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Studies on the r-Radiolysis of Glutamic and Aspartic Acids

Muneo SAMESHIMA

Abétract

Recent studies on the utilization of radiation as one of the effective methods of food preservation
has been conducted. By these investigations, it has been clarified that the budding of potatoes has
been controlled, and this method has been applied to practical use. The method of preserving food
by irradiation of y-rays on food has many advantages: There is no neced to heat food and no need
to add antibiotics to food, but there are a few disadvantages, for example, decomposition of the
constituents of food, and the formation of ‘“off-flavor” or discoloration. This investigation was
undertaken to clarify the mechanism of radiolysis of the constituents of the food in order to improve
the preservation method of food by applying it to practical use.

This thesis is mainly concerned with the mechanism of radiolysis of glutamic and aspartic acids,
when the crystalline samples and the aqueous solutions of these compounds were irradiated by 7-
rays under vacuum. Glutamic and aspartic acids are the major components of fisheries food and
they are monoamino-dicarboxylic acids, therefore, interesting to note that they have quite a differ-
ent mechanism of radiolysis from other simple amino acids.

The radiation sources of y-rays used was Co—60, 3,000 ci, and the dosage was 20-180 Mrads for
crystal samples, and 1.8-40 Mrads for aqueous solutions.

The components of the decomposed compounds by radiolysis were separated by ion exchange
column chromatography, thus purified, each amino acids was assayed by the ninhydrine colora-
tion method. Fatty acids were submitted to silica gel column chromatography, and thus purified,
each fatty acids was derived to p-bromophenacyl-esters and measured their melting points or paper
partition chromatography or gas liquid chromatography. Ammonia was assayed by the micro
diffusion method and indophenol coloring method. The amounts of carbon dioxide were meas-
ured by micro diffusion method. In order to detect the changes of the configurations of the amino
acids, the irradiated samples were submitted to infra-red spectrophotometer and X-rays diffraction
analysis.

1.1. It was confirmed that there are two kinds of reactions, when the crystalline samples of glu-
tamic acid were irradiated by y-rays: Ammonia and glutaric acid were obtained by deamination,
and carbon dioxide and a-amino-n-butyric acid were isolated by decarboxylation. The amounts
of the products are G(ammonia)=13.8, G(glutaric acid)=2.8, G(COz)=1.0, and G(a—ABA)=0.8.

* bR FEEFMHC  (Thesis submitted for the degree of Doctor of Fishery Science at the Uni-
versity of Hokkaido, June, 1972.)

** g5 IR BRI KEETAEYILEPAE  (Laboratory of Biochemistry, Faculty of Fisheries, Kagoshima
University)
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The form of decarboxylation reaction is w-decarboxylation. The existence of small amounts of
n-butyric acid, which seemed to be generated by the complex reaction of decarboxylation and de-
amination, were confirmed.

Besides small amounts of succinic and malonic acids, it was clarified that a-amino-n-butyric acid
was isomerized to y-aminobutyric acid. And also that the infra-red absorption spectra of carboxyl
and amino radicals were considerably effected, when the same crystalline samples were irradiated
by more than 100 Mrads dosage.

1.2. When p-rays was irradiated on the aqueous solution of glutamic acid, the amounts and
the kinds of the decomposed constituents were greatly affected by pH of its solution: In weak
alkaline soution, y-aminobutyric acid was obtained by a-decarboxylation, and its highest yeild was
G (r-ABA)=2.2 at pH 7.9. On the other hand, in the weak acidic solution, aspartic acid was
identified and its amounts became highest at pH 3.9 (G(Asp)=3.9).

The mechanism of formation of aspartic acid from glutamic acid seems to be a complex reaction
which needs a secession of the chain between 3rd and 4th carbons and recombination with other
carboxyl radicals. Decarboxylation reaction is a peculiar reaction which has two maximum values
in weak acidic and in weak alkaline conditions. Each G(ammonia) was 2.6, 1.7 and 4.2 at pH 2.2,
6.8 and 9.2 respectively. The formation of glutaric acid which was generated at the same time has
an identical tendency.

In a weak acidic solution, very small amounts of n-butyric acid were identified.

1.3. When p-rays was irradiated on the crystalline samples of y-monosodium glutamate, the
amounts of a-amino-n-butyric acid were detected by decarboxylation reaction, and were one of
those found in the case of the crystalline samples of glutamic acid. The differences between the
bounding energies based on the existence of Na atom have clearly been manifested.

2.1. The main reaction and its major products were ammonia and succinic acid by deamination
reaction, and alanine and f-alanine by the decarboxylation one, when the crystalline samples of
aspartic acid were irradiated. Its G values were as follows: G(ammonis)=6.0, G(succinic acid)
=5.2, and G(Ala)=1.0. It was confirmed that decarboxylation of the crystalline samples of as-
partic acids were slightly manifested at a-site, in addition to the main readtion of w-decarboxylation.

2.2. Decarboxylation reaction was mainly a a-decarboxylation one, and its reaction became
highest at pH 9.4: G(f-Ala)=1.8, when the aqueous solution of aspartic acid was irradiated.
In the weak acidic solution, small amounts of alanine were identified by the reaction of w-decarbo-
xylation. This phenomenon was completely different from the reaction of aspartic acid formation
occured in a glutamic acid sample.

On the other hand, the effect of pH was almost same in the case of the sample of glutamic acid,
its products were ammonia and succinic acid. In the case of weak acidic solution, very small amounts
of propionic acid were identified.

When the decomposition of the crystalline samples of glutamic acid were compared with that of
aspartic acid, the decomposition of aspartic acid was stronger than of glutamic acid: The deami-
nation reaction of aspartic acid was two times greater than in the case of glutamic acid, and its de-
carboxylation reaction was four times greater than that one.

The author proposed that the reason came from the difference in the length of their carbon chains.
When the decomposition of the aqueous solution of glutamic acid was compared with that of aspar-
tic acid, the most conspicuous difference of these compounds was that aspartic acid was formed
from glutamic acid, and B-alanine and alnine were formed from aspartic acid in the weak acidic so-
lutions. It was clarified that the differences between those reaction mechanisms came from the
structure of the carbon chains. In the aqueous solution, besides the changes of ionization accord-
ing to pH, glutamic acid had a tendency of making a ring structure by dehydration and condensa-
tion reaction in the molecules. This specific characteristic of the glutamic acid makes a conspicu-
ous differences depending on the amounts and the kinds of the decomposed products of aspartic
acid. Deamination reaction has the same tendency of decomposition in both glutamic and aspar-
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tic acids, but in the case of decarboxylation, glutamic acid proceeds 1.3 times faster than that of
aspartic acid.

When the crystalline samples of both glutamic and aspartic acids were compared with those of
the aqueous solution, the samples of aqueous solution were decomposed more strongly than that of
the crystalline samples by the reaction of the free radicals and hydrated electrons formed by decom-
position of water. The most remarkable difference among the reaction forms were decarboxyla-
tion reactions, and in the case of crystalline samples, the major one was w-decarboxylation. In the
case of the aqueous solution, it was a-decaboxylation.

Among the degradation components generated from glutamic and aspartic acids by the irradia-
tion of y-rays, the most odorous components are ammonia and lower grades of fatty acids. In
order to prevent these degradation reactions, to keep the medium strong acid or alkali is one of the
most effective ways, but from the point of view of food, it is one of the best ways to keep the medium
neutr] and to irradiate the food at a moderate dosage.
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1. KERRICHT FmataRe

Ll. gRRHORRK
PEREROBREFEL LTR, 53, SRARESRENZIOLINTRE, LAL, T
T20BUERA R S MAHRBHSRE L BN E LTRA LN, —8ICR, T CIKERAM
HERDONTHML S 5. BARICL 2EBRERE, BABCIATY, HANLARE
BORBIHALT 2EEFRE L TEAMLETERL, ThITLHBELXEENELEAIED
EFEDOBRAEHRMICT - ARG EORES, BEEAGRRREE, ERFTFHRESY

Table 1. Approbation on the foods irradiation (1965)1

Foods R::l;z:?:n . ﬁc;rs’)’ ( l\l/)l(;:i ) Purpose Approbation
Potato 60Co 7 rays 1.17 inhibition USSR (1959)
1.33 of budding
” 0.015 ” Canada (1960)
” 0.005~0.010 ” USA (1964)
137Cs 7 rays 0.06 ” ” n  (1964)
Bacon 60Co 7 rays 4.5~5.6 sterilization USA (1963)
B rays 5 ” ” »  (1963)
10 ” ” ” (1965)
X rays 5 pasteurization »  (1964)
137Cs 7 rays 4.5~5.6 streilization »  (1963)
Wheat 60Co 7 rays 0.02~0.05 extermination USA (1963)
of vermins
W7Cs r rays ” ” »  (1964)
B rays 5 ” ” USA (pending)
Onion 7 rays 0.015 inhibition Canada (1964)
of budding
Orange 60Co 7 rays 0.075~0.20 Sterilization USA
137Cs 7 rays of surface (pending)
Table 2. Favorable foods for radiation-preservation?2)
Purpose Foods Dose (Mrad) ~ Cost (¥/Kg.)
sterilization bacon 4 -6 40 -80
pasteurization fruits 0.05 -1.0 5 -15
fishes

disinfection eggs 0.3 -1.0 5 -15
meats 0.01 -0.05

extermination of vermins cereals 0.01 -0.05 - 0.5

inhibition of budding potato 0.003-0.015 0.2- 0.5
onion

quality improvement dried vegetables 0.3 -0.4

wines 0.05 -0.2 5 -10
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BT EbhTnaY,

Table 1" 3 & ¢ Table 22 [219654E 12417 2 A RBHOENHFT L BET I L RIAY
B2, BHROBREFHBERLELFERHIIEHA SN LORBEZRREHE TS 548,
Dy M4 EOREMENC, Vi, hr&, TAVATHRAINT2BET, 22%ELH
BElzdold, TAV DB HER—-—a2 3 THS5. LL, SBOHERBITL > TH,
A, U1, WE D pasteurization, IHE~OINHIFELE 2 5.

ARBHORERIZOWTH, BEOWERELENE, k%, WERZOED LRH LI#H
£ hH 5,

MESLLTBILNE3OH,

(1) BHRI-TEEWEFERPITERL k.

(2) $E, IFHE, BAH, €23V S0RRESVBELEZWD. &, &k, By, B#

EliEEnd,

(3) BHaRP, EHOoBEZRERYEIICIPESERT 5 EENEWD.

(4) R—a 2 ERFu—-AEHERTRH LSS, & 2 6-8-hydroperoxy-4-

cholesten-3-one @ X 5 ZFHBABRWE £ L% nis.

(5) ERPORSO—WAHEALL Z i,

(6) BHBEIBRETIHMRELIVERLLBERE > THREWEZTRER WD,

DHEETHSE. ZOHIL(2)ERLEBERROVWTRAEET TCOWETRMERIEWEZ R
Twna., BHILI2AKKXRROME, £, RARERZ OWTRAESZBFEML 2T
HEbkn,

L2, kEHZRCNT ZRH

KEERZNE L L BARBHOTER, BE*BNLL TR A LEFINTRIY.
1949 YRS ¥, 2 75 ERBFRBHET A -3 0B L LYY, AMEHRILLY
hY A, HETRY S oMEREINTVE, 3 LIVARORELETILEFIIRE
ERETILRRETH 20, HEOERL LI RAZBHOEES WA radiation pas-
teurization [THEESILNZLLIIC, BHOHE, REOBEXZ L TEAPKELND L
I T% o720

SH-BRIZITELINIBYEEROBREBHRERL, SL{OoKERIMNRLE LTETDL
nTwn 30,

19654E, 72 ) W RFAHEEZXPLAREREER IOH L OKEWRHZ T O R
Nicdi, FRALETIRIE, 2B OMESEEDY, ZOBRIZBREBIHESTREL T
611,12).

KEERBITHT 2BHEOHIELE LTiR, Co60 DF v BBEBLBHAINTWE, BHIT
L2AROBEETHEZ OFXREHHEDHENIEET 2HE, bYW IEERRI—
%12 0.156~0.3Mrad L EbN T3, HERBOERBIEBO THERE LT3,

(1) aATREEETCORKBRE.

(2) ZOoMRBTLBLEINIRENHES, —EORBELRETEIREORE.

OHWHEAN LT I20NEBOL S TH Y,

Plrd, RR7 4 —VIZOWTHEBORE L BERFELHATIZ LITL - TEHARIHE
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BHGBO2~IEOREHNHEENTEIBREN—EOERLINT LB,
ARICHT 2EABRBRVBICEZASEINThE WY, RO LS 2REHE I N, 1965
FERCREBRHZRRIATHE,

(1) 5 4 # B (radappatization) , 4~6Mrad.

(2) WEE®E (radicization), 0,3~1,.0Mrad.

(3) EBEYE oMY (radurization), 0.05~1,0Mrad.

AN RERET 51013 4~6Mrad OEREEZLEL T 5720, BDROIRERBRS O
MEEH RN, B, &k, BREDBEFRIIBAMEOET 2RI LIEHTS 5.
HBO~N— 2 /T3 5 4~6Mrad OEMFARANNEZIOTH S, ARKRSOL#
DHILEELRIOE, SWALEWOLBITL 2HLKRE, rrvh P2 0%kt SEFRLE
Y DOMEIT L 5 ammonia, 7 I YEORE, ZONTERIENER, H K= btEWOER,
ik, €2 I YEOWEETHS. BRASPIUVBROFEETRFF2RIICL -
TELWEBREZ I Y.

2. 73 /BECHNY ZRERER

2.1. KEERICEETh?D glutamic acid & aspartic acid

ZEE, BRBHOERLITBLTIEINTWI2HHESDY L, SFERILADOLRIT
& > CTHF % ammonia, EBEIEHBREOBEELZRHNEI - T, ANEHOKS DS LA
RERNCRTRIMED D2 VB2 L VBT, 2 V7 BOBBRBRATH57 I 7 BO
HY<BAReBRIREONRE L L.

£HET I BD S5 b, glycine'®, alanine!®® @ X 5 % WEHESF oA, BT
Lo TAREMILKRE LR AN 72 V2 ETIEHT 7 BV IO TR WBTF R
EINTnS,

L L&y R7EHRT I VB0 bBEDTHEERDOB» glutamic acid, aspartic acid
Z2ontTh, BENERRBELAREFTHS.

Table 3 RKEBWOHHL /B WRT 27 /BOEVEHTH 5. BFORE
@2 g8, Y, ANF AV, RYF R, =AY, N==R, 24, NT, TV,
REA, AVHVA, BPLURFVVES, ERACHTLERTHY, BREY R0
=X, fex¥, LAY IE, BE @ ~7Y, FLUToEESIERELED
DTH5. ATFROHHHM Y glutamicacid ZFE 1RO EGE %R L, aspartic acid 3% 2
MELEBOTEMIZD L L Bbd b, KEBWO 2 ey HF2028 F iz : R4
QAN T 3 ) BBRLICET A RERB Y, HRZ V7 HOERS $ 4 ¥ 2R
L L72d O Cid glutamic acid & aspartic acid OFERBZENEN 1 E 22 5D B0
BEBTHL., FREEFOIFARLFTOT I JBRIZOVWTY, il 2 v TR AT
L, glutamicacid X7 3 » &4 D 50~60% %, asparticacid 1320~40% ICHS L, Zh
ENIMLE 2MOBFERTH L LOMEV LD 5.

Z®D X 51T glutamic acid Xaspartic acid RKEBHBPIZEL FETH0T, KEA
MORHEZZLLLE, YR, BULBEZNWTIVRENVI T EVTES.



B SR IVER e TANRGEVBONT Y RS R 7

Table 3. Amino acids composition of fishes, shell-fishes, and Crustacean
muscle proteins
(nitrogen % in total amino-nitrogen)

Amino acids Fishes22,23) Shell-fishes2%) Crustacean?24)
glycine 3.0- 5.5 4.3- 6.2 4.6- 4.7
alanine 5.1- 7.3 6.2— 6.6 5.7- 6.0
valine 5.6- 9.3 4.2- 44 4.4- 5.0
leucine 7.4- 94 8.2- 9.6 8.6—- 9.0
isoleucine 5.0- 7.9 4.0- 4.5 3.8- 4.7
proline 2.9- 4.2 3.4 4.6 3.4- 45
phenylalanine 3.4- 5.2 3.7- 3.7 44- 4.8
tyrosine 3.5- 4.6 3.7- 4.6 4.1- 4.7
tryptophn 1.1- 14 0.7- 1.5 1.0- 1.6
serine 4.6— 5.5 4.9- 5.2 4.2- 4.9
threonine 5.2- 6.0 4.7- 5.0 4.1- 5.2
cystine - 1.3- 1.3 1.1- 1.7
methionine 3.1- 3.7 2.5~ 2.7 2.8- 3.2
arginine 5.6- 6.9 7.8- 8.6 6.3— 9.0
histidine 2.2- 3.9 1.5- 1.5 1.9- 2.4
lysine 9.9-11.8 6.8- 8.1 8.9- 9.5
aspartic acid 6.2-11.5 11.1-11.2 11.7-12.3
glutamic acid 13.4-16.9 15.8-17.1 16.2-17.5

Fishes (13 species): Mustelus manazo (hoshizame), Sardina malanosticta
(maiwashi), Oncorhynchus nerka (benimasu), Cyprinus carpio (koi),
Muraenesox cinereus (hamo), Trachurus Japonicus (maaji), Pagrosomus
major (madai), Kareius bicoloratus (ishigarei), Theragra chalcogramma
(suketodara), Scomber japonicus (saba), Seriola gquinqueradiata (buri),
Parathunnus sibi (mebachi), Katsuwonus vagons (katsuo).

Shell-fishes (2 species): Meretrix meretrix (hamaguri), Haliotis gigantea
(awabi).

Crustacean (3 species): Penaeus japonicus (kurumaebi), Panulirus japonicus
(iseebi), Neptunus trituberculatus (gazami).

2.2. 73/BOMSHRIRICET ZHEROME

—RIZT I BRI 2 RERESOTRL, HL0OBZ{HY, EEORMKLERT
ORIAER, BRI L TRZROBAPEOMEEMRZOWTORRL—BREZI LT
5. BEREY, MEANEOKE, MIBROELWREILL - T, BROTHEROSRE
B E chRHONRIZEY, RIGBHBOBHIBERTHS.

T BITHT AR BORER, BRENRL LcEENRE, AR EBRE LR
7% ) BEHROTEEPOMEINTVSE, KBKTCOERTREMHBROMFEIKIZIR
e, RICHRT 2 HMEOFENSKE AL, HEHRTCRELLEZWB{OHER
FRETILNBTES.

2.2.1. HEHRIHETIHE

Hr=#, X RO7I/BINTIEEDRERELBREOZ RERT 5 HHED
#I5Z 12 electron spin resonance (ESR) # v Tww5. SHiELD & GorpY®® i X MBS %
ZHSEHEOT I /BO ESR 4 —UEBRHL, EHEORELRAS, Prypz® 53
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I EREONBE+#E L Cwb, ScHIRMERH |3 ¢ $ITX > TfEb N2 paramag-
netic center # X MOBBITI2BE LB L, X BOBEDI0~80%TH 5 LHEL T
Wb, Zoflcd ESR #FALCT I/ B bET 5 HEHELRE L LHREZ D WSS
39,40,41,42,43).

T3 BABHICOWTO—RIIMEL LTk, 10BHOT 3/ BIZO W THRERD O
GfliZRw7z Box LOWMEW%iBD, 73/ BOBKE, RABERISCE >TETST
TUE, A2 LB, r P BROBREREHOSBELEBFBEREHE L L PlbiDh 5%,

MESHITSUKA 5% & GHOsH 5", WEINERD *® 2% glycine #512oTC ESR #HnT1B
TeHEMEREESE L L, ¥ v~ RBHEO glycine FFEHEHTL T, ZTORIGOIKE,
BRBIIRHEEMA TS, BBREFAL LCRFEFERET I 7 BERE 7K ThF v =REHL
7281 N# L, 3000~6500A @ thermoluminescence ##H L 72 B2 5% 2.

2.2.2. HEHRIETIHE

KHENOKH® 5 |3 glycine, alanine, leucine, phenylalanine, tyrosine ®KEWIZH v =
MEBRSL, REMOUIN % 722 BR##% 0 hydroxylation 1T & - T 230~300mg D443
BRBHEIMNT B LERELTRE., BABRAEOERMMITOWTRFIEFERT 3 7 BEKI
XBREBHELBEOERIVYID S, 73 ) BKERIY v~BRBALTA25 &, BE
IZ& » TREFF/REICE/ABB DN B 28 L-glutamic acid, L-aspartic acid o g EZ L
ng;& V‘sZ).

BAEERG1T I ) BARBRICET 2HAREBRDITONTREL ORENRD Y, HBEIE
BROBHBRAALLON TV,

STEING®® X X HBHEZTBRETOT I /B bAEFT S ammonia, TAF L M
B, BLBRT 2 ) ORTH Y invitro TILEMIZ OH- OERA 223 284 LA LE
THLLBEL TS, BILKBLT 3/ RBEOFET CRIGHMMICEIBI 2 L3 hTn
2, CONMREBRY L L CTRREHEOYINIZ L 5 H;,CO DAEKS, &HT 3 2 B
DIRBILKE, 2 vh P2 VY, TAFe FEP, 2O/ 45 2,

TIVBOBRT I/ THESF S ammonia® KE, TAFe FEOAERKE® &, 4L
S BUHAREICERN A LABERIIRENLO0BRENRD L. LbL, Thb0BERIATIRY
WMAMEHETHY, BRIZLI-TT IV BILETILATORELXMEL, G EOBH L
RIEBEOMBHER A0 glycine'® i & f alanine!® [ZoWTH %R L 7z MAXWELL b
PBERHMTH 5. %L, £ alanine HFITKIZT pH OHEBITOWT I HHMITHEL,
UC TR L 7o glycine % @4 L CH,*NH,;, HCHO, HCOOH o p#ld » # r# o0 C (T,
CO, RAnFFyw CITHETEZ LE2EALTHEY,

MEBEHRICE S TRARICHRT 2 ERESRE AR ENEF->TnwE,. HO, 0&KRRT
I BOBEEY X UEE® Tk o TENDY, glutamicacid i, BRIZZINEFERT S
BERTEST 5. HO, 0ERIBBEHEO pH ITL Y BB KEL pH 8 K WIRKDERE
ERLY, 2T I BOHSTRITE - T GH0) ERBEIHLHIBEABRELNS LD
HMEDL DD, E—fA4 A YORETFT R HO, i3 OH,HO, IZEILLT ¥ / Bd b a-oxo
acid BSERKT 2%, —RICBET 57 3 2 BKBERK RS CREAThiE H0, So&Kik
WEIIEE LD TH 3%,
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KoPoLDOVA 5% /3 a-amino-n-butyric acid KEMK 2 BE L, 208 L Lo 4 RAE KD
PR L. SRERHOS LI6BRREABOLEWTHY, RESBEOILEWES5 %IT
B/EF, 37 5HIT dimerization T2 bbby, EARBRROFE
FCid dimerization DBHETIEE 528, BALKHT CRERMEHICL > T polymeriza-
tion A2 T %7,

KERBIZOWT Y ESR 1T - TEMHELBR L e REF B85 5.

