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IV. Acid-soluble Nucleotides in Muscle of Marine Invertebrates
Degradation of adenylic acid in the muscle of squid

Ken-ichi ARAI*

Abstract

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

1) On incubating at 37°C, above described substrates were converted as follows:
7.604 mole of AMP was converted to Hx by 6 hours, 6.02u mole of AdR to Hx by
one minute, 1.48y mole of HxR to Hx by 5 minutes. From these results, strong
activity of adenosine deaminase could be assumed.

2) By the addition of 5’-nucleotidase in crude enzyme, rate of degradation of
AMP and production of Hx were very accelerated. As a result, it was recognized
that the dephosphorylation of AMP was the limiting step of decomposing pathway
of AMP.

8) Effect of Cu**, Hg** and F- on the rates of degradation of AMP, IMP AdR
and HxR were studied. A comparison was made with the results which obtained
from bovine muscle by Lee, C.A.

4) From the result observed on the degradation of HxR in the dialyzed crude
enzyme, presence of nucleoside hydrolase could be supposed.

5) The pathway of degradation of ATP in the muscle of squid may be considered
as follows: ATP—ADP—AMP—AdR—HxR—Hx

AEESHEYHRT OB AEEBRRY OBNELCET AMEIL £ 50T, EED @Bf%u
AZhTHh= - ZERLDOATHHTD, BHLIZT T2 11 BoXEETHREMHNTF ORBRTTEI
BEIZOWT, HREER (16~20°C) L{EE (—5~—6°C) TR LBEoE{LEmIL, %

DREBRNSHRPTCEIDLELLND ATP OOBERICOWTHEE LT - 720,

FHRTE, Mk ATP O EERICET2EEOCOHEBEHAT 500, FRFEY = 2 —
FERMBMARRKE AL, ZhuT ATP OFRREMOTHER LB DRV OnDLEREERE
LCHML, RISXESSERMOIH 255 Z il » TRE ERA L, ZOFBCLIBE, H
REHTOFHRPICRFOER LA SN -7 AdR 28EHT 5 AMP OBERBS IR <
Az TERBRCTEIHENEETH -7 IMP ORTHEBREIC OV TLRHNTHI LAHKDO

TIEFHZEFTH %,

* bEEREKEFKELERE
FRECKEBWHRPOFHBRELSHCHT 2R —BIXVHET S

e 83



KX Kk E £ # [xXvI, 2

x R 5 =

1 B E B ERIZELAZANL A1 (Ommastrephes sloani pacificus) \IEHAEY CHE X
Nizd DT, Ehod THERATRETH 2.

B RE FERAL A ORARRFZTEY £V, 2 58 (V/W) © 0.55 MKCl ¢k
L2, 2=, ~%lkEYF M4~ HDII & (20000R.P.M, AARBRE “LoTREYF I
L, WIZZBOX— ¥ CEREBL CHBRE S Uiz, 37, BRYITR 5SS HEBEERL L
BEL (10000R.P.M., 30 %) bRz IaE, BAEEACH L TEBORHABHONL eDE THEN
PRI THhHDHEET Lee, C. A, HARALAFECEE DD TH B0,

3. B®ER o HEBEWE S5ml iz®E L LT AMP, IMP, AdR, HxR, Ad © 35 H—FK% (1.0
~2.0mg/ml) #%EML, 37°C T Fh—~ERERIGZ ¥, FKitiE 60% HCIO, 0.5ml #inz
BIlindoThikd ¥, BEAEHEY B0, 0.5% HCIO, 5ml < 2 [EHH #1770\ i
BEEOETERBATOmLIZHRL, EHRE (7u~ 77 78, FERTERRSHE) 75
£, $1.0emXL. 6.0~7.0cm (ZREXRD, 75 LLEEK 20ml SO3[FECHEEL B, BE
L 7R L% CoHLOH: H:0: 28% NH,0H=48: 50: 2, (V/V/V), 60ml T L, 40°C
TREBBZERAT 0ml BELT5, ZoFhd 15ml 229 5% HCIO, 172 5mL pH4.5
~5.0 iIZEbYTERKRT 20ml s THERLCAL vX|mIa<w b 757 4 —izfEL 7,

