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V. Acid-soluble Nucleotides in Muscle of Marine Invertebrates
Degradation of adenylic acid in the muscles of scallop and abalone

Ken-ichi ARAI*

Abstract

The rates of degradation of AMP, IMP, AdR and HxR added in crude enzyme
of the muscle extract of scallop and abalone were studied by ion-exchange chromato-
graphic analysis.

1) On incubating at 87°C, above described substrates were converted as follows:
In scallop; 4.50 # mole of AR was converted to HxR by 3 minutes at pH 9.7,
8.03z2 mole of HxR to Hx by 5 hours at pH 7.4, no changes of AMP was observed
under these conditions. The activity of adenosine deaminase could be atrongly
observed.
In abalone; 1.86¢ mole of AdR was converted to Ad by 8 hours, 1.91y mole of
HxR to Hx by 3 hours, no changes of AMP and IMP were observed under these
conditions. The enzymatic activity which accelerates the splitting of ribose from
nucleoside was barely recognized. No activity of adenosine deaminase was observed.
2) Upon the addition of 5-nuclectidase in crude enzyme, the rate of degradation
of AMP was accelerated. In scallop muscle, the conversion of AMP to HxR was
considerably accelerated. In abalone muscle, the conversion of AMP to AdR was
remarkable. As a result, it was recognized that the dephosphorylation of AMP
was the limiting step in the decomposing pathway of AMP.
8) Effects of Cu**, Hg** and F- on the rate of degradation of AMP, IMP, AdR
and HxR were studied. A comparison was made with the results of squid muscle.
4) From the results described above, the pathway of degradation of ATP in the
muscle of scallop may be considered as follows,
ATP—-ADP—-AMP—AdR—HxR—Hx
and in the muscle of abalone,
ATP—ADP—AMP

FRIFHZB T, 2 A4 5 (Ommastrephes sloani pacificus) FHRIZDWTFDREY o
I~ M EBERRRL A LER YL LT AMP, IMP, AdR 2 RIGS¢7-BEEROBEND, AMP
DFBEC OV TRE LBE LY. ZOERIZL- T, EZELALUALEEL Tz X 51k

* g R AR WA ERR
FARECHCTHEAT 2BBIWHRD -7,
AHRE L KEBYH AT OFRBRLScET s HE S XVIHE T 5,
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EEEEEMHEOD 5 b, (ERIELITR» CELBEORBEY, HEEMCHT 2 AdR #&Hh
T3 AMP ORI FBRREIZ OV TORENRE L\ Z & & —Ei D 5 2 L AHFER,

— B H ORI TIZH 2 BREFORAIFRBRE Y OB W ORI ELE R TE8H T
it, ATP OYBEHEL £ 7-AL ThD 3 LE2BIBD, FITAL X4 7 LR LKBBHIFAICET
ZEHEOPFALRENTDIDELT, R FHT ALY T IEHBRIZONVT, AL A1 IHAROHE
LEBD, BRATY 23— B, AMP OSMBHELZEES 1z L & 5 L RK,

X B 5 &

1L SR KBRCELAEKY T4 1 (Pecten yessoensis) 3 LUy 77 ¥ (Haliotis discus
hannai) TS ND HETHEE CTHEINLDIDTHo T, EETWBHDEEATERL .
Table 1. The rate of degradation of AMP, AdR and HxR added in

crude enzyme of scallop muscle at pH 5.4, 7.4 and 9.7
(2 mole/reaction mixture)

Substrate . AMP
Incubation
tre 0 6 hr.
pH - 9.7 7.4 5.4
AMP '18.10 12.44 12.96 ©18.00
§y | AdR 0 0 0 0
§'§ HxR 2.26 0.19 0.10 0.50
e8| Hx 2.29 : 4.75 4.10 3.65
Total 17.65 ‘ 17.88 17.16 17.15
Substrate AdR
Incubation .
time 0 3 min.
pH 9.7 7.4 5.4
AMP 2.49 2.45 2.30 2.40
By | AdR 5.66 1.16 2.02 3.58
“.g HxR 1.13 6.32 5.42 3.36
§a Hx 0.68 ; 0.65 0.62 0.68
Total 9.96 10.58 10.36 10.02
Substrate HxR
Incubation '
time 0 5 hr.
pH 9.7 } 7.4 5.4
AMP 2.96 ' 3.09 ' 2.83 2.76
By | AR 0 0 0 : 0
“-§ HxR 8.90 6.60 5.87 8.36
Ea Hx 1.69 4.26 4.73 2.82
Total 13.55 ) 13.95 13.43 13.94
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1. HEBEE +7 7V 1 ARBARRIC Y 7PV VEEGIIHRAZTRABCESRID HH T
BERL, AL A1 ABHEOBE LR, FEO 0656 MKC o 2158 (V/W) TrEPF4 XL,
L CHBRE L LT,

