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[ ZE] [H/Y MNH ARG (Anguilla japonica) T8 W 43 8 4 AL A I 20 B H il 24 M i, o H AR 68 i 1) )
FIR 2= B 42 BE AR AR . K07 1k Y 38 2o 5 92 B UL VE 43 R 43 85 e Sephadex G-100 FI Sephadex G-75 Wi 4 8 KA )2 17
4t Ak, B 7 68 5 g R 1 5 5 T TR S T B 05 H Uk (PAGED il SDS-PAGE % 5 28 11 1l 46 J3 130 L 43 - i &, 1) 1 o5
B2 2% AT 12 000 T 9 43 IO ) A5 R SRR L DK vk DU T O S5 R, O A 9 L TR B T O IS W B T A Ak R 1 Bl )
2800 pH R E (&R B T FUE M X 8 LRSS ) msgmg . K25 R H A 68 6 fi7 38 2R 1 7 56 43 oy 65. 3 ku,
i 47 T it R 260, 3 ku, B HLE R 8. 235 i AR M B dlE pH S 8. 2, IR E R 55 C LR IGH #k (K, ) 2l 4. 832
mg/mL, 5 K #E (Vi) 24 0. 269 U/min,  H 7 88 i 7 16 & (1B 7E pH 24 6. 6~9. 0 B RIMFE L 7E 20~55 CHt
BABIF AR E T 7E 60 CUL RREHRE TR, Mg® (Ca®" (Co™ \Ba®" \Mn*" \Cu*" . Zn*" Fl Hg*" %I H 7 8 figj
1 18 2 19 T 0 3 g 2 0 HD O )RR B 0 4 4R R T B b L Hg® i 3 o 4 3R . 1 mmol/L He® " AT Al i E ) 3k &
87.63% ;1 Fe*" A G/ .5 mmol/L Fe*" Al iy 1% J71#&7 134. 53% . & HiF EDTA X 4 5K % F iR (pCMB) il
Cys X B IiG J7 A 52 M, 28 HH Tk 5L 1 15 9 (PMISE) R — i 25l B (DT X il 0 0 W A7 A [ 2 B8 g sl 4 . (46 i8]
F 7 6% g i 14 6 iy 4 SR AR R IR BE 2R 0 I8 T 22 /IR AR R 2, B B R e RF FOUR M I A0 R 1 L BB G ) B Z A B
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Purification of protease from intestine of Anguilla japonica and
its enzymatic characteristics

LIN Jian-cheng, WANG Guo-ling, MIN Zhi-yong

(College of Environment & Biological Engineering , Putian University , Putian, Fujian 351100, China)

Abstract: [Objective) This study purified protease from intestine of Anguilla japonica and investiga-
ted its enzymatic characteristics to provide theoretical basis in scientific development of the diet for An-
guilla japonica. [Method] The protease was purified by ammonium sulfate fractionation and Sephadex G-
100 and Sephadex G-75 columns. The purity was determined by polyacrylamide gel electrophoresis
(PAGE) and sodium dodecyl sulfate (SDS)-PAGE. Enzyme molecular weight was determined by gel chro-
matography,and isoelectric point was determined by isoelectric focusing method. The kinetic parameters of
protease for hydrolysis of casein (enzyme substrate) and effects of 9 ions and modifiers were also deter-
mined. [Result] The molecular weight of enzyme was 260. 3 ku and the molecular of enzyme subunit was
65. 3 ku. The isoelectric point value was 8. 23. The optimum pH and temperature were 8. 2 and 55 C,re-
spectively. The K,, value was 4. 832 mg/mlL and the V,,,, value was 0. 269 U/min,respectively. The enzyme
was stable with pH of 6.6 to 9. 0 and temperature of 20—55 C. The stability of enzyme dropped rapidly

when temperature was >60 C. Fe’" activated the enzyme, and the activity was increased by 134. 53%
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when the concentration of Fe’" was 5 mmol/L. Mg*", Ca*", Co*", Ba*", Mn*", Cu*", Zn*" and Hg""

showed various degrees of inhibitory effects on the enzyme. Hg*! inhibited the enzyme the most,and the

enzyme activity decreased by 87. 63% when its concentration reached 1 mmol/L. EDTA, p-chloromer-

curibenzoate and cysteine had no influence on the enzyme, while benzoyl sulfonyl fluoride and dithiothreitol

inhibited the enzyme. [Conclusion] The protease from intestine of Anguilla japonica contained four pep-

tide chains with same mass. The enzyme was a serine proteinase and the disulfide bonds were essential for

the active site of protease. The activity of protease was affected easily by acidity-alkalinity, temperature and

metal ions.

