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40 % %) (NH,) ,S0, 2% 72 #5 11, T 2 1 71 J3 60 % 11
(NH,) ,SO, ER AT B0 S 45 B R it , RS P28 B 2Bk
B S 5 A 48 SephadexG-200 41 )2 AT #4740
o R FH 2R VR A4 T e 6 M P, Dk 2R 4 il P 40 6
WA SR R 3% , 53 B S FE R 7%

it 3% 30 RO AR R EAR RS mL s 3 mL
0.2 mol/L. HAc-NaAc pH 5.02% #f ¥, 1 mL 10 mmol/L
MgSO, J% 1 mL 5 mmol/L 119 Ji 49 %o il J2 24 s iR — 4k
(pNPP), 7E37 C'F, Hi#A 5 min, fill 100 pL B , [0
10 min, #& J5 2.5 mL 0.2 mol/L. NaOH ¥ ¥ £¢ 1| %2
N7, 2508 7K AR Bl 1 %o B, F 420 nm G
Wi AR A R FEAE IR 2 bl
it 15 1 PR RE SR AE 3T CAMET, LIS 32K
BERR — M (pNPP) R, 1 LW | min K i IK Y fe
AR SR B, A1 mg ZE T 1 min 7K fi# pNPP
TS R BB LA 1 SRS Akl s
BFTHREE , AR IS F AR R R
1.3 H&ERMEBEREREME LI RNE
1.3.1 EHFEMNNE 2ifbiIBER A SDS- RN
PSR R LUK VA HARR T 31 THEED 6 FhIR
G F MR BT A, DU R A6
RS RAEE ARYERF AL S B2 KPR fh 22
(815 5 R R DU e T R Bt
132 BHMREpHE.REREMNNE 7121
BRI PO A 2 v, AR R R 1 pHLAEL, LSRRI X
pHABER, F5 KRS 77 Bt 7 9 pH A AR 52 7 9 45
T pHH, BB R R, IRV, i
IR 1 J3 X5 1y At Ry TR S o7 Py Bt 2
133 EBRRNEECKEREHONE 72121
fiff 35 1 I 2 K & P, 7E2 min 4 min .6 min 8 min
10 min 12 min . 15 min 120 min BsF43- 51300 52 K2 335
AT e JS Xk 5 I I T P, JHG A58 Sy AR 52 7 1)
WL, 7E F 3R iE T30 5E iR &, 222 iS4 pNPP Y
WE , 43590300 5E 6 FE 4 Smmol/L , 10mmol/L , 15mmol/L |
20mmol/L 25 mmol/L FsJ 19 Jsz I 8 B, 42 JE 4% SR 43 1) =K
1 FN1/[S T, 142 IR Lineweaver Burk B 4E 815K 1%
RO TR AR (K,) TR K SN R (V)0 BLERTE

XHIEEERN N K, , AR Y H#E A vV,

134 BEMERMEBRSNE 55 3BORE pH P
ZHEZE S mL, fil A 200 uL A, T 280 nm ALl
WAL, W2 A 5 K B A B2 /DN, I FoF 4 o i 1Y)
pH B AR 45 L s o

1.3.5 BERZESNERUEIERME  BOE S, T
200 ~ 400 nm ABMWOGAE, 25 3 S M BT .

14 £EBTFXE&BREBIREEE N MmANE
141 E1NMEEBESEFIEETANEM 783l
0.2 mol/L pH 5.0 Y NaAc-HAc Z& MK .1 mL 5 mmol/L
[ pNPP ¥ W 194 mL J2 B AR & o, B 430 50 i A
0.4 mol/LIY IE LB 4 & 8 7 Li, {1 4 J o P20k
JE 43 5] S~ 1 mmol/L.2 mmol/L .3 mmol/L .4 mmol/L,
5 mmol/L .6 mmol/L .7 mmol/L, ] i} LA A Jil 5% 4> J&
B I A 2R R B 37 CE K T BT
5 min, /il A 100 puL§ &, 5% & 10 min, il A 2.5 mL
0.2 mol/L /) NaOH ¥ W& 2 18 S, 43 51 U 5 420 nm
A A (W AR, 22 M L X6 Tl 0% 0 5% i 4 34 iy
2o RFHIRIRE T 143 5000 5 Na ™ UK X i 3% 114
FALISIEZ AL SR S

142 WIEEBEFEEANEE WiSEE
F-Mg™ . Ca™ 1 Ba” Xof Fi 1 iR M i IR R T 4% 7 1) 56
M0 7 7724 ) 1.4.1

143 HE£EBSFXEENNZN 1410
4 mLL A4 Z H B4 A 0.02 mol/L Y ik I 4
JBE T Zn™  Mn™" |, Co™ R Cu™", i 45 42 i B T e
B 43 51 >4 0 pmol/L .50 pmol/L . 100 pmol/L . 150 pmol/
L.200 pmol/L 250 pmol/L 300 pmol/L 350 pmol/L, #%
LA B 43 BINSE Zn" . M, Co™" Fll Cu® Xt G
WAl Bl 2 2 SR R

