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¢HRR = BT RS IR B

1 =2 1 s 2 1
=2A&7E BEK F % a¥EE
b ob R e S B TR BB 2257 & I 230031)
CEE T LT K2 T ge L 4124 10032)

A W 0 RSB b T RO ke B IR A S P E 4 A58 AL ZHIRANIR . WoR o hr 7 B4
2 L I LA R M BOE R IR 16 A o« TS 7620 B AR ET LAAETS . A IR G A R
A O T RS TAE CDYY B AL S IH L SR KAL B 8 M2 T 8 A R Tl Tt
TRZ BRGNS IR 3 A5 17528 3 3R A Wi U B (PCR) 73 A7 A B BEGH240 L 15 319 CDS9 (A
AT H L S ik b Wilms R (WT) 2 %0k 208 (CAT ). (H — rasRAS) |, FUAR 5% IR i &
(PTH) . (BiAEE R — Al APO — AL) SR F AR /N, AR KL T B R RZ F 15223,
DMSO 5 BSO AbFRANMIAY 0 58 o - F 375 BR 7] DMSO 0] B AIG B8 5 40 i 5 T 5 & /9 CD59 JE A
AT AR BB S AR Y 00 4 DB HIKSS & 00 BSO TGN AS A, 2 R, A dy B4R ]
RE e AT IR IRIAE R AR BB 2 —, Iboh IR BogREdu iR dEi7 i 8 — RN A S H 7
PE L S AL T Y €0 S R TR RE S A B R AT ZE R P 5 RS DNA A B AL 305

SE4RE o T 40, CDSY B L 5848, [ i 3

PESES Q691

SCHR[ L3 1R A B, FIARARCHR B A ook BRI AR A 200 WL EZH 2R (e 3
I AT REFF AR BR T B ST 4R A% i S 7 7] RE S B A AV F A2 B AT DNA $i 45
BN, T ARBUFAE A S NEAEARG BAR O L HE RS A0 78 BFS A 3730 A J 1Y
B TR B AT ECE R Rl RS E G BURSS AL 400 400 5T, 78 T 4000
JFZ BRGTE 11 5 Ytk b CDS9 BERINL Y A FE K 28R i L e 588 P HE LI, Ao
M E A 2B EC RO AR DN 1L S Q@R (K 1), CDY9 B F AT 11 55
ki 1p13 {37 5, AT4mA9 A B IR T HL IR (S L) . FEAMART ST PLIRAYIERVE A 1. IE % 4nf
S1 KRR MM SFIET.. JG CDS9 FEN AR Al o] 736 ok, i1 11 S5 tafk B2
A AR/INGY Fr W (11p15. 5) % Z 2 MM A 47 T 25 DG T2 TR 22 20 B 3 X S 2 1570 01 U AR R 98
25 R K R W Sl R 5 R,
Lo# B A J7 &k
1.1 %E

4.25MeV By ORI TR E . I TR LAY a BT LET 2y 90keV/tm,
1.2 #§

o A g L) (microbeam dishes) . L MLIE#M4 (HPR Inc- Denver.PA).S1 ik (il T
E7. 1 254 b)) - — W LA (DMSO . Sigma) » Buthionine S — R —Sulfoximine (BSO,

F[E NIH I H (CA49062, CAT5384) %5 Bfy

BV R 59, 1963 4 2 A thA:, 1998 4Bl F o [ B} 2 g 55 8 T IR W BT 5 BT RO R R S TR L
A,

ks B 404 2000—05—17,  {&[1] 2000—06—28
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Fig-1 Fluorescent image of Ay cell chromosomes which contains a single copy of
human chromosome 11 (pointed by triangle)
Right hand panel represents a schematic diagram of human chromosome 11,

showing the relative positions of the markers

1.3 i

L3.1 smpasdsh AL QUMFES SYOAZF IS (FBS) . 250g/mL BRAR K KA % . 210 'mol H
SR Ham F12(GIBCO) 53 M . 78 37 CHIFIIR . 570C02 S T35, AL 40 CD59 3
[ & SNy 4315/10° yE 40!

1.3.2  mpp B #rfe ok R S AT o Ay A R T o B 0 0 9 LB 3 5
IR AEYN AR FR IR R F B AN T mol ¥R T IEFR AR HBR (DA MP) LASE AL 20 B (%) 1 J&
HE AR, 0 50m mol Hoechst33342 Yty 30min, 40 HOA% W &R & B A N BN THE
o R S8 R A S AT BR G IX e R 7R FEAZ A B s 8tm A IR BUE AR T — b —
GNP, HRAE Mote Carlo 180, 78 I P4 i 5 (37 s 0B A7 BB G, T sp A T BB O.
4%, HENLRRHE R FE—Z BEhE A S0 E, R RS, T4y R E A
ST BEFF R H R (DcA MP ) Al Hoechst 33342 ZEIRIGIRE . Foib 2 s lie & 76—k 2t
FAUM A FAE | RAS VA M AN 23 38 200 P 1) o A

