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Studies on the Organic Phosphates in Muscle
of the Aquatic Animals

]
I. On the determination of adencsinepolyphosphates in muscle of carp

Tsuneyuki SAITO and Ken—ichi ARAI

Abstract

(1) The method of Cohn & Carter (1950) for separating adenosinepolyphosphates by ion
exchange resin was used quantitatively in the study of ADP and ATP in prepared ATP sample
or in muscle of carp.

(2) From the present experiments it was recognized to be a reliable method of quantitative
determination.

(3) The determination was continued for a year and it was observed that the amounts of
ADP and ATP in muscle of carp varied considerably with the time of the year. Especially a
marked tendency of increase in the amounts of ADP was observed in winter.

BPHATEEN B s TR e B% % & LT\ > % Creatinephosphate (CP), Adenosinediphosphate (ADP), Ade-
nosinetriphosphate (ATP) OB OIEEIZ A 2 BB OERL, BE - HE5 7 « BHE - HOBERIH
UVWEIR S 5 2 2 WIEERE S D B o

KERM R TR O N I D B = 3L F— Bt SMOERT, S SOHELDDR I TIIRY %
CRYL v 2O RERRCRIBENT EL IR LWEOERETIE, T DM R TR OB
ENTVBLDEEZ bR,

35 Cohn & Carter %4 13 £ o v 2B EZ FIHL T, ADP U1 ATP S04HikT BRL T ATP |
O EAT, BICER « H - EFRSS R 2 SHEZHEL TV 5,

HEERKETTAICAG 5 CP, ADP, ATP ORERERITHICY DT, HLEOSHHEORSE Zhoiis
JBIZBAL TEB AT Z0MB 2 A OTI » IZHET 5,

2 B F &

W8 #

() KEBHAL Y SEEL 72 ATP Baz» 4 H.0%F

(i) 29 : 14520~30cm, E300~450g

@R ¥
(i) #IF : Amberlite IRA-400, Dowex—1 Z{HHL , BIABIIERE « HE « EERSOFED 1K,

I FI294R10 A B AKEZASAE N XA TRE
FEALHEE A EEI L T A ERREL VA5 IR,
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(i) FEBE%E : 0.01N NH:Cl--- A¥, 0.003N;HC1 - B#, 0.02N NaCl in 0.01N HCI -- C %,

@M =

0.2N NaCl in 0.01 NHCI---D#&

FKEMAD LI L 72 ATP Bax» 4H:0 100mg % —EE D 0.INHC1 THEHL , E2»ICEBED NaySOs %
AT BaZlpdzl, NaOH THIME2BccBAL T 50 HL Z ORI ATP OREEYERL T, AT
BHILD>FFd0 2D ATP Na, I3 1~2cc% & Y #& NHOH T pH8~10 & L 28 30~50cc IZFHRL T,

