ERE F2M WA S RN L EFE R
J. Radiat. Res. Radiat. Process.

2014 F 4 B

Vol.32, No.2
April 2014

ERETERNEVIRRFEEMER

B > Ak

sk

WEDZ Y Ak A

U (R E B EBEAT 22M 730000)
T CHREMEYRBEITR P E SR s 22 7300000
(PRIRIRTE A A A R B 22 730070)

WE HE TR MR, SRERERAEGET AT A A M. AR RS, eSO A [ R
EETHREN T AEDMRA R RO REAEN, R, 2 MERE =B, R&TIRE AL
PR, ARSI B BURBLR, SRS A& . ACCE pU R B T AR IR E R B
B BN, LG SRR BB AR IR AR D R AR T R AR A U T A AR

XEiE EETREE, (G ERE R BUEAN, RiEspE, EPRR, JUREE, BUEwE R

FESHES  Q937, TLIY

AT AR AR N R ARG, I
TR AR R R R R AR,
HARIR A AR, 5 AR AL R 5 A 2R
Yo7 RO A L A R AU S R e . BT
Gt/ IR (S E IS EY/EZ SUN SN R A S uR
Pt R I BT S AT SR
AL, AROWRE EER R TEIMEAEM, &
EEMBAER R TSR TR, SRS T4
PR R A2, fE S REAEY 0 TR AR
RERIZD IR, BRIAIFHMELAET, HA&ThEs|
EAEVIR S TV A IREM A . S THR AR
Podb R RO EAT RS, EMEY. HSE
AR IEE S T REFRIRCR . b R R
URANCYEZ R0 SIS EE NP A1 G TN SN NI
BRI, CREZARRANE; RN EE T
RN R A . MNEERE. B4R R A S A
CL e SRS 7 A B> ph o S X AL
PRI T CUR AEAE 2 AL 2 Rl 1, X A
REZ IR — AR R R IR, FrASL AR A )
RS R D) 7> T AL AT E R T AR SCE il
H RTAT FU i a4 P K AR IR AR I 2 AR
SR8 SR L e R A A 0 A N A D T
M gRid, AL IE X L 5 T AR I R B T

RS A AR RKIRE— AR, BT =T
HON AR POT R AR B S B AEL

1 ESTFRERBESHNEVYHN

EREHVE R R IE TR R — M, B R
AR A2 AN FI SR . BB AR R I 4
S XY AR AR . Bl nn
T E B AL BB 26 % FE (Linear energy transfer, LET)
PN LS Y ERE ey, da st /B O e
i ALY, EEESEEMAEY, mifEkid
RERAERRUIN, IR A — RIS O,
BRI R I> TG B AR, &5 EY)
KT VIR, PR A 28

A 32 AT B TR N e — BB P S IR
RIXFEE,  ECan5 AR SR R UKL R, i
SN B A A e T AU A 15, FRATTHE
X RN NRR AR o

11 REEESTRILEHRTNEBHAIR

SiBUROI N Ik IVEES s VRPN AT
TR, AN E XN BER G R N, A7
25 tH AR DAY« ThacTE” AR flad4 ™, BB &
Isghn, ARMAAS RS SRR, TORE S 4 A7

v, PEBRERE T2 A B 50 H (Y306010XBO0)A1E K HAREl 5 4:(U1232126) % Bl
BEE BEIE, B, 1990 4E 1 A4, 2012 4 6 A B FUGILIfYe K2, BUANTEIRIRE KB E MR A, EEM

FHESTEIBAEYHIFY R, E-mail: mjshun8223@163.com

WIS KR, 14, BIFFFLR, E-mail: ld@impeas.ac.cn

Whs HY: Wcke 2013-12-13; &[] 2014-1-24



WA RS R G L2 % 2014,32:020101(8)

