P S B
Az A1z 1977

X-gBate % Ml ARER S T

&AL
= 2

I.#& &

X-fBgtl o 40 EEHfL X-RBRER
(189659 38 ¢APRL, 2% 2EKGFIAF £
A Zol weld, X-G2E 2 BiEE, 2y BE
Lol X-@EmEd DY W] golx, HEHT £Y
& fmel S & &R RBE X-REgd ¢
A:papdrel  kiamyel HAAS B, 59 2 BMHRER
3 ool WHS 4HBEmfefe ol widd
§,9,1,13,16,20, 30 a3} 22lgk X-RY il 9]
+ Emd AR ERABRK BAE oHE #
WA grewts gk FHBHY 2B, 2 K
FER-L 100~1000R W Hlalul®®, o, 2 X-#Ms
o & Hgt@elvi—A o, Bte AlAge] ARA
W Bigslol, B BmAAstez BHEAGD
BrldE 2 ®igiiel V¥ fuUhdte Eige] BT B
ek Bme 401 gdobw. weld 2 HEY
—KBL B B £LBHBME == £AHEH HE
HE A EEY HFES ol=sl: Az AR
ook vk BtHAVAS Lol F4H0, 2 &
Bxde KF ¥ £F9 @y (onization) A KEE
(excitation) S ¢l =7 3, =¥ AR Wi
AAe q9 mEkEgk SEERgd AT 3T 1t
8Lt MRRES TS S8 HELBHBLEE
ol2slz, 2 {tBay U HELERMHY WLt A4 £
8o RBARS £ENAGBES %L AA, 2F,
B BN TRSBLE Rl REEH AdE
e, A A%, Al #IE AAE= HFEHR#
A BFsA drkz & ¢ A5,

A &l N X-8Y PR, ENER
mae-wd g, Bhdl oA HEd 4T MR
p3e] Hegtiel SURT HERECNE EA5FY ER
« ATKER WEKE WEBEE
« Department of Newo'ozy College of Medicine,

Natioasl Unaiverity

Scoual

oz MBSE AUA, =& HE HE]

3 AR

&
SF5) AA, 2 A5 AAAG oz dejuis
RAolzlzm n3 glop®. BHtdd X-fel —EHRe] 4

e HED HHRBRERCHE, BEFTRIY —
ET GRS EE = Rikdw, 23R T OEM
(target)e] oA =3 o]#l g EAYRIE (hit reaction) &
BFmanE Ackn 23 & Aol o HEMREL
BMRESER WAt MR8 Jsd EM TR
€ Fedfko A 2714 hiteba Feth olw] Y
B, == E. C. Pollard*® >} W= —XGHE (pri-
mary ionization)7} dejv =z #Hift == ARy E
FF9 s FA% &, E—EKKE(ne hit reac-
tion)oj gt grp®. o]t M—EHRES EHe =
EEstd, REFARMRY felEmpie] o 1B
€ Aolgtx @Bl ok ez I e A5l
REM BHE 2 EHEE] 9% Mlife] %
EHhiE, Et HHRETHAA Lol AU B
A B weld BRel #sld & MMET, M
Moz ¥r= sz, F& HHUAEST, 53 BE
EAEHoIY, DNA S S TE By = s =p.

F@ETe X-gRBid ¢ alA BAE 53 &
EEESF T FEELBE] vtz o2& BE—HHK
LBEL A
QA gz ohge Ak LEQ X-89 BHRE
¢ RESOEA ABAY BESTY BSRBEZE]
2 filRe] 5o BEM TEE F= EEAREAAE
Axs v3a 3 Aok AL HEMRSTIA
glutamic acid dehydrogenase(¢]3} GADH 2 <)<}
glucose-6-phosphate dehydrogenase(¢] 3} G-6-P DH
= 43)9) F BT &3z, 2 F4TFY X-8R
o] o) MRATREERLREES TAZ 2 EREY
TEREBE dolAe ERT EARE A =Sy

3L,

I. #8 % 7xk

o =
wE FRIEERY F&-ZFIEHYBBREH
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A EHANE AL L%k 3~4HA S N E 20~25
A Ao BEEGHETHA Fetatewme Y2z
GittA FES o 318 1 &% (Ehrlich ascites tumor
cell, o5t EAT filiz %) & BWEREAAA, WK

fe TER EAYK 28U AAE 54 WRA FA
shech.