rw= o

2T B0

SRR T E B (ATP OB{EAIRENC R TH D7) AT Al APHRRIR S O > ARz A 0, 8

¢ 1 at 260 ma

LK 3 HROEY 83 2 FHOo—EHT %

T il il e i it 2ATHY &Y, FTHRMLTH A4kHh TI06
D 2 %HCI0: & VRO & HUFERE, [BEAaL
JEW4~5cch 12 NHOH © pH8—10 & L&5E 30
~50cclCFERRL T2 e < 75 A48T 5,
o LT, AbhnioF K % Cohn &
1o Carter JRIZIKDTHHT, BHESNKEFHIEYD
- 260mu OEFCE D HEREY EHL 720
Al
® B &% R
Q) 4 /@RS EEOHE
) 1R ISR & DA A v 28BS
0.5 HRRE wBEHERL T 50 FIAITHIR Am-
berlite IRA—400% D > ORI TS TR (B
L 72 b DIckk~T, ADP,ATP DEEHBEL &
EG0558 s B BRI REN LD Dis
FIRCERY R
. | ' (i) PIEOTEE : (LFHROF—-TH5 Am-
50 100 . 50 100 50 100 berlite IRA-400 & Dowex—1 TIIFEHEFIZR G
Fig. 1. Separation curv;s of adeno;ine- BOBREY BT NE b, JHIETEESEDAL
polyphosphate by ion exchanger IRENSU N - . .
exchanger : amberlite IRA—400 Dowex 14 @lﬁ@?ﬁ?ﬁ (200 =400mesh)“Cﬁ;OL
test material : ATP Bax4H:20 (BB DL »REES 2T ) EERCHEEY L 1)
flow spfqed : 1c§/rlnin- LHOBREBDN S, BLEHSRICIIES S
—_— € par! (5]
...... ! coaren particle Vo ZHUITHHSHIHIET b FIURSRASHL b 1Lz
abscissa : ml of reagent through column  HERY B 1RICRTo
Table 1. Analysis of ATP
Per cent recovery from two kinds of ion exchanger
Bxp. Resin Adenine AMP . ADP ATP Total
1 ‘ Amberlite 0 49 | 2.0 66.4 97.3
\ Dowex 0 4.8 l 25.7 67.3 97.8
2 Amberlite 0 4.7 26.6 66.0 97.3
{ Dowex 0 4.7 ‘ 26.0 66.9 97.6
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(i) BWEONE : BEMEROBEIIBRBEICSLOEE Y L OT W AEICED L 3 45, 0.5 cc/min.
OFEETHRHEI~2% 02T ETEICER T AT EBb b, ZHEFE2FRRT.

Table 2. Analysis of ATP

Per cent recovery from ion exchanger by different flow speeds

Flow speed Adenine
cc/min. Adenosine | AMP ADP ATP Total
1.5 0 3.3 25.1 68.3 9.7
1.5 0 3.8 24.5 67.9 96.2
1 0 4.4 25.6 67.4 97.4
1 0 4.7 25.1 67.5 97.3
1 0 4.9 22.7 67.4 93.0
1 0 4.3 23.3 66.9 2.5
0.7 0 5.4 24.4 66.7 96.5
0.7 0 4.9 24.8 67.3 97.0
e e i s SR SRR () ATPRIROSH
‘ KEHAY SHB L 2 ATP 8RO 5%
1.0 7v, 260muDRNE S LB 2 NOoFEH e A
VS 7R AT ARGICERIEEN S DI,
08 Adenine, Adenosine U % D DA T »
Adenine % 5 &;@\bﬂéo B[Xﬁ’éi AMP» C B:ﬁ}lli
0.6 Adenosine P AP ATE ADP, DIX4NE ATP T 5o RilllIEORE
T < TOFPIAT lem2x 1em Tdh %o
0-41 R DS IRBET 2 HBEDRF ORRE
BIRIIRTINSTH S0
0.21 T, SEHEE OB C b Cohn & Carter
DL (90~97%) LE—OEEESELN
0 v ! P 720 XFE—ORELE 3 T1~2% OFLEHFE
50 100 50 100 50 100
. . § : HT L HHrThs
Fig. 2. Ion exchange separation of Tj}ﬁ{ﬁ%ﬁﬁ 3 5HHY] gz D20 )
adencsinepolyphosphate BEbLNhAC, DRGFORLEL» LEML L
exchanger : amberlite IRA—400 ADP, ATP E* B TR L o BALIX
test material : ATP Ba;z « 4H.0 o A HaO
flow speed * Tcc/min. mg/10mg ATP Baz*4 HaOTdh %0
abscissa : ml of reagent through column
Table 3. Per cent recovery from ion exchanger based on 260 mp
o absorption of starting material
Exp. | Gdenire | amp | ADP ATP Total
1 0 4.3 25.1 (1.06) 68.3 (8.54) 97.7
0 3.8 24.5 a.00) 67.9 (3.48) 96.2
2 0 2.0 14.5 0.59) 80.0 (3.88) 96.5
* 0 2.3 14.9 _— 76.5 — 9.7

* Analytical data by Cohn & Carter??
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Fig. 3. Separation of adenosinepolyphosphate

==

00 50

100 50 100 50
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in carp muscle by ion exchanger
exchanger : amberlite IRA—400
test material : muscle extract
flow speed : 1cc/min.

