FBBHICBT A5 -2 7 LA F FIKIBIROLEENE

M MF-E EF-EH ORE
Bm EeERE OEE

Stability of 5'-Ribonucleotides in y-irradiated Solution

Junko Terapa, Kemko Hata, TakenNorr Mouri,
WaTtaru Hasuipa and Iwao SHica

Some of the nucleotides such as 5-IMP and 5-GMP have been {ound to play an
important part in the flavor-enhancement of foodstuffs. In order to investigate the
stability of nucleotides to 7-irradiation, solutions containing nucleotides were sealed in
glass ampoules and irradiated with a 5,000 curie cobalt-60 source. Remaining nucleo-
tides were assayed from the amount of phosphoric acid liberated by the action of 5'-
nucleotidase.

With the increasing dose of irradiation, pH of 5’-IMP solutions reduced accompanied
by the decrease of remaining 5-IMP (Table 1). A linear relation was revealed to
exist between the logarithmic amount of remaining 5-IMP and the irradiation dose
(from 1 to 10 Mrad) (Table 2, Fig.1). 5-IMP was found to be rather stable at pH 9
but less stable at pH 3 or 5 (Fig. 3). Purine nucleotides are more stable than pyri-
midine nucleotides (Tables 3 and 4).

TFood components, such as glucose, sucrose, casein hydrolyzate or sodium chloride
were added to the 5'-IMP solutions and irradiated at 1 Mrad. Glucose, sucrose and
casein hydrolyzate exerted an inhibitory effect on the decomposition of 5'-IMP (Figs. 4
and 5). Hypoxanthine is the main decomposition product during irradiation of 5-IMP
at pH 3 and 5, whereas, at pH 9, inosine as much as hypoxanthine are formed.

From these results it is assumed that the decomposition mechanism of 5'-nucleotides
with 7-irradiation is quite different from that with heat sterilization.
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BEBRBLUZ20RMICHT 2 HEBROEBICOVTRECH 2 ONIEMRTEbHTED, X%
MREEEB XUSRERMICOVTIZ 2, 3ORETY KREHINTHE. —HAERDEHBE
BIZHEL TRRODNA, RNARCHT Z2ERENLHELTLORTOEY,

BEEERAOHTS 5-27 LA F FRAROEWRS L LTEELODOTHIMNERD 7 HEH
Lo TEDOEEUBEAREEEZZT AN OVTRBAEHIERRYS MW, EEARIK T B
ZEHULLBAEDOR 7 LA F FRERSOEMSIUZORKICT 2282, 30K i
TRHLDATOEINEL —BOBRITOVTHICDIH B AREENMERREBT 51005,
ARICBOTHEHET -2 7 v AF FKERENRE LT r EHETE BRI Y-2214
F rOZEICKT 2 RERE, mEK pH, AELRRSOEBL DL TLLRILLBL D5 -R
7 vAF FPHEOEEROLES XTCSRERD OO TORTETL - - O THRET 3.
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1) 7REBEHRE

ERZETEMRNSEEER B P RFAEFTICBE AR L 22,

Co-60 $IEIZH 5,000 # = ¥ —, HEZRT 2.3%103~3.56%10° L~ b ¥ v /hr. ORBATH -
7.

) R AN

5-IMP, 5'-GMP, 5'-AMP, 5-CMP 8L+ 5-UMP 0oZh#Fho+ t ) v sErRAMAEE
TERRSHIDES RN

HRER OB

KEBH 1 5-R 7 LA F F%0.2, 0.5%BBETHEIAKITERL b 0.

BWMER: 7T vB Y — &% -HCIE8W (pH3, pH5), bU R «7 3/ 4% v HCl &K (pH
7, pHO) 125~ 7 LA F F% 0.2, 0.5 BBRETHERLL OEZNZNHA .

NS DEKFERE 20ml ZEROWHN IR T Y A UICHALT 7 2R LA.

MRBELT 7 2 BHETHBRRE SRREORKE L »1-.