@ ARTRA

A7 oA gt EAT-ARNREMERE Krebs-
Ringer ¥ (LLF K-R-&doz <fy)d 34AA 2
34 3 mLkBAAE, 2LEHE oA 15560
|4E 600 EHSstE SlECHSE (Junior § Cen-
trifuge) 2 JRAA I AZR8\MWE AP A28
e o] AlxAAAEL EAT-A 2R olddlx, o 4%
2tolo] 25% K-R-$1-¢ @3z dgied, K-R
2o WAe g ek

0.90%, 0.15mNaCl; 1.15%, 0.154mKCl; 1.22%,
0.0lm CaCl;; 2.11% 0.154mKH,PO,; 3.82%MgSO,.
2H,0; 1.30% NaHCO;;0.1m phosphate B#H¥
(buffer solution),pH, 7.4. lg ¢ ki EAT-fllla#
By < 5.10 dils x¢sln gdgls, EAT-{il
2] BEFHAL 15~16p olgi=h

® BHBRHE=A

e (X~ RgtBEs+ B. Rajewsky § O.
Heuse®w 7} #7¢ - A4 ®Wiik X-AREfH% A28
(Hoch~-Leistungsrontgenrohre | nach Rajewsky und
Heuse) & 18319l X-2¢ 65KV 2 1 Amp 9] =

Aol A Mmarstg=, ol 12mm Yol oA @

fr& 580KV/min(B% +3%) 3% [Eaier AL
BEmEe] ABE Sem WES} lem Eole] Yol EASE
9z zqtel ¢ 3mm o9 EAT-A 2% 3teh. Ba
BARTNS AL EXY 29 LEE 0.
LR Ttke X-RGHBE RMENE RARCE B
A%, 2RGREFAENY 47 4 dE “R BR
8 FEELE THT B, Addos T Al 2
o}

@ X-gpRyE EpRe

Wt BRERKS Swml FiFKkZ 48l 2 54
g AZdgd g @hEASwESE 41 HAT
+ 2%z 347 MRLEW® (cellhomogenate)g 3
Edv). o] il K WS triethanolamine-hydrochlor-
ide buffer (LI F2TRA-B ¢4A) = s, 4 BE
R NME Eae pHREe RERe 2 W83l

Of .2 #3:3: 2}
BEERERENE-S 0. Warburg 013, RR¢ ¥

B ueith XY BEEE SRSt pHAR

of W9 dulgen HEipE MEMMS BEREHE
(Thermomix- ], Fa B. Braun)® 25°C#0.1°C & —
EA HRE #7433 pH $xE TRA-B 8 INHCI
= fERd BE pHEEE REsides, = SR
BEd BEL PiNe ARLERARY BESERETE
ethylendiamine tetraacetate-disodium salt (o] 5}
Trilon o2 <}) 2 Tasiga, XS BEEME
dt e 2e RS LBREAKoZ EA4AA
SREHEE o WEZ X5 (Eppendori-photometer)
2 MESH .