Key words: Anguilla japonica ; protease;purification;enzymatic characteristics

H A 68 i (Anguilla japonica) SR 68 . )&
Tt 65 A 22 BE M R AR )T AR AR
B FEEFRE AT —, B —Fh kM
2 TR B GROK TP AR AR K TR $R
AR B R R /INER A R U LN fh K AR R
HE L NTARFRAET ) 28 N RS R

Wi o 1088 g 7 LM 110 K 0088 g e i 2 B 22, AT
o3 O B — At | TC S EDRFIR A IR RS LR B —
T kL AT DAAE AR S L A DL Ty Y R — )
b B BT i E 5020 A2 A s A LA 45 ) 5
HerE R AN FE o A TR R i AR ES IR L & B
JoT AR RE A ) L R RE S R A AN [ 2K ) B R
ZHC T B, 2 RN S A I AR R T S G
TR L TR A DR — B = i TR LA A
BEWR 2 A 2R AN BT AR AL R SRR AR AR . A T R
Yy n] B o) 65 fi A 1 A T AR B AR S e T T A
TEEE S ) AR AR S oy R T B A Y AR K R E
LR R . B AiE 2 A BT A W) 57 51
A2 A R W B DR AT 3 G B BT AR ) 68 g 3 Ak
A R S BT TR . B SEN B
T L IR H AR TR AR IR L KOK R A 3 R
B A NS A A8 g R 8% T A I 10 52 R O B AT O
LRI T A UR a2 Sh 87 4 2 07 2O FR I Y
% d , HC TR UE M R A S 1 2 TS O R g ALK
e IR 7 R U8 “ S B B R e 7 2O R H
7S 583 i A 37 JUE 4 00 B 1 S 7 359 88/, Chiu 5
FEEFSE T 2 AT AR B Be H A 8 fig 1 4 1 i 06
71, 85 R R U] 4y 68 A S ) e 1. 5~2. 0
5o BREERLSES B 5E T AN 5] 4L X 55 3% L v 68 fig
(Anguilla mossambica) TH A6 15 TE 1 52 00, & B s
T2 4 Pk 2 v ) ] R Y 68 i S R 1 T R AR
5 5 I B DA A £ 28 Y T AR AR S A AR B
MF MR, AL, A IR HoA B 28 A
it 16 7 (s e A R A S . B M SR B R

P, B 7k (Silurus meridionalis Chen) 35 BURK 7K 4k
G YRR | &) AR N P R B Rk K
A& Wy e Rk 22 5 S eyt 2R P TR R A AR i B
SH I gy W, B HE 48 (Oreochromis niloticus)
1% 38 £ LI I I AR by X R R ) R
AN T S A ok 2 1 AT R AR A . AR
X BB 5 Sy 5 i Ak ) SEC A R T —
FR A S (H H R R I OG T H A 8 i i T A )
B Al A S A M B R W ST AIE . i, A DL
H 74 685 i fi7p 18y J5URH IO 1 L OF W 5% HC il o
JBT & TE S H A 08 g ) ek 17 5 BT ] (A LB AR 4l

1 MRSk

.1 #&# #

H A i fig ok 15 85 I 7 AR PR AT IR | e 8
R (4342) em ICHE FH 1G] 30 S5 ¥R 24 h )5
i #5590 3% JHE IO L T U7 55 B 3 s BOCHL /N ¥ 4 3
Wi I5 4 55 5% B AR il /)N iz B A —FF 4%, T —18
CREHRICA R .