2.2.3. glutamic acid 3 & UF aspartic acid O i §t#4 1%

glutamic acid OBSHRAMBICET MG L LT, X RBHITL b KBREHPIT a-2 &
Uf r-amino butyric acid®”, ammonia™ O3&E, H < BBHIZL TR ) = —DEKT
LM BB,

SN EEIT X 2R LFHEIC I T glutamid acid, A5 aspartic acid, serine,
glycine, @-4 X 1% B-alanine, @- & ¥ r-amino-butyric acid, ammonia, propionic acid,
n—butyric acid %i)‘i&‘ﬂ' 572,73,74,75,76) .

aspartic acid O#41TE, X $RH%Z I KRBEPIC a-3 L F f-alanine HAERKT
24 At OB AT e-1 L 8 B-alanine @4} serine, glycine, @-amino-n-butyric
acid, glutamic acid, ammonia, propionic acid, n-butyric acid, malonic acid, oxaloacetic
acid, oxalic acid ¢ BEEAWE LK T ™.

Z D% b glutamic acid O Ak 1d, aspartic acid #» b & I° 7z alanine & acetic acid #5H
UHATOIRBITE D LIERINTNSE™™SS),

SHMAZUL™ BB D7 1) BOBMBRITHTIREEXREL, glutamic acid &
aspartic acid Z gt z% L€ glycine, alanine RSB EZ TR, 4HT I /B
® cystine, methionine, ¥ &K 7 2 / B ® phenylanine 3R LBV L% HELTWw 5,

3. ComRDAM

BRI A RERBHOBELYHET L ICR, MELET IV B, MERI-TAE
MiMEEREZ ) WELERT 7 I/ BeETHRITTRETHY, M7 I/ BREIOR
BRTh% DD DT BTNI08100,10,UL12) - %4 FZHnTHL, 2B 73I/8
DILTIAEROENT I VEBERRLE LIBHBAMROWEIRYTH 5.

iR L7z & 9 I glutamic acid & aspartic acid 13, KEEROX V7 B2 #BT57
I)BOILTERILIN, 2MEFME 5D I2HEREL, ARITH L THRRBH 1T
A5BA, BUREHTERAVWERATHS. L L, IhboBsHRaRIcEET 52BN
MEBRLEID RN,

##1% glutamic acid & aspartic acid O#dfhd & CKBK L RAKHAET CTH v <RIBS
L, EESBERDOUE &N BBREITHTIEEXTA 7. WHERX, &3IT mono-
amino-dicarboxylic acid G L, REPOEIHHLTH 1ERLZLXTOWHET, ZokH
BOBUS, HERIRICBBLRT2 LCTEERZIOLELOND.

ARECBEREHOZALLBEBIIHT IERNWERLE530LEL 5.
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R B A &
1. SH¥s CEEEg
1.1. »3/8 H =B sA O L-glutamic acid, L-aspartics acid, y-Na-glu-

tamate & U R4 RWHEE O 72 D L-alanine, f-alanine /3 fskstisksd (4%4%), DL-a
-amino-n-butyric acid, DL-y-amino-butyric acid IZBIF/L¥H (&) 2HEALE. LU
LOT I BRATNY 7 9= 75 7 4 WITHA T, L-glutamic acid & L-aspartic acid
DR EIL, ZhZh224°~225°C (245°~249°C THR) L268°~270°C T, XHRE 125
5 224°~225°C (245°~249°CCHR) & 270°~271°C 1T X { —F L 7z.

AXZIEAREFCEATET IV BELSEBERIELTRO L S THHR L.

L-glutamic acid ; Glu
L-aspartic acid ; Asp
7-Na-glutamate ; 7-Na-Glu

DL-a-amino-n-butyric acid ; e-ABA
DL-r-amino-butyric acid ; y-ABA
L-alanine ; Ala
B-alanine ; B-Ala
L2, huKvBE  SBERT IR BHEAOCDIC, EEREL LT adipic
acid (EHb%3 F8UUEE R, glutaric acid, malonic acid, oxalic acid, n-valeric acid,
n-butyric acid, propionic acid, + & Uf acetic acid (Pl EFIyesli 2SR ) 2 #HA L.

2. RyAsEORR

2] HRSAE HETIVBEA/-JSETEREL, 100 # v v UTOREIRL

TRADEHBRT v r—2NT—RERLEL., Z0RB7 I/ BEHAR 6.5~7.0mm OFEH

T AE (REFT 7 ABANY)A) AR, KBHEER Y 7 E oM EE 7 (HEREZEE
5 YB-100 &) 12T 10~° Torr BEQRET 2 MU ERABER L. 2 ¥, 8O
3040, BRFORBADF 7 R EL0°CHEIKBREHLTMEBL, RATREL .
HEHRBEROT I 2 BIZH 500mg THRARITHERS L.

2.2. KkiwmsEE @37 1 Bk 500mg/dl % #13 800mg/d! (glutamic acid i 33.
98mM % 7zi& 54.37mM, aspartic acid i 37.57mM % 7-i% 60.11mM, y-Na-glutamatee
H:O it 500mg/dl $%bHbH 26.71mM 0 4) OBEEL L, HNE 13~14mm OBEEH 5 &
127 5ml Fo4#EL, whbWw3 freeze and thaw method iTX - TR L. +%bb, &
REFHK % /1% dry ice-acetone DOFEH TRBEKLHHE LOoOBRAL, BTHRBEITLVE
BT REBAH L, BUHE, BR, BREREL, AMAKTOBEN 2 2B DE k-
TwEE L, BRBREFTOKSGBIRMEBTH -7, RBEBIELARBORAICA W
30 LFA—T 107 Torr DBWERNEHOIOTH 3.

AR ORABMICY Y, pH EEHMK L L T, CLARK-LuBs ROBEHH A L. KL,
BARITERLEY, v R+l RBEYMIOALSIKERLL., BT /8%
MIKICIERB LI 0B BE Licds, #ikid, ROL IR LTHERLZ. B4+ vKicHHE
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V=Rl UBR= A B ) EMLTERL, BATHB LB~ T VB ) EMATE
WML, SLIR—MAERLENZZ®/KTHS. &7 ) BARKO pH RERBROZXE
ZzhEFh@Lk L.

3. Hy<HBEs

Bati, JufEE RER TR ERMTRIFRED3,000% = ) — Co-60 LHRIFLTHE
BTiT-7-. BiH#E T Radocon v & + # v # — & — (Victoreen tH) THlE L, BRI
Bt G(Fe3*)=15.6 &+ % FRICKE®E®® |2k > CTHEE L iz

4. RUSERY O & AIE
41. 7I/B HEABESFECHE L, ABKCERE pH 2.2 citric acid

- log T

1
-
F
2 Olu
&
)
<
-
B
b
g .2
<
i
2
3
B
)

o ABA . TABA
0 gtfivent 60 120 180 240 300 ml.

<——0,2 N, pH 3,25—>"<""0,35 N, pH 5,28 —>

Fig. 1. Results of amino acids separation by method of auto-analysis
sample: y-irradiated L-glutamic acid crystal (total dosage: 134
Mrad)
sample concentration for analysis: 200 pg./ml. or 1.36 p mole
column length: 15 cm.
resin: Amberlite CG-120 Type III
buffer solution: citrate buffer solution
column temperature: 50°C.
apparatus: Hitachi KLM-3

~

&

(=]

P ‘buffer solution

0 Glu change
< Asp
Z

B «-ABA  Ala f-ABA
*é B-a1s
<
ki
a2
)

1 1
) 50 700 56 200 750 £ 355 g

0.2 N, pH 3,25 ————————<——0,35 N, pH 5.26‘91'
Fig. 2. Standard amino acids separation by column chromatography
Column: 60 cm. X9 mm.¢
Resin  : Amberlite CG-120
Buffer solution : citrate buffer solution
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REBCTHEBRLCHRA L. 73 BOAED B HAERN KLA-3 B7 3 ) B
i, ¥71d Amberlite CG-120 ® Imm¢X600mm # 5 L, 75/ ¥ gvaL s x—, =¥
v F) oRAa%E, RBEREHLHAY, HBISWMIRE LU FEIRL > TR L.

Wi} & 3 glutamic acid, aspartic acid, ¢-amino-n-butyric acid % X ¢ f-alanine @4
MRABFTH-7. ZOREREREE Fig. 1 L0 Fig.2 T5 5.

CONT IV BREDKD—BIZR—N—su= 7574, Y)VHTFVEFI <7
774 BB L.

42. HhWKRVEE AR UBOPRRY)VAFAMATLIv= 5774 10E-T
SR L, RRBES 5B T -7, v ) # 4 vid Mallinckrodt #: 88 A.R. 100 »
w¥aT, #7401 13mmgX240mm TH 5. ZOFEREEMEL LT chloroform, ##)
& LT n-butanol £ PH T2 30T, BMEEER 60ml/hr & L, HETIE L TASHE
100 mm F#EOEH 137z, B¥EKIE 5ml ¥ 248 L, phenolphthalein ##5RE L LT
0.01N %721 0.02N KOH ¢HE L 7. Fig. 3 BAh VR vBAWREBH L, 5 2 BT
Y, Figo ARBERGKEEALBEOBBBRTHS. FHRFEFILRBELEVY, &
ERTRABFICEET IINF VBOBREBVEDL - 0T, ZhUEOMTERBIRT
EbEdh ol

COHFETHEBEI W KOH ##E chMI N EABBRS R, BEEEOH% P-7' 0.
Z2F YN RFNEL, BEOUEL ITHL 25 REFICEERH OB LRz FrE

solvent, Na pressure

reservoir

glass
vral

M wool
Z silioa

e &
]
i
|
\N
N,

A

Fig. 3. Column chromatograph for carboxylic acids separation
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glutaric acid

succioic acid |
n-butyric acid

propionic acid

of=ketoglutaric acid

\
f

voluze (m1.) of 0.02N KOH per fraction
N

1 2 £fraction No.

s
"‘"“"'cucx,ssuoa ! 85 : 15 75125 | 59=’°l

935

Fig. 4. Separation of organic acids

ORMABRIIT- 1.

INERFIZR=r¢ =2 a2 57 4 T BREIETCHEAL®. Ta2bbREHARE
T ethyl ether &, KBHEAR OB LRI L IXAVEO H,SO, #MAThH R B % ether J§
WREAL, BECEER(BREL, 7u9=t75 7 A0RBE L. 2—EEBRET ~
oy alfol LT, ZEEBRIEREOE T, TEORMA L REBHLHERL L.

—EHBAEMRA A. n-butanol saturated with 1,5N NH,OH

B. ethanol: 1,5N NH,OH=4:1(v/v)
ZEH| bromophenol blue
Z“IEEBAEMRA A. n-butanol: formic acid: water=4:1:1 (v/v/v)
B. phenol: 85% formic acid=3:1 (w/v)
C. ethanol: 28% ammonia: water=20:1:4 (v/v/v)
ZEEH| bromocresol green

43. ERMER EREEHEONERL Conway OMBILHES 1T » 7. HER
#Hi& break off seal ‘FIZHEH L2d 0+ BH L, HEFEMNCRAENTKRITER L EXHLE
Al BEABRZOZTORBTCHEILA VK.

ammonia R K I3 MR L BIEIT & b HRERBR MM TN X ¥ 72 3 © % indophenol i 1%
Mzt o THBERLT.

44 ZRMERE —HOoEGRBITOVWTERET L -, ERMEEOHIEI
Atz b A—0RBKBEBIZTO W THBILEE 12X > TRIE L.

4.5. FAFHKMM| 7 v~REHEO glutamic acid FHHM % KBr s#1 L LT
¥t Lic. HERBLRETHENGER 7 bost—2— EPI2BMTH%, 2=/} 7
L OBEHL IRDC % — F* 2 BR L. #MREKRO X BREHFE & FA#IZLL L 0FiZE
¥z,

4.6. X REIH HIARERTT I/ BEGRBOVBREKERATERHEEERL 23
DO, REREZOZIFRECED IOEEME L X BEFT 274 -7-. HERR

PEBBNT 4 — 71 v 7= (hight power unit Model D-3F) ¢, #Bo#itiz ASTM
A—=F EBELI.
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R BB R

1. L-glutamic acid D7 v @382

L-glutamic acid #BREAEHTTH v < HRBH L BAREEORIGHIE % 2285, o7
IVBOMRERRICERT /) 2L UCRRBRICYEERIE L LTCEFEFREE L E WS,
Be7 2 KISIT& o Tid ammonia EFEYUTE2H R VB, BRREBICL > TRZBILRE
& @ F7zid y-amino butyric acid OERHBFHEINS., ZZcil, RBEEL L UHKAE
LRZS>TZOORBIZDBHEITOWT, LRZSOORIBIT L » TET 2 RIGHE RYHE b5
EDXS REMAT BRI,

Ll. BSREECHT 3H Y RBHEZONRERY

1.1.1. glutamic acid OFRICK > TEST 27 I / BOERE T DOHH

LLLLl. 7 3/ BOLER

TIVBEBRRBLILEES, BT I/ BTRZNCHEYST ST I v 24ET 5. BEHRIZ
LHERISTHIRMRTH 24, HEERARIVBRT I VBLORNET I 7 BsER L 7cplik
L HW®, glutamicacid Z 2D ANV K F v BELXZFEOLYD, 205 b 1 EBFRBRT S L
EEREFPHINIYPHELLT, 2BEOT I VBBEFOLNS. —DOW e-BREBKITL S
y-amino-butyric acid, 3 % —2 i r-BKEEIC L 5 e¢-amino-n-butyric acid T 5. 45~
134 Mrad 0o # v < B H %52 1F 72 glutamic acid » bAET A2 MET 2 2 BOERRER,
Table 4 DN TH 5. FHOHEE, B HT© glutamic acid 100 gmole ToWTARK T
28T /) BE%* pmole TERLLIDTHY, BEMEEL L CRKICERT S ammonia
@ pmole WL Liz. BHET S glutamic acid LEBK Lz 3BAOEEHEE, BINGBE
el hid, 737 ELHE¥L LT glutamic acid &0 ¥ ¥ ~RAHRBELERT 5
TEMTES.

BeREEEIG BT 7 RIS ThAE ) Bnds, #Ed 50Mrad LI EICE S LHLH
|Z @-amino-n-butyric acid OFEE*F W S Z LT X 7z, glutamic acid & ) a-amino-n-
butyric acid 288K+ 5B D G fH130.6~1.0L5E2n3, 7 100Mrad LI EIZ% 5 &
y-amino-butyric acid O VB HHE X -,

Table 4. Changes from crystalline L-glutamic acid to other amino acids by y-radioly-
sis in vacuo

amino acids and ammonia (g mole)

dosage before after irradiation
(Mrad) irradiation
Glu Glu a-ABA r-ABA ammonia
44.8 100.0 90.98 0.40 0.00 2.56
89.8 100.0 84.80 0.77 0.00 5.48

134 100.0 77.90 2.11 0.17 9.83
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Glutamic acid #» 5 a@-amino-n-butyric acid &K IZ 7-REEBIZL 5230 T, Zhidk
DODHEETTITAbN S o-HRBLEIEBELYRITLZKETSH 5. —F r-amino-butyric
acid DERITOVWTE, %£F -BRRBRIGHEELOND 4, RRWIAEH L L CRREITE
NLBEMUTLEABBEHETH 5.

1.1.1.2. @-amino-n-butyric acid 4 & ¥ y-amino-butyric acid ¥F D # >~ < AR

@ %7213 r-amino-butyric acid % glutamic acid & RBIZH 7 R EITHRAHEH L, 134

Mrad 0Bt %47% 272 & 25 Table 5 DR #1872,

Table 5. Changes from crystalline a- or y-amino butyric acid to other amino acids
by y-radiolysis in vacuo

amino acids and ammonia (¢ mole)

original dosage before after irradiation
samples (Mrad) irradiation

Glu a-ABA r-ABA ammonia
a-ABA 134 100.0 0.00 81.81 3.40 13.82
r—-ABA 134 100.0 2.19 0.00 87.26 9.53

a-amino-n-butyric acid % 5 13 3.40% HY D v BHAELE L Tw 5B %2, #IT r-amino-
butyricacid # b 1% ¢ BEHErE&{BRHETELd 7. 3 bAHA glutamic acid 2 HEH
y-amino-butyric acid #T& 52 L 3F L2 bh 5%, glutamic acid HRHLLER L a-
amino-n-butyric acid O —¥ 43 KT r-amino butyric acid IZR¥ILT 52 LZWHLH
THA5. LA LZOBRBIAREA VTR v ETBT ¢ 7 BOMBLE, Zh Tk B
BPLETHY, HiARIEREETR R W,

L1.1.3. Z@MLiRFBOHEMR

glutamic acid DR OHN V= BAMRITL > THET 2 BMbLREL, BEBENTRT &
Table6 0k 5 TH 5.

Table 6 © — @ biRFELEKE L, Table 4 ® a-amino-n-butyric acid £FKE+*—>DH
ZE Wb D Fig.5 Th b, Thitd - T G(a-ABA) #kls G(CO,) RELWT &
B b,

L1.1.4. R4 aHkaHr
BREHGT TH v < BB %521 /- glutamic acid RO KNS NS IEERIZ, 10Mrad

Table 6. The yields of carbon dioxide formed from crystalline
glutamic acid by y-radiolysis in vacuo

glutamic acid and COz (# mole)

dosage >
(Mrad) Delore after irradiation
irradiation
Glu Glu COq
78.6 100.0 83.9 0.87
118 100.0 78.1 1.61

157 100.0 71.9 2.90
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3.0 fmole

8
LR

H]
é‘ o
e E 2.0}
LR
o .-5

4
g: oo,
48 1.0f
i
g 8 of-amino-n-butyrio acid
iF

< 50 706 150

dosage Hrad
Fig. 5. The yields of a-amino-n-butyric acid and carbon dioxide
formed from crystalline L-glutamic acid irradiated with
7-rays in vacuo

2.5 N3 1 5

Loy
)
o
-
=
-
>y
-
'~
-
3y

° 4L
F
8-

\Vf'\\\vwﬁ i

|
l | 380 Mrad

N |
LM e | LA
\d/ N e 4Wﬁ

| -m!f P

T
4000 on~! 3000 2000 1800 1600 1400 1200 1000 800

Fig. 6. IR spectra of y-irradiated L.-glutamic acid crystal in vacuo

sample : KBr tablet (1 mg./600 mg. KBr)
prism : NaCl

response : 70

gain : 40

suppression : 30

UTORMBTRBHEELBAEELEZNWRRI 54 L0 8BbREL-T. LEL, 20l
LoXBELTEHELLIOR, pAFEFoAEELT I ) EOBIURIZR A NEEMLBE DN
2. T%bb, 1700~1600cm— X T 1200cm™ HED H v FEF v v ERILE, 1600~
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1500 cm™! 3 X Uf 1100 cm— HHED 7 2 2 RO ZEAL 11, BIVRBIZHEAL T 5.
DRI Fig. 6 TRTHEV TH S, —RIRARKIET 20 v~ HRBH R Mrad 3722, %2
NUTORBETH 200, BERIOLI ZREEEMMRBESLZNVWTH S .
1.1.1.5. X @@ 54
FASREITITH L LR LEBEORBICOWT X BEF % 1F-7. &< HRBAHTH%
231} % glutamic acid #HREEOELLRHEK LIRS &, Fig. 7 0 X ) TAHA27°
~28° & 31°~32° fiiE D v — 7 IRELH R b 5. 330Mrad @ B4t %5213 /- glutamic acid

Y

before irradiation

330 Mrad irradiated

10° 20° 30° 40° 50°

Fig. 7. X-rays diffraction charts of y-irradiated L-glutamic
acid crystal in vacuo

Mgk, B0 0 MoWEIZEMRL, BT 3 2 KiSIZX 3 glutaricacid #2551k 1.1.2. ¢k
NHEMBITHETH S, L L, 20X a4BRIEOBRE X REAFTROEC -7 0N
R, BRABEOENLOMOBREASFHETIIREL LD - T,

i.1.16. % =

BHBOT I ) BIIHT2EZEORBRRET 2MEL LT, SHIELD*®, GorDY b 8
ZLOMHT IV BO ESR <2 - ERH L, EMEOREEZAL TS, TONITE
HEEICETAMERIZ W,

MESHITSUKA 6 %% /2 GHOsH 647, WEINER 58 sl 4f glycine #g&lZowT ESR B
EOEAEBEL LT, 7Y<BBH%O glycine R EKEKE LTHTL, KISIK,
BHE®RI LTS, ZhiTL 5L HN.CH,+COOH $» b7 2 7 Rtk -, CHO-
COOH, CH;COOH 7%, BREKRIGIZL - T CH;«NH, & #& o H-CHO oK %238 L T
w3, glycine DS L AR RIGHMH glutamic acid K3 BRI N2 LRET T, B
REEFISIZ & - T e-amino-n-butyric acid, y-amino-butyric acid O VWFh & 2 12F
ThdA, FEROERP D e-amino-n-butyricacid OB *MBZ L B TE 7.

g glutamic acid KFK LR L+ 28, BHICI 20BERD L o-BE:HE
Tld % { r-amino-butyricacid T» 3. Z 0L 5 ITHRAARITH T 2 BEHROBEEMEH L,
KeHLTCOMEERD, RRBOMEBEYE&{HITLEHAIRK, glutamicacid FEoOFKE4S
THANF—, KBBRCLT2BHORE, KTETFTIEREOMERALBANIKEH LA TH
HHRATEE N,

L1117, = 4
1. #d% glutamic acid #REAEFHTTHV v~ REH L, BEBRIEOZERGEOT 3 /
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BITELTIEBEHEL L.

