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Studies on the Biochemical Change in Fish Muscle—XI

On the Enzymic Degradation of ATP by Unpurified
Actomyosin Fraction of Fish Muscle

Tomio HipAkA and Kaname SAITG

In this paper, we dealt with the enzymic degradation of ATP shown by unpurified
actomyosin fractions prepared from muscle of mackerel, in the following elements, the
amount of inorg. -P, NH;3; and adenosine polyphosphate. The results obtained were
summarized as follows.

In the actomyosin fraction, the activity of AMPdeaminase was distinctly observed
(Fig. 1). Then the amount of NH; and inorg. -P in the mixed solution of ATP and
the actomyosin fraction showed comparatively rapid increase at the beginning of the
enzymic reaction (Table 1 and Fig. 2). In this stage, the amount of ATP and ADP
fraction in the same solution showed a reducing tendency (Fig. 3). On the other hand,
when the actomyosin fraction was held at 50°C. for 30 min., the mixed solution showed
no considerable change in amount of inorg. -P and ATP (Table 2 and Fig. 4).

Moreover, the quantity of inosine fraction which was derived from the breakdown
of AMP fraction, increased rapidly in the solution to be almost the same in both case
above mentioned (Fig. 3 and 4).

According to these results, it was considered that the activity of ATPase (ATP—
ADP-Pi), myokinase (2ADP_ATP-+AMP) and AMPdeaminase (AMP_IMP+NH3;)
was present in the unpurified actomyosin faction of fish muscle.
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BB L, FOZ[boiEEY. ATP— ADP— AMP — IMP — inosine — hypoxanthine
T DR ESA COMEN S L O LHEIL T\ 5. F oy 1k glycerin gUEff % ATP
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OFIEREE LML .

EBE : 0.01 N NH,C1----- I 7 (adenine, adenosine [X4;)
0.003N HCl--- I (AMP [X43)
0.02N NaCl, 0.01 N HCI -.-. 115 (ADP X4
0.2 N NaCl, 0.0l N HCI ------ IVig (ATP [X4%)
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Fig. 1. Changes in amounts of inorg. -P and 1> AMP 27 3 AU 45 NH
NHj; liberated from AMP by the enzymic il @ lit 7 LTAELRES d

action of actomyosin fraction isolated from HERDO8SY il TLCW5A. ZIT
T KL AMP 75 BBHER T 5 (AR < 5

CAMP]: 1.3X10-3 Mol/L, Acetate buffer (i I X i
at pH 6.5, Incubated at 38°C. BT, Pi OBIMIFED bvichorz.
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A actomyosin X—-ATPase {EHDAH pH 13 pH 9.0 =i H, AMPdeaminase %
ik pH 6.5 Th %23, ATPase | pH 6.5, AMPdeaminase |% pH 9.0 i3\~ T H /s
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A& DR # A b DT ATP OMIHC 5 5 438X h 5. %2 C ATP % pH 6.5, pH
9.0 DZAHFIC T actomyosin K C4M#L Pi & NHy ORfIZs(ba st L C&iz. Hlt ATP
MW (47P23mg%) Sml, FEE (glycine-NaOH fEffiiE pH 9.0 2 X HERFE T pH 6.5)
Sml, 0.18 N CaCl; ¥ 0.5ml, actomyosin [Xjj# (protein-N 55mg %) 10ml #-JEF1, 30°C
WCHE L CRIS X & 5. FrEmfg s 2ml 2 b 5 % TCA Sml jJﬂ/ TS % 1k,
WHELTED EFCSWT Pi & NH % it L. FUSER 0 R 5 kx D i st
JEAEE U C SRR O EAEE X D 245 £fEs SH L 7. !c@/%%»'-< % Fig. 2 o<
ThoT, Pidmkiix pH 9.0 & pH6.5
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_____ SEEAGHIV 7o actomyosin [RIT X 543t B = S e
[LIS7s ATP 755 ADP OMEECIEED  pl i s
THICER I TWHEHARL, acto- T D
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DIFFENEZ B b, —JF NHy 4zp8h gl ; ; :

10 20 30

VR BUS DHEATITHE Pi 42 p% & RIEE O Time in minutes
RITTHIINL, pH 6.5 [Zdsid % NHy D4: Fig. 2. Changes in amount of inorg. =P and

i pH 9.0 DEEDHT 2 L NHj liberated from ATP by the enzymic
action of actomyosin fraction isolated from

o, E”Jb = D RJGFRTLE deaminase mackerel muscle.