Sephadex G-200.,G-100 #1 G-75 #J 2}y Pharma-
cia 77 i 5 A 1L 2 F R A o 2R s R UK 08 B b o
BEEA9~117 k) B & A #5552 8 1§
RIRERE 1 (TRG 670. 0 ku) A 3k & [ (GBL 150. 0
ku) A I8 T (BSA 67. 0 ku) 3B & 1 (OA 45. 0
kw) FEAR o AL ) i (HRP 44. 0 ku) \DH020-1 %
AT P P 0T, 3800 RAR A AR R A R B s
SR iR (pCMB) 1% Y Ik 5L % 15 5 (PMSF) 2
Sigma 7= fit s R IR EE (DTT) F12 B 2 iR (Cys) %
oAt 1270 13 Sy [ 57 3 A 23]
.2 /A &
1.2.1 Hamen i FEPLE 3 48 H 7 68 by
N SRR IR VIR 1 e ZNBE BRI RE B A% R 25
ke, 4t 150 g, m A 450 mL Fi ¥ 49 0. 01 mol/L
Tris-HCI 2% #h# (pH 7.5),10 000 r/min F # % 2)
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4% 1 min,4 CHi#E 4 h LI 11,30 000X g ¥ IRE L 30
min, B TH . KR FH R B4 450 30 %0 F 70 001
FIVERL 2 42 73 2 4 185 2 1 W R DL TE W 3B BT 5 2 R
B30 (45 000X g) 30 min, fRRLEGHIF . FF50 0 28
Sephadex G-100 F1 G-75 43 F i 55 e 1 CAE LA 15
H 2.6 cmX60 cm) JEHT4ELL. 2 AN EHT RO R
W K 0. 075 mol/L TrissHCl 22 sh ik (& 0. 2
mol/L NaCl), Sephadex G-100 #F )2 #7 i # & 0. 4
mL/min, H 3 5 BRI K % B4 4 mL
WEE USR8 A8, AR A TG ) i R L W AR W]
F Sephadex G-75 ¥ 2 #7; Sephadex G-75 #EE M i
R 0.5 mL/min, B IS 5 mL, R 80 4,
A6 AT WIS 0 A UACAR RS L WO VROFE T I AR 1 Al
e 78 R 2 Pk BB 5T

B R B A2 R FH Bradford™™ (1 J5 i 47, DA
A LT B AR HE SR 15 o B Al Akt R o S R
PRV YR A P v LA D K 280 nim Ab 58 A 0 i Y IO
JE (ODago ) TR

Sk H SDS-PAGE i 5 45 [ il 7. 5 1) #f % 43 5
JF LR 10, 0% 43 B A 3. 0 0 vk 4 i it 47 fL K
o 2% 5 Wy 52 5 R250 e 65, o o B 0 4l . M
SDS-PAGE Hi Jik 115 3K 25 5 25 191 09 A0 X 18 88 2
PLAS bR vE R (IR R (LA o ) 5T
J B X (LS iy RO MERL [BIE .y =
—2.216x+5. 460,
1.2.2 Ea®Ehenl e HEABSHNES R
SCHRLSIM ¥ AT . 7E 2 mL I 5E 1K & rpom A K
TR 2 Y WS R 0.5 mL,0. 075 mol/L Tris-
HCl & (pH 7.5) 0.5 mL, W ZEME 7K 0. 95 mL
KW 50 pL,55 CF W 20 min, IA 3 mL Jfif&
RSN =AW (TCA)Y 4 E 2 % .3 000 r/min
B0 10 min, B 3 W 7E Backman DU2650 B 48 4p
AT B RE H ODogo o LSRN 543 50N
5% =& LR (TCA) Ja B 25 I IR, B 1
AN 1 B CUD S SO < B min 4 1 pmol /L g
SR T T B . LS R U/mg.
1.2.3 ®RaBoiduim Do TRErnlle,
K Sephadex G-200 % i 2 Hr ik CHERLAE A 2. 6
emX 60 cm) , BE A R IRBRE B A BREA A HE
P RN XS B A 1 R BRAR 2o S AL Wl S5 FbR SR L D
5 Flba v 2 A Pk B0 A BRUX B P 43 S5 A X 4R
VE &L 2 Tl A o it £ 5 AR 4l 1 000 200 7 19 35 Jd A4 1L, SR
FE A5y R