4 AFvEBIu= 757 o~ GEREEMESI AMP, IMP, AdR, HxR, Ad, Hx 7 5%
FRNTCVBHEIND ORI LI T 2701713, Jones, N. R. 0#i L7 HE0 OBBEED 12X
572 7835, AMP & IMP OHHIzoWTIE, ShbE & L7- Dowex 1, BiBEL 7 5 2 5 5
0.008N HCl CHEEX&TITs5 2 EAHEEDW,

5. B B EHILUUEALABBERRIRO L5 LD0TH D,

AMP, Sigma Chem. Co. 35 L U* Zellstoff fabrik, Waldhof
IMP, AZHHZTAHHALYEEREML b0
AdR, Zellstoff fabrik, Waldhof
HxR, L. Light & Co., Ltd.
Ad, Hx, FjeMEriEsait
¥ 7, 5-nucleotidase I RARR TEKRASH, AREZERLHAOSEL T,

A

MRz L 5 AMP, IMP, AdR, HxR Y DERIINT AREORELE1RBCIHT 5,

T OSBRI ARAFEL T BB EML S TN T2, TORIE LEFCR
EhTwB & 51 AMP (11.00), HxR (0.80), Hx (2.0) ¢ mole fICH » TEDMOBIIED
bhighotee LictioT, AMP ¥ ERETHRIETIHS L AMP BHEMT LB HRV0T
HBY, FRBTIMOEROFE LR, HOLOTHRML RIS S ¥, $hbb, AMP &

ARECFCTRROBELFEAT 2

ATP, Adenosine 5-triphosphate AdR, Adenine riboside=Adenosine
ADP, Adenosine 5-diphosphate HxR, Hypoxanthine riboside=1Inosine
AMP, Adenosine 5-monophosphate Ad, Adenine

IMP, Inosine 5-monophosphate Hx, Hypoxanthine
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Table 1. Degradation of AMP, IMP, AdR and HxR added in crude enzyme
of squid muscle (¢ mole/reaction mixture)
Substrate AMP IMP AdR HxR
Incubation 0 6 0 6 0 1 0 5
time hr. hr. min. min.
+ AMP 18.00 11.10 12.22 7.77 10.97 ‘ 11.10 11.10 11.20
-§ IMP 0 0 13.46 8.42 0 0 0 0
g AdR 0 0 0 0 7.85 1.83 0
.g HxR 0.81 0.10 0.81 0.23 0.80 6.23 9.68 8.20
g Hx 2.00 7.73 2.00 10.34 2.06 1.97 2.10 3.76
Total 20.81 18.93 28.49 26.76 21.68 21.13 22.88 23.16

HxR 22V TIHRIEAERE T TR EFS LS EmL7-BomER (AMP 3 18.00, HxR
i+ 11.10g mole T 2) #1, F7z, IMP & AdR BHEIZIZARS TN TUWRVED, HEIICE
mL7-® (IMP iX 18.46, AdR (X 7.85¢ mole) 2IEEMEITIL - TV B2bIT ThH o, ZDEHICE
FARIGTI, EEERAL AMP % 6 F¥iz 7.60 mole YL T Hx iz, AdR &H 7' LR
6.02¢ mole 7L T HxR iz, HxR % 547z 1.48x mole ¥R L T Hx &L X ¥7, E70
AMP & IMP 5i3:7%7 2 & 512 6 eI RIe T IMP (X 5.04, AMP i 4.45¢ mole 1 HxR 7%
L, BFBLVWEETHo7T o, Ad B4 BE 3T ho7,

IO ORRCIHFFICEE R Lk AdR 23ERICEVET 2 JERE2 50528 ThHo T, FE
Adenosine deaminase EEAI TSNS, AMP OBALZ ALV BNMZ b 20hb b3 Hx it 2L T
V3 Z 21k AMP—AdR—HxR—Hx © 3 BEORKIED 55, AdR hbHEAD 2BEDORIGHESE L
BN ENDOEL D EHBHESDLZ L ThD, nucleotide D BB E 28, & ORIEH
Hriz 5-nucleotidase # AL TEORIGEEEI L ER VTR 72, TORBELE2HFIRLI

ZORBIZE B e, RIS T Stz 5-nuclectidase (3 AMP O4REALVFED BT LA
bhotlze UL, TOBETHRIMERME L TFREENS AdR 3D BT EiXHET, B

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

Substrate AMP
Incubation time 0 2 hr.
Additions —_ H.0 5’-nucleotidase
§ AMP 15.80 13.20 8.87
g AdR 0 0 0
o HxR 0 0 0
2 Hx 2.80 4.68 8.88
g Total 18.60 17.88 17.25