< L TEHEZT Cohn & Carter D%
HBHLT, BESBIREYRALEET S
B|HETE 2o .

@3 EHoRH

RTEELS T ATP WAEOBEE L2 H
R L TR OS2 1701, Wilie
Ab 27 3B3MDORICALNT,

FEEIMGAR TREL 5 { ADP, A
TP R DGBMOBEE, AV ITATPIC
x4 3 ADP ORI R EVVEZRRL T
WAY, INLIIEHOSIICHTEEbN
REACHEETSS > LB SO
BT AEEOBNOMEY B4 RTT

Table 4. Per cent recovery from ion exchanger based on 260 mu
absorption of starting material
Adenine ‘
Exp. Adenosine AMP ADP 1 ATP Total
1 6.7 . 7.3 33.6 45.7 93.3
6.7 7.4 33.0 46.6 93.7
2 9.6 12.1 33.9 37.6 93.2
9.0 12.6 33.3 36.8 91.7 )
3 4.8 8.7° 48.6 32.1 4.2
4.7 8.5 46.4 33.4 93.0

ATPENROBEAIZ A~ TLEIBEMRD L T 3EHSH L+ Th Y, I > ThEHIAY M<$E%®F3
B BRI N2, BLE-ORBHIC R TI~22 OREHM TS BT E %,

3 Adenosinepolyphosphate DEE D712, FSRIBK HW AN T & R TH 5 Fiske & Subbarow 758
12k 5 ATP $45h & i BT A 2Bl %, Cohn & Carter i Z N LB TREEYFE 5 RITRTo
Table 5. Comparison of Fiske & Subbarow’s and Cohn & Carter’s methods

Fiske & Subbarow’s Cohn & Carter’s
\\Mﬂ hod method » method-

Exp. | ATP based on A7P | ATP+ADP | ATP ADP
2.40 1.87 0.85 1.02
1.73 1.44 0.79 0.65
Muscle 1.65 1.24 0.47 0.77
1.83 1.52 0.78 0.74
1.70 1.35 0.46 0.89
ATP 46.85 43.57 35.94 7.63
prepared 48.90 45.25 36.58 8.67

Unit : Muscle extract (mg/g wet wt.), ATP prepared (ing% ATP Ba.-4H.0)
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4 4 v BB RO TEEL 72 ADP+ATP 53, AHIN-EME(A 7p)icHD  ATPE S R
REETII LV BET B L 2o Fiske & Subbarow HOTMEBR O RIIEF LML 10T 94~96%
TdhBH F U b b3 Cohn & Carter BIZHES EBEM L D HIZEWEZIRL TV —74 Cohn & Carter
HEORMEBR DRI ~BLORREY 7T 25, JOHEOEEIINAL PICHETNHYOREHERIC
F HDLIBMFT <& Th 3, X Uridine, Cytidine polyphosphates DFFEV RS H kDT 280 b,
INLCWEL,LERSNIBRBRELMRTE N LEEIDbN S,

$2EEh > Adenosinepolyphosphate D43 HFD728121d, Fiske & Subbarow #:# OfDOfEREIV- DI
TS Ch 2 ISR T A B A OB B RER L AMOTE Y > O I EE2HEX 5 L, Cohn&Carter
BRI EBES & FERpE T KERNIRER O ADP, ATP OFHlizx L 9 2E8HL P TH 5o

PEDT I OSFE oD TR 1054~19554EI2b 72D T, PR @ Adenocsinepolyphosphate 43
HEMBLULERY B 6FRIRT, FFHCEESsELL CP AR bXHOLH D >~ F i

Table 6. Amounts of adenosinepolyphosphates in carp muscle
(mg/g wet wt.)

