28 % 1M T Y e Vol. 28, No. 1
2011 4 3 H Nuclear Physics Review Mar. , 2011

XERS. 1007-4627(2011)01-0122-04

AE LET C BFRMMEABRSEHNREIMN S

X S A

FHFSTL G, K, X &, B

(1 220 K22y 20, Hlr 220 7300005
2 EB BT EBE BT, Bl 22 M 730000)

H E. KB % Rhodotorula glutinis AY 91015 A a4, TR T AR R & FE(LEDH C
BY MM aBHENRERTMRTRE, P& T AR LET B C & F 4 & 4 89 K 78 8 5L A R &
B, HREEW,CHET LET H120.0 keV/pm B, B AR FRAMABHEN R FERTR A, ¥
4.37 ym®, BREHE A RAZ N FHEEE; LET ¥ 96.0 keV/pum B, 3B A K F 3 8 2 B8 3 &
REBOHRA, BN CEFRARRER AN A2MNMAN, CHFAELET ¥ 58.2keV/pm B R E 6
NEE, X—FRETELCHTEBEFE T RNELBEEFY, TUIRAREEN R E
LET % 58.2keV/pm A4, B Tt BB & T E AN 35 MeV/u, KBEREXH, CH T H
ABBENRERARN MR ERR TR AFET AR i E XS,

XBHR.CHT; HHATE; REXRN; REBN; OB HE

FESZES. Q691; R818. 74

1 5|5

FEETRSERIFEZEAMLL, 755496 B
HAEM AR B &) BA m 1L hE
2 %% i (Linear Energy Transfer, &f LET), 785
4 AR TR A B L 7 AR v YRR S R R S
25 5 %ot 40 M s AR A L B T DA i A0 G Y A B A
Ihee, shEAMM LY B s, BA AR
1R R G AR il AR T B AU I FL Bh i A
g EL A AR 5 B BOSEAE FH RN BOm A VR FHS Y, ik
YA R B AR . HAET, 6T A
JoT A [) — o B0 5 % BLAZ AR W Y R TE ROV L AR K
N B X BN 5 LET 1926 &R M HGE & Hhig b

R L1 EEBE TR 7] LA~ AR 2R 8 N &K (carotenoid)
17 6 B 95 AD LR M £ ) 7R 32 B0 A BN R
R SHMERTT, = 52858 N R BT 68k E
AT PR A AR SRR AR, A N R R A Rk SR
kAt fE, DT R T VR AR O (e aR e, R,
T A TR 0 1) AR AR 2 B 1A TR 21 1 B 1R 2
3 NR AL,

*  UWFSBEHE. 2010-05-13; B HHA: 2010-06-01

XERARIRAD . A

AR SC LA KG 41 % £ 1 Rhodotorula glutinis AY
91015 MAF KL, BF5E T AF LET 9 C B ¥ (14. 9—
120. 0 keV/pm) 585 21 B BE B 2% 1 400 Tl 58 748 340 0
FRR, HEHEWT TS C BT FE T RIRLL
P RE B T LA | A A2 AR i B A LET H A9 X 88k,

2 #MEITTE

2.1 EMMEFRE

K41 B Rhodotorula glutinis AY 91015 1ty
I e [ R B 55 ) 4R 8 0 (CCTCO) . BEHLD i
ARV PR A7 0 T BE TR AE L R YEPD }i 32 e h T
28 °CHig% 2—3 d, ¥igeH(g/D . Hi% b 20, HHA
Mg 10, EERERY 10, MgSO, « 7TH, O 1.5, KH, PO,
1.0, pH 2 5.5, ¥ 5% 5 U5 (0 o BE B 200 ] W5 1R 42
RO R T R R e JE F 2 X 10° yeasts/ml, LI C
BT MRS,

R £1 T B T R VR 28 0 A BRI R B 2208 2 A ok
BEJE . $EREI AR R 90 mm fi A YEPD 85 9% B Y
L, HEFREE(g/D : HAEBE 20, EEER 10, BERE

x HETIR. PEBERAGRAE TFSH (KJCX2-YW-N34-2) ; v E B2 B 75 38 2 06 A A 1 3511 %1 (Y006060XBO)

EE B
E-mail: shndaisy@yahoo. com. cn

# BIEKEREAN: £%737, E-mail: julangwang@impcas. ac. cn

INEET (1985—), L Q) . LT BN A B, N 5 4 2205



41

NG TS AR LET C 87 X 21 5% BE R 0 58 72 2808 43 7 + 123 .