144 BE£EBFNEHEEAINZM 7141094 mL
SNARZ B BT 0.04 mol/L 1 H 4R B 1 He' '
Ph" | Ag' FICE", i 4 & B2k 530124 0 pmol/LL
100 pmol/L 200 pmol/L 300 pmol/L 400 wmol/L .
500 pmol/L 600 pmol/L, % 1411 75 ¥ 43 51 M &
Hg™"\ Pb*" . Ag™ I Cd™" XHEE FI g , -2 52
FEEZTIES
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Fig. 1 Elution curve of ACP on sphadex G200 column
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Fig. 2 Polyacrylamide gel electrophoresis of the component | of
ACP from Ctenopharyngodon idellus
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Tab.1 The purification result of ACP from Ctenopharyngodon idellus

AR SR mL - SEF /mg SUE T /umol UG /] /umol/min - mg FE [T /%
Step Total volum  Total protcin  Total activity Specific activity Purification multiple Recovery rate
SO IR
Supernatant centrifuged 23 1635.88 1595.23 0.98 1.00 100
from homogenate
60% (NH,) S0, JTVE I
Solution of 60% (NH,) ,S0, 4.8 261.4 313.35 1.20 1.22 19.6
precipitation
G200 H:)ZHr
G200 column chromatography 3.8 6.914 40.32 5.80 5.92 2.5

22 ERELMERNELESR
221 HFE 40 1 L SDSENEHER K
HERLAR TR 2 LK 3 FE] 4,

F & 3 1AL, 4143 T AARXTIERE R R 0.211, FRAI
o3 TR TR AT £ (B 4) alF0, 205 T A XS
J3F e 100 046.1
222 MHREpH.RIEZRERMHME HESH

DAt A0 R 0l 2 T ot 1) i pH TE 4.4 FfF 0T, Fif
pH BT = BTG 13208 T W o B St il A 45 CC
6)o Y EE T FHE 60 CH, B IE M PR T, L
RN £ PR P E BRI N ) A PUBIE S, LT,
&I 8 W LA th , i B E il i B 45 °CTF Ham MmOty
33 min, 20 min I R IR TE M. 60 °C T I P 52
FFE] A 25 min, 76 15 min A ZEE0H e R 1



972 O K R e

Hy1T—»

Component |

K3 FEAFRVEBERRBREGLL T | ) SDS SRS M BE S L VK 131 1
Fig. 3 SDS polyacrylamide gel electrophoresis of the component I of ACP
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Fig. 5 Effect of pH value on activity of ACP
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Fig. 7 Duration time of ACP activity at 45 °C

223 BEBERMNANEECKEREHONE HEHE
SN s R (11 9) B oK G 5 ) I e &
S CIE110) R D, e PR Al 2 1 i Tt 52 1 40) ok
(v,) 90.047 5 pmol/ (mL + min), K [ # %K, =3.56x
10~ mol/L, e KW i V., =0.153 pmol/ (mL * min),
224 FEMSES FOFRPEREIR NS B A E
ZE0L (I 1) T ARt 6 i T ol 2 1 il 1 5
7 4.8 BT

2.2.5 ERAGEIMEIRIBEIE A TR IR TR
LEHMEIO IS A e 254 (K 12) ATLLA Y Hfh
P O A2 1 il ) 5% IR AT U 7 240 nm 11 280 nm AL,

178
>2r y=—2.161 3x+5.456 2
50+ R*=0.9957
48+
3 46f
44t
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4.0 : : : J
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Fig. 4 Low molecular weight protein’ s standard curve
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Fig. 6  Effect of temperature on activity of ACP
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Fig. 8 Duration time of ACP activity at 60 °C
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Fig. 9 Initial velocity of ACP for hydrolysis of pNPP
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Fig. 11  Isoelectric point determination of ACP from

Ctenopharyngodon idellus
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Fig. 13 Effects of monovalent metal ions on the activity of

ACP from Ctenopharyngodon idellus

REVIMEIR JyBa® . Mg™ | Ca®, 2 ik 16 4 J B 1k
JESER B —E FRBERT, W RO/ AT TASE o

233 FEEEBTFXEBEANZR LESE
B Co™ Mn™" | Zn" | Cu®" SE XTI 77 4 52 0 2
S5 (E15) T LAE H, Mo XHZREA B0EVE i
Zn®" | Cu’' | Co® MR MHIME] . MRS fk
F/IMEKIR R Cu® L Zn®", Co™" | Yk 4b 4 J B T Uk i
HER B —E R R, X RV E T TR

[s]