3) B HE

5-Y KR LAF FOFH

a)5-R7 LA F FOERW 5-) KR 7 LA F4—+ (Bull seminal nucleotidase) %>
ZHESOBRE TABLOX 2 LA F FOLSTICIE Bergkvist $:ic k3 Dowex 1X8 At
BHIL/aT 77 4—ICKo7.
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b) 3-RI L FF FONMBERDORBICIBNHRE « IMEHRY —& 4 v-Far/—n (
80:20:2) BEU n-F 4/~ EEEE K (4:2:1) OEEERVER—N—-ya=}I 77
4 =2k ot HEEFE No. 51 20, BEREy F ORI EABS 7 (253 me) 2
RULZ%. ‘
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1. RE#ICRETRIAREOLE OkBED)

5-IMP k#E# GEEFZ 2.0mg/mD) #4727 Va2 20 ml BRBLIEHTE LT 0.29
~27.6%10® rad @O r BEWHEH L -KRR Table. ]l X5 TH 3.

TROLMMBENE LB -T pH
BETLEASEAIGET(CEBE D S
1, 5-IMP DEEZRMRETLE. 4 5'-

Table 1 Stability of 5’-IMP irradiated
in distilled water.

Irraéiiation pH % 5-IMP
(losof'?ld) irrgg}g‘fion remaining IMP 3% pH 7 Buffer K& 28
0 (7.82) (100) EWET B &L Bulfer RED SARLZETH B
0.29 6.95 90.3 CEMEBLNG,
e g o CCTARENS—ETHENHOREEE

27.6 6. 47 1.6 BIZT 35460 5-IMP ottt ek

L. bt 5-IMP 2 %MK THERLT

2.0mg/ml DOFEHEL 1.00X10° rad OLBETHRERH 1.49x10%, 2.23X10%, 4.46x10* L

v b v/hr OO 5-IMP OBHFEEBRETHET 2 LBRERIITLEN 59.2, 61.5, 62.4

BTH->TRIZF—EERY, CORBORBECRBERINTIZEILVWEEIONS., BE

R 103V v b v/ BMZ BRI a0 PRBICERT ALHICHEDOHETCBHOE—(k
BE2RNBERMBHSELNLB1ZH,

2. REMCRETRFREOZE (BHAEP)

5-IMP*Na: 8% pH7 ®t Y=z« 731/ # £~ « HCl Buffer (1/20M) i 2mg/ml 0
BRBRBUASTAT v 7 NVICEROIETIC 20m] BHAL 7 2R L.

BMERIZ 2.3%X103~1x10°7 ORBTH -1, RERBiIcKT 2 5-IMP #E#ED pH, 548,
5-2 7 vAF FEOE(LET 3L Table2 0L 5 TH3.

TrbbRABESEMNT 210 pH BBREMICBET LA DERHRFEMERT L LTS,
COERERTAESIC 280me £ B0me CEZRECORMSMCART2EEZL LN S,
5-IMP BERRZBEEICLS 5'-R 7 LAFFBLVHELLBDTHS.

RO 5-IMP BEZROXMB L RERECHEEZRRT S L Fig. 1 X511 iz 108 rad
»5 107rad OEBETRESBRICKZLEDSNI:. LT 5-IMP ofEExa% (T
CTI 100%), BatgiEt Mrad) 0L 2D 5-IMP OBERE x%E L 5-IMP o4 #EHk
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Tabie 2 Stability of 5-IMP irradiated in Tris-buffer (pH 7).

ergition P % i Reactr
(108 rad) irradiation remaining k*
0 6.91 (100}
0.47 6.79 94,7 0.104
0.93 6.61 88.2 0.131
1.86 6.42 76.8 0.141
3.72 6.21 59.6 0.138 | 0134
5.58 6.11 46.4 0.137 0. 008
7.44 6.00 35.9 0.138
9.3 5.91 33.0 0.120
* k= @ log =2

it ; dose (Mrad)
X, ; initial amount of 5/-IMP
X ; remaining amount of 5-IMP

ERADPOHHET S L Table. 2 KRTEHTH 5.