2) R HL BRI SE o SR AR AR AR ik

AR A A 8 0 i S 004 4 s 4l A B Ll R R 5T 47
iE .
1.2.4 pHxZa®#mF A %ha WEARFR pH

(3.6,4.0,5.0,5.6,5.8,6.0,6.6,7.0,7.4,7.8,
8.0,8.2,8.6,9.0,9.4,10.0,10. 6) i} /¥ 5 [ it 1%
1 M Hofid pH, Horp pH 25 3. 0~7. 0 B 3£ #£
FEREIR-Na, HPO, 2 i, pH 2 7. 4~8. 6 B {fi J]
Tris-HCl ZE v, pH 2 9. 0~10. 6 B i 1] H 52 2~
NaOH 2% b 22 sk B2 35 8 0. 15 mol/L. #RJ5
VBRI oy 0 5 & P sl & .4 C R AR 1 h
i pH T I E B 7 430 2R I 00 R RS E M
LAt 56 20 J K S 1SR 100 % o At 32t 56 28 LA AR %
it 1% 71 2R

1.2.5 BAEMEQBEHGH R KR F R E
(20,30,40,45,50,55,60,65,70,80,90 C) F & 1
0% ) i GG R . R EAMRE T4
[ N AR BE 1 ho SRS B 50 p L kb B A i 7 H
T VR B R W L RS T, 43 BT A R AR E . DA
BRI 21 e K % S 100 %0 . Al 3 56 20 L) A X il
AR AN

1.2.6 &Mk & F A 4546 7 31 & & 8 ) 49 %0
T4 B TG O 0 I E AR & b 4 i A MgCl,
CaCl, ,CoCl, , BaCl, . MnCl, . Cu, SO, #1 ZnSO, , {#i
H 2k E S 100 mmol/L, 8 # il A 1 mmol/L
HgCl, 5 5 mmol/L FeSO, .ilE A% 4 )8 & 15
9 -Gl S W PRy I 3 D T = o< 5 i ) 1| VN KO
mmol/L DTT.0. 1 mmol/L PMSF.10 mmol/L pC-
MB.10 mmol/L Cys #1 100 mmol/L EDTA & /i
FR S WU o A 1 700 5 0 2R S . AR WS N 4

JFB 8 - ARG A 7R 11 X B AL T ) Ry 100 %0, W E 4%
TR 2 Y R X Al T

1.2.7 ZBaBKBRMIBEOGIAFTOMN 1
AR S 0 AR AR O R R A S5
JE DU S W o i 4k 1.5,2.0,2.5,3. 0,
4.0,4.5,5.0 mg/mL B} B E#ENE 7, % H Lineweaver-
Burk XU E0/E B2 R U g 09 oK IR 80K,
F5e R E (V)

2 AR5

2.1 BASHEFESABNI B4

A 68 fi iy T8 28 5 S il 42 A FR 430 30 06
70 Y0 1 VG R i 43 R4 S BT S 0 IS A5 B R
LBl ] 57 L 2893 Sephadex G-100 43 T 41 2 #7402
afife, hEt 3 A E B g (B D EEAE 2 A
A R R B R T R S S ) s
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Sephadex G-75 /> T HitE E M 08, LB EH . R
WL T AN 0 (B 2) o i £ i 36 g 06 e 4045 3] 4l
A5 HCN 18,12 B L 16 S 104, 01 U/mg W H

). R 1M Lo B sl g R T, B s —
6.0~ o—eofiit ) -0.8
B Enzyme activity; |
o~ 5.0 O_OOsznnm
. L 40.6
25 40F
38 50f {os £
Co A
! S
yp s 2.0F
éﬁ m - 0.2
1.0F
0.0 0.0
0 10 20 30 40 50 60 70 80
W 44 %0 Tube number
Bl 1 H A 88 i 7 18 25 1 i 28 Sephadex
G-100 JZ2 B 14 6 1 il &
Fig.1 Column chromatography of protease from intestine of