By 10, BUIE 20, 7628 °C FIE5% 5 d, LIS TH4E R
Je G 2T B TR B R TG R RIS B N R AR R,
2.2 iRER

C &5 7 e IR AE v [ B2 e i AU BT 5 22 M)
JREE B PR 4 8 HIRFL Fikfr. 715 8K [FH
WHSHEM CEFRLER D, BT, &
LM SRR B R R A (Lucite) BRIV 219 C
BT S s O B A O LA T AR B Y
(AR VG

*1 ATEEEERRIWMAELETC

BFROVESH

W1 iR R Lucite J&J& ROk F¥LET

/(MeV/w) /(mm) /(MeV/w) /(keV/pm)
235 0 233.3 14.9
100 0 96.7 27.1
80.5 0 75.0 32. 8
80.5 10. 6 36.5 58.2
80.5 13.6 20.0 96. 0
100 22.0 15.0 120.0

* FWIA 3 ADPATHE R, TR AR AT R
brifl 22 (X A=SD) o X BEARE i J2: (6] I ofi o 59 AT 28 0 8 S
Rl I RE RS B T AR AR B I A S RE A

2.3 RIERN AN R TR B ST

PL1O F5 AR B 0K 2 ol 0 FR O BE AL W B a8
(Vi B IS e B4 A YEPD Bl b 35 3 9 1L
T R 10 235 SR A I A5 31 24 2 < 107 A BT 75 o A6
UG RRE . 2 X 10" A BB 75 K T 28 A8 5 NN B . R
T P T B 40y 2 2 43 4088 K1 B T I AS B TR 1
WU Y&, BT DL 32 MR BRI A7 6 2 0 SF (Survival
Fraction) 5l 2 52 FEFE 5 1 B 78 20 (S) 5 X BEAR 5 T8
TEEL(S) W LA, B

ﬁ?zgcqmm—m@>, 55
0

XH, & &k FIEE (particles/cm?) » o5& 5 16 w1 AT
2>L8J0

TEH BYRS SLREBE T M 21 €5, 58708 RS 21 9 B
B Ry A R AL 6, %8 AR MEF (Mutation
Frequency) JE R W % (N, 5 B HE % E(N) 1Y)
Fefd, ana =R 2) fis

_Nu _
MF =" =0, » (2)

X o, e R E (pm®) ™,

(pm

A7 10 2 28 AR iy 28 K A0 B B H R o0 B oy, 18
i origin 7. 0 FKAFH AKX (DO WA 3],

3 #R

K B4 AN F LET C & 47 U5 15 2
AOFEIE O 2 LI 1) X B, 0 AR bR 2 A7 35 o
o, BEARAR R T, AT UL, R RE A S 2 KO
R B  RARECR RS, LET BB, RIG
R T

1

o

.2

S 01

]

&

= = 149 keV/um

2= o 27.1keV/um

2 001k e 582keV/um

a o 96.0 keV/um
A 120.0 keV/um

0 1(|)O . 2(I)O 3(I)0 . 4(I)O 500
Fluence (107 particles/cm?)
B 1 MaBEREALARE LET CE FRIEBEFE S
R ERLR

FETE B AR ST T AT b . A0 2 O A R AT AR
2 —TE bR, AR T 5 AR W AR VR S 5
A1 0 28N B A R R, — B LET (/9 3
TS, I 5 40 M A% 0 K/ B A 4 560 L o A
I A% 3 1 RER o H 8O — 2 00T, 53 o fH S
LETWXRLE 2), niEW, W& CEF LET
(A3 T, 2 3% 78K T 32 T 1 KO Ak B4 A, 7E 120. 0
keV/pumif 15 2] i KAH . O~ 4. 37 pm®, I TR
% 2 A1 240 JE A% 9 7 A% AT (4. 98 £0.79) pm”,

o,/ um?

