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1124 HARB B A ME R eE $15%  H125
FETEI IR = A 2 U SZ PE & PR © BRI BBV T
BRERABA MBS (. ARECKE)

mE bl v :

(BFI304£11 B 15 A 2268)
2 s SELTERATREY, ZDRITEH CEER ZTOT
I REers L2» L Barron®®DZ540<, SHE 2o
it BERAHAROME Y 501, Rib b5
et #, BETHY, LMEAORBRORME, &
Pl e CHSTRIEE £ 2, 2D, RERERET

AR E 2 EFHET 2HICR TIIS L DARIC
R 0 Wz DR RTbOI TRZR, HRICHSED
EVPER O, BbYERLE D DD—2IZ, [N
{LREERR S ZERHM LB RE YD~ Z 3
Competitive 12p5%84 3 428 Patt® Hollae-
nder” Baca® 126k Y BLH & 17, LD pr-
otector-SH- I3 FHICD A BN T 528, [
EOWEHE D HE W FIRHE 5 81, [EEAER

(Restoration) WZHEh T WA Y IEEBA
V. (BERER CEIHEE TS T b RS
Y bBR, REROME, BRI, K
BHIE X5\ D ORI, Z0BTER L TEER
To7=bDTH3. )

E0 S HYECEEBRZ UL & 5 85135
ALD Cronkitefs N fEI< A 13 % FA: 12 Glutat-
hionBREHTH % L5538, XRxOEEDE
HOEE'On 5, Bz Competitive protector

ELTDHTE L, EEERICEELZBE LD
T2 SHWEDOHFET BEERD 0, BRI
NERFHHICE> T3,

B, XPFHEUVEESRYET 5L 0, B
WCSH ME DA THh{, Hollaeneder? @7 3 7
B, R2DT X ) BOERDGY, Cysteine :[F
BRER S BIESHYR DAL h T3, B Izbh
SRR T, BECRBE DS 3, D

WahseBIbN2HMTHB.

Barron o S HEESEWWEETC, FOFE iR
% &, 5 &b Mitochondria; #duts & U T
LTUEYIBZ s Taagc 2% —-H AT.P.
DApk2, Rz T.C.A. Cycle; HERMERIRIGIE
HE L CERERICITb T30, Tiid, @i
57 N3 — LBEERI5%TT b B I ORER: T,
1010 T. C. A. Cycle IMERRDOMEREIEELE, F0
WM DIEE 2B 22917, IR T Devik
9 D.W. van Bekkumfi9433, = o Mitoch-
londria 7% Oxidative phosphorylation &2
YERZHZELLTED, ZORBIZ 1%, BEX
B BHHRES 22T 5H —RDBEETH S S5 &
&L T5,

DI_E oot % 325 5 i 223213 Mitochondria %
D AR OB Hijl L ¢, iz T.C.A. Cycle,
PEERICH L TR ET 2 b D TH 5.

#e T.CA. Cycle EEO==Z0%H 0 s
A CER i Bacg®), Dobrovolskaia?) ¢
HLHENRERR b 58, FOEHEZEIE
TOWETZ .,

A0 T.C.A. Cycle DEI#RHLIBED
B RCE T, F DR E LTk
EIATw5D, Hb,

1) BhEEifeA (Protection) & LT

TERMNOEEEIERTD, TOEFEOEED

R o

gl ol
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BT 2EAE AR O ARTH Y, EHOENRN
Sk, EROEREZROE LD LRI ER
13, EfIc Segal® Krebs. H.A.2) & PRI
ko THRR & 25 TH D, Tz b Malonic acid
& X&8 o PEF @ 36, Z @ Specific Inhibitor
DORyEENE # Fumaric acid Of%E 2/ X 251
FOCRIET 2 FME LT B, ThEDE
B b, BATSROLENIEERICRTY, 0%
B s Y 5. E1b—fEn Competition
LU= BERTHB. BTSRRI bR
T, Bt cds T.C.A. Cycle nEED
a1z Competitor & LTERH5THS 5.

T.C.A. Cycle ZBICEERICIR T, £ DKIE
BEICRTIN D B LEZ A BN BHIT” D05
DZEQYEDESHTEIEDNE T, ZIRA
THDI EFBAT 3.