Anguilla japonica on Sephadex G-100 column

Al R B B T LS R W i Al A A R
AN R U B il o AR R 2 R B R G B L Al Al
PR AR RS R 5K B 42, 0100, YW i 40
WT5 S A BATAT

60r ; 104
I o—o T/
50k Enzyme activity; ]
Tf\z\ I O :Osznnm 4023
2 40
5 5 3
2o 30
<2 |
E g 20
m L
# 1.0
0.0 .
0 10 20 30 40 50 60 70 80
W 4% 0 Tube number
Bl 2 HABE 6 % 18 & [ #f 28 Sephadex

G-75 JZ2HT 1 3% It fr &
Fig. 2 Column chromatography of protease from intestine of

Anguilla japonica on Sephadex G-75 column

x1 BAARBHFEEAEBBNSBEHL
Table 1 Purification of protease from intestine of Anguilla japonica
. 3PN s i LU 77/ ;
afi {4 N o P ai b P
kSR GEAR /Mg (UemloH  SEBIEIU GG s SR ey
Purification = . Total 2 Purification .
Total protein Enzyme . Specific Yield
steps . activity . (fold)
activity activity
ML Crude extract 55.38 1.81 317.85 5.74 1. 00 100. 00
PR A4 30 V0 VR R B FR i £b AT T / -
30% (NH.,), SO, fraction 32.26 2.22 273.82 8.23 1.43 86. 15
MR A3 H0 70 %6 1 I R 4 BT 388 T T - -
70% (NH,), SO, fraction 21.58 2.77 249.72 11.57 2.02 78.57
IR AEEEIE G-100 27 - 2 of ;
Sephadex G-100 fraction 7.75 2.29 193. 95 25.02 4. 36 61.02
iSRG G-75 J2 B 1.28 2.74 133.53 104. 01 18.12 42.01

Sephadex G-75 fraction

alifbJm i 25 B R 28 PAGE %5 B — 1R
BB (P 3-A0 i B 2 T o] 79 328 3 Rl 9k 4 255K
SDS-PAGE H ykcA& il 45 3¢ ([ 3-B) F B, 73 £ 4l b
RAG T B H A 3 fig iy T 40 2 e R 7D

117 ku
90 ku
S 65 3 ku
el 49 ku
Protease L 34 ku
" 25ku -
i 19 ku -
A B
3 HACH8 i fi7 8 2K H B I PAGE(A) &

SDS-PAGE(B) Ft ik 4 %
Fig. 3 Polyacrylamide gel electrophoresis (PAGE) (lane A)
and SDS-PAGE (lane B) of the purified protease from

intestine of Anguilla japonica (Mw molecular weight)

R Al 25 1l 1 R X S B8 2%, SR A AR 1 g I R )
TN 65. 3 ku, F— 1 H A 68 fif fi7 185 40 2
3 o B AL R BT IS AR AR AR Oy 104, 5 mL, 2 1 i
153 F B Ry 260. 3 ku, 5 HL 5N 8. 23,

2.2 pH 3t HZAEBEHA7E E G BT N

Bl 4 SR, pH (X H A 68 i fig 186 8 (A5G G O
73 B2 e S A B R ity 2k AR Ak, R B E pH (E N
8.2, Ry Mz AR [ Y R B RS A2 1k o L AE R TR
pH T43 1 h J5, 45 /LW E B BEAE pH 6.6~9.0
IX 35 P A TR 2, 26 pH 10, 0 2% i Ak B8 S A X il
WA 10. 1%, 78 pH 6.0 DL F AT 1 h 5
SR I U W2 AR X R B R AUk
2.3 BEXMBAEMFEEAHEEINERE

PS5 n] U, A 8 i g T8 R R AL S AR
KA B & R R 55 C LR ETHR R 65 C LU il
T TG R R L R E K 80 C I R 1A 13.8%
b — 5 AR AN R R AR 2] 1 h 5 0 B
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AR IR L A5 - A 688595 i 2 11 8 ) 0 8 Ak R FE S R ST 5 49

