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Nishita 2 X} #5 4L 51 W ( Chlamys nipponensis) [{]
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WLEREE B A E LK R 39 295 30% 5 35 R e T
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kAP A 5 ATP 454 1Y B E 7 51, e ATPase
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FEALSES WML XHF - D, T 08 25 # )
PSR s HAEH KL, IMS b [ R 15 i K
SDC -6, #H 2 ;pH i1, E sartorius PB - 10
721 BUGPOEOG R, RIS A PR A A
WUR & o0 B, 18 [ HERMLE; & [Q A5 & 3t
DV -1I + , 3% [ BROOKFIELD;

F A o A7 4l SR (PCA) (#h iR Ak
B Tris R SR B L = AL B K it /K (Elon ) Al
ATPNa, ,

1.2 EALZEENRIRESH

LIS £F 4 35 1 ( myofibril, Mf) /1) 32 BUCR H
Kato 2 {75 o 8 S0 B A 722 UL o 1 A 45
ALK A 0. 1 mol/L KC1,20 mmol/L Tris - HC1, pH
7.5 ZE WA B VR 3 U, BUOTUTE I A E £ 0. 1
mol/L KCI1,20 mmol/L Tris - HCl,pH 7.5 2% #h ¥
R2),2 IR A vk, DR ED y M i, B
SIS B AL K PR, 230075 2 A 52 LU D 21 2
HH (A - M) FSNEBENUR A 4EE H (M - Mf) .

Ve i B L B B MIF, 25 B K E A B B R
JE A LB TR AT, 70 3 LS mL T B .04

H % 1 M HCI/NaOH 4 pH & 2.0.3.0.4.0,
4.55.0,6.0.7.0.8.0.9.0,10.0 F1 11.0,i% 2N
+0. 03, KI5 4+ 30 min, 7 J5 8 000 g B5.0 5
min, 5% ORI I 7 b 0 o

KR WOiE e MF % (1 =0.5,8 ~ 10
mg/mL) ,{E 20 ~50 CIEE AN LA 2 C/min F 5 35
JEE K I 00 5 G A
1.3 MEALZEQREESHT

A ATPase 7% M o5 0 & %t 4 Watabe
45 UR Yokomoto 45 ik I MHOE XY
iR E A ATP 2w #% [ 1 mL 40 mmol/L Tris
- HCI,pH 7.5,0.1 mL 0. 1 mol/L CaCl,/MgCl,,
0.3 mL KClI (¥ E " #),0.1 mL 40 mmol/L
ATP ] IMAMREL ~1.5 mg/mLALE L 4EHE 11 0.5
mL(7/=0.180.5),25 C/K¥s 5 v (B Al ),
ZJEMA 1 mL 15% PCA yKi 1% 1k, i & 10
min, M EWE 1 mL A 1 mL B B2 H IR B A 1
mL Elon Jz /45 min,640 nm il & W S61{H .

& F 3% F st ATPase F 2 89 % v I =
0.125 ~0.5: 76 iR B P A ATP J i, H 43
4 0.3 mL 0.5,1.2,1.9.2.5 mol/L KCI Fi
0.5 mL Mf % (1=0.5),25 TR IR O,
2.5.8.10.15 F1 20 min, Z J5 E:4E R A,

1
BTREHFAR =3¢ xZ Ut ¢

PR RNE TR IE  Z, RO TR AT A
X RNV WCR A B T A

% Z < ATPase & M 4 % v 1=0.125.7
AP A ATP % (0.3 mL 0.5 mol/L KCI)
0.5 mL Mf % (1=0.1),F 15.20.25 .30 .35,
40 145 T/ R 10 min, Z J5HAER A,

