk 17 K&t
REH, FHE 0~0.5 mol/L NaCl 9 25 mmol/L PBS
(pH=7.5) AT LM VEM , KB H MW E A1 0.2
mol/L NaCl TN Tk (&l 2-a). WA T TER

120 ¢
100 + -+
80 |
60
40

FHXEE Yo
relative activity

ﬂﬂﬂﬂm
EAERAN

tissue

(@

HoribfT s )5, LFET Sephacryl S-200 %M it
PERE, SERANE 2-b BT o WS S A R 41
4%, JIMA (NH,),SO, ZELMRE N 1.5 mol/L, L FE
T Phenyl-Sepharose Hi/K)ZATH: . ZH/K)ZITHEE,
Rt py 48 AR 25, HIE B 1.2~1.0 mol/L
(NH,),SO, ¥ F 2% (19 2-¢), % SDS-PAGE 43 #r
HENR A1, T EZAN 82 ku (K 2-d).

M 100 g 4 40 B 1 Bt o 264615 3] 0.6 mg 1Y
PEP, 334 0.9%, 4ifbfis 139.1 1% (% 2).

2.3 RIGEEFMEE KT

28 SDS-PAGE 43475 1) PEP A TUI e b3,
28t AR B A S E AT LC-MS/MS 43T, 155
502 AR AL, HE 182 kB, il 5 NCBI
JErP i PEP 8%, Z5 R NE 3-a s, HEIIYIK
B 55 A Ak 0 i 2 P K (K'Y 214290) J751) 58 42
—3, LWL RIA 5 H & PEP,

XA HLK (2-DE) J& 45 HL R £ Fl SDS-PAGE 1)
HE, SEMENSER AT S, RGHES
FRA/NHEAT/E, BR80T Y 45 L SR 3
Tt H PEP MR LUK ZE R TN, %8 115 5
= ik (8 3-b), HXF 4> F i 5 SDS-PAGE
ZERHIE (B 2-d), EFHSZH 5.5,

2.4 PEP HEEFM RN

W% & A= pH &F PEP 7% 4 49 % vf) VL Suc-
Gly-Pro-MCA NJEY), D A [F]JEEE ~ PEP 9 4H
X G PR o Ak S04 PEP (1Y) il iR R 25 °C,

25 -
5 20 S
s
I E 15 |
=
| ﬂ
0 I_-| P e I_-I Il Il I_PI Il
1 2 3 4 5 6
HR
tissue
(b)

1 SRYEMAEALRA T PEP B934
(a) ANRIZLZ PEP MM BEEE, (b) ARSI+ PEP mRNA MG RIAE; 1 AMERE, 2. B2, 3 AL, 4. LA, 5.6, 6 1R
Fig. 1 Analysis of PEP in different tissues of H. discus hannai

(a) relative activity of PEP in different tissues of H. discus hannai, (b) relative mRNA expression level of PEP in different tissues of H. discus hannai;

1. mantle, 2. gastropod, 3. liver, 4. muscle, 5. gill, 6. gonad

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries
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2436 KoE ¥ R 46 &
£ 20 Ay 1004 21250 Ay 0.04
—— PEP 0.5 ~ S| —— PEP

me g 27777003 2 mo 100 0.03 2
R A 3 SPERERS T E
s /£ 25 X075 52
=% 6l =21 {02 £ BE 002 22
E2 3 5 £ 85l 02 52
= = Vo S 2 £ 0.50 = 2
25 3| ’ gl Hoo1 5 o3 0015
a é 4 ©Jo =0 & 5025 :

< : FRRE N 2 T 0 -g : Lo 0

0 50 100 150 200 250 0 50 100 150 200
R R
fraction no. fraction no.
(a) (b)
ku __

£ 04, i 0.04
oo = —— PEP )
2 03+ % 0.03 § _
% 502t 3 002 52
S 5 0.1 % i 0.01 i

S 0.1 + N . o

,_g 0

0 75 100
ERE
fraction no.
(©)

2 PEP Wi EM&E{L K SDS-PAGE
(2) DEAE-Sepharose, 5mL/%, (b) Sephacryl S-200, 2 mL/%, (c) phenyl-Sepharose, 2 mL/%, (d) SDS-PAGE. M. fxifi&E 4, 1. 2li1L¥ PEP
Fig.2 Column chromatography purification of PEP and SDS-PAGE
(a) DEAE-Sepharose, 5 mL/tube, (b) Sephacryl S-200, 2 mL/tube, (c) phenyl-Sepharose, 2 mL/tube, (d) SDS-PAGE; M. standard proteins, 1. purified of PEP

R2 LA PEP AI{LER
Tab.2 Summary of purification of PEP from H. discus hannai
Aif i AR HEH/mg Bt /U LEiE A3/(Ulg) 1% At f

purification process total protein enzyme activity specific activity yield fold
Gil 87235 60.9 6.9 100 1
crude enzyme