2. 10~100Mrad 0 B4t % M4 % &, glutamicacid ®—#51d r-BLik B T & - T @-amino
-n-butyric acid [XZEIL L7c. Z OERRRIBBICHANTDHY, G H120.6~1.0TH >
2. ;

3. BMREBRIGICL - TET 2 _BLRERIE, a-amino-n-butyric acid DA K E v $
iziEgE L.

4. 100Mrad Ll FoB4TId, 7-amino-butyric acid OB *BRET 22 LK TE 3,
Z i a-amino-n-butyric acid 26 D ZRMEFRW TH 5 2 L AL 12

5. 100Mrad Pl Lo BHHZ L - T glutamic acid & IZE DI 2T/ FEA I
Lo TRDIELD, TIVEPLIUINVEF AN EORIUBSFITHL P EEMBZDLN
7o, ARUEABE X BROEY L CHSBEOEMLMERE LI LT A, AHH27°~28° £31°~32°
HEDE—7 BBHFITL - THETHI L2 M- T2,

1.1.2. HV<#REBHICK S glutamic acid D H IV K Y BADEB IS

H v = BB A %520} 7z glutamic acid OABRIGD S bRIFERRSOHLbN b3 0RBET
IVRIETHH. Licd->T, Bi7 ) BCRMES T2 @B EAET 22 LTk 54,
glutamic acid & monoamino-dicarboxylic acid T 2496, “HEEB*ET L1 FTH 5.
AETH glutamic acid ¥ BAEBETTH V~RBH L, ZOKRET LA VR VB E am-
monia BFHEL, KB EHBRI L.

L1211, vy arnvhsaru=tb 5724085 vRyBOBEGE

XA, EEME, BEMEE LT, FhFNR Y Y hHF o, chloroform, n-butanol %+ 2
hbarm= 757482k, ~EERL-EERFAR L. AERTHET A
BRANEYBOBRRVBTH > clcd, FHBECRKNORBREMLZ2LBER 5 - 7.

T%bhbBE%ZT - glutamic acid # & 500mg Z/KIZHEMBLCTI00ml L, 205D
25ml %# & Y, 2N NaOH 2m! i1 CHEBHEE, Y V50 1g LLIREAL, 2L
INH,SO, 2.1m! #HMLTLLFTVRY, ThEv )2 F v 5 20 LBITODCHEMEL
Tk -7-. Fig. 8 iz oMl cd 5. s R rBoEFKRRER Fig. 9 I RTN BE
ZHAL, 2oBHZEEREOBEITXY, $—¥— 7 n-butyric acid, -v—-7 11
glutaricacid TH 5 Z L %4> 7z.

1.122. p-70s 7=+ Y VI RFVORE

Hr<#BHict Y glutamic acid BRI VELLA VKR VBIE n-butyric acid &
glutaric acid T2, BEOHULLRARKOMOINRVBLEY )V AF VIS4 w
7757 4 DBEMMEBBEELTwELD, Bl77 73 D5b, AVvErVEBre—7
OEERICHET LI0LRE UL, p7 0 s 72F Y VI RTAEED ZTNLOME T
LT, Zo#RRE Table 7 TH%. BAABLI VB Lz Fr et d T, BERHIL
WLtz 2FVORMEXMELSB L4, Table7 TR+ X 512, Fig. 8 T} 58—
¥ — 7 it n-butyric acid # 7z/d propionic acid (2, v — 7 1z glutaric acid 243
A2t FH-T. FRBMERTIINEBSI2ERYB.
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Fig. 8. Column chromatographic separation of carboxylic acids
formed from y-irradiated glutamic acid crystal

Table 7. M. P. of p-bromophenacyl esters

absorbed dosage fraction No. melting point
90 Mrad 18 60.5- 62.0°C
29 132.0-135.0
136 18 59.5- 62.5
29 135.0-137.0
179 18 61.5- 62.5
28 134.0-137.5
reference acids melting point
propionic 59.0- 61.0°C
n-butyric 61.5- 63.0
n-valeric 71.5- 73.0
glutaric 136.0-137.5
succinic 209.0-212.0

1.1.23. m—s¢—yu=1r25740 RS

BEAR % ethyl ether THIH L TREZRGIZOWTHINEVBOR——s o=} J 5
745w, WBROY YV AFNVE S 2 REDBEHAIIT, p- 70b72F Y NVZRFLOD
A RIEORE LT, glutamicacid HE LI AVR U BOREZER L LT-.

Table 8 i3 —EZEBX DR L EEBRICL 5 RIETH 5. B %321} 7 glutamic acid
REPICERT 2 —EERR, KBEHVEOLY, 2RV ERBOBSIZLIOEThE T h
T UIREIC L8 % - 7245, n-butyric acid ¥ BB T 5T L3 TE L.

ZEEBRGSD—»—su< 7357402, Table9 ©0fin{ 136Mrad Ll Lo B+
Fiz&ToRE Pz glutaric acid ITHST 22Ky F 2Tz,
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Table 8. Rf value of monobasic acids* Table 9. Rf value of dibasic acids
absorbed dosage Rf value absorbed dosage solvent A solvent B solvent C
90 Mrad ? 90 Mrad ? ? ?
136 ? 136 0.79 0.33 0.84
179 ? 179 0.81 0.34 0.86
390 0.31 390 0.82 0.33 0.84
........................................................................................ 0.74 0.25 0.73

reference acids (trace)  (trace) (trace)

formic 008 e, SRUPURTORIN \otite OO olooovor NI obmtebe.
. reference acids
acetic 0.08 glutaric 081 034 0.85
propionic 0.14 succinic 0738 027 075
n-butyric 0.32 malonic . 0.54 0.60
,,,,,,,,, n-valeric 0.50 tartaric 035 014 034
*: in form of ammonium salts citric 0.76 0.08 0.43
solvent system: butanol saturated with oxalic I 051 ___________ 007 ............ 040 ......
1.5 N ammonium water solvent system
developer: bromo-phenol blue solvent A=butanol : formic acid

water=4:1:1

solvent B=ethanol : 289%, ammonia:
water=20: 1: 4

solvent C=phenol : formic acid
=3g.: 1 ml

developer: bromo-cresol green

390Mrad BatERARHZE, Z O IZHMBE TR D % 42, succinic acid & malonic acid & #
FINBEAKRy FEBHE LK. 20z L1k glutaric acid X b RZRABEZ I TH TR
DINS BALEWITEALILEREEDLTWELEDNS.

PED &) Ty v < BBa %210 glutamic acid #&d» A Uch v Y BiZ, glutaric
acid 3 & U n-butyric acid 2EEA & L, BRE LRI HE4R, MR D succinic acid,
malonic acid DAERZEH 5 L WAL 7z,

glutaric acid & n-butyric acid O&ERRRZ, TV BRIRE L WIELTRLEZI D
2 Fig. 93 X 1* Table 10 TH 5. ZNiT & % L # 150Mrad Ll Lo R4t % 0% 5 & glutaric
acid ¥ HsPt > T 54, n-butyric acid 12, ZHBREBITHAWITHEML TH 5.

5F glutaric
aoid

ocarboxylic acids
( j mole per 100 p mole -of original Glu )

_ e -

0 50 100 150 200
dosage ( Mrad )

Fig. 9. Liberation of carboxylic acids from y-irradiated

glutamic acid crystal

o
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Table 10. Carboxylic acids formed from y-irradiated glutamic
acid crystal

Absorbed dosage # mole per 100 ¢ mole of original glutamic acid

n-butyric acid glutaric acid total
90 Mrad 0.42 3.57 3.99
136 0.77 6.21 6.98
179 1.20 7.81 9.01

1.1.24. p R ryBAERE L ammonia 4 & O BEI%
glutamic acid D7 3 7 RISE#» b £ %2 % &, glutamic acid & n-butyric acid A5
Bo&sH R, YRARKICERT S ammonia B E % vBEBRTEATINEEZbZ W, YA F
NAFHIR=2 T T 7 4 L DBEHBRECEIERA VRV BRY, RIVRERNICE LD
723048 Table 10 ¢H v, Z OERIT ammonia EFEREHE L7 d 04t Fig. 10 ¢ 5.

-~ -~
a -~
© ~
- //
i 10 P e
-
@ 8 azmonie //
i e
L
° /7 aoids
8 //‘
8 5 s
- //
] e
[ 7
3 -~
8 P
= £
~
ol s L )
o 50 100 150 200

dosage ( lrad )
g. 10. Liberation of ammonia or carboxylic acids from
r-irradiated glutamic acid crystal

Fi

—

INRTEBEANKEBERR L ammonia EBREWIZETFLTWSE I L HETSH 5.
ammonia & A NVKUVBOEBRBICHOT L AEEZEBEET LM, ThA—EBERLIZArEY
Bo_RMHBIIEETSIIOEELONS,. % G (glutaric acid) =2.6~3.0, G (n-
butyric acid) =0.3~0.4, G(glutaric acid +n—butyric acid) =2.9~3.4, G (ammonia) =
3.5~4.0LEtH I .
1.1.2.5. # %

ULDERIZL > THIEEM» D, & glutamic acid £ &% H: T T 100Mrad gij#% o
HY<BRBHLILBEORT IV RIEEZEBLTALS.

glutaric acid & n-butyric OERBEBEEL L L, %THhT I/ KEOHR glutamic
acid 2% glutaricacid £ U, R CHEBKINIZ X - T glutaric acid 25 n-butyric
acid * T2 8BA2EFLbN2,. 111, KE LR L5 T, ¥ glutamic acid BRRE L
T a-amino-n-butyric acid & % 5 DT, I ® amino butyric acid 37 /52 LT X
- T n-butyric acid BERT 2 BB IBF AT 2 b kW,

glutamic acid #ERHOHF V<= BBHICL 2B 7 3V RIS EBRRBEIGZ, WWESHRTE
bhTH b, Glammonia) =3.5~4.0 T L G(CO,) =0.7~1.2 TH A &IE1.1.1, ¢k
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NicBYTHDE. T I ) BERITOVWTELDILTH DA, ¢ REXEETL AR
FoBELTI ) EOBENOED, C=00BKL -NH, 0BRKOBFRFIOEITLY T
I BOBAADHL, #-oThT I/ EROFBHERBREICL VREBEIERLEEZ-T
5% glutaric acid A& 4% n-butyric acid £HE L YV KTH5EEI, ZoBADH
T, n-butyricacid 27 2/, BRRBORKEEZEHLATIWEELENWT LI HE->T
w5,

NH 0"
%% & glutamic acid 4 5 #5735 glutaric acid & n-butyric acid, B TlZ 5 2 1 H X
N % succinic acid DA BB B RTH L Fig. 110X 52k 5.
Fig. 11 ® % b aspartic acid & r-amino butyric acid 14 1.2.1. [ZiR~<3 X 5 1T, /K&K

-NH, +&
COOH- CH,,+ CH(NH, ) «COOH _ __ _ """ 2 "7 _, COOH.CH,+CH,*COOH
aspartic acid suceinic acid
) A
| (-cH,) | (-0mH,)
| tm # |
COOH.CH,+CH,+ CH(NH,)-COOH _~""2 * COOH+CH, CH,* CH,,+ COOH
glutamic acid glutaric acid

l -co,

l -(}02

033003 -cn(lm )+COOH. 'NHZ +H CH5-GEZ- GHZ-GOOB
of ~amino-n-butyric acid n-butyric acid

(or Y-amino butyric acid)

Fig. 11. Chemical changes from glutamic acid to carboxylic acids

o glutamic acid DEHERIZHET 230 TH 500, ERERBILOLAL T Ln,
succinic acid & X 5 IZ4F D /NE \» malonic acid DA FKITHE L Tk, EFRBARIC glutamic
acid REBOYIM LAV FF v NVEBEOBEEEELAGTNWEERLbE W, REFOYIRITD
WTlik, BEEET CENBRBH 2T glutamic acid BREYEO = 3 X % 2 LB CHIN
T HHBHE™ T hTnhwb,. a-amino-n-butyric acid O# Y~ BBHERTISB { REH
PIMF R &E T T3,

BRETBRELLEMBT T, glutamic acid KRIFEROH V< BRI T, REHDL-
v PLRAEIMT L C alanine & acetic acid 2S—ByRICARR T 2 A BN D 5 & A X
Tnb,

IRODOBERL, WTFRIKBETOERTD 50, FHMOBFAI I NIE L LRIEHS
BB >3 0LELLNS,

1.1.2.6. = ¥
1. BRZ&MHT T glutamic acid #5512 90~180Mrad o =B E*xBHL, B7 I/ K
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BZE > TERTAIAINVRVBORELITE - 1.

2. ERTHIZAINKRVEBOD bLEEL D DL glutaric acid & n-butyric acid TH Y, Z
D24 @ succinic acid & malonic acid 8 H L7z

3. glutaric acid A&, 140Mrad LT CRGERICHAKTH 245, —F n-butyric
acid O AR Z, 180Mrad 3 CORMBATIRBRBITHANM TS - /2.

4. glutamic acid #R 0BT 2 ) IZX > THh¥2 ammonia BH*FEL, ZOLEKER
glutaric acid & n-butyric acid £RBOEFHITHAL TnEZ LLER L. ThELO
ERWE0 G e EREI Y RDI-L A, G (glutaric acid) =2.6~3.0, G (n-butyric
acid) =0.3~0.4, G(ammonia)=3.5~4.0 T& » 7z,

5. UtkoarvRryBEROHEERITHEL, ELLTET I/ RISLBEKBRIGOAEE
T L TEBREMA T2,

L2, kEASFCNT 34 v iRBH & ZONRERY

1.2.1. glutamic acid OARICK > TEFT 3”7 I / BOLER E T OHE

KEH T D glutamic acid O 7 v < BRI, HEEABOBELIRWITZORHELR
T 5., BEBREZOLKPOLREEOERELEL, ITNORBALOBERARICEAE
LiF%S . AEEALE pH OBHR L O CITHKEBELE LTHY, ZhiZ glutamic acid
% 500mg/dl OWEICHEML IO EREE L, BAEFHETTY v ~REHETE», glu-
tamic acid BERBRICEZECHET I 2 BIEAT 2R0EE pH HIKHELIERTD
5.

1.2.1.1. Aspartic acid ® &%

glutamic acid A #1243 % aspartic acid & & kiA# pH & o Bi%IE, Fig. 12 oz

E# L. ZoRORER, REHAKSICHFET 5 glutamic acid OBET 2 7 B~ 0ZEAL

( in mole )
o (-]
—T -

-~

~

Formed Asp or Y{-ABA/ Original Glu

©

[T
Fig. 12. Asp or y-ABA formation from Glu in solution

by r-radiolysis

(Does rate: 5.8 x 105 r./hr., Total dosage: 1.8 Mrad)

DEE*BTRLIZADTH S, asparticacid DERIE pH H4MWESRRKTH Y, HEE
e, BEERLHETCRIEL, R pHEIUECRL2 ARbh i o, FRETO glu-
tamic acid 1%, pK;=2.19, pK;=4.25, pK;=9.67, pI=3.22 (25°C) T %', zhick
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> THTH, asparticacid ®&KIE glutamic acid QBRI IZ K E { BEBINTWEL T
EHHLATH S, G(Asp) RO &L 5 IREHE XNz,
pH 1.90 3.14 3.91 6.00 7.89 9.15 10.00
G 0.63 1.72 2.34 1.63 0.8 0.00 0.00
1.2.1.2. y-amino-butyric acid @ &

pH=6~10 O i b 5EE MR MITH T T, r-amino-butyric acid AHERT 5. i
PH 8.0 BIICEF T RAERRVEZ . ZoLERRERR Fig. 12 0@bh TH 5. G(rABA)
BRRO & 5 IZEHEI Nz,

pH 1.90 3.14 3.91 6.00 7.89 9.15 10.00
G 0.16 0.22 0.55 0.79 2.25 1.43 1.07
Fig. 12 |24, aspartic acid & r-amino-butyric acid &R E O 3 fi2 L 7-.
1.2.1.3. @-amino-n-butyric acid @ & f,

LROEREBNEITITR > 7B T, pH1.98 © glutamic acid #E# % 0.71Mrad P
LoBBCRHE LI-IBEIZ, MBTIED 54 ea-amino-n-butyric acid DK BZ D S iz,
Zo#ERE Table 12 [TiE#i L, 1.2.1.5. T THHET 5.

1.2.1.4. #ikix¥ o glutamic acid ® ¥ ¥ ~ B4538

INITCOERE, »wFhdBEHAKT O glutamic acid 07 ¥~ RSB E 1T - IR T
Hote, XETIHEEBLSBERIEELELTWIHELE, fiAkHIT glutamic acid %
BRELICBBOBREHEICEET LT L », '

FEH TR B L 7 & EKIT glutamic acid % 500mg/dl OBEIZER L, BEREH 1S
BERARICHT < REHL, HBICL > TETHMET I ) BROBRETER L. ERT ST
3 ) BRidHiAK IS & L 734 3 aspartic acid & y-amino-butyric acid T% - 7z, #tiki
# L 7c glutamic acid ®® pH BRMAF3.18 TH Y, BAHIFRALEX LT pH3. 19T
H-7DT, ERLT /780 GEL, X %(CpH3.14 BEHKF @ glutamic acid 04
BCELTELLGHELHEL THELTA. ZORERE Tablell1 0@BY TH 5.

Table 11. Asp and y-ABA formation from 0.5% Glu pure
water solution by y-radiolysis.
(Dose rate: 3.8 x 105 r./hr., Total dosage: 0.41 Mrad)

Formation rate* G-value
Formed - : : :
amino acids in pure water in pure water in buffer solution
(pH=3.18) (pH=3.18) (pH=3.14)
Asp 1.27 : 1.00 1.72
r-ABA 0.29 0.23 0.22

*: Compared with mole of original Glu in %,.

G(rABA) &, SiKEBBKITOWTI0.23, BEBRKITOWTIZ0.22 LFHMUL, XFEHO
BRI LR, —F G(Asp) 1Z, SIARBREIZOWTIR1.00, BEAKIZTOWTIEL1.72 &3
FOERBLALNSG., INREEEFOAERIERT20TcRAL, RIVBEOEITL S}
DEIELONE, G=1.72 % 1.8Mrad CH7-¥ETH Y, G=1.00 {Z 0.41Mrad T30}
TS5, 1.2,1.5, [TF&T & 51T, aspartic acid AL glutamic acid © RIS EIT
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£3230THY, ZORBREBHRBROBAHEERLZNLSITHS.
1215, BUHREEAERT I/ BRE OB
pH fix Zh#h 1.98, 5.30, &L ¢ 10.60 & L7z glutamic acid KEELHE L L,
0.12, 0.71, 3 X 15 4.00Mrad O# < #MEBH L, MELTET LT IV BEMNEL 4
B4 Table 12 IZR L 7.
Table 12. Relations between the dosage and Asp, a-ABA or
7—ABA formation from 0.5%, Glu solution by y-radio-
e (Dose rate: 1.0x 108 r./hr.)

Formation rate

Dosage (compared with mole of original
pH (Mrad) in %)
Asp a-ABA r-ABA

0.12 0 0 0

1.98 0.71 0.7 0.1 0

4.00 4.2 0.6 0
0.12 0 1.7
5.30 0.71 0.9 0 —
4.00 4.9 trace 2.1
0.12 0 0 1.1
10.60 0.71 0 0 1.8
4.00 1.0 0 5.0

ER LT /7 BofEEE pH 0% 1.2.1.1,.~1.2.1.3. CEHR LI LTRALER
— RS 54, BRIRENCRS L, 7V BOBRRI-THATIEIREITER
DHHrTLBbdoT-. T4hbb, pH5.30 LT idaspartic acid OEKIFHEFZETH 5 23,
0.12Mrad TRAERINT, HBENERERE > THLBREINTHE, ZThIZFLT r-
amino-butyric acid IZEE M F FEERK pH L3 58, HENERE,OREINTHVEZ
LHEbh D,

glutamic acid KEWL O H ¥ < BHRITEH T, r-amino-butyric acid /& glutamic acid
OBRBICL > TETLI0TH Y, EHRBEIBEMTH S, Lo L asparticacid 1&, glu-
tamic acid OMBRERBOF CRIRMWEBRBICET H230LELLNDL. TOBMIIO
WTHZROEIT W TR~ 52, HEEHE 084 % 72D 1T aspartic acid OARKITEN,
HEBENERBEORH*ZI 2 CRATHRT 23052005, s BEBERCHMEL N
5 a-amino-n-butric acid K% BT A, Chid glutamic acid Zx+ 540 =8O
EHEHRICLDIOLEEING.

1.2.16. # ®

pH 17k 5 T& b+ 2 glutamic acid OBEERIA, # ¥ < BEHIT L 2 aspartic acid
DERICKREAFEE*E52TnbZLITOonwTH, ZhiTcizdd~7a, Fig. 13 T glu-
tamic acid O BHERTL %381 T BERETS .

aspartic acid O &ERIE, HEBAH pH 3.22 » 6 pK, [THY%T % pH HZEWTHRKRTS
5. glutamic acid FFOREHE a-F LV r-I VR F VAV EBEEG LTI E, B
ORMEWB L TEET DL, ATFHREFOBRBEEOEMICLY, D oRBIIS
BEBAB a-HARF O NBITHE LT r-IrFF v v EOBENEIFHL, D) Bh
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COOH €00~ co0™ €00~
Extc-E BN o ;
-C sN-C-H H,N*CH E,N-C-H
H-C-H -ﬁ; H-C-f ———> H-C-E ————> H{-C-E
A DK, = Al PK,= 4425 : K = 9.6 .
H-G-H 17219 pcg 2" 4425 go.g  PK3= 9.67 B-C-H
COOH COOH €00~ co0~

(1) (11) (111) (Iv)

Fig. 13. Ionization of glutamic acid!9? 101

RRATHWRBIZH L Lbh b, #-T, TRLORETT r-BEREE 21, CG-C,
DM O secession®™ HFERITITAbNIIDLEERINS. Z O#HEHE U7~ a-amino-n-bu-
tyric acid 13, Zk# % corboxylation % 72137k Bt RITHRT B 1T & 2 ERL
%%} C, aspartic acid {ZZE{t+5T»H 5 5. FRIEDBERG 5% |3 pH 8 ® glutamyl glu-
tamic acid /KIF DO ' < BB T Co-C, BT, secession 842D, 4 U7 alanine 3%}
BRI THDORIGTH Uz formic acid & Hi54 L, asparticacid #4427 & 28H%& L
Twb. pH8Id, &A#4%TH1J % glutamic acid % & aspartic acid D&KL, T45HD
BBEEBELR—B LAY, ERBBIZOWTOELF L LTREKES S, ZhITHL
T pl L LTiE, glycine & aceticacid @ 5 ¥ h A 4354 L T aspartic acid #HE52 &
n 5 m%m”ﬂié 5.
NH,-CH-COOH + CHz—COOH—»HOOC—CH(NHz) -CH;-COOH

BALBE&HETO UV BHEER T, glutamic acid 45 aspartic acid &5 IZ B4 2 £ ¢
@ﬁi%ﬁ"& X n.t \n 572,73,74,75,76) .

r-amino-butyric acid O & K@ L, glutamic acid @ a-BEREIC L 245, pH7 LD
KB HC glutamic acid O BHED (IV) ORBIZE B IZRY, ZORIGHHL 2230k
ZExbhd, Fi, WMEEHKEEP TR, r-amino-butyric acid 0 £ RE BB IR+
501, #Y/=2RTL>TKPLET DHERED S L, RIGIKBFROD e, DEANTEL
BB LHEING, a-3 & U r-amino-butyric acid O AL ICB LTIk, RAJEWskyY
5% 3§ glutamicacid # X EH L, BRBRIGLEHL T2 LEHREL T
5.