1.3.3 CDSY AR R Empneyifitfe 11 T K ERRTEE6) PCR 24 HRIEITEH
ST R P IR 3 R 200 B I\ Fol R G 355 9% L i A, R AT 4776 2R . C D59 Jik [N 98 25 i %
Rl s JEERZE sule PR ) CDO9 BRI 98748 7 DNA #47 WT (Wilms tumor) ,CAT (Cata~
lase) \RAS(Hras) ,PT H(Parathyroid Hormone) ,APO—A1(Apolipoprotein A1)%FFE A 2K
) PCR A J7ik2 STk 7. 8],

1L.3.4 —F L BH(DMSO) L& 7 4 A oohr T B R AT. 5 4031 8208 DMSO &b
10min,. 8 5 i 40 60 P8 i o P A4 T D59 LK S8 A8 B 04T 77 18 5 BE SRk 7, 81
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1.3.5 BSO #Frsmpa M aE & a3 4L (NPSH) K% 7F 4 > ok 1 W8 540 M Frl. A 104M
BSO ALFE 18h, 3 — &b P AT e A 240 M P JE By 3% 6 70 I 2 9 33 (NPSH) 7K F 2 5260 1A
U R A 4R B A R UEAT CD59 R AR AT 7 kS B SR [ 7
81.

1.3.6 8—#ARA L F(8—O0HIG) &L AMApBAm  1F 8 A OB FHEH RSG5
BIAE 5,15, 60min X 40 AT UKBERRE &2 F B0 SERESTIR TR 7 A0 Gt S8 040 g e £ v A
DNA b 8— ¥RRE i 0 T P AR 00, 72 R SCk [ 111, 40 0 X e £ B8 B8 1 S L 4
SARERLIEEL 150—200 AN HIIBEFEET 40T

2% R Mgy

M BT 525 K A% DNA #1405/ B bR — B2 AW 5 R A4 2 SR A AIF 52 7 1)
Monro FI Puck 5B FEIA Ay BR G200 B To 3 1Y 45 H P BRI BUE IR 4 H B2
REDNAUS TR, BT ) — L6 E 4% 0 7 58 SR T 7T A 20 i A M AR A A S 10 4%
DNA Rt 1, Kwy 2 e B TR T 45 SR I, 4 A ooRy T T 5T 40 B 5 4 BT A
126, T6 0B A HAE BT 32 51 16 A ook T IR SHE I BEAT TS TR 4ETE . I, St i ¥t
PREAMAASIN CDS9 F D 7E 40 J5T 32 FE 36 I () S AR, oA TR B AR IR ST M B 8Ot & 4%
e ARE AR RE I A A% N R TR B2 52 BR ST AH I CDS9 BEPR N p S8 AR d i 203K 81 B R 8748
PR 3 AE (LR 1) s [, FADETE E R R LR GR T2 T 8 Mk B ARE, A
PRy e o (2 1) X AT RESE t T HRA T IR G U7 ik b f A0 U A
AL ST IR B AR BN S0 77 A B AL F —Fi AR S Nagayanan T R N X
—HEMISR AL T B IESE AT PR A A B EE Oz A1 HeO2 1Y 772 A2 R A 15 R B 5 1Y
AACIEARCT T, oAb, A7 s R 2 U RO Y Rt T R T R S A B V8 5 1 A
PRI B A 52 DR TR S 17 %k A0 9 358 03 S Ao 4 s ) D M AR A
R B oobr TR R e R B 15 5 E Al 8 it

Tab-1 Survival fraction and CD59™ mutation frequencies (MF) for @ particle

irradiation through the cytoplasm of A;, cells

Number of @ particles Survival fraction/ %6 Mf(total)<1>
0 100.0 43415
1 93.9 78126
88.0 139450
79.0 167.7473
16 76.0 158+60

M Mf = Mutant/10° survivors

I PCR 3 W ol UE A 32 B BT AU ARG B A 9848 F RO S R R 550 8 56 40 M ok BT 3K
CD59 FEEZSAS T 11 2 yefafk - WT .CAT .RAS .PTH.APO — A1 JEH 25k 2 500, £ 2
DR R ZHZ G CDS9 FER A FAUNER T CDOI FEH, HRAZ A F CDSY
FeIN B R GEAE TR AR S3RATERT T ookn 1 B8 56 41 M A% i ) K IR 37 B8 S 20 35 A e 2 2R i
HE B T T 4 A AR R 22 BT S B 0 5 5 0 A T RE AR TE % AN 5
AFHLEE

KUK E BERERS S T AR R sk CDYY BRI SSZMER . FATIEM T ™
FhAE FIVEBEREL AL 2240 DMSO A1 RSO, BIFF0IR % B 702 BB J5 73 1 870 1 i
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FEER ] DMSOU® A FR AR A 4% 10min 7] SB35 M FR AR A2 PR 56 J5 CD59 JiE R 2848 45 ( LI
2)s 5I6ARIR - 10Mmol FiFELE A7 BSO &S RTACHERANAE 18h . 3L 25 & MM A4 A PO T 1 Fe
HEE R A MEE(NPSH) A H K (GSH) B KCEE 2, i CD59 JE[H S A i 42 s 4
O E(ILE 3), XER I E IR ERIESE T B A B B B B R S A W AR
TR LAY DMSO F1 BSO ZiM % 240 Fo 43 i P A Ak

