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HE . X w4 % 47 . DEAE-Sephacel, DEAE-Sepharose [H & % # 4% £ #7 . SP-Sepharose [f
B F X At B AT A Sephacryl S-200 Bt R BN N T AMEN T 2 BH4MLE 3 HEE
E B & (PG-1 ,PG-2 #1 PG-3) ,SDS-PAGE # R & 7~ , ©A18 2 F &% 4| % 35.36 #1 37 ku, %
pH2.0 T 3 ME&ZABmREZM N AEMNE E A8 P-1 P2 5 P3, 0 FE27H 4 % 33.33
#1334 ku, 3 FiEEay & 3E pH 44 5 3.0.2.5 2.5, & EH 40 T, H B WHMA H X 4
A B & G B0 & 7 pepstatin A H I F . RERXXRNLERXRASHEROBEELS AR
% # 4 PG- | ,PG-1l ,PG-3b,PG-3a,PG-4a ¥ PG-4b % 7 [& itk K £ 1 [ 12 & i % % 5 X
RE, sh % 5HMNEeE B LY P11 P2 P3 BT a4 mir&amK, k, Kk, /K,
B R 7.0 x107° mol/L,17.6 S™',2.5 x10° mol/(L - S); 5.5 x10~° mol/L,22.8 S™',
4.1 %x10° mol/(L - S)#1 5.2 x10 > mol/L,18.7 S™",3.6 x10° mol/(L - S) .,

K. Fesee; BEAOME; §& A8, 4t

FESES: Q8l14.1; S917.4

H 25 il 5 ( pepsinogen ) i 147 15 BE 41 il 73
W EEE(EC 34.2.3.1 —4) (A, >4 pH
KT 5 7EEmRM H ERT , Bl R £
N-K il o e 91, s A E R B & A, 8
HEEB S Y A SR ARG, T2 33
ku, J& F R GREE A EIAE " . EBOE 0 E &
L E A AL 8 Bl A A8 A TR PR R
R PIRE . A RS TR (A m W PR B v
WACE T, o pH o 2 B2 ST AR R E A
HMIFFR R X 2 1 R 0 ST R, B
SH [ F0 245 W ( Siniperca chuatsi) ™" KR 68 fif
(Anguilla anguilla )" | 5§ #% #% £ ( Trematomus
bernacchii) " 7 B4 ( Epinephelus coioides) N
W 1 W4 ( Sparus latus )™ 2 8 ( Channa
argus) '’ i ( Lateolabrax japonicus) ™" L} K 7
PERE AR ( Gadus morhua) M 2

H 4O B 1 ( Epinephelus awoara) J& #51E H

WiE HHA:2011-05-26 &[5 B #7:2011-09-08
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( Perciformes ) , #ig Bl ( Serranidae ), 4 ¥ i1 J§
( Epinephelus) fAFRE BE T 668 JEBESE , A 1RBE
IR R, A0 A TIPS, 7EF I 3
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7 W X AR Ay i A P R R A 1Y
ARG — , ' 8 e e R AP R
FEAEH . A SEE I X A B R
AL IR L E A R B TR, AN B R
TRt 1) SEAE AT 9 4 AL B AR A, () Bt ] X ) e
1A B M A P4 i 2%

1 MRSIE

1.1 ##y
ST A1 B T BT S 56 5¢ 1 ) DEAE-
Sephacel, Sephacryl S-200 DEAE-Sepharose, SP-
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Sepharose ( Fj #i Amersham Biosciences 2y 7)) ; 4~ Il
ZLEE M (32 [H Sigma 24 F]) 5 K BT BT 68 B 2 v b
ORGSR th H AR 27K 22 38 SRR B
$eftt s HRP FRic i et KB 1eG IR BUik (P14
DAKO 73 ] ) ; 4 4 it i, SDS (€ i Bio-Rad 24
) ; SDS-PAGE #5 it £ 11 ( 57 i 5 Fermentas 23
#)) ; Tris, Pepstatin A ( f%[E Roche A\ #]) o