1217. 5 @

1. %8 pH 23135 0.5% glutamic acid kKiZ# %, BMEA%HETFT0.12~4.0Mrad ©
Hry=RBRH L, RRBRIS%SICL > CTHEBKHIT aspartic acid, y-amino-butyric acid + &
U & @ a-amino-n-butyric acid #4322 L #HEH L 1-.

2. asparticacid Q&R IE pH4 MEx b s L7oBEBEL L PEIZHPTTERATSHD,
G(Asp) 0&EIE pH 3.91 OEKIZEFIT S 2.34 TH - 1=,

3. 7r-amino-butyric acid ® & E, pH 8 MhEZH.O & LichdEd b BEEMRICHIT T
Z{EZh, GOABA) oR&EIR, pH7.89 X3 52.25TH -7z,

4. aspartic acid, y-amino-butyric acid QARG L RIGHE L OBELBRH Lk T
%, r-amino-butyric acid ZEBHOMM, T4 bbb HBHNEREBHICL > THRET L3 0
T L, aspartic acid RBHVDIBELET L THrLERLIBEDIZ LEM -7, Z0H
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%1%, aspartic acid (& r-amino-butyric acid * &% b, glutamic acid # 6O ZKRHK
JCERPITH B LITEBET 5.

5. SiKIZHEM L - glutamic acid o F v < RBHER T2V, h&igiZR pH =48
T HBERKEBE L 5 glutamicacid OB E DHBHTTh - 7. XETIEBOFE
1t glutamic acid ODFRITHITKEZHBBYEZ 2 LRELLONE L - .

6. aspartic acid & 7-amino-butyric acid DL, glutamic acid O EB#IREIER
PH OZEIZ L > THBTHBD, TI 7 &2}, hrXFvrBEo&hoR L Bk
BERNZ L ERU .

1.2.2. # U @BHICK S glutamic acid D H I K VEADEBHEE

glutamic acid ©7 3 7 E4H v~ BBHICL > THE L, glutamic acid Hoh v K~
BT 2 RISBHBE, SRz onwTir] 112 RPnwTl~i, RIERIKEKTD
2BEeE, WHTH 2KAKOBEM LSBT AR L0 T, RICEBL, BE&OBEL
BELLARZ- BB ELILBTFHENS.

A% glutamic acid #* &8O pH E* AT 2B HRICHER Lcd oL, HIEITL K
L7cRiRKIZER LI 0%RARLE L, RAEHKHTT 2.7Mrad OF < HREHETE W, B
TI)RIBIRE > THEUSRERY, Pladh vy VB, ammonia X HIEL, RIEH
BEriRLZ3D0TH 5.

FEOEBRIZEHER L7 glutamic acid /KiEH L, BE 800mg/dl THY, Thi AR 13
mm OWEEN 7 2EIZ S5ml FORK[HE L TR L. BHIRIIEFT S, BEKL
f#H L7-R 8% o pH it Table 13 0@H TH 5.

Table 13. pH value of glutamic acid solution before and after y-radiolysis
(Dose rate: 9.0 x 105 r./hr., Total dosage: 2.7 Mrad)

pH value
sample No. 1 2 3 4 5 6 7
before irradiation 1.35 2.22 3.28 4.31 6.83 9.53 11.08
after irradiation 1.65 2.23 3.31 4.10 6.80 9.31 10.10

1221, 9 AFANBFL20= 057 4 RLBINKRCBOER

VYAFAAFT A= S5 7 4 OREESS E, L12.0BALRALETH L%, 22
Th, KBBEHRELTwED, WREE L TROBHEBELHMLL. T2bb, &
BHE 10ml 2L b, B -k EHCi NaOH #inz T L LE-BBREL, v
TEEWEY ) AF v 1g TRFEI LI OE HSO, IR THBEITEL, Thev)ay
A5 LD EMIZBL, ABARICL 2 BHARELTE -T2,

glutamic acid & Y MBER L1 h v R v BROBHER EmRE, 3B pH BITR D 74
22 Fig. U ITRTEVTH D, P nTHAONENIEE—~Y -7 3—EER, K&%
BEoe— s 3"HEEBTHS. pH O VR VERERE BT 51T, £#RBNIIKIG
ERWOERETE G HrEHL, HECEBETLEL W, Tablel4 EZOERTD
5.
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a1 Reforonce acids o FE 135 Ssmple (o. 1) 2 TH 2,22 Sanple ( No, 2)
glutarid
sucoinio
n
3
S
-~ 1 1} 1} glutario aoid
o
-~ glutaric acid
il
~ n-butyric soid
g n-butyrio aold
- —M
o 1 ] . 1 . o 1 1 1 1
0 50 100 150 200 ) 50 100 150 200 ) 50 100 150 200
B Elute . Elute sl Elute al.
CHO1, ¢ BuOH CHC1, 1 BuCR
3 CHC1, + BuOH
%951 5 85115 75125 951 5 85115 751 25 37954 5 85 1 15 75 ¢ 25
2 TH 3,26 Sample ( No. 3 ), 2 TH 4.31 Sample . ( Ho. 4 ) 2 yH 6.63 Sanple ( No. 5 )
s
3 glutaric aold
o
Y1y gluterio scld 1r 1pF glutaric acid
~
"
b dbutyric acid
° a- b 4
,E a-butyrio scld a-butyrio acid
: _j\MJ
[ 1 1 f 1 o 1 1 L 1 [] 1
0 50 100 150 200 ° 0 100 150 200 ° 0 100 150 200
Elute al, s Elute 3 al. 3 Blute al
CHOl, s BuoE o ‘s BuoR CHC1, 1 BuOR
3951 5 853 15 751 25 OHGLy e 85 ¢ 15 15825 3795 5 851 15 15125
2 PH 9.53 Sazple q ( Ho. 6) 8 11.08'Sample  ( Ho. 7 )
g
: glutaric.acid
2
© glutaric acid
-~
° 1t 1§
q
it
|
-
4
a-butyric aoid n-butyric aoid
0 1 1 1 1 0 1 1 1 1
0 50 100 1 200 -
0 e 0 a1, ° 50 122“0 150 200,
CHC1, : BuOE B
395 5 85115 75525 CHOh3 N NOE 85115 75425

Fig. 14. Silica gel column chromatography of carboxylic acids formed from y-irradiated

glutamic acid solution
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Table 14. Carboxylic acids formation from glutamic acid solution by y-radiolysis
(Dose rate: 9.0 x 105 r./hr., Total dosage: 2.7 Mrad)

G value
pH value of solution 1.35 2.22 3.28 4.31 6.83 9.53 11.08
mono-carboxylic acid 0.43 0.31 0.41 0.32 0.22 0.12 0.12
di-carboxylic acid 1.09 1.67 1.43 1.70 1.35 4.00 2.93

ThiTE s, ZIHEEBOERIE pH9.35 #THAE L, BEMIZOWTA S L —fRITE
RESVEAEMBRONS4, pH4.3l TP THBRAKERFDONE, ZORIEHRIT
Rons ZBEBOERBEMIL, $#il® ammonia AL MR & —3 T 5.

—%, ~EEBOERZBEMIEEEAIICE L 2REn, 2B0IANEZ0ERE
RIEEBRI VDAY BN, —EEBROARE, BT I/ RISIKE 3 ZEEEBARICTENT
BRBRIEBLETH L. > T—EERERIZRITT pH ORERD AW L1X, RIRE
RIGICRIZT pH OB BV ENI LEZRLTWEDTHAHS.

1222, ===} V5374 ELBANKUBOKRE

YVAFNAEF LI a2 bS5 7 4 S > TH—EERE ZIEEBITHYST IR %7
BEZRY ZRICED, ethyl ether THRA ML, " VRVBO<—1N—yu<}75
74 RH3. ERAEDLRABOBRBES Thhb-Tlcd, THHEO pH 25T 2R H
BL2IZOWTITAR S T EBTEY, Apte B (pH 1.35, 2.22, 3.28, 4.25) LHid
X UERAA (pH 6.83, 9.53, 11.08) @ 2MIZAHFL TiT - 1.

Table 15. Paper partition chromato- Table 16. Paper partition chromato-
graphy of mono-carbosxylic acids* graphy of di-carboxylic acids
Rf value Rf value
Solvent A Solvent B Solvent A Solvent B
g 1 0.29 0.79 g 1 0.84 0.78
g 0.29 0.78 g 2 0.86 0.81
7)) %]
8 acetic 0.10 0.67 Y malonic 0.69 0.65
§ §  propionic 0.18 0.71 g g succinic 0.77 0.72
¢ & n-butyric 0.30 0.77 ¢ & glutaric 0.85 0.81
[ n-Valeric 0.45 0.82 ~ adipic 0.90 0.89
*=in form of ammonium salts Solvent A=n-BuOH: 859, formic acid:
Solvent A=n-BuOH saturated with 1.5N Water=4:1:1 (V[V/[V)
NH4,OH Solvent B=phenol: 85%, formic acid
=3:1 (W/V)

Solvent B==EtOH: 1.5N NH4OH=4:1 (V/V) Indicator=bromo-cresol green
Indicator=bromo-phenol blue

Sample 1 is acidic, and sample 2 is neutral or basic.

H Y= HBHITL W KBEET D glutamicacid B bE LT, AR v BEMT LR
1% Table 15 T& 5. ¥R, PHd X CEEMRB L 3 n-butyric acid ® Rf 2%+
5ARy FEB. TEAOLLEBHRAKA TR0.29, BREEEBTI20.79 272132 0.78 ® Rf
lEHD, WRE L THWE n-butyric acid I2—H L Twk., “HEEBRYNSRE Licc—
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R—ym< 7774 ORI, Table16 TH 5. BERE, PH L L CHEEHAR LY
glutamic acid fZ¥F O R HIT—H T2y 1 2B, T2bLEMHERATRO0.84 %
7212 0.86, BBAEE B €14 0.78 712 0.81 TH - 7=,
1223, p-7u9 a7 YNVZRFNORE
H V< BBEIT X - T glutamic acid KIFEBIZE Uzh vR UBIZE L LT n-butyric
acid & glutaric acid TH 2 Z LB L7, LR ZO2BOYWE *HRT BT,

Table 17. Melting point of p-bromo-
phenacyl esters

Melting point (°C)
mono-carboxylic —

% acid fraction

g di-carboxylic 128 ~134

n acid fraction

° propionic 59.0~61.0

8 n-butyric 61.5~63.0

g » n-valeric 71.5~73.0

« T .

é g glutaric 134
succinic 209~212

ZNENOANKRYBO p-7 R b7 2V FYNIRTFAEEVBELAELL. 20
Rk Table 17 €5 5., BHRABLI VB Lz Fr L i, BEAEIIR L Lz =
FUOBMEENE L RER, Fig. L TRLEZ -7 E glutaric acid ITH%T2Z &
BRI, L2 LE—Y—7 0B RRESIEL, WEXKSEBLHBLZLNTE
Aotz

1224, #2/uv= 1057402V RVBOMKER

YV AFNIu= bS5 7 4 L TR —EBEBRAY I ZEHEBRS0ZNEN
¥, R=n—yu= 73574 OEE LA ethyl ether THHL, ¥RI7uw<tb 757
AL, VR UVBOBEREYHEZE T 0, IRBEERLE L TROIOEFERA L., —
HEEER L | T3 acetic acid, propionic acid, n-butyric acid, n-valeric acid %, —¥#E
A & L Tt oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid #f\»7z.
ki, ZHEEBRAME, 7F 2 FvOBIREL™, chloroform #H#K & LTHHT L.

BHEHAPLCRZHARI VR VBOFTERIZOWTR, —~EEBRS & Fig. 15 1T, =&
EBRAHIZonWTIiE Fig. 16 TR L.

—EEERX 4 0 EERK S 1E n-butyric acid TH - 7225, REIZA & O propinic acid 23R
ELTWwWAHZ LERELK.

“HEEBRX ST glutaric acid # EKS & L Twiz %, succinic acid o4& 3 RIFFITHH
Ihiz.

—EEEX 4 @ propionic acid & ZiHE O succinic acid Ast——Jw= S5 7 4
REATREINT, p7oa72F7 Yy vz 27 vORERETI REINZOR, Z04E
BRERDTHLTCH- b BELONS.

1.2.2.5. #ikigw o glutamic acid O >~ < B4
o TR L 7&K IZ glutamic acid % 800 mg/d! OEEITER L el E, AR
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Reference acids Sample

n-butyrio
propionic
acotio
n-valeric
a-butyric
U U m'opionic"
C, 03 C 4 05 05 c 4

L 1 1 1

Fig. 15. GLC analysis of mono-carboxylic acids fraction
Sample
Carrier gas
Column packing

: mono-carboxylic acids fraction
: N2, 60 ml./min.
: diethleneglycol succinate +H3zPQy, 5%,

Column : Stainless steel, 2 mm.¢ X 2m.
Oven temperature : 100°C.~, programed rate 6°C./min
Detecter : FID

Reforence acids Sample

succinio
glutario
mu‘:n tonte adipic ‘ glutaric
U 1 sugeinic M
6, C5 C, G [ . ¢ c
3
22 14 4 P | L — |4 > . 1

Fig. 16. GLC analysis of di-carboxylic acids fraction
Sample
Carrier gas

: dicarboxylic acids fraction
: Nz, 70 ml./min.

Column packing

: neopenthylglycol sebacate

Column : Stainless steel, 2 mm.¢ X2 m.
Oven temperature : 210°C.
Detecter : FID

13mm OH 5 A EITRAHE L TH v~ BEBH L, glutamic acid o7 3 / KISlcL - T
ERTHHNVEERL ammonia 2RE L7z, REBCEREEERXAEL 4, 20XE
4k ammonia THh, ITT I vHEITNTVEIDLEEEINS.

MiKIEH O glutamic acid % B4t L 72 B9, BER 0 BHA M 0 4% glutamic acid
DHV=BRABIIHBEN 2 HFOPBELEHALITH T,

kR E L, 0, 0.9, 1,79, 2,68, 3.58Mrad O 5B L Liz. 2D 51 2.68Mrad [B&F
DERVBEHERERARFROBRIRE LFA—TH 5. MAEKD pH #EIZB4ET pH 3.18 ¢
by, BEBEBREL L IITHL o7, ZOEAOBRER 3.19~3.25 OEHETS - 7-,

€ - T glutamic acid HBITRIZTHEBEOXEL R 5121k, pH3.2 WhEORBITOWT,
BULKR R 2.68 Mrad O RBREERLHKAK, SHEERAREEICEET L L w. Fig. 17
RHKE R TR 2200 72 glutamic acid @, Bi7 I ) KIGOERE U ZWHE O AT
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RTH5.
ABERPDOBHR LB ICRIZTHEEFORE R, %o Fig. 18 & X U* Fig. 19 T/
7o, BEAN A O ITEikiE P T O glutamic acid 4HIZ X - TET%E@%’&&E@T?LH

PO ELII, FRALBDLONEZD -7,

- 10 -
-
g' o 7 . Tmeees volatile base
2 Pt === anmonia
- - :
X — @
< —-—- dicarboxylioc. acids (2)
: 4 — —— monooarboxylic acids (1)
3 2
X ]

0 1 2 3
Hrad

Fig. 17. Carboxylic acids and volatile bases formation from
r-irradiated Glu pure water solution

1.2.2.6. # ®
P EOEBRERITL - T, glutamic acid KIFH £ B EH4T T Mrad BALoBH£1T%
ST B ITET B H VR VERIE, & LT glutaric acid & n-butyric acid TH b, T
£ o succinic acid & propionic acid 3 R CH$ 5 Z & 241 - 7. glutaric acid & n-bu-
tyric acid O #:{& % glutamic acid K @ pH JlicHllE L G TR Ly 0ld Fig. 18
TH5.
Fig. 18 21t glutamic acid 2267 3 7 KIGZHE TH+5% ammonia & & b ICHEFREMEIE

(-]
'§ 4 " monocarboxylic acida (1)
3 ——,
-——————ne.,
P Lmmmea ST

——————————— e

Fig. 18. G-value of carboxylic acids and volatile bases
formed from y-irradiated Glu solution

HEOGHEEHEL:. Q@ L CEEREZEATZo0BRERRED, bW 5 bimo-
dal curve ZHWVTn2 A, ThRHEEAA Y TH D7 I 7 BORT I/ RIEEKRIZOWT,
LELERONZB TS 5201 B¥EMO glutaric acid FIZHRCBSIRRELBHHH
2%, LTS 2 glutamic acid o7 3 » RISk, pK, T4 T 5 pH 2.19 HHERY
pKs T® 5 pHO0.67 fhEIREAE:HD, pK, & pKs OHMTH % pH 7.0 HHEEITHE/D
HEHEOLELS.

EBBFRHONEIOT I/ BORT I /KB A5 L, ¢ #HRITHL{ -COOH 0 =011
BREHEENEL, #-T -NH, O8Nz REELTHEL .Y, BT 3/ RIS
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REBRELVEIBWRBIZS2bFTH2%®. XHi1T -NH, 2 -NH* &, -COOH #f
-COO~ LB T 2L, LEOBREHEEOBEARILITHENT IV ERERLE A S.
Lo#ErHicRNE pKy © pH HIET 22 TORB TR, pHEBEL BB ELHT
J R, pKy U ETHK -NH, d#EHRELLLEZWOT, BT/ RIERZT
BoBRELDEELD. TLMEEREEETHRT I/ KIEBHL20R, ¥ v<RBHI
Lo TKPLELT e, H, HiO* O BRREE 270 LEDN 21, ko FHEDR
73 RSB+ @M, 7 BRI RONIBHBTH 2N, 2T 55
BHRREBEIZEZ I TVWEN,

Fig.19 12, Fig. 17 0B 2 EBIcE R L2, SiKEAKP O glutamic acid ¢ glutaric

G-value =00 =eeee- volatilo base
—— 1o
.\ ‘amnmon!
4 ... —_— )+ (2)
————3 -— Aicarboxylic aoids (2)
<

ﬁ ——— monooarboxylic acide (1)
e
2 .

Fig. 19. G-value of carboxylic acids and volatile bases formed
from p-irradiated Glu pure water solution

acid 2 OMITEWL L 12BED GIE%XRL7Z3DTH 5.

Fig. 18 ® pH 3.2 3 & 1% Fig. 19 ® 2.68Mrad (/%43 543, glutamic acid o B
B L L CHARBRIZOWTITR > TBHERO Y b, HERRA— pH M & RIRE O 4
TH5., 2B L TEEIERBEHN L LTOBEREET IHLBELOXTH A, HRIT
I 35208480 G {Ed, ammonia, glutaric acid % L 3 1IZIZRILTH L LE LS.

JKEH B O glutamic acid A% glutaric acid % 7213 n-butyric acid ZZ&b+ 5 &KL, 7
IVBORT I R IUCBRRBRICTES CHRBTAZ L8 TR 5. 2o Fig. 20 (2
ATEY TH 5. r-amino-butyric acid B H T n-butyric acid 243 5K, 1.2.1. 1T
THW L 7z glutamic acid LT I ) B~OELE+BRIThEIHEBRTE S,

glutamic acid KEK D pH L FERWED G it Fig. 181tk -TthR3E, 7 I/ K
IEDOERTH 5 ammonia & glutaric acid B34 pH OB +*ZTFTwasrolTxtL, B
RIS % #H L7z n-butyric acid 12, pH OEE+* 23 EZH Tni v,

Alanine
. GO0l GO0
CO0H cooE oo B N-0-B —— = HH-C-E
: 1 2 +C0, 2 ¢
EECE o (cn,) HEOE 7 oy 2
( tn.) - 2’3 (c8,) o2 V2
CHy)2 ¥, cooH - .
COOR COOR = ‘.mz
Glutamic acid Glutaric aocid Glutamio acid CoOR Aspartioc acid
= Acotic acid
1 - co, l o, oo
H,N-CH, CH
2 o), —— (c 000R ox
e - (gzﬁiz (¢8,), ‘n:
COOH - - .
¥, goor 0, CooR
- Amino butyrie
v aciad n-Butyric acid Succinic acid Propionic acid

Fig. 20. .Chemical changes from glutamic acid Fig. 21. Chemical changes from glutamic acid
to glutaric acid or n-butyric acid to succinic acid or propionic acid
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% 7z succinic acid & malomic acid OHBEHBBRH I - ik, Fig. 21 TR+ L9 1T,
12,1, 3B LTl D B, KA O glutamic acid & 5 aspartic acid 2433
HELEBIZLTEL S L, aspartic acid # b X b IZ4# L T succinic acid, propionic
acid T2 RBHELOLNS.

1.2.2.7. = ¥

1. KEREF O glutamic acid BRAKHET TH v~ MBHEZT, BT 1 VKRR »
THNE VB L ammonia RELLZB*AEL, ZOEMBHEERL 2.

2. EBLicANVEBOETERS L, glutamic acid i 7 2 / RIGO#FERLEST 5 glu-
taricacid &, 7 ¥/, BRRBEARE 2& T4ES 5 n-butyricacid ©5 5. F-METRH
% % 3% succinic acid & propionic acid Hs#H X iz, '

3. glutaricacid 0 KB ZBEKRO pH L BHELBFKRED D, glutamic acid @ pK, T
Y435 pH2~3 2T G=1.4~1.7, pK; [THH%$ 5 pH 9~10 2T G=4.0 & 2fAFFIT
BKEERL, pH7 fETRB/MEXFDL, wbWw 5 bimodal curve ##i{ Z L £HI- 7.

4. glutamic acid ® 1 # Y{LRELZBEK O pHITL > TELT 548, Thi L diz, B
BT HEOBREHEEILEMNLT . BRBEEOZE/E, -NH, EoHac rvF—3#
WrE* 52 5. glutamicacid OF v <RAHEITL % glutaric acid &K R4 pH & -
TEMT2BHO—DOEIIRD2 0L ELbND, T liEHEMEEHT T glutaricacid
ERBBBRITE0OR, e B EOKPITET 2EHERESBIT 00 TH 54, pHT
fHECH/MEY RS EBHRITRHTS 5.