5 ml, erude enzyme+1 ml, AMP (4.70¢ mole)
+0.5 ml, additions

Reaction mixture:
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HxR » R+ Z & AR TQRZCERRIC Hx 2R L ThBZ Eaibnd, Ticbt ATP
DFBIZH - TE, —~EDORICERED 55 AMP O SRR RIS AREBEC - TRY, #H\ Tk
b BT 3 /B IR X — ARSI Y #HL fThebh b/, FROTEERE Z X bh %
AdR, HxR 0ERIIHEEHELEV-OTHBEVWIEZRIELVLIDTHS S,

52z Lee, C. A. DI THOHAFREY « 5 — P HHEBERK L 27 L THRS O IMP 04y #8i-B8 4
BRER - THY, TORBRRISE 0IIMF- 2 ko7, $78YH—2 K5 0.01M Cu*t
EHE 2k 5 T ERNICEEIR D L WS RRBEVCEELHE L T3, FLHIEERITEWT
UEDSED At YOBIZE LT THELR LS TARL, TOEELROEIRIIRT,

IRz L DL, BINETCEEN T3 AMP, 14.70¢ mole (3 4 B¥f0 KIS Txiz Hx 1%
b+ 22, ZORGE Cutt, Hett, F- itk » TReClESH, %7 AdR, 7.94y mole % 204y
DORIE T Hx 128 L T30, ZoRINE Hg™ 12 & 5 TS, Cutt ind - T HEES

Table 3. Effects of Cu**, Hg** and F~ on the degradation of AMP,

AdR, HxR in crude enzyme of squid (¢ mole/reaction mixture)
Substrate AMP
Incubation
time 0 4 hr.
" 0.1M 0.1M 1iM
Additions — H,0 CuCl HgCl, NaF
AMP 14.70 11.27 14.80 14.86 14.70
Sy | AdR 0 0 0 0 0
§§ HxR 0.50 0 0.72 0.25 0
2 | Hx 2.60 6.26 1.95 2.66 3.19
Total 17.80 17.53 17.47 17.77 17.89
Substrate AdR
Incubation p .
time 0 20 min.
" ' 0.1 M 0.1M 1.1M
. Additions | — ] H;0 CuCly HeCl, NaF
AMP 4.60 4.90 4.80 4.75 4.80
Sy | AdR 7.94 0 2.68 7.00 0
*‘Fg‘ HxR " 0.06 0 3.37 T 1.00 0.15
a%’a. Hx 4.07 12.70 6.15 4.10 12.05
Total 16.67 17.60 17.00 16.85 17.00
Substrate HxR
Incubation i
time 0 20 min.
" 0.1M 0.1M 11iM
Additions — H,0 CuCl, HeCl, NaF
AMP 5.00 5.00 5.36 5.20 © 5.24
Sy | AR 0 0 0 0 0
.*‘Fg’ HxR 9.83 0 7.9 S (] 0.91
§a Hx 4.20 13.50 6.00 4.25 12.10
Total 19.03 18.50 18.75 19.15 18.25
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Table 4. Effects of Cu**, Hg**, F- and PO,~~~ on the degradation
of AdR and HxR added in dialyzed enzyme
(2 mole/reaction mixture)

Substrate ) AdR
Incubation .
time 0 60 min.
as 0.1M 0.1M 1.1M " 20mM
Additions — H:0 CuCl; HeCl, NaF | NaH;PO,
AMP 0.23 0.26 0.19 0.16 0.16 0.15
Ey | AdR 7.50 0 7.67 7.80 0 0
*‘-§ HxR 0 0 0 0 0 0
§’a Hx 0.26 7.51 0 0 7.93 7.26
Total 7.99 7.77 7.86 7.96 8.09 7.41
Substrate " HxR
" Incubation )
time 0 60 min.
o 0.1M 0.1M 1.1M 20 mM
Additions — H:0 CuCly HgCly NaF NaH,PO,
AMP 0.22 0.23 0.22 0.23 0.20 0.23
Sy | AdR 0 0 0 0 0 0
*g% HxR 9.40 0 9.14 9.15 0 0
&8 | Hx 0.14 9.75 0.17 0.15 9.50 9.51
Total 9.76 9.98 9.53 9.53 9.70 9.74