1.2 7Fi&%

HAERE R AHRGS B H A B
IR JEECE R PRI 25 g I, A 6 A
W/ V) UK¥% 19 50 mmol/L 1% £k 2% v ik ( pH
7.0) , A UG/ #90 . #£ 4 °C,10 000 x
g FEHL 90 min, AR B, DUTEFFINA 4 f5 {4k
F(W/V)50 mmol/L BER+h 2% vl (pH 7. 0) ik
T, B0 BRI AT BIE RS
e 5ORL S

il SRR 4R VI AR R B 2 20% A A1
BE,4 CF#E 1 h,10 000 x g, 5.0 30 min, F T
VE. DIEWARSEIN AR IR & 60% 1,4 C
THERFE 2 h, B DINE. & 25 mmol/L
OBERR R 22 il (pH 7. 0) VR TUTE , I P AR R 22
MBGENT . B0 B EVE W, FAET ] 25 mmol/L
W R £h 22 v W (pH 7. 0) ~F- ffif i ) DEAE-
Sephacel [H & 732445 (2.5 cm x 15 ¢cm) , ff 25
mmol/L IR +h G PR MR FEVEE (5 0 ~ 0.5
mol/L NaCl) , i 0. 8 mL/min , £ 3] =/~ 16 P
U AR o BB — NS R (PG-1) BYAE A 20
mmol/L #J Z RN ZE il (pH 5. 5) @& )e , FAE
T AR 22 o P i ) SP-Sepharose BHE] 152
2 M, A1 20 mmol/L (1) £ R #h 2% v ik ( pH
5.5) (2 0~0.3 mol/L NaCl) , 42 1 P ié .
S AN G R (PG-2) BYAE &8 20 mmol/L
Tris-HCI Z2 i (pH 7. 5) &M )5, BAET HIAH A
2% i F- i 3 ) DEAE-Sepharose [ 8§ 732 4+t
(2.5 cm x6 cm), ] pH 7.5 1§ 20 mmol/L [¥
Tris-HCI 2% 1 (75 0 ~0. 3 mol/L NaCl) ¥&/i , it
ARIEVEIE . 55 =N g (PG-3) (1R i 48 B
W4 5, ERET & 0. 15 mol/L NaCl 9 25
mmol/L #RERZE v (pH 7. 0) *F-£ 11 Sephacryl
S-200 EEME L 38 )EHAE (1.8 cm x96 cm) , FH [FkE
HYZE BRI , AL 0. 5 mL/min , IS A I

BE R A 7 ik FEErd FE v i &
15T 5 e 20 A0 23 6 O BE T 2 A 7E 280 nm

WK TG, &A% & &% LOWRY %' if
O 7E

Bk ¥ M ok ity 75 77 0 D R
ANSON"™ 975 % , W 5 e ko

SEHRAH 50 pL B R H )RS 350 pl 0. 25
mol/L NaAc-HCl Zz oy (pH 3.0) MR G, =
JEBCE 5 min, JITA 100 wL 2% B2 78 14 1M 21 2
HIFIRA),37 CTHFE 30 min, fil A 500 pL £ |
W (8% =FA LR, TCA) L 1k [ o [ K 8 000
x g B0 10 min, B 3, W 280 nm &b G

NFIRZH 50 pL & R S 350 Wl 0. 25
mol/L NaAc-HCI £ #fifi (pH 3.0) iR G, =
VAR 5 min, JilT A 500 pL 2 - (8% TCA) fifi
At 1% , A 100 WL 2% FRAS P 2R I 41 86 IR S,
37 CHEH 30 min, B0 U Ay, o

SR ZH 5 0] BRZH R A g, 22 [ RIS 52 B ) Bl
TG, BB 2 ~3 A7, 7EEE M E
SR Z B B A REE 30 min UL R
fdi L F 5T AE 280 nm MEOGAEIG AN 1. 0 & LRy —