5. n-butyric acid Q&K LIEHK pH &L OB T BB AW, L LBHEETC G=
0.31~0.43, HEEMLZHET T G=0.12~0.22 L BHEMNTEREHZ N,

6. HKITHEMR L7z glutamic acid o7 <B4 RE, TheiR— pH 267 5 BHAERK
FTOSREREL T, SRERBOEE, £REL IKRELL, ABBARPICHET 5
FoHBEIROLNED -T2,

1.3. r-Na-glutamate (X3 % # » 7#RBH & ZONRERY

N % TIT glutamic acid x4 57 v~ ROEEL b CITHBEHR LB, glu-
tamic acid O¥IHT2F Vv~ RBHOBBRILDL > 230 THAHH». HEPRI—
B E{LAW TS5 r-monosodium-L-glutamate #X4 % L LT, Z0ikhd X UKBRKIT
w4 H < BB T, glutamic acid PIAND T 3 ) B~NOELRBEBEH L.

1.3.1. &R2&&UKEHPD r-Na-glutamate K O4EFT 57 I / BEZDER
i

y-monosodium-L-glutamate (FIXEHiZBRER) ORBFAMI, HH%1004 v ¥ 2 YT
OHELL, MBT vy — 4 —ATHEARERLIE, N 6.5~7.0mm OF 7 2ENIT
AN, EABRKLBEBH L. #r<#BHE 3.8X10° r/hr 0BREE T, £RIRE 19
~78Mrad OHEHTIT- 7.

KIEWAF OFBH:IE r-monosodium-L-glutamate %, 500 mg/dl QEEL %5 L 51T
%% pH SHKICARL, AE 4mm OF 5 2ERZNENR Sml FoOAnRRIER L 1.
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INLORET v AT BE L A8, RIREERE 2.2Mrad T3 - 7z
1.3.1.1. #5838 X v £+ 2 a-amino-n-butyric acid & & If r-amino-butyric acid
r-Na-glutamate #RAKGTCH/ v ~REBHL, ZOoBRETIMHMET IV BOBERI
a-amino-n-butyric acid 4 & {f y-amino butyric acid T® - 7z. WIURE & SBERK T 2
JBEREOMRZRIE Table 18 [TRTEBY TH 5. T4hbb# 40Mrad LB EZF L L

Table 18. G-value of a-ABA and y-ABA
formed from gamma-irradiated
y-monosodium-glutamate crystal.

Dosage G(a-ABA) G(7-ABA)
19 Mrad 0 0
39 trace 0
58 0.33 trace
78 0.40 trace

a-amino-n-butyric acid AKX L, 100Mrad L OKBRITAE D LMBE TR D B0 7-
amino-butyric acid 3 B x iz,

a-} & Uf r-amino-butyric acid @R IZ oW T, glutamic acid IZDOWTEER L -
11,1, o CBBITHTIEZBRLLTCERLLLEIATHS. REEBET T2 -7 glu-
tamic acid & & r-Na-glutamate # &0 5 >~ < BAEOEE L, ¢-amino-n-butyric acid
ERIZBET 5 GHEZEBETWEIHARXL I, Y OERND L. glutamic acid E&D
B4 G(eABA) 1 1.1.1, [Z@#0n0.6~1.0TH 5 4%, r-Na-glutamate & 5 T120.33~
0.40 T®» %. r-amino-butyric acid &£RBEMBETH 2720, GEOKBIRNETH - /2.
20 G HIREINIEZRORER, Na- HOBE, r-r v R F v v EITHEE LK Na- |
F o 7-%, a-amino-n-butyric acid FERITHE L r-BREBIER D glutamic acid 04
THBE L THEI NI D LEREINS,

1.3.1.2. KiEEAB P IZHF 3 aspartic acid 3+ & UF r-amino-butyric acid
r-Na-glutamate /KIZHK O 7 <= BAMBIZE Y, BRIBEIN 57 3 BIE aspartic acid &
y-amino-butyric acid T& »7z. K&¥KO pH LFHET IV BERBR L OBEBRRKRD LS
Th»Tz.

%3 aspartic acid &% 1d, Fig. 22 ® X 512 pH 4.3 T G(Asp)=2.28 L E&E %R L,

pH 9.5 TRO.BLENERBTH > 7c. ThEl.2.1. T~/ glutamic acid /K7W T

[
'As)
L-glutanic acid 3 »

L-glutanio acid

Y-monosodium~

. Y-monosodiun-
2 2 - L-glutanate °
.
1 N
1
0 i ;
o T 4 6 & w
E bo:d
Fig. 22. Aspartic acid formation from Fig. 23. y-Amino-butyric acid formation from
7-irradiated L-glutamic acid and r-irradiated L-glutamic acid and

r-monosodium-glutamate solutions 7-monosodium-glutamate solutions
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DO Y<BRAMEBRERLEBT L, BIZRAKOERELELS. 3L L TFig.22 2
HEHE glutamic acid 2> & aspartic acid R IZET 2 R+ R L 72,

—7J r-amino-butyric acid O 4% 1% Fig. 23 2”48 Y ©, pH8.3 T G(rABA)=2.67
LEEERL, BENTRENEELR L. 1.2.1. TH R glutamic acid KRS E
o G(rABA) #8Z D72 Fig. 23 [THE L7248, Na- i, ¥ glutamic acid ¥} &
PIABRAOERERLTVAZ Lithd Tz,

KRBBAFHIOWTORHERRT, BEL L TBER*FERALTWw5 ), r-Na-gluta-
mate ZAKRPCIREREL, HEMOICIER glutamic acid 2 EHKHITHEBR L TR L
ERERLAKICE-T-d D LE2 5. - T, G(Asp), G(rABA) & 3 (T, glutamic acid
OBEHR, Na-SHOHFIZOWTIT-> iR LER LA -0 THA 5.

132, @RHLVKBHEPD r-Na-glutamate &k V495 ammonia

1.3.2.1. a3tk L b A&+ 2% ammonia
Hr<BRICL s EERABORT 3 2 Kk, Fig.24 ® X 512 40Mrad DI FClREW

¢ | 9-value

4-\__,__‘.

2}

o
] 20 40 60 80

Dosage rad

Fig. 24. G-value of ammonia formed from y-irradiated
r-monosodium L-glutamate crystal

G(ammonia) %75 L7228, 40~80Mrad Tit 3.0~3.10 G ETHEIZIZIZHPANTD - 7.
%7:1.1.2, |2~ 7288k glutamic acid & o7 £ 2 {12 G(ammonia) =3.7~3.9T3»
), Na HTOHERBZPRPENMETH 7. LPLET I/ KIEIZL % r-amino-butyric
acid 2o, Na-#h b OEFEWEHER glutamic acid 25D 1/2 L E - K& %52
TR%EL, 2790 Na- FFOoFERZThBREZERBEELTWE N,

1.3.2.2. kEuARIHBIZ4E$ 5 ammonia

é G-value

2 4 6 8 10
M

Fig. 25. G-value of ammonia formed from y-irradiated
r-monosodium L-glutamate solution
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y-Na-glutamate K&F® O pH &, # v <HRHIC L > THES % ammonia £ & OBEFER
Fig. 25 0@ b T 5. WINHE X 2.2Mrad T% %. ammonia O AR EX pH 6.1 H:ET
BAERLTHD, £REDBIEMS X CEERMTE LML T2, #H glutamic
acid [Z#t3 2 BtER TR, pH2 UToBEE4T L, pH11 D ELOEEREHT TH,
ammonia £ RB BRI L Tns. ZER TR, whWw3 bimodal curve #1852 LA TE
B ofedt, ThidEeds Na- HTH2c 044> TH27 I/ BEEORT 3 /|
B2 defFh bk - el TR AL, BB pH OXBRBESTEL TH o feicd
EBLHRETHAH).

1.3.3. & =

H < @BEIZ L 545 r-Na-glutamate 5 L8 7 3 7 B~OE(LI, E#ED glutamic
acid 241} 3 L AT, r-HLBiRERIZ & 5 a-amino-n-butyric acid T 5. ERRBHE
BT 288 D r-amino-butricy acid IF, a— M BEBRIESZZL oh 5%, 1.11. T
iRtz k5 ic a-amino-n-butyric acid HH O REEH L ELLOBRETHHH .

7o 7288 glutamicacid & r-Na-glutamate ® % ~ = 4B 31 5 ##& L, ¢-amino-n-
butyric acid AmRICET2 G iTh 5. ThbbH, Na- Tl G=0.33~0.40 TH 5D
Zxt L, #E glutamic acid it G=0.6~1.0 T% 5. Zh@fZF 0L THE LD Na- 7
FL HEFOEBAIEET 230 L#ERMENS. H & Na o FFEXRBEHEER PauLin
OEFE 12X s e H=2.11zxL Na=0.9 T5 %', ookt L TRLLE,
-COOH izl LT, -COONa 0 BRAKHE L &\, B> T -COONa O F b3 & 13 BRI iR
, BRBRIGEZTLI L8V EL 7D THS 55100,

KIEWA T35 r-Na-glutamate OF ¥ <@RABE, 2 FVBHRBICD 2700, #
¥ glutamic acid HKBHEFITH 2 HE LR LRBE %Y, Na- HEERROSBRERY
DERBADONEZD T,

BT 2 JRIBICL 5 ammonia ARIZOVWTY, &K, KEBABORT T2
WwT, Na- L EEROMOMBLZIHLLTED -,

1.3.4. = ES)

1. #& r-Na-glutamate #BEAEHTTH v ~HRBHL, BRBIIEICL 2 M0ET <
JB~OEAERE L. ERTAMBM7 2/ #idE L LT e-amino-n-butyric acid T3
Y, 20~80Mrad <D G fEiZ 0.33~0.40 TH - 1z.

2. M glutamic acid #EHEH L H ¥~ MEHITL > THEFT 2 a-amino-n-butyric acid
DGR 111 1T~k 5120.6~1.0 THY, Na-l L dHETOXEND 5. T hidbi
BaFo HEFE, Na- H4FoNa FFoRTFERBEEOZRIGERT 24 v
F—DOHBIZLZIDTHSS.

3. 7-Na-glutamate /KiEM D # >~ < @BHIT L > THF 5 asparticacid & y-amino-bu-
tyric acid 1, HRKICRITT pH &40 HE, £RE & ([THEE glutamic acid [THT 5%
Bk L KERES, - 72, i, r-Na-glutamate 2KIAKTP CEBHERBIZS 570, #
¥ glutamic acid KIEHK &L RO A—KBELEY, AROT Y ~BABERTH7DT
59 .

4., 7-Na-glutamete O 7 2 7Tk % ammonic &JKid, ¥R, KEEASOWNE
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ToNnT, HHER glutamic acid IZOWTOERERLOZRRAWL L TR AL - 12,

2. L-aspartic acid O H #5582

L-aspartic acid (& 1. {Zai~<7-40¢ , L-glutamicacid o # v <~ B3 EERY - L CEE%
WHETH5. %7z, L-aspartic acid |& L-glutamicacid & & 3 |7, B R FITHLED B \» mono-
amino-dicarboxylic acid T % % 4%, REBOE I BNIMEFTRE>T 3B, 2D LA
L-aspartic acid & L-glutamic acid o # v~ BMBERDOER L BIC X OBEORE®
B2 RE% 5 5METH 5.

AFECREERHEBTIC ) 5 L-aspartic acid 0o v~ BAMBERWEHEL, 20
ERBRBITERENL S,

2.1. ESFEEON Y T REREZONMRERY

2.1.1. L-aspartic acid ORRRICK > TET 27 I / BOER & Z OH#E

11.1. s glutamic acid #HKAEET CTH v <B4 L, @-amino-n-butyric
acid OEBREEME Lo 7~ < BEH %2172 L-aspartic acid OBRRBRIEH glu-
tamic acid D4 L RAMOBER TEITT 5% b aspartic acid b 1x B-BRRERIZEL 5T
alanine B+ B LTk 5.

FEIZLG 0 <~ BBHEMEE, BER5.0x10°r/hr, BRIEE X 33.1~157 Mrad ¢
b5,

2.1.1.1. alanine 4 & (£ B-alanine @& fg

JBe 5% - F T 33.1~157 Mrad 0 7 v = B4t % 3213 7= L-aspartic acid 0#EREKITHE
L, T3 VBHEBEMNE L7 L 5 Fig. 26 O#R % 7-. alamine & B-alanine £,
Kk %, aspartic acid RBEHEL*FEbL L Tw5. Table 19 12 G (Ala) X 18 G(8-Ala) #*
HHLERTH 5.

"
& 100 Table 19. G-value of Ala and g-Ala
% . . .

9 ” formation from p-irradiated Asp

g acpartio aoid “ crystal

~ Absorbed

3 dosage G(Ala) G(B-Ala)

s 0.00 Mrad 0.0 0.0

i 33.1 3.3 1.1

H " 2 66.2 2.4 1.1

o 50 100 150 —_—

**’ s o5 26 09

Fig. 26. Formation of alanine and B-alanine from 157 2.3 0.8

aspartic acid crystal by y-rays irradiation
(Does rate: 5.0 x 105 r./hr.)

BB 5 G(Ala) 133.3TH 545, MBOWME & 3 ITERBRBED L, #2100
Mrad Pl ETit2.3~2.6 TH 7o %7 G(B-Ala) BEHMPITIX 1.1 TH Y, alanine 4
BRERBBITHRE L & HITERBILIET 540100 Mrad 2L ET3 0.8~0.9 2> T\niz.
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UEDORIZE 2 EBAEMHTD L-aspartic acid @ BHHNT & - TH$ 5 b R ER RIS A K
it alanine TH b, RIEMHETO G(Ala) 33 %#8L 52 L4 »dix %o alanine TR
T B-alanine DA RE I B, RIEMi©o G(B-Ala) 2 1.0 U ETH - 1o, #HERMIER
OKE4E ammonia T, BT I HIGOKREELZIDOTHS. ZOZ Lid L-aspartic
acid OE7 3 7 RIS BB L BB THAET 5.

2.1.1.2. # -4
aspartic acid ¥4 7> b alanine & B-alanine QAR Fig. 27 0 £ 5 I B-ERIRBRIT & »
( Alanine )

Coor
mz- c-H

cx,
coon /ﬁ' ]

¥E; ¢-H . a008x®
CH,
2. of.
CooR  d0car, NE; OH,
%’at
don oy
(_ departio acid ) COOH

( P-Alanine )

Fig. 27. Radiation-chemical decarboxylation of aspartic acid

< alanine 4 1o, a-BRERIC L - T B-alanine #HERTEHIDEZLTI v,

AZEOELBREER % glutamic acid HHOH V<~ RABRICOHE LU T D LROL D %
T LMEL2S. ThbD aspartic acid THA-BERERIC & 5 alanine, glutamic acid TH 7-
BapeERIZ & 3 a-amino-n-butyric acid &, WFhiK#O s R+ vy v HEOMRITL > T
EF AW EEEERBICL T EREEL TS, LdL, WRAZRE, Zhbo
MRERWORTS 5. 10~100 Mrad BEOF ¥ < HBHERTIZ, glutamic acid 5L
12 @-amino-n-butyric acid & y-amino-butyric acid %43 275, Z0&id G(eABA) =
0.6~1.0, G(rABA) BB THMETH »7. T HITH LT aspartic acid » b O ERWE
iz, G(Ala)=2.3~3.3, G(8-Ala) =0.8~1.1 T% 5.

G(Ala) »3G(aABA) © 3 1 T3 5 = L1, asparticacid @Bt péEE ¢ glutamic acid (T H
LTAKTHBZ EHRLTWD. ZNITH L T aspartic acid & glutamic acid D BEREO
K& kBN G(r-ABA) BB TH 201 LT G(B-Ala) dW1THBHTETHE. &
N ORI aspartic acid & glutamic acid O FOKRE X T L DA R F v v EOES
OWETHHET 2 EPRE V. REEBELVIEZE - REBBEI B, BB EELH#
WHRICH 5T & e WIS 51T}, REHA6 & glutamicacid & b ¥ 5 ITK & % mono-
amino-dicarboxylic acid @ @-amino adipic acid TAZ L AIKOER X T2 LE L.

2.1.1.3. = ¥

1. aspartic acid &S T% L CBESSMH T T 33.1~157 Mrad o7 <B4 L, &
REBRISITE > TERT 28T $ ) BROBRFETE - Tc.

2. asparticacid & & VAERT 2T I ) BOH> LEEL Y OW alanine TH Y, fib
T B-alanine HPIE X Nz,

3. BEMBIZEHT 2 G(Al) 123.3TH 545, RIGREOHM & & b ITERBZBRIE
F%RL, % 100Mrad Pl ECik, G(Ala) 12 2.3~2.6 TH - 7z.

4. p-alamine AR IZIBHMP TIX G(B-Ala)=1.1 TH Y, alanine HEjK & FRITH
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BLEIRTERPBRET T 54, 100Mrad Y LOBE TS 0.8~0.9 %> Tz,

5. aspertic acid & [{] ' mono amino-dicarboxylic acid ©# % glutamic acid &0 #
VRBABRREEBT 2L, KA VEF N EOBRERRBOERIEE LTw2EIR
#BLTn5B, L L aspertic acid D4##IZ & % alanine AR IE, glutamic acid 412 &
% a-amino-n-butyric acid & O# 3 {E0RIZTEL 12,

%7z o IR IRERIT & - T glutamic acid #» 5 43° 3 y-amino-butyric acid BIIMBETH
-7 DITRK L, aspertic acid 4 433 B-alamine HERIETH % alanine EFKE D 1/3
ITHZELT.

Z D& ) % aspartic acid & glutamic acid DRRBRIEOHRER, MEOREHZHOEX
CERET AT ANV —DETHHTLONRY L EL S,

2.1.2. AU<RBHICE S aspartic acid DHIL K VEADEBHEE

v = R4 £ 3%} /- L-aspartic acid O4BEISD 5 b, BRIBEZERSbbNsd 0t
Be7 2/ RISTH 5. B - T aspartic acid 2 5 13 succinic acid #$4: K3 2 7] B #: 43#E 0
TH\». FEL L-aspartic acid #R2*BARBTTH v~ REBHL, ZOoERET LI
RUBLEBRBEER LIRSS L LI, 20R % glutamic acid ERO ¥ < BHR
RIitD5HE L WBHRH LI OTH 5.

2121, YV AFNeATAIU= T FT74IREBANE VBROEME

XEFH, BEEM, BBMEE LT, h¥hy )y s4a, chloroform, n-butanol % 3
A6 m=2 b0 774R%Y, ~HEBRLTHEBOBH YT 7% . O WigE
F112HL 0 .122. CORWMERABROFETH 5.

FgJSH;OJUﬁ#»h7A9n?b¢§74©ﬁ%ﬂﬁf$%.%Eﬂ%ﬂ%ﬂﬁ

151

sucoinio aoid

-

.
=)
T

o
n
T

propionic aoid

volume ( =1.) of 0,02 ¥ KO per fraotica

oO 10 20

fraction No.

solvents < gr5, + n-BuoH
3 954 5 85115 751 25

Fig. 28. Liberation of carboxylic acids from y-irradiated
aspartic acid crystal
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HATOR Kl asparticacid IZL T 125mg L Y E U —EEBE _HEBRBRERL TV,
Bid 7527 vavBFST (K777 va v REMK S5mD), M PRBEEICERLL
0.02 N KOH #H#Eo miFTH 5, (PN s~ - 3—EEBTHY, K&EEH
- R HBERTHS. IO LREEMBICL ZHBERE L URBOERICL - TH
LT, BoMH L propionic acid & succinic acid TH - 7-. WILERE & KT 5 pro-
pionic acid & succinic acid BWHRHTH 5 2 L 2 %iRo Fig. 29 ¢+ 5.

2122, === b V5374 0EBINKUBOMR

B4tk % ethyl ether #ilh L THIERMZOVWTHINR VBO =8~ <757
1&fT%\n, WBOA T LI w= b7 577 4 XL DBWATHREFETH VR VYBRRAED
BRE L.

Table 20 WKLY LEEI VR VBIZOWTITE > —EEBHO -1~ n=<
F5 74 RETHB., ZORLY aspartic acid ERITH vy~ BRI LTELNL K
#E L propionicacid TH B2 L BHLHTH 5.

ZHEEBRSDOR—1—su=2 757 4RI Table 21 ol AR UV BEEGZ LD
H#IZT & - T succinicacid TH 52 Lsbh - Tz,

Table 20. Rf value of monobasic acids* Table 21. Rf value of dibasic acids
absorbed dosage Rf value absorbed dosage solvent A solvent B
19.5 Mrad 0.23 19.5 Mrad 0.68 0.83
39.3 0.24 39.3 0.68 0.82
59.0 0.24 59.0 0.67 0.82
78.6 0.24 78.6 0.68 0.82
reference acids reference acids
formic 0.18 oxalic 0.55 0.51
acetic 0.20 malonic 0.59 0.74
propionic 0.24 succinic 0.68 0.82
n-butyric 0.39 glutaric 0.75 0.88
n-valeric 0.50 adipic 0.82 —
*: developed as form of ammonium salts solvcr;t s'ystem """"""
solvent system: n-butanol saturated with A n-butanol: formic acid: water
1.5 N ammonium water =4:1:1
indicator: bromo-phenol blue B: phenol: formic acid=3 g.: 1 ml.

indicator: bromo-cresol green

propiomic acid & succinic acid YUSHDO VR VBB AEROBERBEcRRESTZ L1
T&khdh o7z,

2.123. p-7or72F Y NTRTFNVORE

INETCOIu~<t+ 757 4 HROKE, asparticacid RO T~ < HBHIZ L > TS
5 HhF VB, succinic acid & propionic acid THAZ L xHl-7. TNH X b ITHESE
KRBT, A767w=<+ 7774 ORBHBROI L, EBEC—7 ITHAET L7577 Y
avdIh, EBETHAIAINVKUVBLIVEBILVRVBO p7os7F YT RTF AR
D, TNOLOMELIE L. ZO%EE Table22 TH3. 2R FVORENEORER,
Fig.28 [T 17 5% — ¥ — 7 IL propionicacid TH b, H# v — 7 & succinic acid (2124
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Table 22. M. P. of p-bromophenacyl
esters

absorbed dosage fraction No.  melting point

19.5 Mrad 30 210-213°C
39.3 30 208-211
59.0 29 210-212
78.6 14 58— 61
30 209-211

reference acids

acetic 83-85 °C
propionic 59- 61
n-butyric 61- 63
n-valeric 71- 73
succinic 209-212
glutaric 136-137

T5ZLAMEE L % - 7z, propionic acid HEOREZIV %L, 78.6 Mrad BHtoH ¥ »
LOXLPHLELED -7, BERRRTIINEEAFTIEREE.
2.1.24. prRUEERE L ammonia £ KE & OB I%
VVAFNAT LI T T 7 A L DIEHRIETCHEIA VR U BAERES & URNCH
£ L7 ammonia £KBE L HREHNCEEL, L0304 Fig. 29 ¢52. zhitk s &

o
~

g 5 6 !