L EEREI L AE 20~55 CAMEE 1 h J5 A X BTG 1
WARFFAE 82 % L) |, F2 W H A 18 fif fizy 3 25 14 il A
R XA B AT B R e M s (B E 70 C TR ARER 1

(=}
S
1

el
S
T

60

40

AH %Y B S 73/%
Relative activity

20

Bl A pH & H 7 65 i fi7 36 25 1 3 T 19 5 )
() i pH; (b) Wbl e o
Fig. 4 Effects of pH on the activity of protease from
intestine of Anguilla japonica

(a) Optimum pH;(b) pH stability
2.4 EEBFMEIGFNAAEMIZEEQBF
pal: sk

M 2 B FEA S 254 5 L 100 mmol/L )
Mg®" .Ca*" .Co?" \Ba®" .Mn®" ,Cu®" #l Zn®" 0] 43 41|
fili H 7S 68 il iy 8 2K 1 S 0 T2 2K 3. 6420,28.80 %,
43.30%,45. 80%,57. 04%,92. 42% H1 96. 20% ;
Fe*" X6 1 4 558 9 00E 4 H . 5 mmol/L Fe*™
AT 4 e 134, 5300 s He™ ™ Xt 2R A 5 211
Mol /e A, 1 mmol/L Hg®' W] i i 1% 7 3k &
87.63% ., IRZERULH L BRT Fe'' Ab, A 8 Fh &
Ja& B X H A i i iy 1 E 1 S 0 34 A A R R BE 1Y)
HI/EH Mg F1 Ca™" X 2R F B 06 1 5% i /N, &

h AH XS A0 16.1%,90 C FAREE 1 h 5 F s
LRI .

100

80
\Q b -
B
RE 60F
g
g2 I
75 40
2 3

20

0 ]
100
¥R E/'C Temperature
5 3R B H A 68 i i i 2R A RETE  R5E m
(a) JRcilhi i B 5 (b) IR E M

Fig. 5 Effects of temperature on the activity of protease

from intestine of Anguilla japonica

(a) Optimum temperature; (b) Temperature stability

G @ BT Cu®' B Zn® " XA A S0 AR R0
He® " il /E et . AR 2 36T 0, 45 @ 25 1 g
A R EDTA X 8 A BgE 1 B 20, 3 H A
58 7y 36 E A BE RO IS RO S SR E T R AR
JiE B 1 s S B AR A7) pCMB A5 B Ak 154 Cys X
B LT TR e L DGR H A 68 i i 08 2R
ANRSHFEE AR DTT 5 PMSF X H 7 i fig i i
A B A [ 2R BE B 1 A L R PMISE
(A VE i . T PMISF & 22 502 25 11 i 41
il 780 DTT J2& 5 6 A9 48 Wi ) - 18 B H A 68 fig 7 3
R — 22 S8 R AR . 0 R X R T
18 2 1 6 T Y

R2 IMEREBE TN MSIHHN B XBMZERSEE NN

Table 2 Effects of metal ions and modifiers on the activity of protease from intestine of Anguilla japonica

A W/ A% W E 1/ 70 A W/ AR XS W 1/ %
ke . " I . :
. (mmol « L™1) Relative . (mmol « L™1) Relative
Compounds . . .. Compounds N . ..
Concentration activity Concentration activity
X} 18 Control — 100. 00 HgCl, 1 12.37+2.43
MgCl, 100 96.36+0. 83 FeSO, 5 234.53+6.58
CaCl, 100 71.20=+2. 36 DTT 10 73.08+1.53
CoCl, 100 56.70+2. 28 PMSF 0.1 0.00=£0. 00
BaCl, 100 54,2042.91 pCMB 10 99.8840.13
MnCl, 100 42.96+3.02 Cys 10 99.9240.52
Cuy SO, 100 7.58+1.56 EDTA 100 100. 0240. 25
ZnSO, 100 3.80+1.01
2.5 BASBWHFEZAHBKBEDEEONII A HEQ) 5 50w HE B E 8o 1R, [HE S 3 5 4
=i JREN y=17. 9650+ 3. 718, 5K 15 & 1 W 19 K [C