AN A
FEOREERE G T 2N E Z: I8

LAEMMLI 30 i Ff] 12% SDS 5 79 4 ik e 58 e
HLJk (SDS-PAGE) , % I i 5% i R-250 4L 45k 43
Hr 8 & A S A Y o i A ROR
DAbR E 3 BT (116, 0 ~ 14. 4 ku) fEXF B, ]
7.5% Ak AR MR N M Bk e %E S FL K ( Native-
PAGE) , % H 52 i R-250 Yo iff — 240t H 2R
S &

B &G BRI E L ARG R 4 1 il i
FERRYESRIE T (pH 2.0) 43 324K 0 5,10 5,30 5.1
min .2 min .4 min.10 min .20 min .30 min, 37 Bf i
AL (8 wl 16% TCA f1 2 pL 10 mg/mL
pepstatin A) Z¢ k[ )i, FF ik 2: SDS fb 5, #E 17
SDS-PAGE, # th #2515 R-250 4efa .

pH #0238 Z 5B /1 69 %76 fEpH 1.0~
6.0 JEE N, M EAH pH T E A BTG /). pH
1.0 ~4.0 FrFZE ik 0. 25 mol/L NaAc-HCI; pH
4.0 ~6.0 fIFHZE i 0.25 mol/L Z,fR4H, 7E 10
~65 CHuE N, E AR T B & A BE 7 .

RIEXXR R B TOWBIN %0 )5k
¥4 SDS-PAGE ¥ i I LGB BE IR AT 4t %
B, F 1% BiRg 4= 9 3P4 1 h, TBS-T 6%, LA
KRBT B 2 s PN —P0, FIRMFFE2 h;
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KoopE

35 4

S ¢

TBS-T %%, A HRP FRic i it KB 1gG 10
P00 F 1 h, TBS-T Pkik, 5O B A,
HAhFAHME R ANSON" {5 ik
W SE T I K 1,55 ~6.2 x 10~ mol/L,
JBEISE] 2Ry 6 min, HoA 2% AN A [ IR )
WREETT Bl Ak S g 1) P B A8 4 BROK IR 7 72
v=V_[S]/K, + [ S]#1 Lineweaver-Burk {} [& 1
(Vo IR HEAR, [ ST IR L) | 153 5)

TR K, A ke fH
Gt ot SRR, RS IE 3

AFATSEE, Bl AL BT 3 AT SR
YIE £ bRz BB R K, A ke, tE P2
AT EIE AR AR 22 <5% o

2 4

BEOaEEABENS Bl
NPT RTEN 5 A B £ AR e O R
#:F DEAE-Sephacel #,4: 0 ~ 0. 5 mol/L NaCl
LNERE VRS2 3 DTS PR 3 NG PEIgL
T B8 I8 e 45 IS 43 1) b FE T SP-Sepharose fH 25

2.1

T2 #1: . DEAE-Sepharose [f] 2§ + 3¢ e #1: LA}
Sephacryl S-200 #E & 12 8 J2 B 4% 8 47 4 4k (&
2), BB 3 R E R AR, 504 R
PG-1,PG-2 Fl PG-3, 4fifbZ5 403 1 iR, &0
PR i 53 U R AL 2 M BB A3 211 PG-1 4.0
mg . PG-2 12.2 mg il PG-3 4. 4 mg, HAH R i 4tifl
FERU R 12,8 13.0 f118.7,

5 — = )
é Z PG-2 % 20 ~ 3
2 g = £ 2
E ] PG-3-" 2 sz
= & 3 v £ EE
% |53 8 ~ 10 =& <=
£ Q 2 —_— ~ O
=g Q R E
L1 > 5 yo <
N S Jrags
£ 4l 0 2 o
= 0 . 0
0 40 80 120 160 200 240 280
W SR H / (4.8 mL/tube)
fraction no.
E 1 BEA#FE DEAE-Sephacel =45 R

(---) 280 nm ALHEGE; (@) BTG ST,
Fig.1 DEAE-Sephacel chromatography of
pepsinogens from E. awoara

(---) Absorbance at 280 nm; ( ® ) Enzyme activity.