3. BMERIE BRENCOVCTIERCELLY., $Rbbz V77 EHRREY 22— 05
AR 5ml CHEKE LT AMP, AdR, HxR © 3% 1R (1.0~2.0mg/ml) % #hnL KIS
X, R TFAABRAEY 2k~ P OB HERE 2ml (2 1ml &EEE 2ml 2
2T RISEK & Uiz, BEKI: Borax-NaOH (pH9.7), Tris-NaOH (pH 7.4), Acetate (pH 5.4) ©
H3Y, ¥fz Cutt, Hg*t, F- OBELRHATIERTIE, x99 754, VT 7EDHEE BIT,
HESE bml (2 HH 1ml 44 B 1ml 2N KEREE L. Kskvshi 87°C
TAT7s\ 60% HClL 0.5ml #3RpnL Tk X ¢,

4 A A VBRI a2 VT 7 4~ BRIGHILROERRLE, REEORER, 14 v Hbigc &
3 RISERHI O E R B\ TR 7eh,

FEALLEBECOWTHFHEE<ALIDOTH S,

= B E R

I. ko744

w74 ARERERBRRIZ L5 AMP, AdR, HxR o 5 R 283 21270, pHOT, 74
FIU b4 OBREREFEAL TERETHV, FOBRZE1IRTRLA,

ORIz BE, AR © HxR ~0% ki pH.7 Tiz 4.50p¢ mole/3 min. Tii<, pH5.4
Tit 2.084 mole/3 min. T\ A3, pHT.4 TR ZOHRETH S, HxR » Hx ~0%E1iE pHT4
TiL 8.08gmole/5hr. T#H<, pHbS.4 Tix 0.564p mole/Shr. L BWHAZH 525, pHIT & T4
DHEDEIILAE I ot ToF5 AMP RZOEBREHTTE, £0 pH i\ THHEAR
She, pHIT ThIMIIRIEVNEL ISR LZZBETH S, ¥R EHEH LRV
PH 5.4 =BT ARIGEIZEAFRAUEBRLYRL T3, MERNIABEORIEEHIIRT BHERIZ
BHLMIZERRRSh B0 YD, AMP, AdR, HxR OEREOELEEDOHENAITLEE 2 &
53¢ 5eEE, AdR 2IERMIZHETS, HxR 3h7a D B<EILL, 72 AMP X Z0EREHT

Table 2. Accelerated degradation of AMP in crude enzyme of
scallop by the addition of 5-nucleotidase
(¢ mole/reaction mixture)

Substrate AMP
Ineybation time 0 l 4 hr.
Additions — . Hy0 5-nucleotidase
AMP 7.85 7.87 0.25
5s AdR 0 0 0
“.§ HxR 1.04 0.20 4.54
é 3 Hx 0.56 1.88 3.72
Total 8.95 8.95 8.51

" Reaction mixture: 2ml, erude extract+2 ml, Tris buffer (pH 8.5)40.2 ml,
additions+1 ml. AMP (7.15x mole)
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BB AYELEVEVWS ZE Tho TZOKENDL RS 74 1 ARBRIZIT 5 AMP O #8%
% T bhb AMP—AdR—HxR—Hx ¥#Z2 7277011, RAHDEE DRILVDTH B,
AMP OSBRIz OWTE, SHIIBREPEIIL TORERZ TR 22 L ARt L
L, £HH0 AMP (ZAEGONRHRCIBT 2 L NEEIRBDOTHENDY, FRIEET 58
FEMHIIBL ELFELTWBIRTTH- T, TORGHESHFDO AMP Oy RER O BEREIZ
S TWBEEZ BN, ‘