1=0.5:J7 %6 b, ATP J g 42 70.3 mL
2.5 M KCI,Mf /A7 I/ 0.5,

pH #I ATPase 7#& M 64 % v I1=0.5.805%
OEMAE W[4 mL 228 57K.0.4 mL 0. 1
mol/L CaCl, 58{ MgCl, .1.2 mL 2.5 mol/L KCI,2
mL Mf % (1 =0.1)], %95 pH(pH %% =
0.03), ZJarali 1.9 mL & Tl 4, mA
0.1 mL 40 mmol/L ATP,25 C/K W 0.2.5,
8.10.15 120 min, Z )5 #AEIR A,
1.4 Ca’* - ATPase 4%iE45 M4

B ME %W (1=0.5) 78 20,25 .30 .35 .40 Fil
45 CT/RBHE 0.2.5.10,15.20.30.40 .60 .80 F
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100 min /5 BL 0.5 mL g A ATP Jx W ¥ % & W N

10 min, Z J5#:4E R A, 120 - :ﬁg%ﬁggigg /:ATAff
AIFV B F 3 R Ca’ '~ ATPase 2 i 45 1 : B o\oglzg:

MEF(T =0 D) PR KRR T = o

BREER 0.125.0.3.0.5.0.7.1.0 f1 1.5, F25 TK £2 .t
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ATP [ B R 10 min, 2 J5 B4R TR A,
L5 SHitHHh
I F Excel 2007 B4 47 B4 730 7
HAXS M BE (% ) = (FE 50T 10 1 ik 32/ B
R AR ) x 100% 5
REERHE K, =1/t(InC, - InC,) , C, FI
C, 43591 42 7% A I i A 3L (o) B ) J5 A Ca®” -
ATPase JEp:1

o R

MERFHEZEARNBBEREE

B A-Mf FfI M - Mf 26/ 57 5.0 &
A, i 75 S5 L A e R G T v, HL R ORI R
¥ BRAE A i A5 7 (pH 11, pH 2) (] 1) 6

2.1

= AFRNWURSHEEA A-MF

120 1
- SNERAURLT 4 H M-Mf

100 ¢
80 r
60 -

40 +

FAXSVERREE | %
relative solubility

20+

0 1 23 4567 89101112
pHE pH values
E1 pHXHZNFMIERIREFLEESRRBRENZME
Fig.1 Influences of pH on solubilities
of A - Mf and M - Mf

JUU VG £F 24 B 10 V8 VR0ORS 32 I L 1 A8 b R AR S
e b AR . B DL A - ME R M - MF /)4 i
AR PER B BLAE 30 ~ 35 T, (8] Mf KG T B¢
(K2), MifsaBmggE B THE. 55
HESh By a2 L ME B9 P AR b2, T HE 3 )
AT H LR ME e P

Ak, A - ME A2 PRI T M - Mf, Hiss
B 000 2 A8 M T R A IS AR MR B Y R TR AL A
- Mf I M - Mf {490 b5 7248 M R B 78 33 130 T4
A WIS IR B A 38 R 36 TG (K 2),
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O 1 1 1 1 1
20 25 30 35 40 45 50
HRE / °C temperature

B2 BEMARNMNIERINFEFEZEHRENRN
Fig.2 Influences of temperature on
the viscosity of A — Mf and M - Mf

2.2
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BT REN TR PN YRR IR SR N
- Mf ffj Ca’" - ATPase i 7 & 1k 25 fb, Mg”" -
ATPase i PEfIL H-F 12 (& 3-a,3-b) ; M - Mf (Y
ATPase WLl 2] A [F] 45 5% (K] 4-a,4-b) . WL, 5
HHESD Y oy 28— FE VR AN B DL MIF R OE
Ca’* - ATPase i ¥ [t Mg’ " — ATPase H. 4 B i (1)
[