2.303 a
k =7 log ——

SERIER DT HI20.134£0.008TH ~ 1o, 2L T—EREZTFNLHET IBHBT UL LRER
WHDIEAODIEI 17.2Mrad Td »7-.

BHL7- 5'-IMP %O 1005 R (pH2.0) OEATBIRIEI Fig. 2 KW RTLH>TH 3.
REBESEIMT 2IE-T 250 me OBEABHELL 220 me B XY 280 ma~300 me OEH
BingscinBEnohi, HERENBPTS 300~350 me O TRBMBIEML 7.

- 0 - not irradiated
0.6 - a- 093x10°rad
100 -0~ 3.72x10%rad
E -x- 9.3 x10%rad
o ]
5 50+
) 0.4
- 304 - .
£ >
K 2z
: §
iy —-
) 8 021
10 ~——————— —y &
o 1 2 4 6 8 10 E
Dose (10° rad)
Fig. 1 Relation of remaining 5’-IMP and o T 220 | 250 | 280 @ 300
corresponding irradiation doses in Wave length mp

Tris-buffer (pH7). Fig. 2 Change of UV spectra of 5'-IMP

irradiated in Tris-buffer (pH 7).
L ¥-RILVFAFFOREHRICRETER pH OEE
5-1MP:Na. #&% pH3,5 07 = vEY —4% « B8 Buffer, BXU pH7,9 DY R 7T
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2 4 & v« B Buffer i d 2 mg/ml
DBEBICHE DI XHICERLAE 7 AT Y7 VAIC
THSHEETIZ 108~107rad O r SEHEEL
%5212 Fig. 3 D5 TH 5.

3123hbH 5-IMP {2 pH 9 OH&HHEE pH
OHETRLEETHY pHT7, pH5 Lt
EOIBREMICE IS TREEE L 7.
pH3 & pH5 toMicizd &R SH» - |
7. 0 T ; —

1 3 10

4. {Iﬂ’?ﬂ) 5"?7 '/j'; F(:OL‘T&E& Dose (10* rad)

50 -

Romaining 5°- IMP

as
U

pH 3

DL Fig. 3 Stability of 5-IMP in buffer

S E LTEELZA 003 5-IMP, solutions of various pH.
5-GMP, 5-AMP, 5-CMP, 5-UMP @5
BOS-27 L AF PEROREREAEICKEL;:. TabbECh s B AN 2mg/ml ©
BEIZLLE51E Y2 Bulfer (1/20M, pH 7) RERULN 727 » Pl ERO{ETIC
20ml EHALTr GERH L7,

HERIT 0.5~1.0X10° r/hr, BHEHEEIZ 0.93x10°%rad & 4.65x10%rad Q2 EETH - /2.
#ERIZ Table3 DLH>TH 5.

MET 5'-R 7 LA F FOBRFERI 0.93%

Table 3 Comparatihve stal.)i]itit?s of 10° rad BE OIS, 7Y v 5Tl 87~89%
5/-nucleotides  irradiated

in Tris-buffer (pH 7). ORIz LY TV yRTIR UMP 875

% remaining 5/-nucleotides %, CMPM»B4BTUMP OEFEHSBED -

5’-Nucleotides = 6 - A1 I &

0.93%105 tad | 4.65x10° rad 72. 4.65%x10% rad ZBHLLBSRIERE

5/-IMP 86.9 57.4 DL LAY Y ERBEHRETEY

5-GMP 88.7 62.9 IV VEBREETHY 5-UMP oXEHE
5’-AMP 88.1 73.0

5/-CMP 83.5 53.6 fﬁSE@R& LAF ]*’U)Cpfﬁ%ﬁﬂof:.
5’-UMP 75.0 46.9 Zizzhs 5FO 5- X7 VA F FEEREA