2) [E#EzERE LT

IR Y, R cTHiEh B ke T.C
A.Cycle Ty#frcsrhdphEiELRT %
(Barron®) »T, Z® Block 25 iEX
b B, L FNINT O RBEROIEE &l
R LT, HRIETSbD0THS.

3) D Eofiz T.C. A. Cycle 0IE O#ER
3, ZOREEROBRIEIERY, MIEDORERELEE &
BN 2%, 2SR, ekRe T,
C.A. Cycle :B@AASORRICH D, BREOUE
eonginy, BBEE L D D FISROFIHZRE L

T B), kEEE LT, EERMPIORGEROBHY

Py HELO TS0 E, T.C.A. CycledZEH
DELFNAR B PP SRIETE DA ERSE DHIFNI K 5
P Y BEE T 2T ATz, B,

K-CN; Malonitril 2@ BhaE/ERCEE T, EX
1z Bacq?®) Bonet maury ffi?DEEDRENR D D,
Fox b FARREIR ZHE L0258, oAk
HOcER Tk, RrLSME Anoxia DFR EZOT
W% 78, EERIAZC: Anoxia OFIR & 1kE A HE
L. ZOESRD B b IR DA RAR D BRI
CEDRREBE D ZNEERDENT, 2R
#47wT.C.A. Cycle; FESR & HAHRIER & DO
RERTCEFRR #8720T, ZsCBETSD

1125

DTHS5.
I WEBHE

o4 g p SR B AN i) (Sac(;haromyces ellip-
soideus) % fiv>, pH 7.0 Nigeli #1230°C T
REZE L D%, WRICHEH L CTREZME B, 3R
#50 CIBEERTE O HURINC & < » T TR < IRESE
L, MREME ST SZkobDE 0.1ce
2, RO 7.0 Nageli % 1.0cc?
A7z DUAFREIT DR WRRICAN T, #9—Hefil
FEIT30°C CHEERATT 5.

1D b5 O BRI R ERNE L, KBk
W T, ZOBIEDEE Y T BHICANTES &, &
¥pH % 7.0WHIET 5. MRAHETHE bIcN&Egeli
FeFREHL (pH 7.0) 1I2¥ Ry FTAT N TS
%, EERSBIORBE L R &0 DOKS T WA
BB, ZOBE, B LR oREREIE R
SER BRI &k, @D Nageli Y CEER: &
YElE L T BT, BT 2 0SB DR
FBhW 72, BEIE30°0, 20 TCH B, Z0ik
71 & BERRs R U RS RS C, T OME R Y
BEIRT 2B, BEICPIERSER — ORI 2 8 2
Hisk BRCEIBSERI 2/ L. 2K, B
I NIEBYN AR DRI S DEN & B S mffc
LbDTH5.

2) [ElEMEA DR I NageliZ R EL I 24
% 2B BRICARTE X, pH 7.012 L,
EpEE TS L7 2 2 o EvRE <.

ATERIE G AP, BHEHED S > G, &
WAFZRTDED, EDELLIZD D, KL
LMD s Tk Twd b0 EFEE L, =
R —HEERED E, oo — 2oz b D EE
Rl

—RERZEE ¥ 500{E-So iR, 2000MEDFBEIIC
BT, EFEEMABIEL 2~ 3[EES X L THED
4000~8000ME VB TAEFERZHE L7z,

3) MBEOEE : BROEZDLOBIR RO
BRICRATI, BSMRERED & ¥13, ZRFEET
BRZ, ERFREO L ¥, ERTER L.
Z DFERAECE B, RO BB T
fH, MASHEEOEER T 1 B U20ATEMA TS

— 37 —
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B.
A EBRICE TR REBIERANRER VLS
BEDERWE Z AN IERENREOBERE %
DTN, EHDOMEBIERHFBOBERSY 1
00% & LCHEIE L7z [AEENC 20000r R4S DR
b, EDHELOTEFRELTVER, BRO
B DRI B DEER F NIRRT AT
2, EUREFROBENIED T HskB.
JREHEME 12 60K V. 3mA; nonfilter: F.D
4.5cn1000r/min, F#E 20000r (20%) TH 5.
Nagelifzth DL R DML TH 5.