WRFEE D1 A - Mf ) Ca®* - ATPase % K i ¥
HBAE R TR (1=0.2 ~0.3) L A (& 3
—a), X 5 H ARG A B IS A e AR A, a0
AL DU M SE DUNLER 8 = | [ 3t ( Pennahia
argentata) 5§ % ( Theragra chalcogramma) JjJl 3k
HP" 8 ( Cyprinus carpio) WA HE 1" .
7 [ JBLER ( Procambarus clarkii) JJLER & 11" LU
K ELER & (117 o Hayashi 51 BF 57 32 0 v
TR (KT ) X L5 £F 24 25 1 ATPase i P47 2
Tt 75 X = B R B S - 1 R B (R
Bt DD J5 WUER AR 11K 38 ) 15 P AR AR F — actin i1 £
PAERT

M - Mf ff§ Ca’ "~ ATPase i YL ik T A - Mf
(18 3-a,4-a) , A, M - Mf [fJ Ca’" - ATPase
TR BLAE T=0.5 (18] 4-a) , X 5 38 JLBR 2
PR (ELASE DG TE (2, 39 B IR B 5 A5 4 2 1
F L.

ZE BT, LA - Mf 5 M - Mf f27E — &
25t o R, NAZ e i A R LA S R
EEBHS N ZES TS S, A&
I Je -1 UL, 0 L9 LR LBR 2R A R AR T
PR FEIIL, [ B 5 5 @ LER 8 11, 46 2 H A A
B A ST LR AT 1) ME Rk

Ca’'— ATPase 5 Mg’*— ATPase [ iF 1t
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!
l' : =
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(@) (b)

3 AEABFREMAZANNREALEEZS ATPase ;F 4N (25 C,pH 7. 5)
(a) PHFZWUNLIEZR 4k (1 Ca®* - ATPase i k5 (b) MIZZWUNLISIZT 4 4 £1 Mg®* - ATPase if
Fig.3 Influences of different ionic strength on ATPase activity of A — Mf

(a) Ca’>* - ATPase activity of A — Mf; (b) Mg®* - ATPase activity of A - Mf

[ —— /=02
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Q 8 | ——
9_% 0.6
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o5
[
%_@ 0.4
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f5}E] / min incubation time
(b)

4 TEBEFEEXNIIEEINFEFLEED ATPase iFHEZ M (25 C,pH 7.5)
(a) SMERLLF LT 44 11 Ca® "~ ATPase [H 15 (b) SMEBIULFL 4t 11 Mg®* - ATPase i 14

Fig. 4

Influences of different ionic strength on ATPase activity of M — Mf

(a) Ca®* - ATPase activity of M — Mf; (b) Mg?* - ATPase activity of M - Mf

pH & % Wt AR AE pH T
Ca’"— ATPase K i % i) K/, 7€ pH 7 B}, B 25 i
R AL (1K 5-a,6-a) , i) Ca>* - ATPase 7£ H
PEAE T e fa s, B4 Yokomoto 45 xif A1l L A
DURBIFZE , JE 0 7 WLALER 2R 1t 35 B0 L0 AR ARUPE o o

# AR T M A - Mf f1 M - Mf ) ATPase
T 4 B s 2 ) 22 A ARl BT 7)), T 3 AR I
il % P A7 B0 B AL T AT 0 S MR A YR
Tl S U R ] il R A AN BT 3 AN R O

ERINEFRET, 5 A-Mf ML, M - Mf
i) ATPase Iifi S 2% 1 Uit B2 B B IS, 43 31 R 30 Fi
35C;n—Hl, EREETRET,A-Mf
ATPase Iffi 2 1 i £ 47598 2 30 C MMM A M-

Mf B A T BUE (25 C) (Bl 7)o FRRZBET 2 Fif
LA WL 5t £F 4 25 P B Y 22 S5, ) A L, AR 9
Paredi %' [ HF 5T 238, T = 0. 5 i B 8% &F J& 0 B
VU LA B S HE B G T 120,05 1 0.25 if
) A E T o