(>}) GADH: 1.5ml 1/5m-TRA-B, pH 8. 0;0.5ml
EAT-A #7344, 0.05ml, 1.10m nicotinamide
adenine dinucleotide, reduced form(c]d} NADH 3
ek3]), 0.05m! ammonium acetate; 0.05ml 1/2mea-
ketoglutamic acid(¢]3} KG = <)

(}) G-6-PDH: 1.5ml, 1/5m TRA-B, pH 8.0:
0.5ml EAT-HI839E, 0.1ml, 1.10"*m nicotine amide
adeninedinucleotide phospate(¢] 3} NADP & ¢}3]),
0.05m}, 1m MgSO;; 0.05m}, 1/10m glucose-6-
phosphate-sodium salt(¢]s} G-6-P-Na 2 <f3). ©]
G-6-PDH ] gisiemiee NADP S| ReMIay B
BmE MWEFeA o549 3zlx, GADH = NADH¢
HEMARERSE METezd o548 ad =
A T4 NADP o #grs>t 9 NADHS BENI:=
#% G-6-PDH 3 GADH #] ErEiRKES] Bitsl K
figr=t.

NADP ¥ NADHS| @Est: oldlEzx®itg
366mp o] FFeo] W] MES -

F Pl AFE% g4, NADH, NADP, G-6-PNa,
KG%¢& BEER =519 (Mannheim-Waldhof)¢] Boe~
hringer $i%@rte] 8 FRolx, Trilon, ammounium
acetate 5& R vhE49E (Warnstadt)e] 9l& E.
Merck gizgte) ME¢ ¥4 A8sigd dE B
€ K@AkE Merck $¢AEE d438td Agsgdd.
NADP g NADH | pH-j##%¢ 1/15m NaHPO,-2H;0
E #9v. =€ kR HEEL 2~4°Cd mFEslw,
B¥E 2012 Q=% d4=, ABYEL 108 Lk
ALg-lx] gyl

I. ﬁ %
GADH ¥ G6-PDH § ¥ HRAMRSTE LRENE
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o, 2 EHREY TEEEE MEde, T BERS B
St goae BEY mE #Rshd Fig 1} Fig.2
7t Aot o] Hik: B4t EE MRS Bz ol
TR, R TERE F BEEEEL BHER
Rl TAN HHEEXRE 2o BE—FASH
# (dose-activity curve =% dose-effect curve)o]
o EifR Bl FRHES] FHREEY 49= BRe
o FBERAA Rol: BE—FEEHMAY REx R
FEERN EREA £3%, AERH FAEEEBLEL
$0.1°C o RBIHFABMRE +5%04 hizkstd

Surviva] activities of the Enzymes in %

10F

7t

L Ea

5

B S ) I S R S | i g F— | s ]
0 2 4 [ [] 10 12

(X-ray Lo:ses in MR)

Fig 1. dose-effect curve which reveals the
inactivation of GADH in EAT-cell by
X-ray irradiation (4°C. N.-gas atmos-
phere)

i00
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Snvival activities of the enzymes in %

(X-ray cCo:es in MR)

Fig. 2. doese-effsct curve which reveals of
G-6-PDH in EAT-cell by X-ray irradia-
tion (4°C, N:;-gas atmosphere)

3ouAle. o) EEMe ¥ 13 24 FRE off
stz 2 —Fske ZAolvh
Fig. 19} Fig. 2414 2ol GADH o . G-6-PDH 2|

RE—FRAEMRS BREEHI Eielelh o Hlm
BE BE—(FAZHRS ENERA g2y BH—£
iy FHES vepdepis s, ol e ERSTY K
HERSIHAN T 100V Y BmlkHEA Y7L g
Fyolel® pyfeld, 2 EEXRSTE TEKELSCdE
AL weEs EvF Bk DE 100eV/em* 2 FIRSn
BRSTY BEELEES STt 34, kit

S=¢~P (1)
2 Rk olw] BIEEHE S BMEHBE DE
e & FEELS A 4 BfEEAY BMRST
o W(N)YE #atirdl 28t Wgtd 28E5TFY B
(No) 2 e N/Npolx, ae = RS BUMAERFEE
o #1Esks MEAGENEA on?/100cV 2 KRS
WA wa=w  BMEHR T (radiation sensitive
area) S JEblich el —fo® o= HLI BRE
EERY mNEA TERLERE B FREEETL
(inactivation cross section)o]lgln % ¥ 23, ¢ a9
MBS D2 HBERSE, AIGALEE(inactivation
dose)olelz }-Er}. ol