1) Tk 10.0 8

2) WHREBT v Ev 1.0¢

3) HREYEpERInE 0.18

4) s+ 0.02¢

5) HE#{bHIK 0.018

6) ZEHA 100cc

Nageli ZEREHE EDERE 2 AN 2 %2EF

FMTHD.

HEENC A L 2 BNk DML TH B,
1D ##EHzE  (Pyruvie acid)

CH; ]

i

COOH

2) z=vE (Citric acid)
CH,-COOH

I
HO-c-COOH-H,0
CH;-COOH

3) e rrAz~1ER (a-Ketoglutaric acid)
COOH

CH.
CII{z
C(I)
C(I)OH
4) = ~2E  (Succinic acid)
COOH
ot
oh,
C!60H

HABESA RSB $15% 125

5) 7=~nft (Fumaric acid)
C(])()H
CH
I
C{{
COOH
6) V¥ =E (Malic acid)
C?OH
CH,
C:]I-IOH
COOH
7) A*¥oEiER (Oxaloacetic acid)
COUH

CH,

I
co

con

BERICOERT U 2212 10—2M, 10—3M, 10—4M,
10M BFEA ETHh 3.

I RERFER

BEEOEWBEC & 2BETIENE, KIERH10
TEM LR D BE TSSO OMEE D BN, ZhD
& CEBRPIB%IFE Iz, 10-SMDF i35
HRFBFEA ER B NA DTz,

BERCEDIERER B -FR IO Th

%,
BB —~FICH LN B, ik T F—8BD10-3
M, 10~*M; a-% } 70 % —LER 10-3M, 10—*M
EOGY ¥ M0 MR TR0 % B3 O Bk 3
U722, anT @, 7 < — VEREAZHiE 1310~
MTIHEERTHDO%. 7=y BRC%IRDOEH
e b, T3 oEERIOMO4AFRIGEE Lk
AERNCERDZE LR L.

JENREIR OB RER 2 WX 725842, o
NTRZEE, M B30~40%DEHERZ/E7-.
COFEA—T } SN T — VBOEHEDOBEEES
CERERCERIANTBROMEL X3 LIt HIC
BDDTHB. T,

D W F-BROBEERCRTE, 2285
MRALIEE < 5 3812 Frederick Bernheimom
=W, MEMORZbNAESE, WEREC

Snfami
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Table 1. Effect of T.C.A. Cycle substrates
Combined with X-irradiation (20000r)

Substrate and its e S ;___
appl. one [appl. soon

Concentration hour bef-jafter
or irad. irrad.

Pyruvic acid 10-3M | 64.8£2.3
4 1M | 70.5+£2.0

4 10--M | 58.31.5| 56.5£2.2
Citric acid 10—3M | 57.640.8| 62.2+£3.4
/B 10—M | 58.1+43.5| 65.2+£3.4
/4 1M | 54.8+£2.2| 62.4%1.1
«-Ketoglutaric acid 10—*M | 69.7%1.1| 61.7£3.8
” 10—*M | 73.0£1.6| 66.7k1.4
Sueccinic acid 102M | 32.1£2.0] 43.7%1.4
4 10-3M | 38.5£1.8| 52.9+1.8
14 10-M | 43.5+0.8| 53.243.6
Fumaric acid 10°M | 40.9+2.1| 49.24+2.0
" 10-3M | 46.9+1.2] 59.5+0.1
4 10--4M | 51.0£1.5{ 61.9+1.9
Malic acid 10--3M | 53.9£2.8| 61.9%£2.7
Y ; 10—*M | 68.2+3.2| 67.1£2.6
Oxaloacetic acid 10—3M | 50.2£1.9| 64.242.4]
” 10—M | 58.4%1.6| 67.9£3.5

Control 48.0£3.1

Table 2. Combined effect of Pyruvic acid and
T.C.A. Cycle substrates against radiation da-
mages (20.000r) on yeast Cells.