IR EE B DURT & ER A7 M Y e e Pk 5 LA AF
PR RS o AR BR B R f8 2 | DL 2R AT e
2K M S PRI B IR B A A -
Mf fl M - Mf ) ATPase 7£ 20 ~ 30 C {f 5 % 1 |
X & T W U ( Euphausia superba) (5 ~ 25
CT), ik T 5 (15 ~ 35 C), 5 & R 5
( Nematonurus pectoralis) (10 ~30 C) 241>,
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g, —x—pH9 g ——pH8&.5
8§O.6- pH 10 820_6_—*—le0
~ o X ~ o
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23 4 2
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5 10 15 20 25 5 10 15 20
ifE] / min incubation time ffE] / min incubation time
(@) (b)

B5 pHXAZRMAMFETFEEB ATPase FiFMHEF M (25 °C,I=0.5)
(a) MFEHUNLELF 4 1 Ca®* — ATPase §if 1 ; (b) MISENLMLIR ST 4E % B3 Mg * - ATPase I 1

Fig.5

Influences of pH on ATPase activity of A — Mf

(a) Ca®>*- ATPase activity of A — Mf;(b) Mg®* - ATPase activity of A - Mf

1.0r
—6—pH4
—=&—pH 6
_—A—pH7
—e—pH 8.5
.6 t—x—pH 10

o
o0

% YA / ODeso
absorbance
=3 =3
ES 2N

e
¥}
»

5 10 15 20
(8] / min incubation time

(@

—
(=]
1

—e—pH 3.8
—=—pH 5.1
0.8+ —apH7
g —<—pH 8.5
8 g 0.6+ —*pH 10
Pt s
gé 04}
= <
0.2+ Q a g !
0 1 1 1 ]
5 10 15 20
ff[E] / min incubation time
(b)

B 6 pHXMMERIRFLEER ATPase FHERFNT(25 °C,I= 0.5)
(a) SMEEBEIVSLF 4586 19 Ca® "~ ATPase 155 (b) SMESRREILELF 4k 8 1 Mg®* - ATPase i Pk

Fig. 6

Influences of pH on ATPase activity of M — Mf

(a) Ca®*— ATPase activity of M — Mf; (b) Mg?* - ATPase activity of M — Mf

2.3 Ca’* —ATPase kiEE=E

FR & TREMNRERFGH " SR
JEE X 2 i A8 4 A AR G B Y 2 (181 8 ), B AR 4
B T3 B K Ca’" — ATPase f¥ 25 1% K ¢ 18 ;
Wit B iR BE Y T e 2R 0 R P I B R T
BB B PR E R IEMAL R (B 9),
i 5 Takahashi 25" xif i 1 Bk 6% 1) AT 50 45 S W)
4. Takahashi 45§y BIF 58 % W1, b % &5 1 4 )i
Tk, 8 E B TR, BBk E B AL Eh
WA AW, L3h & ax sk E
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PRI B W 2% | 2R 15 A R AW T, 2 B 1
SREEAE 1.5 ~2 B 584l 5%, s I 0 75 1) 1l 3% 358 2
T g 1) LK 28 1 1 it 9 o

FRBEMN KR ERREG R EEXT A -
Mf I M - Mf i Ca’* - ATPase 35 P A5 #H (L 5% 1
(&1 10) , Bt 5 T BE A8 T o 2R 305 8 3 Bk, ok i 2k
T AR H R X B B TR R R TR A OGO A& (
11), fEMJEm T 30 THE,A - Mf Rl M - Mf 1y
Ca’* — ATPase il 242 3K, A — Mf [ Ca’" -
ATPase 7£ 40 C i 45 15 3 R 45 5 K 35 #1130 THY
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127 —— HENURL 4 A 07- —— HENUURL 4
Ca”"-ATPase : Ca*"-ATPase
1.0} A-Mf Ca>*-ATPase _ 06f A-Mf Ca**-ATPase
g —=— PSENVURL 4 A S3 05l —=— PSENUURL 4
ag 08r Mg?*-ATPase og™ Mg>*-ATPase
© g A-Mf Mg*-ATPase = 04} A-Mf Mg**-ATPase
m's 0.6} —— SNEEURS RS E 3 —— HNERRNUR L4 B
RER Ca’*-ATPase K< 03¢ Ca’*-ATPase
= © 04r M-MfCa*-ATPase &~ (5| M-Mf Ca®'-ATPase
ool —— SMERNURL 4EE A —— HNERRNUR L4
: Mg**-ATPase 0.1F Mg**-ATPase
0 — . M-MfMg**-ATPase ) . ,  M-MfMg*-ATPase