0 0.7 PG-2 (3. 20
1.4 20 § 0.6 16 5
El2 S gz Egos e EZ
Z2 0 S £E RA 3 12 £ €
28 L E 25 =204 E 58
X =08 ~7l12es 803 < <
g8 0.6 % _E £ g 5 % 8 R 5
sgv Zll8 g S%Eo02 z S
2S04 s N2 e o
8g g ° 201 *
202 4 =0 " 0
< R ) \ 0 0 Vesvovessossorssrd . AL 0
00 20 30 40 50 60 70 80° 20 40 60 80 100 120 140
AR $ / (2 mL/tube) WAEE S/ (3.6 mL/tube)
fraction no. fraction no.
(@) (b)
147 15
g 121 —_
= 125
"o 10t EZ
RERS sz
&g 08 7 ET
o Z
g g 06 6 3 2
o204 <
g% 355
Z2 02t , &
< o R
000 L 1 ' L PPEPY 0
0 10 20 30 40 50 60 70 80
WS HY / (2 mL/tube)
fraction no.
(©)
E2 SAMaEE0BENENELER

(a) PG-1 [fj SP-Sepharose #£ JZ #7455, (b) PG-2 [ DEAE-Sepharose F:J2 #7455 (¢) PG-3 f#j Sephacryl S-200 i J2 #7455,

(---) 280 nm LW GAE; (@) BEE .

Fig.2 Column chromatography purification of pepsinogens from E. awoara

(a) SP-Sepharose chromatography of PG-1; (b) DEAE-Sepharose chromatography of PG-2; (c¢) Sephacryl S-200 chromatography of

PG-3. (---) Absorbance at 280 nm; ( ® ) Enzyme activity.
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®1 FEHEEEABENALER
Tab.1 Summary of purification of PGs from E. awoara
HIR MEH/mg BiE /0 Hei 41/ (U/mg) I AT 13/ %
procedure total protein total activity specific activity purification fold yield
FH L crude extract 1196.1 6 924 5.8 1 100
Fi g 4% Eh i ammonium sulfate 649.0 4105.2 6.3 1.1 59.3
DEAE-Sephacel
PG-1 32.2 1 000 31.1 5.4 14. 4
PG-2 42.8 2 880 67.3 11.6 41.6
PG-3 48.0 1 800 37.5 6.5 26.0
SP-Sepharose ( PG-1) 4.0 296.4 74.1 12.8 4.3
DEAE-Sepharose ( PG-2) 12.2 916.9 75.2 13.0 13.2
Sephacryl S-200( PG-3) 4.4 476.7 108.3 18.7 6.9

2.2
S
WA R AT EME  SDS-PAGE £
R, ik 1S 20 3 Fhil A B & A R (PG-
1,PG-2 1 PG-3) 94> Tt 43 5129 35 .36 1 37
ku( &l 3-a) ; 11 30 Ja B9 = A S E AR5
45025k 33 33 134 ku( & 3-a) , -4 N P-
1 P2 1 P-3, 45559200 2 40 i | Bk
PN g g A o R i R
it J5 B4 - K /INHREE

FRNEEERBEMBEEABILER

kn M1 23 45 6
LA
116 &=
662 ==
45 e
—
35 -b-h"- —
—
25 - >
184
14.4 == -~ Yam = = o
(a) (b)
B3 HAaEEABEMEEAEN

SDS-PAGE ( a) #1 Native-PAGE(b)
(a) M. ARiESFHE8 A ; 1. PG-1; 2. P-1; 3. PG-2; 4. P2; 5.
PG-3; 6.P-3, (b) 1.PG-1; 2. PG-2; 3. PG-3.
Fig.3 SDS-PAGE(A)and Native-PAGE ( B) of purified
pepsinogens and pepsins from E. awoara

(a) M. Protein marker; 1. pepsinogen-1; 2. pepsin-1; 3.
pepsinogen-2; 4. pepsin-2; 5. pepsinogen-3; 6. pepsin-3. (b)
1. pepsinogen-1; 2. pepsinogen-2; 3. pepsinogen-3.