LT r g@eRels. pHT0DFYRX - 7
1 ) # &2 v Baffer iz 5-IMP, 5-GMP, 5-AMP, 5-CMP, 5-UMP %zt £h 0.4 mg/100
ml OBFEICREBLHICBALTHERLEREESRASFAT VI NMIKHA LK, 5X10°rad 2R
BLELDITOVWTRRBHEDOS DEMBE LT Dowex 1X8 2RNEHTLIR<T S 77 41T
EhZ2DR 7 LAF FHEREREL .
FTRHERILAF FRAMIZ 260 me ITH 3RS 20ICHY T 2ES pH2.0 T1 8D
EHRRECREIETE/ —N TYE=TRTHERUESEKRIZ 40°C UTTEERELT v E=
7T pH9.4 &L Dowex 1X8 # 7 &iTHhiTI,
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A7 LXDBEHULARERSEEDT 260me ORRBZAE LHEER LD ZNETNEEBEE, 3
SVFVF, RIVAFFELUTHELL., #ER Table.d 0XH>TH 5.

bbb 5x10%rad B X - THE, 2713y FESOENRENXEDOA. chid
STEOR/LATVORRICIDERLADDOEELOND., BHIKROBEAK ml ¥hoE+0
R VAT FERHBRUTCERESR (%) 2%kvd & 5-AMP, 5-IMP, 5-GMP MHEHE <,
5-CMP &<, 5-UMP 3L {{Eh 57,

-2 7 LAF FHREMO ZEMERET 5 L4 BHULEARKIE 7)) Y RSRBORE
TEY IV VRBREETH S LBDONI.

Table 4 Change in the amounts of 5’-nucleotides irradiated in a mixture.

Bases, ides| F-CMP| 5-AMP| &-UMP| 5-IMP | 5-GMP

Control. not irradiated

Absorbancy at 260ma 0.17 4.17 9,20 7.09 4.87 7.81
(0. D./ml)
pmol/ml 0.672 0.647 0.717 0.705 0.665

Irradiated at 5x10¢ rad

Absorbancy at 260mu 3.34 2.13 6.06 118 3.04 4.85
(O. D./ml)

pmol/ml 0.314 | 0.420 | 0.110 | 0.438 0.401
% _of remaining 5.2 | 66.3 16.7 62.1 60.3

5’-nucleotides

5. RREELCRETEREASBSORE

-2 7 VAT FERKERO rGRECBT 2ZFREBIADOL > TH 2 8ARMTREESH
OESBIETL2OTZTOEELZT 2L BEL NS, ABTIE 5-IMP £#FH/KICH 2mg
/ml OBEICKBLELDEELREL, s va—2TR 1~5%, +yH7o0—2, Tt 0.5~2.5
%, Casamino acid (Difco Wb % I v 7 ) —h €4 YKBY) TiZ 0.4~2.0%, RIETIZ 0.4~
2.0%, OFEDOTILEThEN 10°rad ZRHL7BAOD 5-IMP OBEELL 5~3 & Fig 4,
5DXITH -7t 5-IMP iZ 7 BARHET 2 & 310~370 me OEEMEINT 208, Fra—2h
EFETLLZOMMBELh 7. pH B¥ v 0 —2EFOL % 6.0 FICF o7, 5-IMP ©
BERIIINI—21~5%, Y9 H2—R0.5~25BDIIFICL 5 TROHBLI LD, chik
HOBFILL > TRE®EZHT L, TULEHSORERAMBEEDONI.

Casamino acid, REOEAI pH OZ{LIZ 6 ~ 7T OHIATH -»7-. Casamino acid 0.4~2.0
ZDOEMIE T 5-IMP ORERIIBOBLEE s D Ee et 3 BB RS EHONI.
B0 4~2. 0B DEMC L > TiL 5-IMP OBERICIIE/IR L BEHRRA L DONEH -
7o

PEDEHIZ 5-IMP OZEMRHKERLD &+ Y 2 buffer NOHFH, 28D 7I/8
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&100— Saccharose 9_100—
2 s . .
o 5 Casamino acid
o Glucose Fre) .
o
= =
£ | £ i
£ 2
s | g | NaCl
Sé 3
50 : ¥ 50 - £
| N NaC! (pH)
'\*:‘ Glusose (pH) - 70 + “':::::__.___. ______ 70
R N SRR T LT -
-———, - 6.0 4 Casamino acid(pH) " F 6.0
h H
Saccharose (pH) L 20 )
4, T T T T T T [}
5 T 1 T 1 1 T
°o 1 2 3 4 %) 0 04 08 16 20
Concentration of sugars (% Concentration of additives (%)
Fig. 4 Stability of 5/-IMP irradiated at Fig. 5 Stability of 5-IMP irradiated at
108 rad in the mixture with 108 rad in the mixture with
sugars. some additives.