N, F- REEETHBHI L AbAD, iz HxR, 9.83x mole I 20 0 RKS THReic Hx 2L
LT3, oIS Hgtt & Cutt izt » THESH, F REEETH o7, Lee, C. A HiZ
AMP, AdR X #BEE LRKIBIC OV TRERL TWiLb 0 TRR L BT 2T ITiddphise
7, HxR OBz 384+ Y ORBIL{ALENTH -7

RICHEFIZL - THB A 4 Y 2 RE L BEREFERL TERE Tt COBRBIZLILT
HxR » ORISR LRSI T 288 1 4 ¥ o BE 2B Thid, HxR o5BicB5d 28 H s
phosphorylase!® T3 %7 hydrolase'> Th BhDHMAHES ThHS 5, HERKIHERI A VD
BEVREE DL TCHEESE B°CHK) TIIRF v 729 7—TCiRFEL 20, #kBREETE
» TEBATEN# 1T 5 AR 26~35 BB TERNIEEDN D, ZOFNBERIZL-T AdR
} LU HxR 2EBEE LRGSRV, T Cutt, Hgtt, F-, PO~ OREXHREHLER
PEARITR L,

IORBIZEDE, BHBBYITIL . -ETEREE T HxR # Hx RS2 2BREEEROCR
HLTWT PO 124 BB THEIND, 1 7HAETDO HxR OFMIT nucleoside hydrolase
ZEBLDEELZTIWTEHAHS, £7- adenosine deaminase HFEL T\ 572 AdR 1T Hx iz
2L Ttz AMP 2SR 2 BSREMIIAER LV RIZ, BT o TEHRERDOETH
I oD THEIBRE Lid o1z, RISENBERELEAL 2REizEsF 5 Cutt, Hegtt, F- 0%
HEBRE OB E LS FUMEEThHoTo 7275, AdR Otz 2 Cutt OEEINFEE LHEE
ERLTVWAZEDEBERDBEOTVHBZLNTORR L - Th a2 Thote TNL I
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BREEOBIINT23BOA 4 Y ORENTHORE L R - TV HHEY, SEHICES BHR
ZOBLHIVETFHREEBHDOTHA 5,

BlEDEERALE L DL, 1 AGRBO AMPIZAEAIZE VBB ICH TIREITE RT3
JEFLTHRYV K- ARGEEZDEFERVIZITHILIL, REAEEENTH D, Tz ATP b
AMP ¥ CORBIT TIZHDh TV 2EHN B 5058728, 1 7HEFTO ATP o0R#E
BBIIRIZRT X 512783,

ATP—ADP—AMP—AdR—HxR—Hx

SHUTFRITEEL A ABREER L 2L ZiZs 25 ATP oBWE{LOMERER bR L:
TR ERSTHL IO TH T

& =

AERBI AL AL HHRIZETHLDOTHE0D, KEY 2 52— FVEHOLDIZAL A1 AFHFRE
wmEEH5 0.55M KCl S AL, LAL, KCl oBERRE0ELBEOERE L BHELE
HERBHDIENDELDE, TOBEFERTLI KOl BABRI—22E+T 530THA5, ezl
Lee, C. A. S TEOBEIZOVTHAL 7 0.16 M KOl TIIBRROERIIENLTHTHS 5 5%
= DERSD =i, 0.55M KCl & 0.16M KCl %Y - — } #3ML AMP, AdR, HxR ¥ %K
LLTRISXY, —~ERMzEET 2EEORADIREEL KB LES R,

+72bhbH 0.56M B LT 0.16 M KCl sk EY 2 3 — } ORTRBEFMDORIITIEBVOERHNA
LNBEDThHoT, AdR OBT 3 / #1370 58RI U HxR O ) K — X% f77¢ S BRI 0.16 M
KCl £ %Y 2 %~ MIBWTH<L, AMP Of#EREFT 0.55M KCl £ - 32— MRV TH
Bt Linl, 3 BOBREMOEISOMIIOVTRHE Y ERIRS, LchioT ATP O
EHIZEET 2 EE L ORBUTILTER M2 HLELRV-DTH D, ‘

FEBIBEMEROER Tho7cH, HLOEEREEIEHD  RERAC OV TUIRE L Tz
Ve FZTRIZ pHY.T, 7.4 F LU 5.4 OREREFEAL TEEEINT BRI 21T » Thi
FTORBREBORIIRT,