S=g-aD==g-DID0 2)

A )4 D=D,7} =, 07 1B MM S

EAER To] 2o '

S=¢-1=(. 3678:--%0.37 3)
o] Hrt. a2 E FYEIEH L (mean Lethal dose)
L ‘e BB (XY BEERY 2 MAAdEd
L3 RE) B “7T% £FZRHRE" (Dp)ol=lz=
Tl e BE §F D¢ LR SE—FETHBA4 4.
A A< 4 Avh Fig. 13} Fig.2414 o0& GADH ¥
G-6-PDH 9] et it =+ Figkfgie ITAIE
Table 15} .

T

Table 1. Inactivation-doses of the GADH and
G-6-PDH by X-ray irradiation(4°C,
N,-gas atmosphere) error +5%

enzyme Dy;: Inactivation Dose (Unit:R)
GADH 6,5-10°
G-6-PDH 5,0-10°

Table 164 REuls} o] F BEEFTF Rkt
BEL 6,5-10°R @ 5,0-10°R¢]v}. FHS <& 649
ol B/ HRME I TEELEHE] 3,2-100~



6:0'10°R Apolell gof SlojA kAME —HEt= e B
SFR ATPY. o)zl WEHYS 2HBHBY RIE
E(LDiw)ol 10°R &} Efizel Aol AT 2 of, X-82
Batel Y @lAS BXST e EhE, =t
mitko] €R¢ FpslFn Uk webd mstgdl ow
AlAS RS TEEAECT 2 Heted Ak
o #%E, DHEE B EECL BRSE  LEAF,
Ex —RBY RR¢ old¢ A g5 Aojvp™,

R (Dol A FEEEHER == RHQESIRS MY
3 uw] Table 28} 7},

Table 2. Radiation sensitive area (inachivation
cross section) of the GADH and G<¢-
PDH by X-ray irradion

enzyme radiation sessitive areas (Unit: cm?)

GADH
G-6-PDH

12.75-10-%
3.18-10-*

Table 26) 4 nole EEXRHFY HUBBIBRE &
B 12.75:107" ¥ 3.18-10"%cm® 24 F K & 67
A BEFT AT BHEREFRA FE (2 84-10-74]
4 4.95-10-%cm® Apo])3} wlag o] kEgLE B4
Fx glch addd EREEY SFEL 34000004
1,000,004tel<l ¥4 gk BLSTFEE R4
phosphoglycerate kinase ¢} 4F& 34,0008+ GADH
o SF 8 1,000,000 Aol #7 30859 AFY =}
7t eV EFiln, LREETY TEELEEL

1°R 8] Bfrel ¥4 AU, o= BHBRBEHEE Kig -

2 10Pcm e Bz A —E e nAFT A
< EBT Yotk e HPHRSHSY BESTY
kel Fistz, A9 —Fg¢ BLEE Lot R
= 2 @ E o il TREEEBET 28 o
€ 4 dve e AstE Ao ¥ 4 A 2y
T A—dAY, £+ U FELEE HEE B8
2 HA FSHAER ¢ 5FRY Ay MR
TS 4£HBE —E¢ %8 2edFcn ud

V. % &

Licgtubs}l o], GADH ¥ G-6-PDH ¢ X-{5G8
o g% TRELAEL 2F HRENDY BE~FH
Fligg veldy vt o gRY FERERES
6.5-10° % 5.0:-10°R ¢]c}. o] HRE FE>} BEY o}
€ OMEEel 2lo) 48 R 3} Barron, ™ Pauly™