Pyruvic acid 10—M + P A

appl. one |appl. soon
Substrat. of T.C.A. Cycle |hour bef-lafter
lore irrad. irrad.
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Z h ks,

a) H. A. Krebs?® (zfkhid, £E7 F—8R L
ZELIEE FRARICHE I T, BERPLsELR
D, iz, BT F—B, TSIk DR
BRI NS L5 DT, *DREIREETOL
BB 3 0c BRIWOHEERBRZT
T

BRI ZOFERAREN TS,

ZORRN BB LIS F—RORECIE

iRt oEIn s & ¥ 3phasRixabnT,
L USRI TH o7, Elb, B Catalis
& LUTHERET F-BROSR ik Ligk o Com-
petition ¥ HIEFHSZ WL DTH B,

HETNEEE T F—BOIEME, 0 Ex-
cessizfk% Competition 1252 dNDTH5 3.
—hRIEE D B BRE OGS LR Y Catalist & L
THE FRE L 2O THHARRA SN VDL D
EEAbNB.

BIEMRS 7 ~— VB, &% otk chim %
LR, ffEro7. :

b) BFEM:E A LT BRI, BOHAI DY
Dixon. H. H.3D (e EEIRETE D5 23518 %
HIEFE N3 L 55 . #ic—20°C 240 REE i
WCLTHBWT, BB TRE L TAT:. FEREHE
3FTRTML TH 3.

‘Table 3. Influences of law temperature (—

20°C, 24hour) to the effect of T. C.A. Cycle

Citric acid J0=M | 48.9+£1.9) bd.7+1.6 substeates for radiation damages. (20.000r)
a-Ketoglutaric acid 10—M | 53.5:2.7 53.1£1.9 S Y )
Succinic acid _ 10—M | 41.5+1.6 54.4£2.3 EBroced: |((=20.C;42¢h) R
Fumaric acid  10—M | 53.9+2.0, 74.942.0 Substrate ﬂfgﬁi' oliff-E?t%lt: e
Malic acid 10—M | 40.9-40.8) 55.0+2.8 34 ore irrad.ad.
Oxaloacetic acid 10~M | 50.30.9] 66.520.4 Pycivicietid 17 SH0ndNT = il Sl
” 10—M | 47.8+5.4] —
G BREDK 2 L EOBSRS T & —2FE VI Citric acid 10~M | 44.0+2.4| 65.1:£1.8
ST, BERBILSREINS LRAMC, HIRR @-Ketoglutaric acid 10—M | 55.8+1.2| 64.9:£2.4
{¥eF # Competitive 12[h & D1k, ZRIE Succinic acid 10—M | 49.0£1.1| 62.3:£1.3
HOa— X FRTABEINIBOBERER»? 2 Fumaric acid 10—M | 50.8%4.3| 67, 1:£0.5
0 avey - Malic acid 10—*M | 48.5=2.9| 59.0:+1.2
Oxaloacetic acid 10—M | 45.2+2.0| 62.0+1.3

2) KBREEOMBIA L OBEER, I OfkRE
ABFTERSCDT, p2LEL{BHE I LDRELLE
DREHBIZAE BN ECHIHERD 5.

2B L, BT PR, SIEEILEEEE
R ERET, EEHSRDL20~40%THD

G
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7z. ZOEFE§ES Control CHERYER & 25
BOCREETIONLBRAELEEP L OTRES
25 X—BER OB & FLITRFIPDE 5
AERE L LCOEERAS, TESBRECRGS
MFHbNEEE, b5 —23lEROBRENE
R, BCERORLDAT Yy 2R LLZ3TH
59,

ZIT, ZOBRENSLOEEHRTERE
ToThic. EDFHREPBLEITES.

Table 4. Effect of treatment saturated with

oxygen and of Hypoxia (N,) before irradia-
tion.

Treatments Surviv. 2

Saturated with Oxygen one kour

befor irrad. | 01-8%+1.7

”
+e-Ketoglutaric acid 10—M

Hypoxia (N.) one hour befor irrad. | 56.3+2.3

46.34+2.9

Control (non treatment) 48.042.0)

Table 5. Effect of treatment saturated with
oxygen and of Eypoxia (N.) after irradiat-
ion.