{ERS ER RIS 2T 2TV 5A 30 CATPY: 910~ Mol/L, Acetate buffer at
=JHI = v% P =N pH 6.5 or glycine-NaOH buffer at pH

_k el 37}%5 DEXD NHy A pfibi 9.0, Incubated at 30°C.
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T3, 20O NHsy #384ET 584K AMP Ch 5 L 3huE, XEOMBHBROEERLEZ2
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FE%K#TT‘ATP 1T actomyosin X Z{EH & 4 T 4§ 5 ATP f‘ﬁ?f:-% woEER L CATP
SR L T NH; O RRRE IS MC L & 5 & B2 ROSER LS. HIHATP i
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Table 1. Amounts of inorg. -P and NHj liberated from ATP by the enzymic
action of actomyosin fraction isolated from mackerel muscle. (v %)
Incubation time (minutes) ’ 0 7777} : WWSW iy iﬁﬁl?umg‘_
512 C8 ‘ ik
Inorg. -P ‘ 0 1690 1790
NH;3-N | 0 290 510

Incubation time (minutes)

0.1
(cont )

CATP]: 9x10~* Mol/L, Glycine-NaOH buffer at pH 9.0, Incubated at 30°C.

D250/D260

0 500 1000 1500 2000
ml of reagent through column
e e

Fig.3. Changes in amount of adenosine phosphate

liberated from ATP by’the enzymic action of
actomyosin fraction isolated from mackerel
muscle.
CATP) : 9 104 Mol/L, Glycine-NaOH
buffer at pH 9.0, Incubated at 30°C.
Exchanger ;
Amberlite IRA-400, 1.0cm?2<12.0cm, 100
-300 mesh.
Eluting solution ;

(it A8 Passed solution
I oo 001 NE NHLEL

(adenine, adenosine fraction)
T ot et 0.003 N HCl

(AMP fraction)
0.02 N NaCl in 0.01 N HCI
(ADP fraction)
VA 0.2 N NaCl in 0.01 N HCI
(ATP fraction)
Flow speed : 1.0 ml/min.
The conditions of exchanger and eluting

solution are applicable in Fig. 4.

3ml, #%@% 3ml, 0.18N CaCly 0.3ml,
actomyosin j 6 ml % S0ml A~ 5 A =
e h 30C CHrERHEL, EhiT
5% TCA 15ml %R L KIS % & 1k
L CEIEEESE No. SC G, + Dk
D—ERC Pi, NHy % 22k, Bk
NH,OH © pH 8~9 L L, FHH#fiL
Jo A v asiEske < adenosine poly-
phosphote #2357 7=. adenine S/
WET % 260m/t DWSEAE CHRA> L, 2L ino-
sine DIRFEHET 570 D250/D260
HHBLRRL .