3 Hutchinson®:20 59 wasts ks —Fs: A
ol v},

fEpEEYY BE—rREHRL ENHBEY g
E—-SpEES vehi = Aold. =2y T.A. Hall»
& EREEY BE—feHElRel dwzA BE—Es
R 95t AL olvgn 2stn, SPENERE
HE (multi-hit reaction)o]s}E 2 BHE =39 K
BEZEl BUsAT HEs dekx AR gehy,
I SPEMKESY ERHRA gAE JEd 4 9
vta §735t3 gl e}l H. Langendorffz 9} S, Benzer'®
E R =278 ENETEELERY Bee BS54
Dl B—E23e B—ENEES BRsis H80R
B #BE—(FRZMRE 2d € 4 gz wsln
DS

Ditrtich'® % 2 #JfEH#:S BHRNL 2= £BSlz g
2, 2 TESES gAML =219 5HS Kl
W o] U HHBRREES HY 5HE A38E
Aolzz HEEE A7l ofelg, b de + gl R
olelz F=xsx ¢vh. Hallmwz Mty =3 o kit
o] EymuBoe s SmEo ¥ AHSdul, 2
A do] Ag 4 Uk AdlnE BEMNSEZE Tl
ta, weld 44 A gedan g3z o %4
el B4t Azl gESTFA A4, ag3e
Wi BTG HBRHNA 440 B-ERidn B
—HENH, A—EGTH4 48% Adnz T4
= Q0% ¢ 4 doh ad=z o A4 wdEe
ENEnB Y RE—-EHENRE BBy RiE 9
Yohn MW g 4 gk

2oy B—EmREd e ¢ o, X-8Esd 9
LEE EESRS] FIREALBRC A A oWy Rl ¢
odut A7 ? EMREF X-REal o84, B
TR, B 2 STFREY HHERS®RY
ozl ifKele] FES A MEERA 983 2
GFS BHRH B, § dolAe BEBE] =
XK€ 98¢ X-RBHNEESTFR, 22 2 B
BHREZRACG s, =5 delde BMEse] o
olvtedl, Fi 349 Wit A YHARA Jehue
A+¢ C.T.R Wilson 5o 84 weizlu} g}, o}
A & BRFTANE A9 110eV 9 o>t 4
Ha, o] #4371 duAs o BESTFY LBHBIE,
WA E FEEAE BRGGE 4 4 oo § BES
Fx LF 10070} 48] olujxgpe YRz YAu,
2T BRI AP AR 2 BEXSFY %
&l Q& A PR ool xppe) ¥R, 25T
Zxk W Skit#e BASlz vk Alexander W



Charlesby » & @ifgell =] 7t C-C @i ¢ Wl 12C
EFUEE RAfsx gedz ¥z 3z, Y,
Alexander §% 3 Ray 5% 3% zute] #=}5:9 o
TEE ERITY A5 23 S-SHESe] KsHE
gtoll =1-9- Rgstm, el Bolxs H¢ #4d A
22 84 Ao aelznz X-gEstd oHg R
ZFol ®ird A—=]7} covalent iE4e] ML 4
#ote &P, 718 S-SHAT BHEESHE] e