B0t P M AR TG W £ S oK PG il
N B umol/ (mL - min),[ S ] BAf A ptmol/mL.
Fig. 10 K, of ACP for hydrolysis of pNPP

The unit of v, is pmol/ (mL + min) and the unit of [ S Jis pmol/mL.
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Fig. 12 UV absorption spectrum of ACP from
Ctenopharyngodon idellus
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Fig.14 Effects of positive bivalent alkaline earth metal ions on the
activity of ACP from Ctenopharyngodon idellus

234 EXEBETHEMEANEME H . A
Cd®" FIPh™ 450 4 g 15— X ARG 7 1) R ) 5 A
DL 16,

B 16 R, He'' | Ag™, Cd*" AT Ph™ XA 11
il AR R KB MK KON H L Ag™ Ph™
Cd™ o Horp H® 22 it 1) 90 ) VB FH 5, 300 pumol/L
A B RV R (S A3 74558 85.5%

235 Mg'. Cu* X EEiE N ¥ MBI zh hZF N E LS
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R OHEITAIL, Mg® A EEAEE 1R R 2 S h
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Fig. 15  Effects of transition metal ions on the activity of ACP
from Ctenopharyngodon idellus
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Fig. 17 The activation effects of Mg®" on the ACP from
Ctenopharyngodon idellus
The unit of v, is pmol/ (mL * min) and the unit of [ S Jis pmol/mL.
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S 2 R WY, B I IR AR T il 1Y) o
pH iy 4.4, 3 55 HAB K AE B 1 19 1 3 1 T il 1) e i
pH {H 25 5 AR/, 40, il 2 (Stichopus japonious) R
o4 8 i ) 505 pH g 4,417, 75 £ 6 15 85 (Anodonta
woodiana) TR 14 Bl & Mg 1 1 B%iﬁpHﬂiM.S[m, KE
X MR (Penaeus penicillatus) 2 3C E i (Branchiostoma
belchers) A1 W 192 TR G 1) 532 pH 35 451172 A
AF 55 e R P B IR TR T 1Y) 55 P Sy 4.8, T B
XHURRR LR AR S r ol 4.7 I B e M R
TG 1 265 PR 4217, S B, £ TR A TG 1425 1

BOEVER . I8 HI L, Cu®t HsgmafEny K, {4, ff
BRI S 11 A = 1B S By S i1
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Fig. 16  Effects of heavy metal ions on the activity of ACP from
Ctenopharyngodon idellus
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Fig. 18 The inhibition effects of Cu”" on the ACP from
Ctenopharyngodon idellus
The unit of v, is pmol/ (mL * min) and the unit of [ S Jis pmol/mL.

RO 405 AB ST AT bt Rk WA R T A4 K,
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Characterization of acid phosphatase from Ctenopharyngodon idellus
and effects of metal ions on the enzyme activity

YANG Lihong, XIAO Bo, WANG Xiaojie, HOU Yueli, WANG Jia, SUN Jing
(School of Life Sciences, Ludong University, Yantai 264025, China )

Abstract: An acid phosphatase (ACPase, E.C.3.1.3.2) was extracted from liver of Ctenopharyngodon idellus. Then it
was precipitated by ammonium sulfate and purified on sephadex G-200, and a single band of ACPase appeared in the
SDS-PAGE gel. The maximal UV absorbance of the enzyme was under 240 nm and 280 nm, and the isoelectric point
was 4.8. When the acid phosphatase was used to hydrolyze pNPP, the optimal pH was 4.4, and the optimal temperature
was 45 °C . Furthermore, hydrolyzation of the enzyme could be activated by heating, and the temperature of heat
activation was 60 °C . Thermo-stability experiment showed that activity of the enzyme could last for 33 min at optimal
temperature, and the maximal activity was revealed at 20 min. The activity of the enzyme could last for 25 min at 60 C,
and the maximal activity was revealed at 15 min. The initial velocity of the enzymatic reaction was 0.047 5 pmol/min and
the maximal velocity was 0.153 pmol/min. The Michaelis constant (K,,) was 3.56x 10~ mol/L. Effects of metal ions on
the enzyme activity indicated that the enzyme could be activated by K obviously, but could not be affected by Li" or by
Na'. The positive bivalent alkaline earth metal ions of Mg”", Ca’" and Ba’" could activate the enzyme, and the activation
ability was as follows: Ba” >Mg’" >Ca”". The transition metal ions Mn>" could activate the enzyme. However, Zn’",
Cu’" and Co”" inhibited the enzyme. The heavy metal ions Hg*", Ph*", Ag" and Cd”" also inhibited the enzyme, respec—
tively, and the inhibitory effect of Hg’" was the strongest. The mechanism of Mg”" or Cu”" affecting the enzyme indicated
that Mg”" could make mixed activation on enzyme, but Cu*" displayed competitive inhibition on the enzyme. [ Journal of
Fishery Sciences of China,2010,17 (5):969-976 |
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