OEFELL > THHMT2OTHVEBROARRIIIOTREL O, BARS L EEEHERSES
BT BDT5-IMP OZFEHRIMAKBRIBIZLOIDEMBDENIDOTH S LMBEESH
3.

6. ¥-XUULFF FORRERBIZONT

5-IMP iERIC r S RA Lo & SICERT 2 MBI DO TR 2T -4, 5-IMP £2.0%
7ol 5.0 mg/ml OBREETHEHAKS B W2 pH 3,5, 7, 9D Buffer KARLESZIHEDOTITH
FATYTMITHA 2X108~1X107rad O r@EBH L. KEKOE 320 BEEO
BAREHRBRFICIOFH L. REBBEREEEFE No. 51 1K€ spot L n- 742/ —n
cHEB oK (4:1:2) HANVIBMEER « LMEBRY — 4% -1 V-Fos/—n (80:20:2)
ZHHELLUTEBELERE, EABRRESZVVE-T5ml @ 0.01N-HC] TERB T 2 KR

@l Uiz >0 T 250 me ORREERXTR A TRIE L 7. 5-IMP EEKKEEICRE
L7:%3E3 Table 5 & HTH 3.

=
ES)

Table 5 Decomposition products of 5/-IMP irradiated with r-ray in distilled water.

_ % 5/-IMP and related compounds (%)*
Dose % §'-IMP Absorbancy | Inorganic
(108 rad) remaining 253;} “ E’;ﬁggate 5/_IMP HxR Hx 2}13:3&:
0 (100) (100) ) (100) ) ©) )
0.2 88 96 11 93 0 7 0
2 46 86 44 54 6 26 14

® -

at 250 ma.

Abbreviations are used : Hx, hypoxanthine. HxR, inosine.

— 227 —

: The ratios are expressed as per centage of individual absorbancy to a total absorbancy



0.9 -
{Sotvent; saturaled ammonium sulfate:
IM sodium’ acetate:isoproparol=80:20:2)
0.7 4 - "
O O OO O
T
0.5 o O
o0 o O
0.3
0.1 4
o T T T T T T T
2% TE OBE 2
5 o oo oo L2 s
2 =2 - - - - 2 5 c
5% 32 xa AE
o pH 5 pH 9
Samples Standard

Fig. 6 Chromatogram of the decom-
position products of 5’-IMP with
r-irradiation.

TR bLREREOHE TN 5'-IMP 0%
FEBET LENTH 208 250 me BRE S i
SU7z. FoEBRBRESEIIEEML 2. 250me
RNBEDOATO 5-IMP, 4/, &+
+VFVORFOEELS, -IMP #EAT
AL -TETeRFH Vv FUMEMTE0T
17 v VBROERDHERBEE L TRELES
OeRFYFVFUEYFE—REOKHEMBETY
RTCeRFHFrF &Y F—R S-HMRMBER
TAEWBAEARICEBBRESSHLNTIS
CEpD ) - S-BROBADILEBK
s hsEEIONG. UEEREDHEAR
17 v vbEMEBSERS NI,

&Ric pH3, 5D 7 = vV — 4 -HCI Buffer

pH7, 90 Y27 3/ 44 v+-HCl Buffer W< 5-IMP icla%t L Cis# pH OEBERKREKL

7.