<

e L

g%

: AT aamonia

- o

a 'é - sucoinio acid

H

o

1827

] : propionio acid

s -

5 8o T n . N
~ o 20 40 60 80

absorbed dosage ( Mroa )

Fig. 29. Liberation of carboxylic acids and ammonia
from y-irradiated Asp crystal

v R BRI propionic acid, succinic acid & 3 IZHMBICHA L TERBHHE L Tw5E. L
# L, succinic acid @ &K ITH< T propionic acid ARBIR ZNBEL ZWEE LS.

succinic acid & propionic acid KB DO E&EHE, MR aspartic acid ORT I 2 RIED
HRTHY, ammonia ERELEEVOBRKICLE. —RNEAGBRIEEEL VI Z 0%
VERREEBECR B L2 S, BIEMLHEERL TRV,

2,1.2.5. # =

ULDOERERM G, ¥4 aspartic acid #RA%LH T T 10Mrad BEAon v <=HEH %
LBEoRT I )V RIEEEET 5.

VIAFNATFTLI R b I 7 4 REDBMER, R——/u=}T77412L5
RIBRE, XU p-70s723 vz 27 VvOREERRIZEL - T, #& aspartic acid
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AT B H VK BT succinic acid 4> & {f propionic acid TH 2 Z L #HEF L 7z, suc-
cinic acid (& aspartic acid D7 3 V ILL > THE LD TH Y, propionic acid & suc-
cinicacid #3& H ITBRER L e ERAER LI D TH D, ERAINVKUVBRLEBET I /71T
% ammonia AR E & QBRI ETIE 728, 2hbo Gl Fig. 30 o b TH 5,

DR THS glutamic acid OR7 IV KISOBELUET L LROI EBE LS.
ammonia ® G {4 aspartic acid 2 AT 5 & %1% 5.5~6.3, glutamic acid & h #=§ 3
LERB3.5~4.0THB. ZhiTL->ThT 3 7 RIGOBEIL aspartic acid O 5 4% glutamic
acid O¥1.5HTHHZ Wb b, ERTI2IVRUBO G Eix BT %L aspartic
acid 4> b succinic acid & 48 G=4.8~5.5, propionic acid &4t G=0.6~0.7 TH b,
glutamic acid # 5 glutaric acid &% ® G=2.5, n-butyric acid KD G=0.3 TH 5.
ERT2ANVECBO G 2 b RT3 asparticacid & glutamic acid o7 3 7 RIS
1.5:10EHHBHZ LHBHATH 5.

aspartic acid #» b succinic acid X {f propionic acid #sH# K $ 5 #kElE Fig. 31 0 L $
%2 bbb, T%bb aspartic acid D7 2 /12X - T succinic acid 241, Uk
succinic acid @ i REE T & - T propionicacid SR T 2 RETH 5. Z OBEMNIT2.1.1.
Tk~ 7z Taspartic acid OBEREEIZ L - TH U7 alanine % 713, B-alanine, #E7 I /
L T propionic acid # 432 & B F b N 5. succinic acid £ & & propionic acid @
HEREIZ aspartic acid QT I/ pLURRBOBELZEDLL TS, BT I/ 081
Fig. 30 o #n{ G(ammonia) =5.5~6.3 T Y, RRHEOBIZEERD b N % \»ii alanine

I
CO0H }_:oon
‘.“‘z deamination ‘.“‘z
T —_— M,
C00R coox
3 ‘/
a (aspartic acid) (sucoinic acid)
3 f succinio acid
3 tion ‘boxylation
s \
ox
H,0-FH, CE ¢
L 2, 2 v
2 cE, Hq-lz!z deamination CH,
proplonic aold COOH COOH. 000K
L 1 -alanine) (alanine) (propionic
° . (B-a ) fonte,
o 20 40 60 80
aboorbod dosage  ( irad ) Fig. 31. Chemical changes from L-aspartic
Fig. 30. G-values of carboxylic acids and acid to other organic acids by y-rays
ammonia irradiation

L B-alanine ARB2AHHEL T G(CO,)=3.1~4.4 L E2bNn3, H-THT I /ITE
- TH$ 5 succinic acid DEREEZL, B7 I/ I UVRRBOMRIG B 50 E %6 %
\» propionic acid i3, ZhEFERBEHVEVDITTH 5.
2.1.26. = %

1. BR&ESE&MT T aspartic acid & IZH L 19~79Mrad o #F v <8545 BH L, B7 3
BB THERTAIINVEVBOBREETE -T2,

2. BT 2HINVKRUVBOSHTEL S DM succinicacid T G 11 4.8~5.5TH - 7z,
&\~ T propionic acid I G f=0.6~0.7 T® - 7. succinic acid & propionic acid @4
BREAFEROBEBHECERIBRRICIZIZHAN TS - 1.



44 BRERFKEFBLE H2E 25 (1972)

3. asparticacid Q7 3 /T4 > THT S ammonia & 3 RINERE & WAIE ML,
Gl 5.5~6.3 Tho-7z. - OMAEIL succinic acid & propionic acid &% IZEE+ 5 G
oL iEIZ—HT 5. :

4, W v<3BH %2} aspartic acid 5 & glutamic acid #EROBRT 3 V Ribt i
BT 5L, KIGERY X b BT aspartic acid ¢ glutamic acid 04D 1.5 fZi12#T 5.

2.2, KEARECHT ZH Y RBHEZONRER D

2.2.1. aspartic acid ORRICK>TES 37 I /B & ZDERBH

JR¥8 WK aspartic acid @ 4 >~ = WA RITIR glutamic acid LRI pH BSRKx 5B+ 5%
5.

H < RBH LT 72 KIEK Y © aspartic acid B OLETAIEEEZYWEO Y L, BIKBR
JBICL 5301, B-alanine TH 5. Z Nidis 5 aspartic acid {22 alanine %874k
RERRMT e-RRBBERTEDONDI LD TH L. AEEIRHIDO aspartic acid BE
500 mg/dl ©%&f pH/KEMKIZ 1.9Mrad o4 v~ x4 L, BRERBRIGICL > TET S
B-alanine & alanine B % HlE L, RIGBH LRI L BRTHS.

2.2.1.1. B-alanine # & Uf alanine @&

aspartic acid K#&#K & Y ¥ 2 PB-alanine ik {f alanine & LkiEH pH L oBRIL,
Fig.32 t5 2. BARABBELMEBETH S L 2EMEB O alanine BER L THWE 0, H

10 %

%0

3

1.

&

~ ‘Ala

N s

g 4r

-l

8

P

g 2

@

3

;50 Ala
12 4 6 8 10 12

P

Fig. 32. Chemical changes of Asp (solution) to various
amino acids by y-rays irradiation
(Absorbed dosage: 1.9 Mrad)

H~HOECRBA BB NS, B8O B-alanine s+ 5. pH 1.5 LT 0kt &
LU pH 11 D EotkiEREMELH: 1t B-alanine, alanine & 3 &K % R % % - 7z. aspartic
acid ORBEFIT T 2 BHEREE £ B3 &, pKi=1.94, pK;=3.70, pK;=9.62 T» 3
(25°C). B-alanine OB KA pH 111312 pK; TH b, alanine o{KER pH 11, EK
BIEAMBTH 24 pK, KIEWBHETHLLEE LS.

% 4 Fig. 32 I3 /K#& % @ aspartic acid, alanine, B-alanine #*lRTtEHEDL L, BHMIZ
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FF7E L 1z aspartic acid D = v $%100& L, BHBIHMEINALET IV BELHE LD
DTH5.
22.1.2, # ®
K& H @ aspartic acid %%, # ¥ < WBH LT CBHEEE L, alanine % 7212 B-alanine
WZEMTI2EB* GHEIZL >TRT &, Table23 0@ TH 5.
JKIBWIZ 21T B aspartic acid D BHEEIRIBIZ, Fig. 33! |2& > TRE N A, aspartic acid

Table 23. Ala and f-Ala formation from aspartic acid solution by

r-radiolysis
(Dose rate: 5.0 x 105 r./hr., Total dosage: 1.9 Mrad)
pH value of solution G value
before irradiation 1.5 3.2 6.3 9.4 11.2
Ala 000 004 002 000 0.00
B-Ala 0.00 0.59 1.41 1.83 0.00
COOH goo' coo”™ €00™
n’nf'?-n K’N‘!? H n’u?r::-n nzn-c::-n
R L

(1) (1) (11r) ()

Fig. 33. Ionization of aspartic acid 101

O BB K O BERMEEEVER BATE R 2 BBt 1R A A LRI D LU JID
DEBETTIHEDLRTVEY, FEREI ¢ FRET, B2 JID ofH4TERTHS.
ThIF LT r BRREBE D RPATE bF2IRITEbhTn 3.

aspartic acid O i jK# * glutamic acid D& L HE+5 &, ERIEH o-REKBTH S
ZLE—B L Tw3. asparticacid 2 b HK$ 5 B-alanine, glutamic acid # 6 4EKT 2
r-amino-butyric acid ® G fHZIZIZRILTH Y, AR E pH toMEFRIFAUL TRH 3.
LdL, MEMEEHICET 2RIGIBAMICEL 5. aspartic acid #5435 alanine I3
B-BRBIZL 230 TH Y FHEWICZBHMTH 2 B8ERBRAV AW, —F glutamic acid
b3 2 aspartic acid BB HEALRBHELES L 0T A—%HHD mono amino-dicar-
boxylic acid {Z/@-3 % aspartic acid & glutamic acid T3 REYHOEX H—FHEL B 120D
DL BREEENHANDI DT TH S, T D aspartic acid & glutamic acid O~
TR T HRROETHY, glutamic acid FMRABHE “RRIEEHE-> TR 5.
aspartic acid 4 b4 F 5 alanine BBV EnWZ L b, 3 HLRELGERTWE RO L7
% 7ol B-alanine ~OEBHAHBW LR ITE L0 Lk n,

aspartic acid KIFHON v~ BRAMEHLRAHOBELH®E T 5 L, RRBRISICL -
STETIEBEERUSEL RE S, KEBARDP OET S B-alanine LESRAELLAE
3°% alanine OAERBHOZERIE, 4 4 VLIZES TROBREEEOEMITLES o x
NE—-DEBITL>THRALEZFhE R L k.,

BV = RUNDOBIRIT X - T aspartic acid KFK 2 B4 L 72 EZRHA & L TR O H& 2s
BhH5bo
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RaJEWskY 5% [d X BSHT L » TH v~ RBH OB A L R ® B-alanine & alanine
ERHLTnD. ENROBHERG BARFER THBELE(%RT. ProrpTE 5™ &

PavoLint 5™ |1 alanine, B-alaine ®#}iZ serine, glycine, glutamic acid, @-amino-n-
butyricacid ¢ A7 I )V BOERY*HRELTwE, ZOH T glutamic acid D A&FKIZD
Wit FERRARI 57 [T X 5T aspartic acid #» b 4 U7z alanine & BEER S ZRIGICES S
5 \hp 3 scission and recombination DR LHEEIN TN S,
2213 = ¥

1. %% pH 2417 5% 0.5% aspartic acid KA WEEHETT 1.9 Mrad 0o v~ #
Ba L, BREBRIGIZE - THEKHPIZ B-alanine & alanine #4332 L *REF L 7-.

2. B-alanine DRI F~FEEETKE L, G(B-Al) OoEFEE, pH9.412:1} 5 1.8
Th-7z.

3. alanine ORI BHEEEGTIRRLN, G(Ala) ORFER, pH3.2 T4 5 0.04
ThHo7z.

4. PB-alanine & alanine A% |3 aspartic acid @ o [RpEE % 7212 B BRI 23 0T
» Y, aspartic acid DKEK pH ITL 2BHRBOEBICES, TI 2 EFT@ds R+
YNBOEENOEALBERBENT xR UK.

2.22. HvRBHICK BKE &P aspartic acid D HIL K VEADEBISHE

L-aspartic acid ©7 3 7 E3H v < HBHIT L > CTHEMBL L, succinic acid, propionic
acid IZEALT A RKICHEM, BRERIABITOoWTE 2.1.2. 2z, KISRBKBETH 5
BARBETH 2 KREKOBEREAERTEDONZOTY, RIEREZKOBE LEIELL
RoBBELEAILETHINS,

A3 asparticacid #%E0 pH BEBKICHEMB L0, BEAEHET T 2.69 Mrad
DOHFv=BEBHL, BT I/VRERE > TE LS RERY, PLEA VKB, am-
monia *JE L, RICBHELHRAL I D TH 5.

A%} aspartic acid O#EZ 800mg/dl DEETHY, ZhtAE 13mm OFEHEH 5 X
FWXSmlFoRSEEL, BTl 2.

BSAT#ICT 2 kAR O pH £kt Table 24 0B Y TH 5.

2221, YV AFNIR= IS5 7 4 REBANK VB OWEEE

VUVAFARTEI R S5 7 4 ORI 1.22. KRB LAFES LRA—TH5.
aspartic acid JKIFMK & Y SRR L 72 b v K VB O A ER E dh#R 2 3 BHE pH BITR DR
it Fig. 34 TRTHY TH 5.

Table 24. pH value of L-aspartic acid solution before and after y-radiolysis
(Dose rate: 9.0 x 105 r./hr., Total dosage: 2.7 Mrad)

pH value
Sample No. 1 2 3 4 5 6 7
Before irradiation 1.25 1.92 2.80 3.61 6.65 9.39 11.35

After irradiation 1.50 2.12 3.03 3.52 6.64 9.24 10.31
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vl

Volume ( ml.) of 0,01 ¥ KOR

-

V]

Voluze ( ml. ) of 0,01 ¥ KO

Volume ( ml. ) of 0.01 E XOR

PH 2,60 Sample ( No. 3 )

L P 1,25 Saaple ( Wo. 1) ot pH 1.92 Sample ( No, 2 ) 4 F
L 3k 3

! suceinic acid
L 2t 2

sucoinio
aoid

propionic acid

suooinio aocid 1
opionic acid
propionio aocid propy

" - ° N . °
) 50 100 150 200, ° 50 100 150 200, ° 50 100 150 200 5y,
Elute * Elute Elute
CEC1, » BuOH' CHC1, 3 BuOH CHC1, & BuOH
39515 es115 1512 350 5 es11s 75025 Pese 5 esa1s T3
pH 3.61 Sanple ( Ho, 4 )
o 4 | pH 6,65 Sanple ( No, 5 ) 4  PH 9.39 Semple ( No. 6 )
L 3 st
suacinio acid
L 2| 2
suceinic acid
sucoinic aoid
[ propionic acid 10 1t
propionio acid
. \ 1 ° s ) N
[] 50 100 150 200 0 50 100 150 200 ) ° 50 100 150 200
Elute Elute Elute
CHO1, + BuOK CHC1, s BuOH CHC1, 3 BuOK
951 5 85115 75125 3951 5 851 15 75125 9B 5 85 1 15 751 25
Ar 38 11,35 Sazple ( No. 7 )
st
suceinio acid
.

4] 50 100 150 200 al.
Elute
0!01’ 1 BuOR
95131 5 85115 75125

Fig. 34. Silica gel column chromatography of carboxylic acids formed from r-irradiated aspartic
acid solution
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No.7 A¥l*xBa2FREI KRN oo -2 HBbhic. Thb 2 BEBOBRHMEY L
#4 5L, /Ne— 713 propionic acid @, K¥— 2 id succinic acid OEHALEICAET 5.
LHLHEEY -2k, #h# N n-butyric acid, glutaric acid OBFHMEITENTZYD, Z 0%
ROATRANEBROBREENELBEWOT, UTFRB~ZEERRE A LRAE LT
EoTc. .

2222 R—=»2—y a2t 574 RLBINEVBORER

YVAFNAST LI a2 b ST 7 4 RE->TH-TZOOE =71, BIDIT/NE— 7 Hi—
BEBXS, ROKE—7 BZHEBRASICHYETS. 2 TCINbo0R 4 EWE%R
D ZRIZEY, ethyl ether TBRA4XHMBL, WV RVBOR—N—In=}+ 0574 %
R 7. FR B O aspartic acid KEHKIE pH T 7 @BED 248, Ao EBD LD -
Toicdd, EEMEE (pH 1.25,1.92,2.80, 3 & U8 3.61) &l X UHEEMER I pH6.65,
9.39, 2L 10 11.35) ¥ ZhZEhEa— L TEREITR - T, ,

7Y IBAHT L Y, KIEBF O aspartic acid 4 b4 Uic—HERE - - n< b
757 410& > THHT LRIt Table 25 T3 5. WHBEMERICOWTHL Rf &HBL
Toks R, BRUEMEVR, il X EEMRB L 31T propionic acid [TH% T 5 Rf HEH
DR Ky B, ZEEBENR L= —2u= 7574 TR, WEBEEBO
Rf L Bt Lo, B pae, hikr X CHEENERB L 3 succinic acid 4 & L
TnBZ YW L. ¥R Table 26 TRFTEY TH 5.

Table 25. Paper partition chromato- Table 26. Paper partition chromato-
graphy of mono-carboxylic acids* - graphy of di-carboxylic acids
Rf value Rf value
Solvent A Solvent B Solvent A Solvent B
'%, 1 0.22 0.71 ’% 1 0.71 0.72
g 2 - 0.22 0.70 g 0.71 0.73
[%2] %]
" acetic 0.10 0.60 o malonic 0.63 0.63 -
% propionic 0.22 0.70 g succinic 071 0.71
& 4 n-butyric 0.38 0.73 & & glutaric 0.78 0.80 -
@ S n-valeric 0.50 0.77 ~ S adipic 0.83 0.87
*: in form of ammonium salts Solvent A: n-BuOH: 85% formic acid: water
Solvent A: n-BuOH saturated with 1.5 N =4:1:1 (VIV|V)
NH4OH Solvent B: phenol: 85%, formic acid
Solvent B: EtOH: 1.5 N NH,OH=4:1 =3:1 (W/V)
(VIV) Indicator: bromo-cresol green

Indicator: bromo-phenol blue

Sample 1 is acidic, and sample 2 is neutral or basic.

2223, p-7THATxFYNZRATFNVORMS
YYVAFNAT AL R——yu< VT 7 4 DR S, aspartic acid KIFK %
BEKHBTTHvy~HREBSHLTELNS A VK VEEIL, propionic acid & & U succinic acid
ThHHZ LEH Tz, THLRIDZODYHARHEERTL72DIT, TNEFhOoAVEVBEODP-
TRLT 2F YNNI AT NEEDES BEOMELITE - 2.
BHAMON VKBRS EI VK BBRERIVBL =27 v OREORB £ 1T% -
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Table 27. Melting point of p-bromo-
phenacyl esters

Melting point (°C)

mono-carboxylic _—

-;.g_ acid fraction
g di-carboxylic 205~209
& acid fraction
propionic 59.0~61.0
] n-butyric - 61.5~63.0
"8 n-valeric 71.5~73.0
< 'g glutaric 136~137
M §  succinic 209~212

T-45 8% Table 27 T3 5,

—EEBXASLVBLzRFVEINBBVESREEITR 5 T LB TD - 7228,
THEEBXASP LI 205°~209°C OMEEFET LI ATAOERDLILMETE . ZOMEE
succinic acid FE¥#H D 209°~212°C L ) R BN, ZOoFREAR, WEBVEZnzD, B
FHORE p-TwL72Fv 7T o<l FEREXRETE AP LELLNS,

p-7RL72FYNZATFNVOMAIER, BRECHETREERTREZWY, ZHE
B X 4 D4 L Kk succinic acid TH 52 &% R/RLTW5.

2224 HRIu=V S5 74REBANVKUVBOER

YIVAFNIF LI u= b7 7 4 R Lo THRE—EEBRS, 2 b K IZZEEBX S ©
EhEnk, == u=1t757 s BAMHOBE L ARICAEL, » VR VEBO ethyl
ether B ERBPL T, ¥RrI7u<t 777418 L7c. —BEBRXSORABHTEI B L
F B & L T acetic acid, propionic acid, n-bytyric acid &n-valeric acid #f\», —iE#
BXSIZIER L { , oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid #

Anl., 2 2EBEBRSRBRR7Fr2 2 FrOFIZE L chloroform K E LTHIL
.
RATARLE I ROBEN VK Y BROGITHERITOWTHE, —EEBKS A Fig. 35 (T,
Reference acids Sample )
n-butyrio
500:1:”‘““ n-valeric
n-butyrio
b 1 propionio ”
1 2% % 5, Do,

Fig. 35. GLC analysis of monocarboxylic acids fraction
Sample '+ monocarboxylic acids fraction
Carrier gas : Nz, 60ml./min.
Column packing  : diethleneglycol succinate+HgPQOy, 5%,
Column : stainless steel, 2 mm.¢, 2 m.
Oven temperature : 100°C~, programed rate 6°C./min.
Detector : FID
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Reforence acida Saaple
su00inio  outarto
malonio glutario
oxalio adipie
l l suocoinio
4 c, ¢ c ¢, C = [ C,
2 73 4 5 (] 4 5

Fig. 36. GLC analysns of dicarboxylic acids fraction

Sample : butyl ester of dicarboxylic acids fraction
Carrier gas : N, 70 ml./min.

Column packing : Neopentylglycol sebacate

Column : stainless steel, 2 mm.¢, 2 m.

Oven temperature : 210°C.

Detector : FID

ZIEEBR R Fig. 36 TR L.

Hromnd BaRBfRos v R v BI—EEBX S propionic acid. “EEBKA I
succinicacid T 5 Z L BHLDLTH 5.

2.2.2.5. % =

ULEREL, YV A5 vh5aru=tbs5374, R=N=yu=ts3574, p-7n
L7 2FYNZATNVOBMBUELLUHN R u= 75 7 4 O¥5H, aspartic acid ki
BERARET CRE L TESN B HvFE ERIZ succinic acid 3 1% propionic acid T3
5T AL T,

CORIGRBET ¢ 7 RIEEERE LBBTHL, YRIVEY BO ERITHE->T am-
monia PEEINTWEIXTTH 5. &KL /- propionic acid, succinic acid, & ammonia
DIRBEEHFED pH BT 723 04t Table 28 TH 5. %I DRITHBE T TITHESR
HEEOWBE LR 2.