Treatments Burviv, 2z

Saturated with Oxygen treated
one hour after irrad. | 40.2+44.2
20 hour after irrad| 25.140.7

Saturated with Oxygen- Succinic acid
10— M one hour after irrad| 56.242.0
20 hour after irrad| 43.8+4.0

7 ;
+a-Ketoglutarie acid 10—*M 59.02.7

Hypoxia (N«) treated

one hour after irrad. | 42.5+1.9

20 hour after irrad. | 50.2+1.6

Hypoxia (N.)+Suceinic acid 10—M

one hour after irrad. | 32.14+2.6

20 hour after irrad. | 46.2+1.1

Hypoxia (N.)+Cystein 10—M
one hour after irrad. | 40.940.7

20 hour after irrrad. | 55.543.6

100%MRSE D A T b IEFRST B R D B R0z BT
ThHBH. ZOHSFEA R BME, 2FHr T61.8%
LPEREENR & »7-. (SRR (N2 “CE#H) T
£56. 3% DAEFFRTH Dz, B LEBFIRAE DR
DI PERFGRRED & & & VEFRREho7=.
T DZZ S B DR CHTBZNCER TH 2
72

HRBE AR  #15&  H100
[EEER TOBES RO S DE BT DIt
BRI S5 1S AZ M TH B, B 1 RO
PEE CREMSRIRE T Y, ERRFHREE T B 31240
PLDEFREZR L7z, MEOBABRBERIET
LIERSEMRETHIHRNHROBERIEEN Y
D EED L 100%IT 127, 20IEREIRSRIREE
B R IERGT R OB H R 6 %ETF L
7z. ZOWRED 2 Hr BNO D DiX25% DAFEsR T
B 5. EERSRAE20M IR BB DB R
1396% TH vz, T DIEDFESTEED A2 1350%
L7 VAR COAETER L L T DTz,
BEIZZh4&pEa T.C.A. Cycle DEREDIEE
REICIBEET B 1M 5B PR
DHD7zA—F 2 TN T — VBB LA B BN
D7z TREGHHE LT A7 NIRRT R I
BT 58, a—r } 749 — VERI0—M # Ah
TH EESITH DM AAFHRI6.3% & 72070,
X, [ETLERECHR T20REa—o » 70 ¥ - L B2
FANB L, JERIFHAIT%D BER & % B
N, MBEROAETFRII0%ER D, aNTBTY
L B[ T56.2%, 20R¥C43.8% L 42T, Zh
b T.C.A. Cycle DIEEIDIELER & hiZiSEEE
RETHEFRDET & Lk WERAIN .
ELHBE CERERETCINTBIANTL S
&m%%t&#ﬁ%ﬁméan&v TimT A 7
YEANTHEZRRLENE DT,
IV o2 =
LI _EDfEEL 2 JIEZ ST 212, Liim-2rean g
BERMBIIC Y Tare %R, T.C.A. Cycle mfgss
RO PUERED WS 201D FET 52, ik T.C.A.
Cycle 0EE OBIEIHKOTHEEEL b b, BERR
DIEBIBRERA T DR+ R, 5
TRIRSRARABVC A 3 BBhkve i K-CN; Ureth-
an SEDRLEB OBRINK AR O & =R
ML CREBB R T IRABIC 2 B L 3R VEL bR
WIZB ST, HEDS BN EL D 5.
AL Ty, MPRROEERIDSZ 5 REhER T
bbb DTH D, BBEOLRRETCORFHESE
&T. Alpero> phage DEERIITA G BHEE D)
FEERDY, 105 E %> lag phase @ iR

g
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BTH v, FOEER T CFIHAZRME R Oxi-
dizability V&% b D LB L. ZOKIS, B
o—u P FAY—VEREOFR U TEIRE-D b
5230 %. '

fd: 7 ¥ —ER O TR T Bacq® 3BT
20~80% DR EZR L TNETH B ER DB,
HOBEE T EICH40% D —% LzPFaisR R L
722bDTHB. Tid 2 DRERIZZDD DRS
BRI E TH Y, BakRRRb/EM % Compete
TAHEDR, KETHEERANZDDTHS.
DEMT ¥ —BROEREDT 0##kiE ¢l Com-
petition X pir L3 T.C.A. Cycle DfE#H &
LCaEiilL, SREhIRBOMERETHS LHE
Abha.

a7 B OEEE EIICE T, RIC Barron®®

VIEERED 2 7 BIKERER BRI D EN & D

SHEREE R LHE L T30, BRR DOEERET
RN EREZE I LN, Zoan
TROFERL S T 5 HEE L>Th Staple-
ton G.E.4130 0 E. Coli ‘G487 8 & 1332 ph
FRERLbNANOBIRRNTHY, ZIEH
WTIEFIOEREFEL LS.