ATP OS5 EEFE : RISKO pH 44
7 glycine-NaOH #Zffjyk pH 9.0 & L
ATP |z actomyosin X7z id, 5, 154
BfEH &%, & 212\ TPi & NH; ©
AR & A T B CaR D e YRRk
Zocd & Table. 1 J X Fig. 3 @4 T
5%, Table. 1 X 5e PilxEE 54
caML, RS S~15 4 O ikl
Bk A, NHs di b RSHIH 5 4
L, RIS S~15 5 o
V. Y\ Fig. 3 sk A BETh
W, SR IV iR ofine. 1, 11, I
Ko vEEmys o hs D250/D260
BARS#FEL T 1.0 UL FhIETTh
%. 5438, 15 S RaRE O skl ek
SR L IO, IV KNI L T
D, Lad IVERSDWAIC bR I
WESOWL S inh REWV. Thbic
BT I, IV R4 D250/D260 1%
1.0 DI F T4 < inosine DHIIFED D
iz, I, IS crk D250/D260
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2 LS 5 & 7eh AMP, adenine 737 = 7 &iuC IMP, inosine 1225 % kD fEAET 5
M hbha. — I, IV JX40 D250/D260 {23 1.0 L FChd2 L k) &
DERSMCT inosine SR DIFEITEE N, ATP KXY ADP 37 2 7 S Cnis\ &
bbb ATPdeaminase, ADPdeaminase D{ERIL—5FE 2 Bt/ .

EHUEE myosin X1 L 5 ATP 043 : ATP 044~ % actomyosin X F % 50°C,
30 SfEIAIEVAER U C ATPase &R L 7oRIED X4 & fRUBLD K45 2 1245305, Fhbic
X% ATP OSEEIRC O\ CTHREST L 7ofidk Table. 2, Fig. 4 O ¢ 5. Table. 2

Table 2. Amounts of inorg. -P and NHj liberated from ATP by the

enzymic action of actomyosin fraction kept at 50°C. for
30 minutes. (r %)

15 15%

Incubation time (minutes) ! 0
[ \
Inorg. -P J 0 [ 160 ; 1280
’ 440 ‘ 640

NH;-N \ 0

CATP] : 1.5x10-% Mol/L, Acetate buffer at pH 6.5, Incubated at 30°C.
*The result was obtained from actomyosin fraction without the heating

treatment.
T LR, © D RIS U #4u3 actomyosin [Xic
0.D.at 20ms__ e 15 X BT Pi 2MESICHIT DA T
e R Ry i %58 NHy OBtk < deaminase ff
15 FAPRERIC/EL Cw b 2 L 35 h
&i 5. fALER actomyosin [KIT X % 45k
o M\\,[\\ el Tl Pi, NHs 3 U RO AR
L e P [E DbRk. Shoo R HIC S5 5
E 95 adenosine polyphosphate ™ Z5{t% Fig. 4
%Bm DYEHEMER X METiug, B acto-
& myosin [XIC & % SR (PERRERE
E L///Wm\“ - 048 WHL, IV HRASOWANLE < 4
o.so~— —————————————————— i = 7o\ s I IS DIk A 1Tk & . LTI
" ROIV K40 D250/D260 1 1.0 L
® 025 Teh b, 1RO RSO EIUE 1.5
B asm L, 1RO I RSMT I Tk
0 NIRRT ST AT B s 7 OIS BN AUCH
ml. of reagent through column LAl actomyosin X1 X % Sk ©

R T e o (3 I0L, IV SRS LT D,
CoHDTH I, II RASTHT S 7%

Fig.4. Changes in amount of adenosine phosphate NI IV WS G T 2 7 DI
liberated from ATP by the enzymic action of

actomyosin fraction kept at 50°C. for 30 min, WD BHIEL .
CATP]: 1.5xX10-3 Mol/L, Acetate buffer R bl
at pH 6.5, Incubated at 30°C. A
#*The result was obtained from actomyosin  PAEDFFHLAFEZLIEN & BLIM X 15 acto-