T C TRICHBEFRHIC -nucleotidase /2 T AMP OBEE ED BHBBITHL, B2

ERERL

ZORRIZED Y, RISHRIZEa¥n 5 8.35¢mole » AMP i 5-nucleotidase #fmz7sithid

Table 8. Effects of Cu**, Hg** and F- on the degradation of AMP, AdR

and HxR in crude enzyme of scallop
(¢ mole/reaction mixture)

Substrate AMP
Incubation time 0 ’ 6 hr.
Additions —_ H0 gﬂcﬁ‘z %;Cl‘l‘z L
AMP 13.40 13.02 13.18 13.38 18.20
Sy | AR 0 0 0 0 0
E.g HxR 2.82 1.75 3.28 2.80 1.65
g | Hx 0.46 1.60 0.51 0.50 1.38
Total 16.68 16.87 16.92 16.68 16.23
Substrate AdR
Incubation time 0 4 hr.
Additions — H:0 Pty Yach M
AMP 7.90 8.20 7.70 7.90 7.74
Sy | AR 8.76 0 0.52 4.60 0
*’Ig‘ HxR 2.75 7.08 11.00 6.31 6.90
§ % | Hx 0.50 ‘ 4.45 0.60 0.50 4.14
Total 19.90 ' 19.73 19.82 19.81 18.78
Substrate HxR
Incubation time 0 6 hr.
Additions — H:0 o s ot
AMP 7.83 7.82 7.95 7.95 7.50
Sy | AdR 0 0 0 0 0
*-‘,§ HxR 13.85 9.20 13.18 12.69 9.68
§ 5 | Hx 0.52 4.02 0.65 0.52 3.52
Total 21.72 21.04 21.78 21.16 20.70
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ABERID RISIZ & - T2 < B L7\ A5, b-nucleotidase 21n% % & EOAMZ AL T HxR ~ZHL
FTBZEHbD, K7 7441 BREGET O AdR-deaminase {470 D ERWERE RL TV B05,
AMP HH##EY 510 TERT % AdR 2287 3 /7253 T HxR 0B LTWAEELD
N3, ¥7- HxR 75 Hx 2R TARNERAN AL HDOBPEL B S TRITH 4 TiEhin D &8
Wwint, Hx OEFRITHETCRVOTHA 5, Liznl, AMP 7D Hx ¥ 4R T 3RIEREDOHRT
AMP O BB RIS EEBIEIC > TW B I E O BRI, _

Wiz AMP, AdR, HxR 04r#izxtd 5 Cut, Hett, F- OBE+ R LASHRIHBEL R L.

ZDORBSRUETIE AMP 30 8E 53 ek o7=0 T, AMP OBz EL TREBROKHITA,
AdR % HxR izt 2 i BT Cutt 23y, Hett A8V HEERYREL, F-ilEEs
THHTE, FIU HxR At Hx 284+ 2Rz HVTE Cut*, Hg*t 2% BEYRL, F-
NEBECHIEELLE, RV A IFROBECECTREOhERL<ACLERTH»
pA

R 8 74 A REBBIZ OV T e o U EOHBRIER LIRS T 5L, k% 74 1 AEBHRS O ATP
&, AN XA ABRICRT D ATP OHEFERIZ, ROGRERBZ L - TELT2LE2 DI b,

ATP—->ADP—AMP—AdR—HxR—Hx

INHORISOHFT AMP OERRIC L 5 AdR OABATEEICE-DIZH~NT, AdR ORR7 3
2i2k% HxR DA EbO THCEEL, RV A ABREGEOEHE Thoto. THERRED
izt % Cut, Heg™, F- OBENe<{ A—-ENTHHZ Lik, HEREXRVHHIBEERL TH
BILEBHRLTOBDTIAENAS N, '