0 410 8]0 1 éO
LET/ (keV/um)

B2 2L Rk RS I o5 CE T LET FXER

Rt 21 T B T 22 0k A [ Bl 2 1 4 S A5 31 A R R
KON M WL 3, T LAFE M, 5 7R R Bl R A A 3



124 B F Y BT R

% 28 %

TR PER M kA g W, SRARRL N B LET {4
A3 2 I &, HAE LET A 120. 0 keV/pm H}
ST A W/ AR T LET 24 96. 0 keV/pm 1) %5
o X—MTE 0,-LET X RE P R IAG TN U] 2
(DL 4) . AR #E Skl LET 38 i om . J¢7e
96.0 keV/pm ik B KA, K51 LET 24 120. 0
keV/pm Ab LRI T B

(=)}
T

4F m 149 keV/um
o 27.1 keV/um
e 582keV/um
o 96.0 keV/um
2 A 120.0 keV/um

Mutation frequency (1073)

0 . l(I)O Z(I)O 3(I)O
Fluence (107 particles/cm?)
3 AR Z AR LET C 8 FIRME R Y b E
GeAs A R BT R X

0.1

o /(103um?)

0.01

0 410 8]0 liO
LET / (keV/um)
B4 RGT g R 2B 0,5 C B T LET X &
UL 25 50T LA . 28 A48 B0 A 1A 2 b RS
TR B4 AEL /N o T L e A AR I TR R o R 2 AR A T A
TEAE B LET {4 X 5%,

X2 AEALETH CEFRERMABBHERAMNKE
Hlo. RTEH@ 0. RERTEE N (0n/0: ) LR

LET ) Om om/0i
()'i/‘un’lZ .
/(keV/ym) /ymz(X]()fg) (X107%)
14.9 0.12+0.01 0.03+0.01 0.25+0.10
27.1 0.39+0.05 0.21+0.03 0.54+0.15
58.2 1.0140. 14 0.73+0.10 0.72+0. 20
96.0 3.45+0.50 1.2640. 20 0.37+0.11
120.0 4.37+0.59 1.0240. 14 0.23+0.06

G 748 48 THT A 2K 3% BT 19 U B (o /o) AT A B

BLFRERARE S, A LET C 8 1 5 JRS 20 |
RETE 5 A5 20 09 e 05 8w L 28 AR O K oo, /o (WL
2). Hon/o BT UFH, CBFRERERNE
LET 4 58.2 keV/pm fie K, X 5] 55 KK 16 8
T A KR AR Y LET {EARZE /N,

4 itig

PR T B Y 25 SR T LUE S, RIE N LET
(L B4 388 10 T 184 0 9 72 25 38 B AN L 3 n] DL kL T B
T 23 A J A RE SOR R . M RERL T LET /v, H
(R A A N L ] e N E o i e D <5
LR A S IR R B 8, R R R I,
LET 8K, W8 F0 0 & A i AL 38 32 1 1 in O Je 28434
FM A A IRE R, X KB AT Escherichia
coli Vi, REBMA LET 57T 100 keV/pm J5ik
AN, JF IR T K W AT B JL A 8K H (0. 3
pem® )P O L Bl W A0 B R 1 e R I A T )
P23 A0 B Y L AERATT A SE A B, A Ar
WERE W W o -LET % 0 i £ 72 LET A 120.0
keV/pmf 5 B e KA, I 55 B BF 540 i 19 ~F- 24 240
P AR 42T, 55 2R Sk il A — 2L

MEARE S LET H KR LUUE ), R4
B LET M 96.0 keV/pm Wik 2 K. 25
B LET {E /YT s R B TR S, X8R 55
T DNA 53 & Az 5848 1 473 5500 1) Bk 25 F oA 7E —
A BE R XCBUE , X — BB XEUIT G Y LET
fHR LG DNA K4 A8 140, (AL it 2
BIAMEIAE T, B AR LET AE{d 40 g 2 1% R0 14 K
B T AR RN H AR R BAEAA TG TR A4 rpr s 3
Z AT R s PR AR R, Ik C &+ H
HHAGEEN LET {64 G878l 11 40 i b 51 & e
BIZEAs % AT HRIEFR, 80 MeV/u 9 C B F & i
Tl 1 Y (A AR AR R BE LET RS (L R B 4 %
PLER 225050 3T IR WA B 7R U0, KIBFF
W ALFER I FAE LET 20 keV/pm B R B K =1
ZEAR AL AR H 4K X 2 FAS [R) 14 B R FURL T T A5
FA R, BT LR RHKE . C B F1E LET
58.2 keV/pm W P AE RE F7 fe ot , BRI I X6 02 1) C
BT REEZN 35 MeV/u,