L L Z ORER ORI &\ 3 B Tk
WCHBN AN, FHAREER & L COERRE
BECES LAMRELTL 20T, ZOERT
LAMBIHTHOTHDELETBICEDZDORY
e,

—cEdEs R o3 T.C.A. Cycle pIEE ©
FARTHO7, TOEBEICE T, ZimsT
HIZBNEZLDTH Y, BFHEALRRTDTED
PO sHICH, ZRABLAFIA T LS.

EHEEE IR THEREIRE & T 2R, —BR
IEHER A DRIEEITREZ Y, ERCEE S
TWABRERERTEIWHE LT 282 L LT
BEHRLZBECARLZLLDB D THS5. Lhr
LIDBFRDI—r P 7 NT— VR, anTE
& T.C.A. Cycle 0ERERHFET 2RIERMR
RX VRBERIARALLY, ZOWICE O RE
ERBONEL LS. ZOBRUERIRIEE L
T, BEEROADFIAREZRE L LOSRE, ®

1129 .

13V EFROELTFTOR b wEE) b Haugaa-
rdfh3NCfE B L SEASURIBICHE 0 T, IR X

h BEE#E L Pyruvic Oxidase, Malic dehydroge-

nase ; «-Ketoglutaric dehydrogenase ; Succin-
ic dehydrogenase 2575 A & T.C.A. Cycle 12f
HL7- SHESETHAHHE LI T.C.A. Cycle;
AP RROBEE, MoTIZOERORD T 3
FrA, BicO: omeLdd L E, FFEHER
WRTBHDTHOT, = s 12—z T.C.A.
Cycle ¢ ZEH B [EE R 2 81715 3 iR 123
5HDTHAED.
V. #&- &R

fem e LOROERZERX L 9. BN bEEERAZIC
BT, PR T.C.A. Cycle 72 EWCf# LT, %
DESHTRBANOZ R L ORR TR 5 &,

1D EME7 F—BRERPFHESERLD, M
FDERARE L ZBEBRILNETH 55, Btk
DhHEEH % Compete 75 HDTH 5.

2) an7m@;, 7<—NREEEMoOZERIEE
EERREREEL LN, 0~ PN —LVEE
B % FoEESR I #R 7.

3) IR 1SR (LA D T) HMERR
RRIZT BEIR BB 2R Y, FERAD
FHERKELZZRTHS.

) [EEEECR TEERRREICE &K
FEEhELN A E 2 B, '

5) [BERFEERSEINGE T b IEOMRR FFIH LG
B X Fh 388 TR BRI L Tk
{ TH-—pe T.C.A. Cycle 0EBOHFLETS
R, SREIREDR OFEHE %S % 3.

GHISES 3 I DB T HRE 3 MET, A%
o BEMEIEIEC BRIt ic HEET I BB i 2
ET LECHRERRCEITI2LBE 0 BEk B
FoEmrETs.

IR RmL ORI % 14 [E BB EiisMaEter n v
FEA30 24 H, 5 AMAMECRTERELLLIOTS
3.
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Ralations between Radiation Sensitivity and
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SH emzymes, which are believed to be most radio-sensitive molecules in the cell are

concentrated around mitochondriaand there the production of A.T.P., energy rich sub-

stance, is especially in corporation with T.C.A. cycle taken place. Also oxydative phosph-
orylation, one of the most important process in metabolism is carried on there.

In these respect, influences of radiation on mitochondria must be great.

Experements were performed to know about the behavior of T.C.A. Cycle and

respiration system.

1) Pyruvic acid proved to be the most protective. The action mechanism likely to
be its easily oxydizable nature which competes indirect action of radiation.
2) Concerting to the protective action, all T.C.A. Cycle substrate except fumaric

acid and succinic acid proves it in some extent.

And restoration effects surpass protection effect except a-ketoglutaric acid.
3) Protection effect found in the experiment, which yeast is in high pressure of
oxygen one hour prior to irradiation, is considered awing to be the greater utility of

respiration system.



: ) Lethal eﬂect increases under lugh pressutre of o'lcygem in the course of restration. el
5) When substames such as substrates of TIC.AL .(;yde which are all to utilize oxygen'-_' :