II. =v7vv

VT CERGREBRERIZ L 5 AMP, IMP, AdR, HxR o4z oW TRE L, TOREY
HARIIRL

TV TV CHBREIHRCEAREFEL T2 EL AR EA TV, TO&RIL AMP,
3.20¢ mole KL Tdh o THIDMMIFEEL Lot FZTEREL LT AMP 24 BEML THEL,
IMP, AdR, HxR X AR B HRFIZ R FEELRVADHOLCENL TRISE ¥, Z0&RETIT
AMP 3 XU IMP (2 6 ERfIDORIER 1T » THIZE A ETBENIVN, TOHLMLLESD Ad
}LO Hx LHEFSNEB2BBOONIBEThH oAz, 72 AdR (T 3 Bz 1.864 mole iy

Table 4. Degradation of AMP, IMP, AdR and HxR added

in crude enzyme of abalone muscle :
(¢ mole/reaction mixture)

Substrate AMP IMP AdR HxR
Incubation 0 6 0 6 0 3 0 3
time hr. “hr. hr. hr.
AMP 873 | 850 | 3.3 | 318 | 3.20 | 3.28 | 319 | 3.15
g IMP 0 0 7.58 | 7.40 | 0 0 0 0
S | AdR 0 0 0 0 7.26 | 5.40 | 0 0
= | BExr | o0 0 0 0 0 0 5.81 | 3.90
£ | Hx 0 0 0 0.11 0 0 0 1.73
g Ad 0 0.20 | 0 0 0 2.16 | 0 0
Total | 8.73 | 8.70 | 10.88 | 10.69 | 10.55 | 10.83 | 9.00 | 8.78
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Table 5. Accelerated degradation of AMP in crude enzyme of
abalone muscle by the addition of 5-nucleotidase
(¢ mole/reaction mixture)

Substrate AMP
Incubation time 0 2 hr.
Additions — H,0 5-nucleotidase
AMP 11.82 11.25 1.06
§ " AdR 0 0 7.80
R HxR 0 0 0
g B Hx 0 0.25 2.30
Total 11.82 11.50 11.16

Reaction mixture: 5 ml, crude extract+1m!, AMP (7.00y mole)+0.5 ml,
additions

L TAdZAERL, HxR AL 38z 1.91¢ mole 2L THx 2R T3 L aibhoT,
Thbb, =Y 77 BRI nucleotide ¥ %M+ B IR T, £/ AdR-deaminase 3
BEL TWR\WZ &i278 %, HOMZ nucleotide DY K — R 477 5 BEEMAAD B3
THoloe T TCRIZKIGIEFIZ 5-nucleotidase ¥Rl T AMP OB {REX Y THhiz, +
DRERBESFRIZRLI,

FiaH, H-nucleotidase AFUSHAFITHNZ B\ & F1F, 4 BEERORKIGIZ & » T 11.82¢ mole
O AMP 05 b5 0.25pmole 23 Ad iIZELT 57347 TH 545, 5-nucleotidase Aiinx Hh 3
& AMP DORETE AdR ¢ 7c5n, 2DV 77 CHEIZIE AdR-deaminase 23FZE LI\ oo, &
A L7: AdR 220 % $ERML ZTO—#A AdITELL T, 7o, BMLCEREONRAE Do
Thigize, Catt, Hgtt, F- OB OWTIREF Lish o7z,

LY TUERRBRICOVTTR - M EOKBRERE2RET 2L, =V 77 BRSO ATPZ
ROSBERIZ L BB T HEEL DN D,

ATP—ADP—AMP

AMP ORI 5 BRI LU AR OBR7 3/ 24T 5 BRETEELR VA, Fo3IERIC
EHEATHND T AMP 21X 52084 BRI, 7075, Ad b Sz T 52 @8 H LA,
AMP 2#EHET2L9d AR 2 BB L T 2B AL EBO Ad BRI B2 enb, FEHL
AMP—AdR—Ad DG \MEE, BEBERIBREFL T3 LAEREh %,