BZ, KL AR 2 BIR T LET C &+ M
SELLG 4 M 36 50 A 28 AR 0N 26 B AR R 1Y
LET K #i 4. & KK 3% 80 &£ LET & 120. 0



41 NG TS AR LET C 87 X 21 5% BE R 0 58 72 2808 43 7 © 125 .

keV/pm B4 F0Jf I8 B B K, AR W #E LET B267: 1837,
y\] 96. 0 keV/ym Hﬂ‘ﬂiu%j{, iﬁj‘iﬁﬁl%/}'ﬁﬁ‘éj} [5] Tokarova B, Amirtayev K G, Kozubek S, et al. Mutat Res,
N — N N 1989, 227. 199.
(o, /0) M5BT R B, 28048 MRS F2 15 T R 1Y Rk 20 % _ _
e o . [6] Kiefer J. Advances in Space Research, 1994, 14. 331.
= C 3 ZR AR | >
B C %¥Eﬁﬂij‘ﬁk/xgbﬁ1$ﬂbﬁ LET j*j 58.2 [7] Baltschukat K, Horneck G. Radiat Environ Biophys, 1991,

keV/pm I, XL REH], C &+ XKLL BETE 30 87.
Bg%{iﬁ%iﬁ@*ﬂ%{i@i%Qéﬁ@ﬁﬁﬂ:mIﬁ]EI(] ﬁﬁ [8] Kozubek S, Ryznar L, Horneck Horneck G. Mutat Res,
DB B0 455 3 B S T 4 1991, 305 17
ffﬁﬁi%i}ﬂégﬁﬁ&* I‘ﬂﬁﬁ%?‘%%ﬁ@ﬁ[%ﬁﬁ%ﬁﬂzfﬁ [9] Kiefer J. Advances in Space Research, 2004, 34 1278.
< =)
¥ % [10] He Haiyan. Tan Yongling. Tan Yongrong. Cereal and Feed
Bﬁig /‘Jé%mﬁo Industry, 2008, (10): 29(in Chinese).

Cfrifpatie, WA, R B 5K Tk, 2008, (10):

£ 2 3k (References) . 29.9
[11] Wang J F, Li R M, Guo C L, et al. Radiat Res, 2008, 49.
391.

[1] Mao Shuhong. Jin Genming, Wei Zengquan. Nuclear Tech-

12 Kraft G. P ss in Particle and Nucl Physics, 2000,
niques, 2005, 28(11): 845(in Chinese). [12] r rogress i bartice an ueiear ysies

N R N _ S473 . 45.
CEILL, BRI, T 5. B A, 2005, 28(11); 845.) ’
13] Kozubek S, Ryznar L., H eck G. Mutat. Res, 1994, 309:
[2] Ma Shuang, Li Wenjian, Wang Jufang. Acta Biophysica Sini- [13] Kozube yanar ornee utat. Res
17.

ca, 2009, 9(11): 500(in Chinese).

(Th38, 2o, EAT7. EMP B, 2009, 9(11) ¢ 500.)
[3] Guo CL, Wang J F, Jin X D. Nucl Instr and Meth, 2007,

B259: 997.

[14] Weyrather W K, Ritter S, Scholz M, et al. Int ] Radiat Biol,
1999, 75: 1357.
[15] Wang J, Li W, Zhang Y. Plasma Science and Technology.

2008, 10: 270.
[4] Jing X, Li W, Wang Z, et al. Nucl Instr and Meth, 2009,

Analysis of Mutagenic Effects Induced by Carbon Beams
at Different LET in a Red Yeast Strain

SUN Hai-ning" s WANG Ju-fang® *, MA Shuang®, LU Dong*, WU Xin®, LI Wen-jian®
(1 School of Pharmacy s Lanzhou University, Lanzhou 730000, China;
2 Institute of Modern Physics s Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract. To evaluate inactive and mutagenic effects of carbon beam at different LET, the inactivation
cross section and mutation cross section induced by carbon beams of different LET values were investigated
in a red yeast strain Rhodotorula glutinis AY 91015. It was found that the maximum inactivation cross sec-
tion of 4. 37um*, which was very close to the average nucleus cross section, was at LET of 120.0
keV/pm. The maximum mutation cross section was at LET of 96. 0 keV/um. Meanwhile, the highest
mutagenicity of carbon ion was found around 58. 2 keV/pum. It implied that the most efficient LET to in-
duce mutation in survival yeasts was 58. 2 keV/um, which corresponded to energy of 35 MeV/u carbon
beam. The most effective carbon beam to induce inactivation and mutation located at different energy re-
gion.
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