WERA BT, BEE R, AR TR R N
X T S B AFIE RN FR A HRS/IRR, BT &= 48
I B BUR B (Low-dose hyperradiosensitivity, HRS)
Jo ¥ ok 1) 5 B BT M (Increased  radioresistance,
IRR). FMSARENE 10 keV N'BSFEENEHE
BERE AY-15 BEFC BN, S5 REY], AY-15 @
PRAEE Z it B 2 JURLIY « S SN Hh 42,
“OEE R IR R R mE R R, HRE
FIIRAE N'VEN E.coli KIL/NT 10x10™ em (K71 &:
B FIEN KA AT K HRS/IRR 2%, JFH
HRS/IRR (15 K32 5 4 A St A i %
MRS AL FE R R V) g5 TR AE N A
CEERGR, FXER T SR ik, FAEEM
o S IAE 5%10" em ™ VEEAL. AR R
FONA RSP FE AR e “ D7 iz, WA
(RGP NS Z0 N

“H B BRI R, R
BUAPIRARE: 25— P\ 52 24 BR300 1 4 i 2
JA B FIME I A%, 52 58 T = A B — M RE,
IXFPIAE P] BEAZNEE ) DNA 45, 10— € H
S RTIEFUE) AR ERIEE MR, RS
= HEAEA, BRI HRS 208 s 1 i T B A % 4 e
BRIIEE BN, AL1H5E B AS T m, By
IRR Rl SR, 38— Rl R AN R & 1
IR FE DNA SPENAR, rrge—EfE T
R AR T iEE, AWmigs 7 DNA
BEK, —ERERM T MM E R, B
HRS/IRR IR BARNLHI R AN 2, (HA] L E I
FRZIMR G B NG S, HRIAERL
W74 HRS/IRR BLA I AW &, Joiner 2575
7 X v] e 5 4B B HLHIFI LET &5 27 5%,

12 RFIEREREMEYHEEEEM

7% M4 (Reactive oxygen species, ROS) & AE ¥k
P IE AR, AL O A FH T A e T
Tata o0 R MR G O S (51 e/ P e B S S = R
ROS 1/ 2] B 5 BA S50 i B Rl S 8L, 2
ot A BN B A b e B A €. B0 ROS
AAENSE CEME AKT @158, LRAN 30
Casepase JHT-1&40. UM JE B AR 5848
ok EEEAE!Y, RN ROS XiHE. RS
SR, SEABEREL. KREFRERY],
HL B S 5 R B A ) 2 L ARV AR ROS, AR

YL AEAh o ROS 77 A5 5 4 4 R 20 5 AL
RNLEER, TibEAE S Lk Re AR A M i, BEie
= ROS AW .

R IR AR 05 6 52 IR 41 i A= A ROS, 8% 1
FHE A MO, BEME(OH). TAMLEA
(H20,) 21200 3 M R A AT AR IR AR 5 i
T HE FIAZ B S5 R K o3 -, 38 mT DATAC o 40 i R 4
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P B o DY R RO RR AR, Bt R TR
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52 2 B AR IR S, A T Re e AR T U B
SE GRS TN, OCEERREREK, &)
AE AR LR A F IR SRR R, T S i Th RE,
SEEARAERZE, SHEREAEL, PrEEs
WM, U E N BV AE BN . Rl 7
WU R, B4R R S K B I R A R A )
BF,  4H B N BT AR B S R e o N SRR
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PR — B R R EE TR S S KT
BL21, HJF 7755 W& 25087 A B0 52 R 4 i L xof T 4 g A=
K18, HHIEERF DMSO (- HFEIH) Al L
AR IX RN . 25 SRR, E o A S
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55U RN K. BB EP Rl v E
FH S ] BB 5] K 55 W SN, () B EAE 5 1
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e H R S A P (Glutathione peroxidase, GPX)%%,
EATTREIE I 2 RN B ROS & &, PR A1 A 52
WA EER,

SOD & — 8 3k £7 7 T A=A N & A &8
BBt E AN, e REENEE REER
FIPE, B RE A A B B T (0, Ak N i AL A
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BROR AR AR A BRI RE I CTA, A8 HL0,
SMfEN H0 A Oy, i POD 1] LAMEAL H,0, BLHE
FIEERAZ, FICH0, &, Pk H0,5
O, k8 A TE IR -OH. X 3 FAEFEREE |
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Fig.1 Active oxygen metabolism process in cells irradiated by
heavy ion