% ®

—RCBFEDOEH (BROITE L EBEIR 2 BT 2 BRT OB EBR Y DB
22V, EFCHUMD S 2B TIEBRAD ATP OGBS AL THH 5 EE2 BN 5,
HE, WHICECTGRN R A 4 5 (Ommastrephes sloani pacificus) FHE THD SN 2D HRE
X, FBMEZBT B 55 FH 14 (Pecten yessoensis) 2B\ THEDONBI LAbhatzsl, =
NBHLALTHAIEEZIDNHEHEL UL, ZBELORBLAEDDELT, ¥V 14 (Dory
teuthis bleekeri), I X% (Polypus dofleini), 7 545 # 1 (Chlamys nipponensis akazara),
737 4 (Spisula sachalinensis) 7 ENHIFHNBY, ZD3H, TAF4ZO-TRHHAEY
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23— PEEALATFEONERT, SEROELOBTFR RS 7/ 1 0EELEL A—HEROKREL
RTZERBEDI ., T NHOFMHRTIE ATP o4 e LT ADP, AMP, HxR, Hx »i&
MR ERNHBIZLTD, ZOMEFIZ Lcdto TERT 2HFORFHMNRALN DD D TH D,

—%, =V 7T EHATIE ATP OoFREmRYE LT ADP, AMP #ARHEn 30 ThHo T,
AULBRBEOFTHHRDO LD TH-71% TOEHREESTHL5IZHEFTO ATP ORI X
LOTEBNThHoTe TNEFAMLTHASEEZBNZDDOL L TXT #4 1 (Anadara brough-
tonit) AV, BEGHRREY L 2~ 2 FHAL-FBNERNOHA—DOBRIZIONDZ L ERD
7o

SOV TTIY, ThHH 4 BHROKME 5-nucleotidase ¥ 713 non specific phosphatase 3k O
AdR-deaminase DHLF7IRIBEVIEEIZL - THBE ST BNRBDTH DA, ZOBHGRITE
HALER RS b TREECEETH 5,

-3 #

KR TFHART Y77 CHROMBESTNIZ X5 AMP, IMP, AdR, HxR XY 0o RBOE1L %,

AAYRHMI o< b I57 4 =il Lo THHTL, BEFTLI,

1D 37°C TRISS D EEZERBEIRD X3 IZELT 3,

k& 74 41 Cid AdR—HxR, 4.50p¢ mole/3 min. (pH9.7), HxR—Hx, 3.03x mole/5 hrs., Z D
ZHETIE AMP OSBRIIED e holc, L7chio T Adencsine deaminase DV EMATFREN
%,

Y77 ¢ Eik AdR—Ad, 1.864 mole/8 hrs., HxR—Hx, 1.91z mole/3hrs., Z D54 Tix AMP
EUIMP ORI RSN oTze L7zdio T nucleoside DRRY K — X %1770 5 BREM,D A
HRH &N Adenosine deaminase (I RIHENch o7z,

2) 5-nucleotidase ZMEEEZHIZIRML, AMP ORI CES ¥ BER YTl 7 FH 4
OPEITIZ AMP 25 HxR O URESH, =Y/ 77 AMP 7o AdR O4mA 5%
Thotte LIt oT, —BOLHERERD 5 H AMP ORI ERBRICI > TV A I LAl
%,

3) MEEEEFCEmML7 AMP, IMP, AdR, HxR OZ{izxd % Cutt, Hg*t, F- OoBEr KR
Lo TORRERN A4 HDOBFEL B L 7,

) LIEDHEMND, 57 FH A GHRFO ATP OSBERIIRD L 51T/ beE 2B,

ATP—ADP—AMP—AJR—HxR—Hx

IV TIEHRTIIRD L 5785,
ATP—ADP—AMP

AMP X Bl EAMBT 2B E A Eisn o7,

B APRORITCHI Y, KEEBEAEIRELEDL - ARBETRE, LU, RBhi
- THRTLERE &\ oW RERBERE Y X B EEOBEERLE Y,

X L

D #H¥HE— (1966). JbAKERH 17, 83.
2) (1966). HEfn AL 2 AEF S CEBEREKEFRE.
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8) Gomori, G. (1955). ‘‘Methods in Enzymology’’ Vol. 1, p. 138, Academic Press.
4) FHR— - WEIETT (1963). HK3E 29, 168.

5) (1960). JuAskES#E 11, 67.

6) (1961). [ik 11, 225.

— 98 —



	0091.tif
	0092.tif
	0093.tif
	0094.tif
	0095.tif
	0096.tif
	0097.tif
	0098.tif