TOFRILDE, M EOERSHETIE AMP 12 pH7.4 ¢, HxR 3 pH7.4 @, #L T AdR
i pHT7.4 B LU 9.7 THAMIZECERARSABZINRED, WIhdthio pH 0FE L RER
VDT, ZOERDS ATP O BEBRCET HMROEE L FB LIch o7z RBEBROEHESR
BT AR S BRI SRR VALETH S 5,

ABEDERERIIANL A{ HHGRIZETAHOTHBMN, —F Y Y 17 (Doryteuthis bleekeri)
ﬁﬁ’Gkiﬁﬁ%i@iﬁﬁﬁi—&c:%%%b\fﬁ'ﬁ!ﬁm?ﬁ; IR EBEOTEDOEI DI, ANV A1 THH
DFE L REI > T

Table 5. Comparison of the degradation rate of AdR, HxR and AMP added
in crude enzyme with 0.55 and 0.16 M KCl solution

Main Incubation Crude extract with

Substrate | Looction product time 0.55M KCl  0.16 M KCl
 AdR HxR 1 min. 5.66 7.15
HxR Hx 20 min. 3.49 5.95
AMP Hx 5 hr. 7.05 5.94
(¢ mole converted)
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Table 6.‘ The rate of degradation of AMP, AdR and HxR added in
crude enzyme of squid muscle at pH 5.4, 7.4 and 9.7
(2 mole/reaction mixture)

Substrate AMP
Incubation
time 0 5 hr.
pH 9.7 74 5.4
AMP 9.78 8.74 7.66 8.60
Sy | AdR 0 0 0 0
*‘g HxR 0.25 0.05 0.30 1.45
n%a Hx 0.90 1.80 2.65 0.15
Total 10.93 . 10.59 10.61 10.20
Substrate . ' AdR
Incubation A P
time 0 1 min.
pH , 9.7 7.4 5.4
AMP 2.96 2.80 2.90 2.3
g8, | AdR 5.05 3.29 3.19 3.55 .
o &
§.§ HxR 0.20 2.62 2.85 2.44
5| Hx 1.28 0.89 1.04 0.89
Total 9.49 9.60 9.98 9.61
Substrate HxR
Incubation .
time 0 15 min. ’
pH 9.7 7.4 . 5.4
AMP 3.00 3.16 3.10 3.18
Sy | AdR 0 0 « 0 0
§.§ HxR 9.61 9.00 7.86 8.50
S5 | Hx 0.72 1.10 2.49 1.71
Total 13.33 13.26 13.45 13.39

Reaction mixture: 2ml, crude emzyme+1 ml, substrate soln.+2 ml., buffer
Buffer: Borax-NaOH (pH9.7) Tris-NaOH (pH 7.4) Acetate (pH 5.4)

- #
2N A4 HERERRKIC L5 AMP, IMP, AdR, HxR R Y ORBEOB P AT VI o + 'S
74—k o THFT LR L7
‘1) 87°C TR 5E, FHRBEIRD L S5ENMET S,
AMP—Hx, 7.60y mole/6 hrs., AdR—Hx, 6.02¢ mole/1 min., HxR—Hx, 1.48¢ mole/5 min.
L7835 C, FExXE0Z54\ > Adenosine deaminase DEFEENTFHIN 2,

2) b5-nucleotidase ¥ MHBEFMICIRMT 2L, AMP DORBREIMEEXINDZZ L2 L -, Hx 04k
BAETT B. LIctio T—HOSRERD 55, AMP OBBBRISHEEBREIC - TWA D
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Ehbmd,

3) . B\ EmL: AMP, IMP, AdR, HxR OEfIcHT 5 Cott, Hegtt, F- OBE LB/
Ltz Zo#RERIC C. Al Lee SMFHEIZDOVTRE R L LB L 72,

O BHLHEBERC L 5> T, HxR OB Y K- ARGAHTROND T &b, nucleoside hydro-
lase OFEELATFEIND,

5) LIEOREEND, AN A4 AHAGO ATP OHBEHIIRD L3 ICELDN 2.

ATP—ADP—->AMP—AdR—HxR—Hx
#q AFEORFCHY, RBHBILEEELED - LERETEE S IURBHT-
THRE T IR R e R R R R Y X B REOREERL E T,

X 3
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