Native-PAGE 25 (¥ 3-b) 75,3 F H &
P i S5 25 kg B — FL Uk 2%, R WAl Ab RICR R 4T
E H 7R 4 3 il & R 0 3R RS R R [F], PG-
1 (RS % 50 1%, PG-3 3T B il R R B, 2 W
ENVRESFRAMAMME)E FARZKR Y S EH
il )5 o

REaMRgET >N BHEANRE
PRPEZR AT S BB TE T, N-oR o 25 K 4R
3 ~5 ku /N F K L, s AL B B
fitf oAb R — A PR [F] Y 1 — o2 B
AL E A WS TR R OB, ) — Ao
WIAZ S HAL A S B B K4
WoR T3 MEEAMREL S &SR,
PG-1 F 25640 E B A, 1 PG-2 FI PG-3 4%
T R A A E R B R O, X
H— BRI A B AR 3 R E & AR AN TR
KA,

pH AR E N HF et & § & Q& N 7m
£ 3 FE A, P-1 1Yl pH {E2h 3.0, P-2
1 P-3 BGE pHAE M 2.5, 7 pH5.0 L) |3 Fh
PG AR (& 5) o P-1 A1 P-3 BFR 7RO, 25
mol/L KCI-HC1 ZZ ik (pH 4. 0) H YT ) 16
0.25 mol/L ZFR4NZE i (pH 4.0) H i3 1, 1
HH % WP A A X BTG A — 8 TR S

P-1.P-2 1 P-3 3 il 1) fi i & 52 34 2 40
C,7E 20 ~45 CZ[AIHAA B il J1, e 50 €
DAL B I PR R, 3% I e A AR TR A
(E6),
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] time

2 min 4 min 10 min 20 min 30 min

E4 SHEHEBEOHMERUABEQHNTE
PG-1. §&EARE-1; PG-2. HEARR-2; PG3. WEAME-3; P-1. HEAR-1; P2. HEAM-2; P-3. §EAM-3; L P,
Fig.4 Conversion of E. awoara pepsinogens to pepsins

PG-1. pepsinogen-1; PG-2. pepsinogen-2; PG-3. pepsinogen-3; P-1. pepsin-1; P-2. pepsin-2; P-3. pepsin-3; L. Intermediate form.

120 — P-1 H e A S (K 8) ol ] 1, PG-1 Fil PG-2
) T Bl 5K B 24 65 3 2 S et 6 PG- 1 PG- 11 f
;\% 80 1 PG-3b A 5 5 1) 4 9% 58 X i, 1 5 i PG-3a,
%E 607 PG-4a fll PG-4b {1y G 28 e AR 553 P-3 5Pt
=R PG-Ab % FL I VA 08 1 9132 A8 LN, T 5

207 HA 2 vE e PT R B A . X Be 4 R,

‘T 3 PO PG-1 I PG-2 Wil & & [ M AE R (1 — R I
P

ES5 pHXEAKESEEQEEANIENE
Fig.5 Effect of pH on the activities of

pepsins from E. awoara

120 —o— P-1
P-2
100 -
53 ? — P-3
<z 80t
Rg
Moo 60 [
Z 2
= 40 %
23
20 +
0
10 20 30 40 50 60 70
wBE/C
temperature