Note

Month ‘ ADP - | ATP Cp *
Mar. 0.64 0.50 0.51 fatigue
0.64 0.50 1.23
June 0.41 1.50 2.35
0.63 1.18 0.87 fatigue
July 0.50 1.23 2.60
0.60 1.80 2.29
Aug. 0.80 0.76 —
Sept. 1.04 1.57 1.14
1.08 1.38 0.90 fatigue
Oct. 1.26 0.78 1.95
1.08 0.91 2.52
Dec. 1.21 1.04 1.76
, 1.12 0.79 2.35
Feb. 1.10 1.28 2.93
0.74 | o078 2.54
0.89 2.08 3.69 Guinea pig

* Gaito & Arai (unpublished)

% 82
Cohu & Carter #:i2f%% Adenosinepolyphosphate D247 Tid, L b b FFHSOTEO LS IfTbhidh
b 100 FEEOBRICIAT b BISOREE « 705 » BHIROWE « MBS KO TSVBBE N, ¥
DILREREOEE, pH, HEIEO THYSICMKENE DD TH 58
#35etho ADP, ATP {REEEHIAD { BADERGHOEBRICERT 2BRTDH 5, E>TEHATO
INHEEDORAEY ADP : 0.6~1.2, ATP; 0.5~1.5mg/g wet wt. & U T, "B 2 O OBHOMREE
LR TR 7RISR o
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Table 7. Comparison of adenosinepolyphosphate contents in muscle
of various animals (mg/g wet wt.)

Animal | ADP | ATP | CP Note

: 1 Gastro cnemius
Rabbit* 0.38 2.36 4.38 tecle
Frog* 0.53 1.06 2.14 4
Guinea pig 0.89 2.08 - 3.69 4
Carp 0.60~1.20 0.50~1.50 1.00~2.50 Dorsal muscle

* Analytical Data by Miyasaki ef al.5

HI6 BBEAOEE T 2 = 3 F—BNIE 3w Esgn bh b,

REHEDOELFBRICATIE, brdREPOEOHHTHIEES WA, 1082+ £ B OIERE
ST ADP DIRFEEEVCATP O 2 &k D dE A A2BAP AL N A HIIIEICERD AHETDH 50 ZOH
SIS TEEMICEZ LB LN 2 Lvbh 28, FHEGOBLERIREL TIOERIIZ DL D0 E I »
1, FICSBOBgR R nidhidn b kv,

¥3k Uridire, Cytidine polyphosphate & U % OB AR OBAER GHEE « I8 ISR 2 S e ds
E%ﬁﬁtﬁ?ém%ﬁ%%uﬁkfwéﬁ,%¢@©$%T%:nB%H®EAﬁ$ﬁ&KE%%$f6
ELTV Bo FHHIEBOSINY D THIROM < » ADP & ATP O REA SUEICHEY =23 U - £EIR
BOFCFRY L UERRU TV 205, Zidd 30 EOBEUK S DTH 232 bR TOMIC
BEL TIEBICA B OBHSRCEII 2 L T 325, WIhIC L Th TN HRAMEOBHRBOHSRII» 1Y
BETH B0 5, AFHECHL TRELBEIMO O TRV EEL TV S,

= #

IKEETE TR OERBE LA T ATIEO—BE L T, B= R34 ¥ —ELAYEHCADP, ATPO
EE X7 o, Cohn & Carter O 3 A A v WHRAR S HEE Y ATP R % v THEABR Lizo K
WTZOFEPEEBICHL CERAEY A FETHIE2EY, BC—FHERYHRITLTZOEEY L
b toREE, JEERMIL A DI AL A TADPOIRE RIHHIRICES < 1 AT H AT 2D,

FIARBFSEORITIC Y Y DHTHEL ORICEE T, 2 < ORI & MR % B> U E A RS A S Kk
Bbd, ESSIEEEE, NHEEZEKEUNC ATP Ba i OfEE & 40-5CBL T, SR &S ¥ Bocdbk
R AL P R AR A, MR, 2 RIBREEIC T %o

e [
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