15 20 25 30 35 40 45 50
{7 / °C temperature

(a)

&7

O 1
10 20 30 40 50
1R / °C temperature

(b)

AEMMMPERNRT LTS ATPase HIZE &

(a) ATPase 714 (1=0.5,pH 7.5) ;(b) ATPase it (I1=0.125,pH7.5)

Fig.7 The influence of temperature on Ca’*— ATPase activity of A - Mf and M — Mf

(a) Ca’*— ATPase activity (I=0.5,pH 7.5) ;(b) Ca®* - ATPase activity (1=0.125,pH7.5)

A/E] / min incubation time
0 10 20 30 40 50 60
Y

|
e
—_

|
=4
[\

In(FEXSVEE / %)
In(relative activity)

——1.5

(@

/Bl / min incubation time
0 10 20 30 40 50 60
%

In(AHSHIEE / %)
In(relative activity)

—x—1.5

(b)

8 AEBTEETHZMNMMERAFFLEER Ca’ - ATPase # K E 14 (25 °C,pH 7.5)
(a) MIFENLIUELF 426 19 Ca® "= ATPase i Rtk s (b) SMESREAUE LT 4E 8 11 Ca®* - ATPase K I #51k
Fig.8 Denaturation modes of A — Mf and M - Mf Ca’*— ATPase as affected by ionic strength

(a) denaturation modes of A — Mf Ca’* - ATPase; (b) denaturation modes of M — Mf Ca**— ATPase.

BFHE ionic strength

0.5 1.0 1.5
_5 T T 1
_6 L
~ —T1F
—~2
e g
i S
*;é% 9t R=0.818 1
S L
€50 . R=0.843 6
=) u
= -11
12 > HAFZNARLT EEE A-Mf
" —= SNERIURLS4ER M-Mf

EY BFEEMATIMMERINETEEZS
Ca’"— ATPase i 5 i& 1% & i) % )
Ionic strength dependent denaturation rates of

A - Mf and M - Mf Ca’* - ATPase

Fig. 9

6 160 {5, M - Mf fij Ca’" — ATPase 7£ 40 C i}
5 B3 4 51 A 35 F1 30 T Y 10 F140 £

XA 51 B 5mEE hy 0. 5 I 3 5
W 5%, Wakameda 55 BF 58 4 B, i X
Ca®"— ATPase % 1 # 5% W A & RS2 Y, [ B 38 52
B R R T, B AR LR A e
ATPase 415 47 P i & 25 5 2 (G145 Na™ Al
K5 J) (0 884 g inpke , 23 v e L3l 2 3R O 4
B e

A —Mf [{ Ca’"— ATPase Kk {G i Z{L T M -
ME( & 1), 53X R R W AT & e e s T
IEE
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ffE] / min incubation time

0 20 40 60 80 100

In(FEXHETE / %)
In(relative activity)

——40C

(€Y

A [E] / min incubation time
0 20 40 60 80 100

——20°C

In(HEAHEYE / %)
In(relative activity)

—=-25°C

-2.0 ——30C

—=35°C

25 ——40C
(®)

B10 AFMAMMEENEFLEES Ca’ - ATPase EARFRE THRFEHME(1=0.5,pH 7.5)
(a) MISENUNREF 4R 19 Ca®* — ATPase K G #54k 5 (b) SMERENUREF 4 11 Ca®* — ATPase 2K I 54k
Fig.10 Inactivation of A — Mf and M — Mf Ca’* - ATPase activities during heat — treatment