# BA o=, o FAL BoivE, 2 KR
RITFY TFELRE Atz A2 4+ e o’

vl Platzman $ & v & Tigit{bB2e] mhEne 2
AEE Ak 2% WSRO Barle 5FR
8 (RS BERLO Y2, 22 Q¢ MR
H-#4% 48 B3 @4 (polar binding) & 4 @3}
2, = A3 5F] xS A=l Frgkd
4 vtz =3 v =#l v, Hutchinson? & [Gs4sl
BHRY F5ol Rishe BHERTRe] —gide
R Bz gdebd, H-B49 58 g FiE
H(BES 529 2o ohzix w3tz g} aze
W H-ggel o9 TR age] S, o
Bl wo} Bl AAE 28 59 58 Es) A
£ H-#489 S\l £3, wdeld BRITRE <
2} Zel7] w]folcl. Augenstine? o 95 S-S
&% H-4¢ SMmasd] £% 1eV 2 0.2¢V 9 o]
At Yodle. odlps WAMoZE 2Ry oy
A BKER olv] XS T FEHLS Bk 2
T 4 227 =&t =gy Hutchinson Y8 dF%=
2.2V 9 oz Bigel o[t BAFTFY Wikdk(Le
WS WS 4SS Rwesm Qm, 10~12eV Y o
VA RIA A v a2 A A FrEEkot B¢ o
B ook AL ERhel U4 MERRE doj)
ol Fagt B FANd—=q 34eV ot Ae geld,
oy, #HT BEASTFAA o 306V duiAs =
SFARA BREEAA whe 2 4FE FiERASEY %
£33 gote 2xol A8, @4 Pollard
£ C.T.R. Wilson®® o] wal 349 Bt} Smmoes
HHEAA dolves A& Adsin delstd Ag4 g
B SAAA, 100eV Y divix] BkE B—EHR
fEe] LTSl E AT 2402 ugkel. B—EMAK
B4 Riks] 100eV & 49 S-S&AFL L3l
293¢ s iz, N2, £ FF% 100,000
A EFFE K& 10,0004 {£BEAS st &)
2F 28T WiEELES T8 #H45L S Fon,
E B AUAst 2FRS LBEee pHle §

sl Reo=, H5FP, 2 JrFelm 100eV 7t oy
AE ®UgEE, SFE PEERA? = BEL lojetn
e Aozt

LLE AEHEREY 3483 BRBEAA 2l 5w
Bl ME—FAEHBOR Beold, X-@Batd o3
2~37 9] EEERETN 212 & £ 100eV & oA
Bt RS TE FiEkAdctz 4 Ut

V. RfE 2 &R

X-gBad o5 449 EAT sfahe] GADH & G-
6-PDH o} Figte{tBREL zAstgel. LiEMBAREHR
% 65kV, 1Amp & X-MBHHBE AEstdg, &x4°C
A zAnBoENA B 580KR/min(3¥E +3%)2 B
g3kt By R BEEE RETRRHERLR
s Xalstd MEHEARKS TS T LBHHELR
ZR3Lodch o] BRBEEMEHES BHY BEHRY
QR mE FAY RE—FATHAE HHHRETY
olela, RiFiEibHEe GADH @ G-6-PDH4A &%
6.5.10°R o 5.0.10°R o] g1 o}

o) #HRE X-gEgd o3} BRs T FEELEBE
o] H—ERRIEN) 2 X-§9 5Bt A FEHY
o] TS EHENY FR =% 2 £XEE A
Ao BESTFY FiEREREEZD 3] oz a4t
o & AEy A £HEHEET A AL
£ v F3 gk
HESTY TERLCREAAY BE—-BHRES o2
st ek
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Abstract

Study on the inactivation of intracellular
enzyme mlecules by X-ray irradiation

Sangbok Lee M.D

Department of Neurology, Coliege of Medicine,
Seoul National University.

Inactivation of the glutamic acid dehydrogenase
and glucose-6-phosphate dehydrogenase enzyme-
molecules in the Ehrlich ascites tumor cells of
the mouse were studied.

The above mentioned intracellular enzymemo-
lecules were irradiated by the X-ray radiaticn
under the condition of 65 kV, I Amp. under the
atmosphere of nitrogen gases and by 4°C. Thereby,
irradiation doses were 580 KR/min(error:+3%).

After irradiation, the cell homogentes were
There
after, the activities of the enzymes were measured

prepared through liquid air techniquese.

with photometric method given by O. Warburg and
W. Christian.

.The dose effect curves of the activities of the
two enzymes by the X-ray irradiation showed both
exponential and the inactivation doses were 6, 5. 10°
and 5,0.10° R respectively.

These results showed one side that the in-~
a;:tivation process of the intracelluar enzymemo-
lecules was one hit reaction after target theory,
and the other side that this inactivation process
could not be the primary causes of the death
through X-ray irradiation of the vertebrate
animals, because of the high resistance of the
intracellular protein molecules against X-ray
irradiation.

The one hit reaction by the inactivation process
of the irradiated intracellular enzymemolecules was

discussed, .