BIEE FRBIC L THRERMER——2 et /57 4 CHBELIHEDO—F%TRT L Fig.6

DEHITH5.
Fizbb pHS,

5 T2 5-IMP O RICEL > TERT E2DIRAREFBERFH F U/ THBL

&, ¥4 pHO TRA /v Ve RFH yFUyBERT A EBEDONL. RERAD 5-IMP
R LAERMRIC I DERL - 250 me BRHEOHH OE S & MIREROER, 250 me &
ROENMDEFBELZRTE Table 6 DEHTH 3.

Table 6 Decomposition products of 5’-IMP irradiated with 7-ray in buffers at various pH.

T\ *
oH of Dose Absofébancy Inorgaa e 5’-IMP and related compounds (%)
buffers | (10° rad) pst, | Phosphate | 5 vp HxR Hx

0 (100) ©) (100) ) ©
3 1 93 7 02 1-2 6
7 5 % 13 o4 12 5
5 % 8 % 1-2 2
9 10 % 14 8 8 7
30 70 40 69 13 18

&

: The ratios are expressed as the per centage of individual absorbancy to a total
absorbancy at 250 mu.

Abbreviations are used : Hx, hypoxanthine. HxR, inosine.
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1. MBBEELEOLE

AROPJEFES L THkd o nadE (EERE) BSEATREDhTVS, NELECELTO
I UAF FORERHC OV TREICER, a7, HESY, ILE ORENEEH, 7 RLE
K327 vdF VPOREWUEIET I L EBERENEEI OGNS, F72hH Table 7

KRTLITH 5.

5-IMP OKEBETIC R 2 REHILOVWTREBOL S TH B,

—BaRHTREFRSO

REEANH 2O TRLRERE 4.5 Mrad) BV THHUHRELIDLEZILNS.

Table 7 5-% 7 LA F FORFEHEICHT L &1 RIBH LD hFhoRBROHE:

{5)

PmTxs vy FEERT S, 727120 pH2
UTFCRERERE Y K- 20BN,
HEPROER

kRS, Sra—2, vyho—zDEF
itkh, sfgsEEshi.

B, SE VB -5, hEA VEBESEY
2R EACKREICEEELL.

m #B o ®B 28 TR EMH O RSB
(1) 100°C L Eiz#i2 SREE ERITHOAREEELLE | (1) BRBERICHEORLEE LS.
3, (2) PHEX OB B I REFEE 25,
(2) L DEBMEICI A ICEVREE LB, (3) MBOHEER}CT ) YR HH B 5-IMP,
8 CYIVVERILAFFTisbb 5-CMP, 5-GMP, 5-AMP MZETYY I ¥ VEHBFR
5-UMP BHEBMEETH D 7Y Y REIARKE EIE.
@) X7 UAFFDYF-—REBBEOEENET | @) X7 LAF VORERERL ) H—R OB

TN TS AAERT S, #2720 pHO
TRRIVAY FHERTS,
HEOBROYE

S —R, fyha—RIEEELEML 7
EHOGHEERLL LD SNL,

A4 VLIRS T bIRBIEREZRD M
HETEERIEL,

-

¥

5-2 4 LAF FKEKRC rBERHELLBEO R/ vAF FIBHORERRY 1 2 & vEBUkiE
BEXNFRELUTCERHREOLE, AR pH, HFARRSOEELLEEL O~

R B 058 < 72 i 5-IMP DREFHSETL, & i pH SBEMICETT 21ChE
ERESELL 57,

5-IMP, 5'-GMP, 5-AMP, 5-CMP, 5-UMP ©O58DR /7 v 4 F FERDIEER 8T
BLETY YRMAEETH »7c.

Fva—R, BE, HY 1 BOFET 5-IMP OEERICHT 3 EHEALRADE. T H#ER
8iL7- 5-IMP O BERBGRBAEMNe RE+4+VF T pH 9 Th¥hicd /v i EfREh
to., ThEDA /v BOENSBEBEIEERFOe R34y F L ) K- OFESLET VN
BAEERICEEENELNECEEID ) F—R LBEBEORELESICUINEhIEEZI NS,

RO IZEARE B CHEELED > T3 ARKESFREFHRBA TR EROCEHEBD
STHWAERMAFIERASH, RAERTERISHOERTICES AP LETFET.
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