(a) inactivation of A — Mf Ca®*— ATPase; (b) inactivation of M — Mf Ca®* - ATPase

IRE / °C temperature
10 20 30 40 50

R=0.9557

R?=0.988 7
A

In(RIEHEZ / 5)
In(denaturation rate)
|
S

ot A NUIUREF 2
A-Mf

3y = SNENUREF A2

-14 - M-Mf

B 11 ARSI EREIEFEER
Ca’* — ATPase # % iF &
Fig.11 Thermal dependent denaturation
rates of A — Mf and M - Mf

P 5 UL AN 1 S BB LR AT 4 R Ca’” -
ATPase f£ 20 C % K % # 2 % £ 5 il
0.858 x 10 *F12.93 x 10 °/s, 7E 25 C ¥ 2k 1% #
FH B R 0.133 x 10 7° 1 0.957 x 10 /s,
Xt 02, Bk B85 JUL i £ 4k 4 P19 Ca® - ATPase
TE 20 F1 25 C {9 K Tl R H A R 1.4 x107°
F18.3x107° /s, KRS A 4 Ay Ca’” -
ATPase 7£ 20 Fl 25 C [ 2 1% o R H B4 5~
5.1 x 10 7 H1 23 x 10 /s HI 722, 0 pig 4 s 4R )L
BT 4 7R (I AE 20 Fi1 25 C 0 2 306 1 R 0 505 51 N
48 x 10 1150 x 10 /s P S 12K WK OF PR
F 1 (Todarodes pacificus ) 4 I L £F 4 4 H
1E 40 TR IEHFHHE T A - Mf fl M - Mf
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26 3% T R W BT 5 AR B 9T 45 R M
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Characteristics of the adductor and mantle myofibrils from

Patinopecten yessoensis

WU Zhong, LIU Junrong* , TIAN Yuanyong
(College of Food Science and Engineering ,Dalian Ocean University ,Dalian 116023, China)

Abstract; To explore the correlation between the mechanism changes in texture quality of post-harvested
commercial bivalve molluscs and the physiological properties changes of muscle protein, a trial study of
scallop ( Patinopecten yessoensis) edible muscles was carried out focusing on myofibrillar ( Mf) protein,and
ATPase activities were taken as indicators to explore the stability of myofibrillar protein extracted from
adductor (A — Mf) and mantle (M - Mf). Comparisons and analysis between the extracted Mfs from
adductor muscle and mantle were made, including the solubility, viscosity, the influences of I, pH and
temperature on the ATPase stability of Mfs,and their ATPase inactivation characteristics. The results showed
that: (1) A — Mf and M - Mf presented similarity in solubility and both pl appeared around 5. Viscosity
analysis showed that the thermal stability of A — Mf was higher than that of M — Mf. (2) Compared with
Mg’ - ATPase,Ca’ "~ ATPase can more accurately indicate the stability of A — Mf and M — Mf which was

2+

the same as vertebrate fishes. (3) The Ca " — ATPase activities of adductor and mantle Mfs had the common
characteristics , for example, the highest activity was in the neutral pH; the difference between A - Mf and M
— Mf was that the highest Ca’*— ATPase activity of the former was at low ionic strength (I1=0.2) whereas
the latter was at high ionic strength (I =0.5) ; the influence of ionic strength on the A — Mf was not obvious
whereas M — Mf was affected by the ionic strength obviously which showed the better stability at low ionic
strength. (4) The inactivation characteristics of Ca’"— ATPase showed that both the adductor and mantle Mfs
had a significant correlation (R*=0.8181,0.843 6 and R* = 0.988 7,0. 955 7) with the ionic strength and
temperature , the best stability of A — Mf and M - Mf were in the range of pH 7.0, and acid conditions
damaged Ca’* - ATPase activity more obviously than alkaline conditions.

Key words: Patinopecten yessoensis; adductor; mantle; myofibrillar protein; Ca’*— ATPase
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