TEE IR K fF ISP s B I s W 1. 5~5. 0
mg/mL B}, 58 H 7 48 6 iz 18 25 H B A0 36 1, 8 ad
Lineweaver-Burk XU Kk K15 . LU W o o 1k 19

B(K,) N 4. 832 mg/mL, i KW E (V.0 N
0.269 U/min,
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A I 45 R R W], H A 68 i /)N i 2 1 e SR )
T 65. 3 ku, 1M H A H > 5 U 260, 3
keu, fOH AT DLHE T, H A 68 fi 2 11 0D RE 4 S5 AR
JIREEZH B, A [ £ 26 28 1 I B 21 I K H RN A
[[, # 8 (Monopterus albus Zuiew)™" Fl J 25 #F
(Scophthalmus maximus L. )P iz 8 25 1 g I 3843
TRy Sk 25,5 F 58 ku, M i (Mylopharyn-
godon piceus)H Fl B B (Mustelus mustelus )™ ik
A B AL Sy 7 B4 44 1 24 kea, B 6 i T8
BT P IR 1 AR IR EELE A, BT H
7 B3 i fiy 1 R 1) I R A B B 2 L A G 4
HWBR,

AR S5 R F W], H A 68 by g 3 2 1l — b
2% R B VT T JBR R 1 e T 22 SR B I R R
14 7 Ak T o D) I DBy H A 68 figg Jigg 3 2R 1 Tl D 2 —
JBAR U . B e P IE AR ¢ AN SR B Ak £8 (Ore-
ochromis niloticus X O. aureus)""* Jif 18 g & 1 i th,
I R B 1 R T K 38 B i T R R — A
S I 0 R R — B R R

BT S R R W], H A 68 i gy 1 AR Y R
Bt pH 8. 2. 78 pH 6. 6~9. 0 A R DUOR 35 85 i
TP 5 P i R ST O 00 G D R AR Pl
i ( Ctenopharyngodon idellus)™ Fdt R ¥ T fa
(Sardinella aurita)""* & H i (A.B.C) it i pH
¥k 9.0, BRE Y HH A A0 (Thunnus tong gol )"
JoR R 1 i el pH 2 8. 5, 1T I 80 AR U7 Bl (Fugu
obscurus )" B AW G pH & 2. 5; Chiu £ B
58T H A8 G &)y 68 0 6% g 2 A E SRR P LA
PP I 754680 ng 68 rp i) e i& pH 435924 1.5 Al
2.5, P II 15 &) 8 F1 il 68 v i) fe il pH X905 3.5.2 F
HE ol pH R RYE . AP, H A SR
fii i 18 SR A R AE pH 6. 6~9. 0 NARE . 7E pH 8. 6
TAFE 1 h S E AR A 91, 7% {A7E pH
10,0 MEMBEH AR 1 h G, EAME I HA
10. 120, A 68 figg i 68 365 BT A% pH 7. 2~9. 0 fyK
PR KL 5 R BT R F R 0 R R
(pH 7.0~9. O ML, ¥EE 448 1 (Thunnus alba-
cores )P B A (A.B)TE pH 6 ~11 W& ;5
iU R A B A AR 7E pH T~ 10 FRCE
5 h ZJEh8A 802 LA L 1 s B 65 i il 2R 1
Tt 2 TS 802 1 L 7R pHL 12 R 2 AL PR 5 b, 3% )ik
A 550, MBI R L TE 20 Cok i, U@,

#&6 ( Anguilla bicolor) WG H KW pH K 4. 0~
9.0 1A B H 5 14 T iR BE T

e T2 B A B O A G L B R £ £
JHF Tk U 1 il A3 Ui Ol 45~55 C. A MR R
B, 2 YN BB T I A 11 04 B 35 R 0 Ry 50 C
B R R A RS IREN 37 C. ek
0 TR 1 1Y R 3 TRLEE DN S 65 C T B AR LR
filil ft (Ictalurus punctatus) ™ & F1 1§ CA) Fndb %
T P R AR (AL OO I B IR R 55
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