fraction without the heating treatment. myosin [XDEEFFE/ER (ATPase, myo-
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kinase, AMPdeaminase, ADPdeaminase £5) » FE3i-5 ) CEFDELLA 4L, 2o Fig. 3
DFEE X D REBR IS L 72 ATP JEDFIC ADP, AMP 23EAEL T 5 & & 23515
Nic. = OFEILETIC actomyosin [X % {EH & 84U, actomyosin XHid ATPase (3 ATP
CAEFL T Pi i, 2 ADPdeaminase [3]E7:9 % ADP & ATP b Iiiie &
CTH U7 ADP #[ii7 3 7 L AMPdeaminase (3 AMP #[ii7 s 7 L C3k~x NHs %4
BT A XA, Lo LEROFE T ADP 3R 7 = /7 ST e LW G
ADPdeaminase (3IfEL T\ { D & —EHEZBNS. ;‘Lz[“‘if"\@}“ ¢ ATPase »3
ATP @ 1Pi ©» ZAwWsEL, EfET 5 AMP O Zps deaminase [ X 0 il 7 2 7 &€ NH;s
W T B L5 5 BORE AT L Qi S v PiROY NHy 2R RDICH £
WX 5 ThD. fEDT ATP ik L € ADP kich ADP #33EIC AMP L 7c> Tl
I 7ENTO L BENTFAELESD Z L B2 huiicbicw. ATP 23 ADP & T
AMP T 7z B1TlE, 4525 ATP 5 ATPase I X 2>C ADP & 7ch) ¥\ ~C ADPase I J D
T AMP i 5, Bolih 2TOTW O actomyosin KoMcFEL s vic ATP i BIE
9 2Pi wBRR L C AMP ¥ 5lEY 3k ATP—ADP+Pi, 2ADP—-ATP-+AMP
(myokinase) DIEFH & EHINA.

Fig. 3 ok X AUESUSHEITICHE W ATP & ADP A33RIc ok A3 2 ff[a) 53 2
b ATP DAL ADP O ainieh k& {, X Fig. 4 Rl ATPase
PGS L 7o actomyosin K& {EF X ¥ 7cia ATP 3JAA LA 291 ADP O 5O
MBREL, Lirbsieh o NHy fit# 35 o L ik myokinase, AMPdeaminase 73EH
[Baal 5‘?&‘1:[%#%1 %h% L LE DBEDORGETE ATP OF&HREHES o 21T
7o BMR T NHFERT BTSRRI b gD,

myokinase mt%f;?ﬁfﬁ%ﬂbOﬂﬁi o actomyosin KIZ&Fh s 4HimmbhTED,
HofERZ&AEd ATPase, AMPdeaminase @ % UZEEHLIL T\ 58 O THG = DEEERGE
CYER LS. fE>T myokinase DE%E #Exz iy ATP—ADP-+Pi, 2ADP—>ATP+
AMP, AMP—IMP+NH; D4R HEllE b,

DIk~ 4m 2 D bR L7c actomyosin X% in vitro OJRFET ATP {EH
@A D actomyosin KIFDOFEERN L ML TERL, JEERHAFCE W TTH

L35 ATP OB MR & FEOZ by BRI E A5 L) Tha. Z OBWREIIM
ROHE S 7 XA L 0 BT, BMEEWOMARCIFEL R RZbIh T
AMPdeaminase % [l & 2>kl S, BEFECIRBRAERICEL L £ ORI BifTA L
INTWBEANTFRA £ bﬂ@‘ faHIC B\~ C % adenosine polyphosphate SE4EIC
%3 % actomyosin SRZEH OFEEHMIEIEORE T LIXME BT, ZhbOIERNBHRA
O H S LR 1 B W ET D28 mL%@LTVé:km%%Lﬁ%.

—\-

Joh

fEEBE B SO AR X 0 3l U icaAskido actomyosin X% ATP (CfEH S wicih s
DS BRI D 2SI D\ TIRST LR DFE 2 157

ATP ic actomysin #fEf X% & Pi KO NHy 0ZE L \A4kitoic ATP & ADP

X453 D B B s TR 358 Hivic D L, It (50°C, 30 43fH)) % L 7c actomyosin
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KA fEHI TG G PL 04 KO ATP R4DIRAIFFAA E LB\ ADP X4
DL LD 2370 NHs D4 phmsifed bz, Lo L adenosine 08 AMP X307 3
X % inosine 4IRS & b MERCEHD b,

DLED FE85 faA2 5 il U7c Ao actomyosin [X 4% ATPase, myokinase,
AMPdeaminase SEDIRAET HIFERIER L B2 B, AT X QBIE L C ATP o By
SR O T h R S L.
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