E6 RBENSARESEEANEENRIZI
Fig.6 Effects of temperature on the activity of

pepins from E. awoara

R R F A S R RGBS ) YR
ANTFHJEE pepstatin A XoF 5 £ I 14 400 1 5CR 2
71N ,pepstatin A Xf 7 £1 Bt i H & i P-1 . P-2 fil
P-3 (A R BE R L2350 Dy 801 .61 1A 40 1 (&
Do

SR XXRR HABAN 3 FE E A
J5 6 TR BT B B8 6 22 ve BT IA ™ AR AN R RE JEE

B MERE T, 18 1155 PG-3 19 AL AT,
AT LA ] 5 368 6 1) B 2 11 PG- 1 A
PG- T R 7, A TIF 2 5 1 B L At
WFFELh R f oA 2 R0 T 2 1
WL, ST RO T S P L T, 2 1
[ % Bt X £ 25 K 5 0 1 4 B £ g
AR

—
[N = N ' B ]
S o o o O

FIRIES | %
remaining activity

(=]

8 6 4 2 1 1214 16 18
pepstatin—A/E & A / (mol/mol)
pepstatin—A/pepsin

7 Pepstatin-A N E RS EEABHMEIZR

Fig.7 Effect of pepstatin-A on pepsins from E. awoara

HERS BERAQBHNF LK EAHM
FLOEYEANEATEEREE P, HEAME
HCEF ARG, & ™ o YR A G
G, BRI TR B B T AL, N, B
AR I PR R A B £ P A R T AR
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T 5 M) 381) 8 28 1 2R R T

#RIE Lineweaver-Burk SR EAVERE , 115830 5
SRR R B K, R 5k, (8, 25 R
/N, P-1 P2 f1 P-3 3 Fi B & A1) K, {5351 H
7.0x107° 5.5 x 10 fi1 5.2 x 10> mol/L, }
L, P-3 Y K, (HESR T H T R E E A, R
HOOH AR LA R SRR A ) . 3 iy
k. fE5351017.6.22.8 f118.7 S™', P2 ) k_ fH
i T HE PR S A R (koK) 1

1 2 3 1 2 3 12 3
@ e ‘
(2) (b) ©

A 2.5 x10° 4.1 x10° F1 3.6 x 10> mol/ (L
- S) HH P2 1 k., /k, i THERFEEH
iy, P A A BEAC I S AR &, B A
BEfa 5 HE 2K AR B | et gyt
TRV PESS 1" (1 8 R AW 3h ) 2 S 5 gy
RWLF2, @ BRI, FAHAEEAHY
TEAL TR ko AEL iR IR 7K 2 608 R0 Vi K 5 ' 2R 1 it
1Y ko fBL, HARALROR ko / ko THULEGR o

1 2 3 1 2 3 1 2 3
- L
.
() (® ()

8 BEABENGEEIXRNER

(a

I

) SHUEESY PG- 1 SO, (b) SHHEEH] PG-1 L h. (c) SHIMEESY PG3a Lhi, (d) SHIMEES PG3b [, (e) St
BEH) PG4a I, (f) STIMEEE PGAb RN, M. FUYRIES THE ;5 1. PG-1; 2. PG-2; 3. PG-3,

Fig.8 Western blot of pepsinogens using anti-sea bream polyclonal antibodies
(a) Reacted with anti-PG- [ antibody. (b) Reacted with anti-PG- I antibody. (c) Reacted with anti-PG-3a antibody. (d) Reacted with
anti-PG-3b antibody. (e) Reacted with anti-PG-4a antibody. (f) Reacted with anti-PG-4b antibody. M. Prestained protein marker; 1. PG-

1; 2.PG2; 3. PG-3.

x2 BABEAMINFSHUR
Tab.2 Kinetic properties of pepsins from
different species of fish