(NH,4),S0, 3798 30.6 8.1 50.2 1.2
DEAE-Sepharose 28.0 2.5 89.3 4.1 12.9
Sephacryl $-200 55 0.7 1272 1.1 184
Phenyl-Sepharose 0.6 0.6 960.0 0.9 139.1

M T 35 °C, BEIEME SR TR (18] 4-0), £ &AM 45 5 M o T L PEP HY 55 521 9

At TR BRSBTS b,
TE 15~25 °C IR LB N IFE 30 min, ZEFRENS IR
Frigmmiaett, MiEE ST 35°C, HiaEta
TR R, UGB R AR T 2

I BT SC A6 PEP 1E pH 4~10 FOT5 1 X HoAa
EVE, RMIZEER AOE pH AN 6.0, 24 pH {E<S
>7 i, SRR (K] 4-b), Ul BH I A AE v
PR ) IR B T R R4 e KOG PR o NI pH e
AIAL, ZEEAE pH {H 5~8 B BE {73545 i i Fa i 1
4 pH {H>8 <5 i, WEAFE M N,

https://www.china-fishery.cn

Suc-Gly-Pro-MCA 42 i, X HE W 45 5 1k kA7
581 . PEP XJJE#) Suc-Gly-Pro-Leu-Gly-Pro-MCA
K RRE T B , TR 22 28 R 56 I I Boc-Val-
Pro-Arg-MCA . Boc-Phe-Ser-Arg-MCA ., Suc-Leu-
Leu-Val-Tyr-MCA Fl 4 21 H il JIK ¥) Z-Arg-Arg-
MCA 34 W] 2 B K A (36 3). X &4 Il 2 R
FRILI KB YY) Pro-MCA %A /K A8, iF
SET PEP J2 W 22 1R 2 Bk i 7K it 1) — b oA IR o
B By A 2T EEE A9 Fom PEP 4R
P SUAM-14 746 BEAS5E 42 4M] PEP HYTE

HE K25 2: 3276 sponsored by China Society of Fisheries
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o AU BN 2T A IR A 70 5 i A Bt o

2437

m.nému KLSSRITEVI nm«sf:m L HFK EFI %'Hﬁ carbamidomethylation

——

—

|

s BilREfk  deamidation
« %4k oxidation

KLINIDEADR

34 56 7 8 9

180 —
130 —
95 — -
72 —

55 —

¥

[e—]

HDGSHEVMLY G

43 —
34 —

ENISIT

481 PSFSESRLVF LQHLGGVYAT ANTRGGGEYG!

WISAKRITIN GG:

26 —

561 ACINQRDLE
—r—

IKYSPLANIR

641 VPLHSLKELA QIQYTFKDSD SQINPLMGRT DTKSGHGEGK PTAKVISELT DIVSENHQTV GLKWSD

—_— —

@

(b)

& 3 4h{k PEP Y LC-MS/MS F1Z5 88 S 547

(a) BTG A, (b) MR R AT

Fig.3 LC-MS/MS and isoelectric point analysis of the purified PEP

(a) LC-MS/MS, (b) two-dimensional electrophoresis

120
100

FHXHE /Y%
relative activity
3

temperature optimal
—0— MFaEME  thermal stability

20 | —o— FIEIRE

120
100
2
= 80
#HE
Wz S 60
= .2
=& 40
<3

—e— fi& pH  pH optimal
—o— pH A2 pH stability

" 15 20 25 30 35 40 " 4 5 6 7 8 9 10
HEE/C pH
temperature (b)
(a)
4 B (a) # pH(b) %t PEP SE 4 HISM

Fig. 4 Effect of temperature (a) and pH (b) on the activity of PEP

#*3 PEP HIRYHRM
Tab.3 Substrate specificity of PEP

&Y FHXHE /%

substrate relative activity

Suc-Gly-Pro-MCA 100.0
Suc-Gly-Pro-Leu- Gly-Pro-MCA 173.5
Boc-Val-Pro-Arg-MCA 0
Boc-Gly-Ala-Arg-MCA
Boc-Phe-Ser-Arg-MCA
Suc-Leu-Leu-Val-Tyr-MCA
Z-Arg-Arg-MCA

Pro-MCA

Met-MCA

S O o o o O

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

24 58 R 4 11 I I 73] PMISF 3 AE 8 R 7% B2 b 410 )
PEP W36 1 (% 4), # W] PEP J& T 2 & &
FRP, FoAh 22 SR 8 L B0 IR (STD . 4@ ik
F g 5] (EDTA. EGTA). 2Bt R 5 1 B
5] (Leupeptin, E-64) Xt PEP WU 3 A3 0 HI4E .