Table 28 DHERICL h BREFRWED G X HHM L, pHRIKR L4 0% Fig. 37 T%
5.

Table 28. Carboxylic acids, volatile bases, and ammonia formed from y-irradiated

aspartic acid solution
(Dose rate: 9.0x 105 r./hr., Total dosage: 2.7 Mrad)

pH value of Yields (z# mole per 100 ¢ mole of original aspartic acid)

sample propionic succinic volatile ammonia

solution acid acid bases
1.25 1.51 4.00 10.55 6.42
1.92 2.62 8.25 16.19 14.14
2.80 1.87 9.13 13.50 13.64
3.61 1.71 8.81 14.04 12.78
6.65 1.30 6.74 10.02 8.70
9.39 0.28 11.69 21.10 15.80

11.35 0.00 11.29 20.57 14.45
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~——=~—— dicarboxylic acids (2)
------ ——- monocarboxylic acids (1)

5p0-value — )+ @ 5
|’ -t ammonia l
P mmmm volatilo bage I~
4o a
L
N /
AN A
I /S
Ill \;\\ ///
/ N4
2 ! l \\\\l/ r/
I =X ~
l/ S~
7
|7
g
o < X T —— 1
2 4 6 e ° 1
™

Fig. 37. G-values of carboxylic acids, volatile base, and ammonia
formed from p-irradiated aspartic acid solution

7V < $RIBA % %} /- aspartic acid KIFEPITET B vR VB & ammonia © G %
BT HLEROZEHELS.

propionic acid BAEREHD % G HOKHEIR pH1.92 BB WwTHIE L 72 0.57 T,
pH fEA5E 12 & propionic acid &Kz % ».,

succinic acid FEBHEMABK TR pH2.80 TO GE1.92 BB KTH Y, pH2~4 [T n
TREBRHWERRBZ W, FHERHETHE GEIREL pH6.65 Tk 1.45 121k% - 7=, M
PR TR pH 9.39 D3 O BEOEREYRL, G HI2.521TELTwEH, zh
& V& pH T, succinic acid &R H 4 KT 2@ M5 pdsbh s,

ammonia £ k&3 propionic acid & succinic acid &£ E O F1 & BB ICSH b, aspar-
ticacid o7 2 » OREEEDL TS, T%bHbH pH1.92 T G=3.5,pH 6.65 ¢ G=
2.2,pH9.39 © G=4.5 &, bW 3 bimodal curve ##nC\nbz Lid, A D pH fH &
TIJVBOET I/ RIGICBEERONIHRTH H® 1.2.2, TF2KkEKTO glu-
temic acid O VK Y B~NOEBIIETIE I WTIRBLLEIATH 5.

aspartic acid D EREREE R 2 &1 pK,=1.94, pI=2.80, pK;=3.70, pK;=9.62 T %
Y, HhR B L ammonia AR A asparticacid OBBIZL 2 HDOES T L —
DEALBVERICDLI L EWE->Tns,. ZOMED 12,2, T~ 7 glutamic acid 7k
BROGALAURERIRE IO LEEL S,

3 e AZEDORKER % glutamic acid KIFKITEH T BT 2 /7 L BT 284, £ pH IghT:
YIZIERBED G542 5.

JK#E# @ aspartic acid #% succinic acid % 7213 propionic acid IZZ{bT 28 %L, 7
I/ BOBT 2 RNk L CRKBRIGICE > THRBET LI L HTE S,

aspartic acid Xt 7 3 / KIE %%} T succinic acid TZILL, % O—iBhsiREE K
[T Y propionicacid £ %50 TH 5. %7 ORBLST aspartic acid % a—[BupRE L
T B-alanine [TZEALL, T HITHT ¥ » RIG% 4 T propionic acid & F5HBE3E 1 b
na., BEARHAK CR#E TS 5 ¢ aspartic acid © B-BLREEIC & 2 alanine #& W
ARIEZTFRETH 5.
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INLOERBRIE2.1.2. © Fig. 31 TRLA-ERLRAKTDH 5.

2.2.2.6. = # '

1. /K#&# D aspartic acid ¥*BRAKYET T 2.7Mrad 0B > ~BERHL, B7 2/
BIUORRBRIGIZE > TERT 2 AR B L ammonia BEREL, ZOE/EELE
gL

2. asparticacid HER L7 v R rBOEERS L succinic acid TtH Y, E7 2/
RIiEE&TEL OTH S, VEBRH I Nz propionic acid HET 2 7 L UREEBEK
BERTERLLDIDOTH S,

3. succinic acid O & RB AR O pH & HELBEMDH Y, aspartic acid ® pK,, pl,
pKe, 2435 pH THBENE L, pH2.80 CHRK%ERL, GHEHIZ1.92TH-7. T/
pKs T4 % pH9.62 i THKERRERIZZEL, pH9.39 Co#llElX G=2.52 TH -
7z. L& L pKe & pKs O H Tt succinic acid & 1Z4 % { pH6.65 Tt G=1.45 |21k
% 57z, :

4, propionic acid ORI pH 1,92 2411 %5 G=0.57 & CHE v pH HoEBIZ L
ERBRVEWBRIITS - 72,

5. ammonia A R# I pH 1.92 € G=3.5, pH 6.65 © G=2.2, pH 9.39 ¢ G=4.5 T
Y9, 2o pHBN MBS & CEEEEESTRERRR BN, T OffK succinicacid,
propionic acid B Of L L\ pH BiTh 7z - THMBAMRIZSH b, aspartic acid D7
I RIEEWALHICRL T,

6. succinic acid % 7z|1 ammonia H£RE &, AFEKO pH HIZAS TS, Wby 3
bimodal curve HTHHBRE TH 57 I VB AONLHETH Y, aspartic acid 3 %
ORNTREP -T2,

& ]
glutamic acid & aspartic acid & & % {Z monoamino-dicarboxylic acid IZB L, RHEH
DEINROLTHLIERE20L0EWT, #ELAEZHEEIROTHUL TV S,
ZOHBRARAMORER, TEbLEAERE L KA PO glutamic acid & aspartic
acid O vV~ BRSBERD 2 HE L 2R L HEIT, glutamic acid & aspartic acid ® 3§
A, HEBSEBT, HFEBRBERTIIOTHS.

1. glutamic acid &5 & U aspartic acid RO H ~ T RAE

Fig. 38 Iz glutamic acid % & Uf aspartic acid &4, ¥ v <~8BBH*ZT T, oWHE
RZET 288122 L0230 TH 5. glutamic acid, aspartic acid &3, 7 3 7 K&
RENWTRRBRIE 22T, BEREHBRCEIRZBRII(HEUL TS,

LAaL, BEREBRTI2ZLRE-THEOT I VBLELEMARAT IV BoMITH%
Y oEMROLNS., glutamic acid D4, F & LT o-BEERICL - T ¢-amimo-n-bu-
tyric acid %4 U, 10Mrad U EOEHEREITL > TDOH a-amino-n-butyric acid ©—
#A% y-amino-butyric acid |2 R¥:{t$ 5. aspartic acid D34 3 o-BEEEEITL 5 alanine
ERBERIETH 24, e-BREBICL 5 B-alanine AKEIEHRT LR TEENW. T
n6oMER, glutamic acid & aspartic acid O4FOK %2 X THET 2 vR + v,
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G-valuo (1) glutamic acid orystal
mmonts e

———— .

—
glutarie aotd —

i _// o -anino-n-
oarbon dioxide _/'/bnmu acid

14 ? deanination e DULYTL0 B0 e e o e e e o o g o o e o e ~
(sucoinio ao: ; ___m__. clutacio asid . n-butyric aoid—— r“.’ o butyrio
(malonio acid o 50 100 150 181
0
f-decarboxylation deoarboxylation Mrad
deanination " 6F \'_/ (2) aspartio soid orystal
QABA ——————Am——— p butyrio 80!
‘ammonia
t iscmorisation P
(Yam) s| - ointo ot
—
deanination
[asp (orystal)] aoid 4t
-decarboxylation \
decarboxylation 3T

‘\\ /" flentne

Als
——
o ~decarboxylation L
deaninatio; 2
B-Ala 1

io acid

—— P—aluninu

1 [

Fig. 38. Radiation-chemical changes from y-irradia- | ~~~"===--— propionic sotd
ted glutamic acid and aspartic acid crystals to ° o 700 1s'oum 780
other substances Fig. 39. G-values of various compounds
(substance): trace substances. formed from y-irradiated glutamic
acid (1), and aspartic acid (2)
crystals

T BOBEEOMIOETHBT LI LHTE S, REHH glutamicacid L h X HiTl
%\~ a-amino-adipic acid TOVWTER*TTLIIREHOHEIZL 5 e-RIREEL o-fi
KBoOMER, ThbLbLREHBENVWIEL - RRBVEVEN LVHBEIIESLLELD.

UbREE L TABERABBYERHICL Y EFRIREBE 20T, ERYWORNEFKE
GHITL > THBT 5. Fig. 39 KBHRBE L AERWO GHELOBEEERLIDTH 5.

Ll FEUTHREBRGCLZME? I/ BOER

glutamic acid X Uf aspartic acid ¥RPOH V< BMRIZL > TETLMET I /B
ERo GELRBHEEE L OBRKIE Fig. 39 iKREN T 5.

glutamic acid & b O FEHBAEFPIL, a-amino-n-butyric acid T&H Y, G(a-ABA)
10.6~1.0T% 5. r-amino-butyric acid DERIAOLNLBZNEFKBERHFIZENWT
ol Eh, G(r-ABA) 3 0.1 Y FT5 5.

—7 aspartic acid & b O X EHRAEKWIZ alanine ¢, G(Ala)=2.3~3.3, RnTHE W
B-alanine 13G(B-Ala)=0.8~1.1 TH 5.

BRREBE RS IT D B FAEKIE  glutamic acid DORITOWTHIE 24T % - 72 &8
G(CO;)=0.7~1.2 © G(a-ABA) L #fFLTHD,

Glu——aABA +CO,

IZRT & 9 IT glutamic acid Do-RREBOERER LTS,
glutamic acid & aspartic acid OF v~ BB EUBL THh DL, TEERWTH S a-
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amino-n-butyric acid & alanine B WTFh I BEBHARE O o-BRBOBERETHYRBLT
Vw3, L LRERE aspartic acid SEOH 2, glutamic acid 4MED 3 ~ 4 1517 %
nNTwna,

e-RRBBEREZ LITKE VT Lid r-amino-butyric acid & B-alanine &R EF HET+h
XHATS 5.

1.2, FEULTH7 I/ BUSICK BB ILK BOER

Fig.39 © & it glutamic acid 26 0 X EAEFKY glutaric acid o4 RKiZ G(glutaric
acid)=2.6~3.0 TT» 5.

glutaric acid {2\ Tld n-butyric acid D& 45 v, G(n-butyric acid) =0.3~0.4 ¢
5. ThHoDAVE VBRI glutamicacid L7 7 OREREL IO TH Y, ZOBE
B L 7z ammonia &4 G(ammonia) =3,7~3.9 Ct# - 7.

G(glutaric acid) +G(n-butyric acid) #¢ G(ammonia) ® 79~89% IT#HE kDL, 7~
<HBHICL > TANVR VBN b AR ERT 2 RWELKERT 20T555 .

aspartic acid IZ3H W CTRHEEERW L LT succinic acid #ZBF2Z LH8TE 3. 20
G(succinic acid) I& 4.8~5.5 TH 5. ZHITKR $AEFE O propionic acid 1& G(propionic
acid) 0.6~0.7 T» % . asparticacid ZF DB AT 2 / KISIZ & % G(ammonia) i% 5.5~
6.5 T& b, G(succinic acid) +G(propionic acid) 2% ® 95~98% Tk%E#% { glutamic
acid AP DOFAICHE LT aspartic acid HHET LA MKV BOZRMBIZED TP
EnEEZLS.

Fig. 39 ok, BRRBRIE, B7 3 7 Kt L 3T glutamic acid X b aspartic acid 3,
BOBFBRBIBZLERLTNS,

2. glutamic acid $ &k U aspartic acid KEHDH » 7B IR

Fig. 40 i& glutamic acid & aspartic acid #BKEET OKBKF TH v ~BA4HET 28
BERTIOTH 5.

glutamic acid & aspartic acid OSBEBTHBLTWE LI A1, HaRABOBE L
R, BR7 I/ RIBCESTRREBRIGHEZ ) EERIEF®REY £+ 588 TH 5. glu-
tamic acid & aspartic acid BBRERBINCHET 3/ BIZEMALT 284, L LT o
KBS ITEbR 2 Ak &8 L TwaA, aspartic acid TlR o-RRBEILEDEINRTH
5. THITHIGHD 2E /LR glutamic acid 4> H aspartic acid *&EF22 L TH5. T
DHRITOWTIL glutamic acid KFEHKIZOWT 1.2.1. TEib | 7242, aspartic acid 3 $}
DHRIENTHRIZDL ) ZHBERAL Wi\, glutamic acid 45 aspartic acid 1ZZF 4k
T 588 1E FRIEDBERG 5% O RFLITH > T 54, BEOERIFEEREMED pHL T
B%{ pPH8 THIAbNTWEIETEARELRAEL Y, BELLTREETES. %L,
alanine, 8-alanine, formic acid FIHMED L LTRIEBEHI NS, SEBOMBITT AT
W% b%n,

Z® & 5 T glutamic acid % aspartic acid O4RERBICHEO S 2B b, Wi glu-
tamic acid RAKBBEH THTFHABRKEEICE > TBIRILAWE R ) FUBRE/ED 852519,
aspartic acid THZD L) BLEWEELENVI L%, REHPOEIOER I ZHEOM
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deanination

Asp ( inio acid)
recombination decarboxylation
Ala or f-Ale (propionio aocid)
+ (undeteoted)
formio aoid
secession
Glu (solution)] lutaric acid
of -decarboxylation deoarbdoxylation
deamination
YABA n-dbutyrio aocid

[Asp_(sotutton)|————~———= suosintc acta

o-decarboxylation decarboxylation
P.Ala \\
{f-decarboxylation 2esmination propionic acid
(Ah)_/w«————”

Fig. 40. Radiation-chemical changes from y-irradiated glutamic
acid and aspartic acid solution to other substances
(substance): trace substances

( 1) glutenic aoid solution
ammonia
4 [ G-value
/ \ glutaric”
/ pKl} N acid
3
2 /
~ N\
/ / A ~
1 aspartic / \
aoid 4 *,
Y-omino Se==T el n-butyri
o Lbutyrio soter=" 7, et T 4 T
2 4 6 8 10 12
H
4} ( 2 ) aspartio aoid solution
G-value
Ky I X,
3T azmonia
sucoinic
2 acid
1} /| P-stenine.~” .
-~ -‘/
TN propionic
¢ D s
o & slamne T fold A
2 4 6 8 10 12

P
Fig. 41. G-values of various compounds formed from y -irradiated
glutamic acid (1), and aspartic acid (2) solutions.

BEZBELZITNEZL% N,
2.1. FEUTHIREBRSCKZMthE? I / BOER
KiEHw PO glutamic acid RBRRBEISICL > CTE7 3 2 BIZELT 528, KEKD
PHIRE-THERT A7 I /VBOBEIBRE->Tn5., BHANK Tl aspartic acid O 4K 1%
 , BHEMBKCIE o-BiRERIZ X 5 r-amino-butyric acid D AL . aspartic acid 4
Bo&EIX pH3.9 WETH Y, G(Asp) 122.3TH 5. r-amino-butyric acid @A L E#
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pH ik pH7.9 f3ET G(rABA) 11 2.2 TH - 7. pH7 HhETit G(Asp) & G(rABA) i1,
ZI2EL{M1.3TH 5, '

Fig. 41 1& glutamic acid & aspartic acid /KB & BAE BT TH v < RIS L 7ok g4
BT 5E5EWHEO GHELKEKRpH LOBRTH 5. RFIZERER pKi, pK,, pKs &%
BROME pl 2R L7cd, Thboo pH OB, £4BERDO G MEihke K& %8
RIZH2T ALY, BRET I/ BROBEREY, ¥ y~RARCL2ERNWEOER L
BRBRAPELEELTWBLILERLTNS, %ﬂ‘b@#ﬁﬂﬂ%ﬁ?%@%ﬁ&’ﬂ’\tﬁ
VTH5.

aspartic acid /KIEH 23Tk pH3 ~10 @I“V\ pH Bilthbb, e-RRBIZL 5 B-ala-
nine ERARON S, BHEREER pH 9.4 5T G(BAlR) 1 1.8 TH 5. w-BKEE
3fTabNEBBO AR BERERF THOF» % alanine BBREIh 2773 TH 5.

glutamic acid & aspartic acid KB O v~ o BE BT 2 L, #BHL LTk pH
6~10 OHHE~FEERFHICEINT e-RERBBIT2DONDI LBBTFLND, Lo LEE
HEEPCOEIITIZMEES D Y, aspartic acid ¢l alanine BHBBRH I BT
k% 5 7o 4% glutamic acid BB CHRBEH L BB LB TSRO asparticacid ZAERL T3,

22, FEUTH7 I /RUSICK 3 hBED I A Y BEDER

KRBEBHF O glutamic acid ZH < BBHICL > T 7T 2 2 L, glutaric acid 4 0,
E HITBRER L T n-butyric acid #4£ ¥ 54, RISIRRIZT pH OHBRIKE W, $iIZE
EHE R glutaric acid, ammonia O & & pH & OB%IZ, Wb W 3 bimodal curve %R
F. Fig. 41() TRBRUERHO glutaric acid WRHIRAEN TR 245, pH2~5T G
(glutaric acid) =1.4~1.7, G(ammonia) =2,2~2.6, pH 9.5 i} i ¢ G(glutaric acid) =4.0,
G(ammonia) =4.2  Zo 0B KilE*#HH pH 6.8 MiE T G(glutaric acid)=1.3, G(am-
monia) =1.7 L B/IME%.H > Tw5. n-butyric acid RERBENV AL, BEBRKTE G
(n-butyric acid) =0.4 7§ %, FHE~EEECRBO THETH 3.

aspartic acid O#4 % glutamic acid HEHI 1) % & RABEIR OZE LA - /2. ammonia
¢ succinic acid £ & 3 glutamic-acid {231} 5 ammonia & glutaric acid &5 & R0
pH %&#THK, B %RT. $%bb pH2~4 T Gsuccinic acid) =1.8~2.0, G(am-
monia) =2,.8~3.0, pH 9.4 H:ET G(succinic acid) =2.5, G(ammonia) =3.4 & ZfA#F T
WmAEEFDH pH 6.7 HfiE ¢t G(succinic acid) =1.5, G(ammonia) =1.9 OfE/IME*R L
LTw5. propionic acid D& fEIE 3 glutamic acid ##HT 41} 2 n-butyric acid LA
ThY, BEAEMHTE G(propionic acid) =0.6 %R L fc s dk~EHEM CRMBTH - 2.
KBBERABICE T 2 5B BERDOERMBR LR L, glutamic acid A¥HHbAET 2 3
DA aspartic acid EELOLETIWEDO G HLVEW. BERABIZEwTR, glutamic
acid O4MEITHB L T, aspartic acid OABIELTEbNTnicZ & & Pié( RxoB
BTH5.

KIBBHOT 2 /@#ﬁxvﬁmﬁ&§61MT 73 5%4, pHoORRBET®HROH
HEHSEICHR/NE 2R > bimodal curve ##{ FRIE, 7V BROBMRRITL 2843
¥ —OELL, KPITETE e;, FOTBHITH DT L1 1, ERERD 1.2.2, 2L
2.2.2, KRz LTHTHBH, HART'™ b, Table 29 0 X 5T, # v=HEH*Z
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Table 29. Radiolytic yeilds for 8Co y-rays or electrons of energy <1 MeV104

pH G(ez,) G(H) G(OH) G(H202) G(Hz) References
Oto 2 3.50 0.6 2.95 0.8 0.45 a)
1.3 2.94 0.55 2.85 0.76 0.43 b)
3to13 2.63 0.55 2.72 0.68 0.45 b)
4t0 9 2.8 0.6 2.8 0.75 0.45 a)
12 3.05 0.55 2.9 0.75 0.40 a)

a): AMBER, M.: ‘“Fundamental processes in radiation chemistry”, P. AusLocs ed., p. 651
(1968) Interscience, N. Y..

b): Dracanié, I. G., M. T. Nenapovié, and Z. D. Dracanié: J. Phys. Chem., 73, 2564
(1969).

FIoKPITES S eq, ODIEE, MBRH, BEEHOPHTES 22 LEREL TV,
3, ThEDBREEROKZET TR ez, HY, HHO* RABMIHERVET ¢ 2 A 5B
¥5L3NTNBY,

3. &{LBM7 I/ BAREOHE

glutamic acid, aspartic acid AL IBELZLEWTH Y, ERNORBBERIT
PNTHIABERABITEEZINTND., 22 TEAMRIIC LT 5 HaHBILERN IR, RIT
EROGBITET ZKBERARCONMREE, EBHIMEE LHBL, AROFMUS, HE
BEBFCTH LY.

BRI, EPHIICy, RIFELEDLLEIRIRE LT, glutamic acid, as-
partic acid OB RE L & BT § 2 KIS &, glutamic acid 4> & aspartic acid ~DZEA/LIT
DOWNTIRNRS Z LTF 5. glutamic acid, aspartic acid |ZfEf 2 BE# (T & LT Carboxyl-
lyase, ammonia-lyase % & (¥ amino-transferase ® 3f% & b ki, BEOEINICHRRIT
+F 5%, glutamic acid, aspartic acid ~OEM, T 5 BaHRILZHIREY: L D
B *RBT 2. BEOLHIIUSER, BRELFESHERTASERE" TLoT.

K o glutamic acid % 7214 aspartic acid ([ZfEf L CBLRER KIS 2 # % % Carboxyl-
lyase & L CTRIROIDHH 5.

(1) L-glutamate 1-Carboxy-lyase (glutamate decarboxylase)

Z OEE#I glutamic acid (ZfEf L, 4-amino butyrate (y-amino-butyric acid) & — &
{LRFITHBT 5 %% L Tw 5 pyridoxal-phosphate protein ¢& 53, MBEIZELET S
BRBELTHY, Cl welchii SR-12 DT 5 BHE R MR BEHK 12T Cell free Ti
pH 4,519, intact C/d pH 3.5~4.5""1® Z{eAZEliLML LTwd. ZoBHKR, glu-
tamic acid DEBFBEE LTHIRAZI N TW B E, Colisp. DA TIEERITOVWTH
intact CTHEi# pH 4.0~4.5 &3 2 HEN1S) KE5 2,

BEBEWITONT D 2 ) B2, BE2D, HRF v ORHF o RBP4 (TEEN
Fobh, HRF ¢ OBFREAWER T A BBRBHE I T 35°C, pH 5.5~5.8 = E#IEH
%4k L 3 % pyridoxal phosphate protein T % %129,

(2) L-aspartate 1-Carboxy-lyase (aspartic acid 1-decarboxylase)

aspartic acid {ZfEf L, B-alanine & “EMLIRBEXETLHERTH 5.
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X7 7Y ¥ Rhizobium lequminosarium'®':128:129) ' Rh. trifolii'®® ZHEET B30I
40°C, pH 6.0 = E#EEAKHL LT 5.