Tab-2 Mutation frequencies of CD59 genotypes

Multant class

Number of
Number of _ Number of mutants losing at
mutnats CD59  only
® particles least one marker besides CD59
analyzed 0 0
Number Percentaqe/ % Number Percentaqe/ %
Control 37 34 92 3 8

1 29 28 97 1 3

4 32 32 100 0 0

8 28 26 93 2 7
£ 140 4
Z 2 g
£ 120f Z 600t
% B
S 1001 S S 500
5 80 £ 100
E eof E 300f
2 2
8 40 / 2 200
2 20} // m T o)
Q o -
2 o / 4 R
= 8% DMSO 4a 4. +8¥DNSO = -

101 M BSO d4a da+10rM BSO

Fig.2 Effects of DMSO on induced mutation

Fig.3 Effects of BSO on induced mutation
frequencies in A cells treated with «

frequencies in A; cells treated with
particles through the cytoplasm

Data was pooled from 3 ~ 6 independent
experiments Bar represent x + s

4 « particles through the cytoplasm
Data was pooled from 3 independent
experiments Bar represent Tt

A, F IR 7 S REPTIR I TRY St E AL W B Y (0 ) By &30, BE G5 Smin X4 2E T
I G e, HoYe(n p AR X5 0.09640. 012, &
RZHBGTAIMLAY 1.9 £5 (0. 051£0.01)., T B 5 5
L5min A1 60min #E47 /) B & geta, 8 — AP A S
A AR Yo 5 B A 22 X HE RSP (DL 4), L RRAIG
PRE M AERE, mT 8~ BRERA ST &%
DNA ZA B0 & Ehrict 2, 48 8oR, o
1% DNA BYE AL 515 1T BB 2 HE S 20 P o 5 | e A% L 1A
R Tz —,

%‘Zﬂ] Eﬁﬁﬁﬁ{%%%ﬁﬁﬁﬂjﬂ%% 5 EE %XUFH Fig.4 Relative immunoperoxidase staining intensity
KHHEEMBHESEWMEZZ AN, I for 8 - OH-dG in control and A, cells iradiated
DMSO AU O FEHC IR b s st brash s,
KREH th H B A7 7E I ) A B R e il 0, 26 1S or 60 minutes afer irradiation
TRANITRERE R 2 — =l T3 OH H H LA

0.10}

0.08 |

0.06

3
O+
O

0.04 + -

0.02

Relative Staining Intensity of &0l G

Control 5 15 (R

lme ot fixation min

Bar represent x + s
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PR LR 1 pl 5 0 R ELAE P BT O [ phy e 0 S ek M R AL S AR A 5 55— b 1l B 7
He, 3k — b B G — ER A S5 R R T HEA T BB REAE LR TR, iy L s
AT REIE LT o BT B E0M T 1 F 5 AR 351 45 40 B 5 b (9 2Rk DNA (MEDNA ) 5] fe (45 7=
HK A E T 41 NOS, N0, ONOO 455 (5 B 2, ©A ¥RHE R mDNA
BT RS E— 55 R DNA s ™)

2 £ X M
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GENOTOXIC EFFECITS OF CYTOPLASMIC IRRADIATION

WU Lijun' Tom K HEI° XU An' YU Zengliang'
tlnstitute of Plasma Physics, Chinese Academy of Sciences, Hefei 230031)
%Center Sfor Radiological Research, Columbia University, Newyork 10032)

ABSTRACT  Abstract : Using a charged particle microbeam whereby individual cell 's eyto-
plasm could be irradiated with a single or an exact number of @ particles; cell lethality, mutation
induction and the functional role of reactive oxygen species in mediating the mutagenic response in
the human—hamster hybrid (A ) cell assay system were assayed- The results showed that cyto-
plasm irradiation induced very little toxicity such that traversal through the cytoplasm with 16 al-
pha particles resulted in a cell survival fraction of —0.76. While cytoplasmic traversal with one
particles induced relatively few CD59 mutant cells, those irradiated with 8 or more particles had
an induced mutant frequency that was —3 fold higher than the background incidence- PCR analy-
sis showed that CD59  mutation induced by cytoplasmic radiation involved almost exclusively
small alterations similar to those of spontaneous origin- Treatment of cells with dimethyl sulfoxide
(DMSO) suppressed the mutant frequency induced by cytoplasmic irradiation, whereas buthion-
ine S R~ sulfoximine (BSO) treatment which reduces intracellular glutathione level. increased
the mutation frequency - These novel findings showed that the mechanism of mutation by cyto-
plasmic irradiation was heavily dependent on oxyradicals- Moreover. using IF 7 monoclonal anti-
body to detect 8—OHAG induction, the data indicated that cytoplasmic irradiation generate oxida~
tive DNA damage in the nuclei of the target cells-

KEYWORDS @ particles. Cytoplasm: CD59 gene, Mutation. Reactive oxygen species
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