2.5 BEX PEP &HEEN

L IR A% (CD) 14, B 5%i BE X PEP
TREERIRIRE . YIREE M 25 °C FHE 50 °C B,
o-TEIEZE A B N 12.5% I/ B 11.2%, JoRLI 5
454 2 i N 24.4% L F-5) 25.1%. B 50 °C
FHE % 55 °C B, o-MRTESE I & RGN % 13%, B-

https://www.china-fishery.cn
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2438 7K

A R ¢ 46 34

&4 EBESIFI PEP B{ER
Tab. 4 Effects of protease inhibitors on PEP activity

kil W FE/(mmol/L) R/ %
inhibitor concentration residual activity
X control 0 100.0
SUAM-14746 0.000 5 0
PMSF 5 37.0
STI 2 99.8
E-64 0.01 99.2
Leupeptin 0.1 111.3
EDTA 5 102.4
EGTA 5 107.5
15 ¢ —— N-25°C
S HT-50 °C
_%og R Y20 N —_—— HT-55 °C
Q'S - HT-90 °C
Eg5 5
Ho .=
o]
g o0t
I '_'8
== =5
o
-10 . M . . . .
185 195 205 215 225 235 245 255
P /mm
wavelength
(a)

IEEM SR TR 52.1%, RUETHET R~ T
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Fig. 5 Effect of temperature on the structure of PEP

(a) analysis of PEP structure at different temperatures by circular dichroism, (b) analysis of thermal denaturation temperature of PEP; N. room temperat-

ure, HT. heating, TR. cooling
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Fig. 6 Western blot analysis of PEP expression levels at different developmental stages of H.discus hannai

(a) PEP expression in female abalone at different stages of gonadal development, (b) PEP expression in male abalone at different stages of gonadal devel-

opment, (c) gray value of PEP in female abalone compared with B-actin band, (d) gray value of PEP in male abalone compared with B-actin band; 1. pre-

liminary stage, 2. earlier stage, 3. middle stage, 4. later stage
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Purification and characterization of a prolyl endopeptidase from
Haliotis discus hannai

CHEN Shoufeng ', YANG Ruqing', CHEN Yulei '’, SUN Lechang ",
ZHANG Lingjing ?, LIU Guangming '*, CAO Minjie "**
(1. College of Ocean Food and Biological Engineering, Jimei University, Xiamen 361021, China;
2. Collaborative Innovation Center of Marine Food Deep Processing, Dalian 116034, China)

Abstract: Prolyl endopeptidase (PEP) is a serine protease which has been implicated in many biological processes,
such as learning and memory, cell proliferation and differentiation, and glucose metabolism. A small number of
reports have also suggested PEP participates in mammalian reproductive process by specifically degrading peptide
hormones and gonadal hormones containing proline residues. Compared with mammals, research on PEP of mol-
luscs is relatively scarce at home and abroad. This observation led us to investigate PEP and whether it is related to
reproductive development of mollusk. We analyzed the natural PEP of Haliotis discus hannai and the protein
expression level changes during gonad development. Fluorescence quantitative PCR (qRT-PCR) and enzyme
activity analysis were used to detect the expression of the PEP in tissues of H. discus hannai. The enzyme activity
and the expression level of PEP were the highest in H. discus hannai gonad, followed by the muscle. PEP was pur-
ified from the gonad by column chromatography with a molecular weight of 82 ku. The isoelectric point of PEP
was determined to be 5.5 by two dimensional electrophoresis, and it was similar to the isoelectric point of pre-
dicted PEP of abalone. The 182 peptides were obtained by liquid chromatography tandem mass spectrometry (LC-
MS/MS) analysis, which were consistent with the H. discus hannai prolyl endopeptidase of NCBI (K'Y214290).
The analysis of enzymatic properties showed that the optimum temperature and pH of PEP were 25 °C and 6.0,
respectively, and high enzyme activity can be maintained at 15-25 °C and pH 5-8. Circular dichroism was used to
analyze the effect of temperature on structure of PEP. The results showed that the secondary structure of PEP
changed significantly as the temperature increased. When the temperature increases from 25 °C to 95 °C, the con-
tent of a-helix structure decreases from 12.5% to 5.8%, and the random coil increases from 24.4% to 28.0%. When
the temperature was lowered from 95 °C to its optimum temperature (25 °C), the content of a-helical structure
decreased by 1%, B-folding decreased by 4.6%, B-turn and random coiling structure increased by 1.5% and 2.4%,
respectively, compared with the initial secondary structure at the same temperature. The secondary structure could
not be restored, indicating that the thermal denaturing of PEP was irreversible. The fitting thermal denaturation
temperature was (51.4+0.2) °C. In order to further analyze the protein and gene expression level of PEP in the
development of H. discus hannai gonad, we divided abalone gonad development into different growth stages (pre-
liminary, early, middle and late growth stages), and the results of Western blot and qRT-PCR analysis showed that
PEP could be detected in all stages of male and female. The expression level was the highest in the middle stage of
maturity of male gonad and the late stage of maturity of female gonad. These results indicated that the difference
of PEP at developmental stages of H. discus hannai gonad demonstrated that it may be involved in the process of
gonad development. The current study analyzed PEP of mollusks and speculated that PEP is associated with gonad
development in H. discus hannai. It provides a theoretical reference for further research of the function of PEP in

H. discus hannai gonad development.
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