PN Y e
8 (mol/L) ¥/S™' [mol/(L-S)]

enzyme K, k., ko /K.
H & -1/ pepsin 1
HAOKA 7.0x107° 17.6 2.5 x10°
Lyfily 9.8x107° 8.24 8.4 x10*
fifi 5.5%107° 22.8 1.3 x10°
5 5 E -2/ pepsin 2
HABA 5.5%107° 7.34 4.1 x10°
Lyfit 6.0x107° 4.02 6.7 x10"
fifi 1.2x107* 7.04 5.9 x10*
-3/ pepsin 3
HABED 5.2x107° 18.7 3.6 x10°
Lo g 1.4x107* 13.2 9.5 x10*
fifi 3.8x107° 3.00 8.1 x10*
5 & E -1/ pepsin 1
W g 8.8x107° 23.7 2.7 x10°
PGS 1.56 10~ 18 1.2 x10°
5 2 E -2/ pepsin 2
P 9.2x107° 19.4 2.1 x10°
PNCLIRE S 2] 4.4 %1073 33 2.8 x10°
H & -3/ pepsin 3
B 83 g 7.0x107° 34.4 4.9 x10°

3 e

AWFTER B BREER T 45 B AL E T HOR , A
HAOGAE h AR 2] 3 f S E DR, RIEHR
18, B R EEG U R 3 IR 2B 2 A
FNBIF ) a3 R, i YONEZAWA %5 32 f]
T DEAE-cellulose , DEAE-Sepharose 71 Sephacryl
S-200 3 YL JZ B A Mme) e g 5 rh A 3 ' 2 B
Jio ASHRSER B A3 B Al 7 EE AR T B, 3R A
MEEAEME L, HEZ L, SDS-PAGE il
Native-PAGE Z5 150 3 RS2 15 BE 2k,
3 Fh & AR (PG-1 ., PG-2 #l PG-3) £ Native-
PAGE il # A A, Horp PG-1 HYiT 8 # H]
WR/NFHAR PR, PG-2 iR R /N T PG-3,
WERA 1 3 iR 1 B2 A W] S B, i g SDS-
PAGE , #Ell 3 ' 2 (i I 73§57 200 35
36 1 37 ku, Y e % ) 18 A Y 1 ) )
2R 33 33 F134 ku, JLEER GALIREHER
A R R I 0 | g S R R L R 1y
fily " iy ) B R R A TR H/NT
Gt GEw i Y R R R A 4> T T
KF Bt & ARG =5 dsal 5, 1
AN R a4 15 20 1Y B 8 B R R 2> 1 i DL
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KoopE

S ¢

35 4

XY S A —E . RHEN
fifF X s 2 S5 ATRE S e A A R 2 i 5 4E
TEABEA G,

DA LT3R 1 R, 45 3 S 2 g )
Hif pH 700l J& 3. 0.2. 5.2, 55 fe il il B 3%
40 °C. AWFFAS B E A B E 5 R ol
pH R I S AW % ARl 0% R 2
g g | e e D s B R A
FHIE

SEBG T 3 R Y BE A R A IR R 1 R 5
PEHNHIF pepstatin A A AN, UEBTEATE TR
ZARE MR 31205 £ W], P-3 X4
LT EE R YA S 5R10 5E 80 7, P2 I AL 0%
m WA S R OB, T REAE B E AT 1L
AR E HEEMEN . A B0 0
BT KIS, B H ., T — e N
ABEAL a8 R A I AR
FHOR BT o5 668 1 W 28 1 Tl D 0 R A B 93 58 U
Mo SEREH, A BN 3 Fh PG ¥ 5 KRBT
HHERR PG PR A R FE BE Y B v, H PG-1 FHI
PG-2 [f [Al 5 M4 8 (R B AT S PG-3 1 [A)R H: 4%
Ko ZEE R — L UEH], T A B8 A Bl
Ry B R E o8 B B R, HX 3 Fh S &
SRR A