TR IR A 7 A I A ) 2 RO R A X
FRE T VI 5 021, 515y 1 4540 SR TR 23,
X DNA [t BEMAR R, BEIRH AT HE R
ARG A A ) 2 RN K B AN LR T L AN
EA, AR 7 T A E AR RAE B T IR AR

HEMME, HOVERTRBEPT ST REE T
Ffik

2 ERTREMEYINA

FRE A\ 1986 FIFH46 F B 1 Ak el RAEPER,
IR RS ARG AR M R R L TR, AR
BEre . FsE. RFE. HUE AR T EACY, &
BT Wiz T A #1557 F MM
Y. WA EA TR R BT R R
LBV, BRTCAERM. 4. Rl 5eIF
HXZANTTNA [ EEHE.

W RS A HURRER R BT, T
KME L AR RE LR (LET) = A S A2 9 2 30N
(Relative biological effectiveness, RBE) K. 2%t I RE
102K I (Bragg 1) J% 46 3% 5% LE (Oxygen enhance-
ment ratio, OER)EL/INEEDH, AT RS 42 ) A\ SR 2
HMUERAL,  [RINENES TP E AT DL R, R
22 M E N A% A A A% A7 A (HIRFL-CSR) &2 B
AR, A ORI EEY RE
viamE L R 2R, TN, KIEEE TR
BT PR, A RITHALRER . R IR
f# e A THRIE G RE 2 MAE.

21 AWM

WAL R, FKEETHAEDTR
AL S o AR E &7 DA R 3, 164
FRZ R AE AR B A O TS 7 E KR . il
HATh E AT AR 7 MeVeu' O
B0 PROK T A 7 T R A R R AT R A A
H, R BRI T 30%0Y. B
T H'. N'. ArJEAN Ve EF5HEAR N 2 5,
FImIEH 4 Bk Ve mrEE, HBER o) Hik
HIL 94.8%, NIRRT BEMET M, N
M TV L B R UE T — R/ AFiRE . XU
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HRAR R ATX 12, %fil§ Q10 f“&E i, JF& %M
AT Q10 A= P~ A SR TR MR I N2 245% . X
BT+ 3 7y B3 F ) MPA AT F-663 28
B L. MBS AT EEHEETER
(Penicillium brevicompactum) M-51, 153 &E = #
B, - BRHZEREAT T B AN F AR, &
oL 3k R AT 7 B W R RE 1B 30.1% 1 A4S Ak
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22 WEYES

I E 3 AT S AR M R o R AR B AR
FERWAS R TN, S T B E AT
AL W YUAN Chengling 2558 N A
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VR ARAT R AT R R AR WA, BRI )
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3 RE
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i, RNV S, BN AT C
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v UA i) B B 25 5 o Bl A 45 0 ) 21T L) R A 5]
ERE, BAEENEROME, SCEEER NN
fE.

WA A BOR O BT R AR A IR EEL T
FIRAL TR . PO R . EmE A
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Microbial mutagenic effects and mutation breeding advances induced by heavy ion beams
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ABSTRACT As an efficient and typical radiation source, heavy ion beam was widely used in biological
mutagenesis breeding. The heavy ion beams of different mass, different charge number and different energy have
their special processes and effects when interacting with the biological cells, which underwent physical, chemical and
biological three stages, and led to end point biological effects ultimately, such as low doses of radiation sensitive
phenomena and active oxygen metabolism changes. This article focuses on the primary endpoint of biological effect
about the micro-organisms after the heavy ion beam irradiation, and the achievements made by heavy ion irradiation
for microbial mutation breeding in agriculture and industry field in recent years.

KEYWORDS Heavy ion irradiation, Low-dose hyperradiosensitivity (HRS), Increased radioresistance(IRR),
Reactive oxygen species (ROS), Antioxidant enzymes, Microbial breeding
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