(3) L-aspartate 4-carboxy-lyase (aspartate 4-decarboxylase)

aspartic acid |[Z{Ef8 L, alanine & (LR BIZHM T 58 FE T, L-aspartate 1-carboxy-
lyase [Al# pyriboxal phosphate protein T#% 5!, Pseudomycobacterium sp.}*!+1%:13) CJ..
welchii [2ZE# pH 5.5 TEHLMELXAL T4, i pH #4.9L T 28HEL 5 515,

Utk 3D Carboxy-lyase OfEfiZE# pH # R % & L-glutamate 1-carboxy-lyase I
pH 3.5~5.8, L-aspartate 1-carboxy-lyase & pH 6.0, L-aspartate 4-carboxy-lyase 13 pH
4.9~5.5 L nTFNIFEBEMITH D, ¥ v < BAMITL - T glutamic acid » 5 r-amino-
butyric acid # 43 235413 pH S8HHE %+ E#4#: & L, aspartic acid > 5 B-alanine %4
T35 E#HS5ME pH 9~10 TEEEEMTH 5. aspartic acid #» 5 alanine 2HET 3 RIET
REBRETHOTLIITEbh, ThREMERNRIEOB#HFEL T 505, X4 HE

L7 pH &l TH 5.

BREZRICEIHMBREZLE LTS L 51T, BHBLERIGEBEE TR RISEHEE:
BEET S,

ammonia-lyase & LTid, glutamic acid ZERT2BEOLEHIZIR S Nk »As, aspar-
ticacid IKOVWTRROBEND 5.

(4) L-aspartate ammonia-lyase (aspartase)

Z DEEFH L aspartic acid 1T L TS M%HF T fumaric acid & ammonia (24 f%
THEENEH > TE Y, B. fluorescens'® 13" | E, coli'®™® |ZHEBHMONTWE. FHED
aspartic acid O #' v = A TIRERH v K B Id fumaric acid Tid % { , succinic acid
Tdh 5. asparticacid 2 LBTHBLT 3 7 #IT L - T succinic acid #4&F28E L LT}
BESE & L T B. sporogenes, B. histolyticus, B. tertius W2, ¥R E & LT B. subtilis, B
phlei, B. alkaligenes, B. megatherium R IZHEEBAL N, ZOBMEOEREE pH 17.1L
INTRwBHH,

AR RIT & 5 T aspartic acid 45 succinic acid ¥4 F2RIiEoE# pH 1k, Fig.
41(2) ITRbNh B LT, pH 9 a‘o*J: UCpH25ETHY, pH7.1 RZ 0o E#H &M
R ENFEOEMLLE

carboxy-lyase OF4 L[ L J: ) K , HEALEREIS & BAHRILEMRIEO E#E pH 141
REDEREES T

aminotranferase (& F DHRFICZE OERBRED L THUOLR, SzENT-GYOrRGYIH
Mz kS THBRIIZIFEASE D b iz, glutamic acid 2% aspartic acid 122+ 2821
Fig. 42 o KRiTzMANN'"® (2 5T, 7 3 2 k5L a-4 B LOBTIiabN 3T
LRI N,

00011 1'1001 Coor ?OOK
GE -N‘Hz ?0 ?0 gn-rmz
@) *om T (@) * @
COOH CooR COoH coo8

glutanic oxaloacetio parti
aoid aocid aoid aoid

Fig. 42. Reaction of L-aspartate: 2-oxoglutarate aminotransferase 115)
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COBERIGE -7 FBOBGELLELT 2 S THRHBLENSR L TREANMITERY
RIZLTw3A, T2 TilHHIZ glutamic acid #» & aspartic acid ZHEF2RBICESE LS
BT LT LITTS.

(5) L-aspartate: 2-oxoglutarate aminotransferase (glutamate-oxaloacetic trans-
aminase)

ZOBHKE Fig. 42 oRIGRIC K 3 d O THiEE# & LT pyridoxal phosphate, pyri-
doxamine phosphate % A% &3~ 3140.145.140) o < WHIZEET 2 BRI BB E R H 25°C
T pH 7.4%7,38°~40°C ¢ pH 7.2~8.0"® %+ B EA LML L Tn 5.

H V< MBS %=1} 72 glutamic acid ¢ aspartic acid 1ZZ b+ 5 Kk pH 4.0 fhiE%
FHEEHLLTEY, 2LHELARIERERCS L LML 5.

(6) L-alanine: 2-oxoglutarate aminotransferase (glutamic-pyruvic transaminase)

LOBERE, RORISEMES 2.

L-Ala +2-oxoglutarate=pyruvate + L-Glu

(7) glycine: 2-oxoglutarate aminotransferase

COBRR, RORIEEMESS.

Gly +2-oxoglutarate=glyoxarate + L-Glu

6) & (7) OB glutamic acid % aspartic acid ([ZZ b3 ¢ 2 KIS IC I EEO MBI %
3%, FRIEDBERG b DIRF, T+ % bHbH glutamic acid 25— alanine AL, X5
THboD 7 v R BR L F#EA LT aspartic acid 2R 2 BB O—MORE & H—E/IL LK

LTwabETHEED S,

BRUCERICABREAE, MR, REASLZLEL L, IHRLERICOBAE, »
VRRICEAEERIGE, KITHRT HEREREOERICERI NS,

045 TRBENCRISAR*RICT2WHEOM TR, pHHEORGEMITHEND - T

REURTHHH 4, Litowl, A—0EHE» LR LREERY LT LEAZEWT, B
FIEERIG & BHBLERETRE( RE22EE pH 2B 2HE LT 5.

4. 2V UHERRICHT ZMEREBHOMER

4.1. KERSBIHEZOHNR
FRTR_7L 51T, REXEHBE L CARTBSRBHICL > TREERET L L E,
AROREALBETI 27 0EBETHY, LEBKEOMY (radurization) LI 3
0.15~0.3Mrad O REWEERB EINTNS,
BHICL2BROBHEBET 2MET 270 EL ORABEIN TV L, KERRIC
2nTY, BHBROACREDRENHFLET, kL LERAI LTI REE LA T,
—BORBHRALECTEZMREBTEDRLTRSE, FR? &, 2h b 0B BRI L
KEERBHEOHBRE L TREDIHELZEFTNS,
(1) AEZEoR
— iR, EBRHRLVEEBERECL ZHEEESDRACEING, HlzE s 5
Y1512 0.15Mrad B4t L 72354, B GICHE L - RENMOEE R, 28°C Tl 4~5
HT® b5, 0.5°C TIR20 HEIIZE B LS,
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(2) BEo®BLER

BARREMEICE 2 RELZH S LODABEBLETDH S, LdL, P73RF v 2 2H
RRBREOHEH TCHEBIRA2 308550 T, flidr4 v viloR BRIV AR NI O
PEZE L,

HEKEHOBRHAAHOIHICY Y, BAEZUTIIEL I LRARRHIHERICHEEREE
25T EBHMLNTVS, REOAELTRAIRAEET THELAX A VK= LEHD
R, BEOBLBHIEINFEOBLLHIETE 5.

(3) BiBH DBt

ANEERH LB, BET B4 BN ILIC CTC(5~20ppm) BE, 7YV v7 7
<4 F (5ppm), £ 4 vy (10ppm) %2 E2HATIL, BAOL0RBLY 1 ~28H
DR EHHERENARETH L L) .

ZOMBHEOKRPL, T LREBATRIICL > TREUZE*RA LS LT HHBH AR
BAZINTWEYN, BEETE, 27, EROFEBERGSFARETHY, ZBLOREVES
nTtns,

4.2. BW7 I/ BOBSRDIR

ARER L v/ EARRBE L TEEAKERRLBHATIHA IR MEALHRT S
7o, BREMKTAHEL207 I ) BOBSARIMRIIOWTOMELERS, £F glutamic
acid & aspartic acid IZOoWTHRE L4, BHICL2BR[OREBTME LT 5% 0,
HERAEUER AW ERETI2E8WT IV BOSMRITIEETSH 5.

(1) cysteine D4

MARKAKIS 5% 0.1M cysteine A ZH v ~HBHL, ZOBREEREDL S IT
gL 7.

R:SH +OH —RS +H,0
” +I:I —>RS +H,
» +00H —RS +H,0,
» +1/2H,0 RS  +H,0
RS +RS  —RSSR
(R+SH: cysteine)
(RSSR: cystine )

% 72 MES&HT € IMrad O B&H % L 72354 G(cystine) =1.3, G(H,S)=0.8, G(NH,) =
0.1, G(Ala)=0.8 LEHL, BT I/ RELTHILARREROZ VI LERHL T2,

DALE 5[ cysteine D} RITONWTREDR X E 2T 5.

R-SH+H —R +HS
» +»  —RH +SH
R +H —RH
R +R.SH —»RH +RS
SH +H -HS
(RH: alanine)
INHOWREITEIT S cysteine B#IE pH 1.5 Rit% T 5 9%, KopoLDOVA T4 3 & cys-
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teine 2 b OFRILAKRAER O Eili pH 136.5TH % L nH %,

(2) cystine Q4R

cystine 2 bHEILKRER R, XEBRROEBFOREBRVEnLE b3,

(3) methionine @4} i#

methionine @ AR BIZONTIRE { OPFFE! 150150152 sy 7 38, 4E#%1d methyl mer-
captan * £ F5H5Z LTH 5.

Sumazu 52 BEWT ¥ 7 BORKAKRMT, 1Mrad O fi S50 4 LKW 2 HB LT
Table30 DL 52 L DTn5,

Table 30. y-Radiolysis of sulfur containing amino acids in oxygen free solution2!)
(Dose: 1 Mrad)

before . .
. . . after irardiation
S e : irradiation
amp initial ammonia hydrogen methyl
amino acid sulfide mercaptan

0.01 M Met 100 0.42 6.8
0.01 M Cys 100 21 1.0

0.1 M Cys-SH 100 0.52 3.18

BERUEMBLCAYETIERAE RO OBEROREETHILIZE - TEREZMBETH Y,

R, HREBHE, LB OWTH OEBHNERELEL L TRS,
4.3. HERBHOBER DS R glutamic acid, aspartic acid D52

T BOBRICE - THHRAIBYWOREE, BIRLY, Licd->Tx vy s HERY
BHETDITR, REOARICHTI2BHERITL - THB*EDINBOILILER
7ETIEN. LPLAREBETIEERFOML IO TR BBRERBPOWELE
2 TR, BRAHRERLZLLEDNS. AWETR, 2 7 EBRT I/ BO)
L, B, 7202 ) HEOBHEWAETY, BOTCEELAREA X3 2L Ak3IND
glutamic acid 3 X (¢ aspartic acid {Z2oWnT, # v~#BBHITL 223 REEOBHEITE
-7, TORRLY, RABHOUE, LA THMBERICOWTBRTH S,

AROMBEET, HCESRBRAOBEECHBIIEINSZ L, EHEOERITEL S #E
EhEIFDT, RELLUVRKROREL L VN IRER (BE, B86) OMETH 5.

glutamic acid 3 X {f aspartic acid O# v <=HBHITL KT % r-amino-butyric
acid, aspartic acid, B-alanine % L D7 3 /8, »5wid glutaric acid &L
succinic acid ZE0H MR yBIR, ZThERK, ERP IUCRKLETRIEEMEL SN
T, BLAFELHEEAEZEL 28835530 L 33BN, —HFRPATERKTS
n-butyric acid, propionic acid % & O {&EIENi, % %\»I1% ammonia % & QIEREWE 1L
BROBAEST, ThO0EREANELAFIE, BREIIELY, ERAEEHO T
J e ANR2NRIEE ECL ZBERBIRGITEZ 2 HEEAKE W,

[ % glutamic acid & aspartic acid IZIRSE L TE£ % 5354, Fig. 41 o806 3 WL
LI, BRO pH ZHEBAEL, REENICThE, LEHERDOER L RVBITM
DT LEAIMEBLELONSY, ARMIEZOL S % pH &M TOES 22 L d—ICIEEF
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2L AVDT, ERSDERBEVFEHHITHATOEFFHEO BN, ZOBEARIE
YL cBHEtERLS. LdL, BIRLLLI I, BRE VBRI EEHICEEINS
BT ) BOSMRE, —BRIZPEMETERLINTHE0TY, EBOoARBHEITL,
CDERIEFSIERLETNEE LB, ZOBKRIZENT, ELEHEELXETcOR
S, BHKOBAITLY 3V h voBBEBEREI N, WHOSRBDEL kBT L3,
YAES AT IMrad OF = BEH LT, KP20~30%HEXBKRKEELLT, 20
% OKSRTIE SH AMEBBECHNHI N TS L% ¥, KRR, KEBHRD &
XV, ARICHEBHEOKMEEE SBEE L THEL#EDLZ EIDELING, F, T
DEIRXLTCIHEBEFRBELSBERDIL, SO IXAEFNHOMRMAR L JBEHEL,
T2 REBRATHNY, BHRRZOMOBREZFREAOUAL L, AROMERELHLE
THEIIWMEERTZINEAbENWEELS.

= #

KEARENRIT L, RERBHERL, BxoEHtRO2Zpbbb T, HETSH
BROOERLPENTwS., ZhOoOMERELY BT, REEZ—2OTOBRTIEHN
DO TROEBITEETT - 7.

KRERMRIZ, RBEZHRBILORILBEALZZ V7EBEL L THED 23 00BN, £
BEENE L-BRBHERBIXI DR, 202 V7B BRTIEET I/ BO
BHBRI BB EREL, EROT -2 2RO L TREANEEREMAL LB NS 5.

AL, KERROZ2 vy ~7EBRT I/ BO5H, RIBFEROEZ W glutamic acid
L aspartic acid RN T RKBERABE LT, BREBET Oy ~REHL, 4RE
BT ERETHELITHMRIEOBHMLMULILIOTH S, RERIELFNTH L TR’
20~180Mrad, KABKRAEBHTXT LTt 1.8~4,.0Mrad €% Y, glutamic acid BEKEEL
33.98 % 7213 37.57mM, aspartic acid BRI 54.37 % 7 iE 60.11mM TH - 7z.

1. glutamic acid # KGO X ESRRIGRBT ¢ » RIST, &R+ 2420 G HIZ
G(ammonia) =3.7~3.9, G(glutaric acid)=2.6~3.0 TH 5. 7 3 7 RIGICR ATl RE
BRIEHD D ERT 24 E G IR G(CO,)=0.7~1.2, G(¢ABA) =0.6~1.0 T» 5.
7 27 RIS, BREBRIEOHE S L &SR n-butyricacid %43 % 4t G(n-butyric acid) =
0.3~0.4 TH 5. %ol 100Mrad Pl Lo BEIT &L - T succinic acid, malonic acid X
U* y-amino-butyric acid %3 2% %3, r-amino-butyric acid |4 @-amino-n-butyric acid
MEELLLIDTDHS.

2. Wr=RBHEZT I glutamic acid HRERAFEMTL, TOMEBEELLERL
72&2%, 100Mrad U EORBEHCE Y, 732 LD R+ vy v BEORIURHM TR S
NEEBBEDbRL, 2RAEE X REFSTL, ¥ ~RBHICE 2FBABEELL
HBERL:., EREEO LITIASA27°~28° L 831°~32° v — 7 IZEHETOELEED
7o, AEOEMAL LTETFLIZRERELTESITRED -T2,

3. asparticacid ¥ KO FELRESIEL, BT I/ RIETHY, ERT 2L 20 G
iz G(ammonia) =5,5~6.5, G(succinic acid) =4.8~5.5 T 5. BRBRIGOEELET
5{taH & G iz G(Ala)=2,3~3.3, G(B-Ala)=0.8~1.1 BfHIEE Nz, BT/, B
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REEWI RIS & > THF 5 propionic acid it G(propionic acid) =0.6~0.7 T 5.

4. F#HOE Fig41-(1) kb3 hic & 512, KEK P T glutamic acid 04—
DOREED > T D, BTHREKIERFEE LM T\ T a-amino-n-butyric acid %
2 ERET, ZORY T aspartic acid 4K+ 22 & (pH 3.9 HHECHERS G(Asp) =
2.3), BEEWLMHITE T r-amino-butyric acid %4+ 52 & (pH 7.9 THRE, G
ABA)=2.2) T 3.

KRBT 7 RISABEYE L BEERRBETCOOBKEY, 372, PHHHECHE/MEY
HEZ%wnbw5 bimodal curve #7573, +%bb pH2.2,6.8 11 1£9.5 121 5 G(am-
monia) 1% 2.6, 1.7, 4.2 T» Y, G(glutaricacid) 121.7, 1.3, 4.0 T 3.

BekEg, Bi7 3 2 WRIEOHERITL 5 n-butyric acid AKX BTV %, pH3.2 123
3 5 G(n-butyric acid) =0.4 £ ®&EHIT L, HERZET CRBRIGEE 20 - 72,

T T T~ 7z aspartic acid DA KL glutamic acid OE = X WEMBEEROUIN & »
NEFYNVEOBERYLBEL T IHMERICEBORBRTHL., 2B T I EBICL S
ammonia & glutaric acid &2 pH IR TIEIBEITLTCVEZ E3bh b,

5. KW H T O aspartic acid ORI HHROEW Fig. 41-(2) TR L& ) KBERBR
BB D 5. THEDLLBEENRH TSNV e-BiREBICL 2 f-alanine ERMITA D
h, pH9.4 ©® G(B-Ala)=1.8 #{EE L+ 5. BHEMNEETE glutamic acid kKT
aspartic acid AR ITHET 2L ML, &L MR O alanine 48 B-BhikEh O R4 L.

—hHB7 2 7 RISE glutamic acid K& # & F#E O KISHEF %7 L ammonia & succinic
acid ® pH BI& K bimodal curve 277 L 7. pH 2.8, 6.7, X 1£9.4 241} 2 G(am-
monia) 13 2.9, 1.9 & 183.4 TH Y G(succinic acid) & 2.0, 1.5, 2.5 TH - 7z.

JBe iR, L7 X 2 W BRGSO %5 HR1T & 5 propionic acid @A 1d pH 2 12421} 3 G(propinic
acid) 0.6 TRHE L LTHD, BRI DTLTH - 1.

6. 7r-monosodium glutamate ®4}M# & glutamic acid O EDOHE * BIRBKIGIZ L -
THE L. #EaEk2 50 e-amino-n-butyric acid 14 glutamic acid #» & 1% G(a-ABA)
=0.6~1.0 TH > 7D Txf L, r-monosodium glutamate #» & id G(a-ABA) =0.33~0.40
LHL2IKBE 2., T%bb Na OFER L AEA T A ¥ —0ERWERIZEbDRL TV,

RBEBAFZ B TRRARRS 2B L T 57 », glutamic acid & y-monosodium
glutamate 7 5 OMEERWEAEH, BEDCA—DER LB,

7. glutamic acid & aspartic acid #&DOF ¥ < WA RIRI % 32 &, &BIcR<
aspartic acid O3RN, BT 3 7 KIS glutamic acid 0 #1.54%, BRBEEEZR L
CHIAREITET S, La b, glutamic acid DBERBRIZFRA & 2% o-BLRERIZIR 5 N T iz 2,
aspartic acid Tid a-JRRKEE S o-BRHED 1/3BETEDNLTNVS.

8. JkiEHH ® glutamic acid & aspartic acid O > = #5#1E glutamic acid @ F #s
ML TAabh, asparticacid O#1.3(5TH 5. AP pH HoBWEBRRE T, BT 3
7 RIS glutamic acid, aspartic acid ORIZR% - 2B RO Wi nwas, BRBEEE
EW 4,5 RELIWM REAZEBEET L., PE~EERIICE T2 o-BRRERIRRERNT
b 5%, MBEMITE T aspartic acid 4 5 13 o-JRRERIC X 28 ® alanine &K AR &
N5olTxt L, glutamic acid & C-C, B ® secession & 4L KPR D recombination (Z
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X b aspartic acid DERHBR LT,

9. glutamic acid, aspartic acid %@ U CH&RAM LKBREOF ~ <~ BRoHE L B L
CELDT LI, KERABTRT ¢V BO4 & VLOATKITHERT 2EME, KNEF
DERI LYV AMBEEHEA T ELNLI L, RRBRIGOBXBESAB TR oK
BTHHOIRL, KEBTE o-BRMEERELTWEILETHS. TLBRT I/ R
REES, KBRESFEIARRBRIEOH I HEOHME T Ebh.

10. Z DX 5 % glutamic acid & aspartic acid FEMYUL ZRARKOWETH 5%, Zh
boW < BAROER, REMLIBEOREORBIILIIOTHS. KBEBRITENWTR,
chiziz < pH T 54 4+ VLo RBEE(L L, glutamic acid RA4FHTHRKESL TR
RELX L VB IREBSY, ThOBFMEBYDOBBRLBRRIREEZEZLEL TR,

B7 3 ERRBRIGOEISFRARLII2EOBE I VF-OECERET230TD
D, ZOBRBRIEERBORITEDNTVS.

11. glutamic acid, aspartic acid OAMBERPWOF TRIBROFER L %53 DO am-
monia & EBIENFEETH 5. mEeMEE o RREEMY, ThoORELHILT IXHTHS
M, TOEMRESELTOMELRLERETHS. > TERELEVRITIED 5 R
WEEoBE AR, BAET IV BEEATIHE, €W I BRICHT &AL LTRE
BERB LAWY, BEt, BEEETEG PEEORET, BERTHRDLXTED,
BEHBEMLBILLEELS.

| [

COMEEITE D K- T, RInEBEZMERERD - I TTILEERFKEZE, NE
BEHBLR LY, SREBREB L, ARLZBE B - RAEN, ARBMEEE, WHSE
B, KAREE, FRETER, BRERXKFKRERZER, FUEAZR, HiFKE&ER, &
IR R ZEHERER, BRABMER, ERITHBN 2B - fodbiEl KREKEZH iR
L, RPBTREAERMLTRBENAEZOLBA, BREKFKEZREMILEH
BEOMRFESMIIERHTS.

i, WREO—HMRERBRFRHROZEHE, P IUXRENENARICI L. &
LTHBEEERT .
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