FES J12F 7 T, B R SR R kK, R
T HAEAR A, Horp P2 e, R P3O 114 £,
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Purification and characterization of pepsinogens and pepsins from
banded grouper ( Epinephelus awoara )

LIU Xi-zhi"*? | QIU Xiao-yan'”, CAI Qiu-feng'**,
LIU Guang-ming'*, SU Wen-jin'*, CAO Min-jie'**
(1. College of Biological Engineering,Jimei University ,Xiamen 361021, China;
2. Key Laboratory of Science and Technology for Aquaculture and Food Safety,Jimet University ,Xiamen 361021, China;
3. College of Food Science and Technology ,Shanghai Ocean University ,Shanghai 201306, China )

Abstract; Pepsin is a member of the large family of aspartic proteinases and plays a critical role in the digestion
of food proteins. In the present study, three pepsinogens (PG-1,PG-2 and PG-3) were highly purified from the
stomach of marine fish banded grouper ( Epinephelus awoara)by ammonium sulfate fractionation and a series of
column chromatographies. In the first anion exchange column DEAE-Sephacel, three peaks of hemoglobin-
digesting activity were detected. These fractions were pooled respectively and applied to SP-Sepharose , DEAE-
Sepharose or Sephacryl S-200 for further purification. As a result,4.0 mg of PG-1,12.2 mg of PG-2 and 4.4 mg
of PG-3 were obtained with purification folds of 12.8,13. 0 and 18. 7, respectively. The molecular mass of the
three purified pepsinogens was estimated to be 35,36 and 37 ku, respectively, by SDS-PAGE. Under acid
conditions , pepsinogens converted into their active form pepsins (P-1,P-2 and P-3) with molecular masses of
approximately 33,33 and 34 ku,respectively. PG-1 converted into its active form by a one-step pathway while PG-
2 and PG-3 converted into their active forms by a stepwise pathway. Native-PAGE analysis showed that all of the
three purified pepsinogens reveal single band with different migration rates. The results indicated these three
enzymes had different types of pepsinogens. To investigate the effect of pH or temperature on activity of pepsins,
pepsinogens were first converted to pepsins at pH 2. 0. They showed maximal activity at pH 3.0,2.5 and 2. 5,
respectively and the optimal temperatures of all PGs were 40 “C,using acidic-denatured bovine hemoglobin as
substrate. All of the enzymatic activity of the three pepsins decreased when the temperature is higher than 50 C,
suggesting their susceptibility to higher temperature. The activity of all three pepsins could be completely inhibited
by a typical aspartic proteinase inhibitor pepstatin A and these pepsins exhibited different sensitivities to pepstatin
A. When the molar ratios of pepstatin A to pepsins (P-1,P-2 and P-3) were 8:1,6:1 and 4: 1, respectively, the
enzymatic activities could be completely inhibited. These results strongly indicated that the three purified pepsins
purified in the present study are aspartic proteinases. Western blot analysis revealed that these pepsinogens had
different cross reaction with anti-sea bream PG-I, PG-II, PG-3b,PG-3a,PG-4a and PG-4b polyclonal antibodies.
These results further confirmed that PG-1 and PG-2 were closely related pepsinogens and share high identity with
each other,whereas PG-3 was different. The results of the kinetic constants of different pepsins were determined
by Lineweaver-Burk plots using acidic-denatured bovine hemoglobin as substrate. The kinetic constants of K, ,k_,
and k,/K,, of pepsins(P-1,P-2 and P-3) for acidic-denatured bovine hemoglobin were 7.0 x 10> mol/L,17.6
S™,2.5x10°mol/ (L + S);5.5%10° mol/L,22.8 S™' 4.1 x10° mol/(L - S) and 5.2 x10 > mol/L,18.7 S™",
3.6 x10° mol/(L - S),respectively. The specificity constant of P-2 was higher than those of the other two
pepsins ,suggesting that its catalytic efficiency is higher than those of the other two pepsins under physiological
conditions.
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