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A-CT’I‘GCAGGCA'I‘(;‘xéGATch'ruATc AAC AT AOCAGT twué\ﬁ" AGACTTACTGCTAGCAOTGCA
a) tOAAGOYCOBTAf."Q‘LCtAOCGAﬂTAG AT A GCATCORATCTOAATGACGATC GT CACGY
* ahcabavcasr o ELA% TcrAoacryacrocTagcaerech
b) GCATC  ITCTGARTGACOATECTEACOT
SAlTcOCYQATE -
b A - —_— ‘ CTAGACITACTOCT
) TECTCACOT
TYGTATCOTEATCACGA
k3 4, YACY
ASYL BATCGCTOATC & A SAT, e
o = G T L T
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: R YGIATCCTCATORCOATCOTEACET
—BAR1Y GATCQCTOAYE JAGACT .
4y = — , e AAC ATAGCAGTA C TG AGCABTG CA,
—— TR TR TR EE LTI P T STGTATCGTCATOACOA TEOT CA COT
N .
ASLIS GATCOCTOATC 2 NERVEERR(I)—EERER
® HERAE. (@, (OIIVEHHBR;
armmsvaly - & o
T ACTToZAECCATOCOATCOCTOATE (©> SMIBEVER, MEDET I EIRIHH
BEIXXFEFls () FEi; (e) (D) fIRFE
L8CALSSATAS QALERETOATE L, & REREEEFR.
T RFEEEA SRR AKEE,
ACTTGCAGCCATGE OATC GC TOATE Fig 2. Repairmodel of double-stranded breaks
1 WEHFRSEEI(1) SERHE (I) Telomere-break joining,a) and b)
' . o S N ¢ telomere and formation of double-stra-
WX FhEY gk 2 8], X
éggi%é%??&giiigg’%é nded break, c) exonuclease degradation
A, %F‘Hﬁﬁﬁﬁ’;}—ﬁiéﬁs %”’,;EE? and opening of telomere by endonucle-
35@@%@%3@%5%%{2@@1 T= ase,d? overlapping, e) and f) f:xcision
St kB, a) DR, b,) 5 unrepaired bases, polymerase and ligase
Eﬁ{’;}fﬁ 'ifE_]?E%‘eéﬁtAﬁ%; oy THHi 2 actin, This repair model gives rise
-3 3 = = .
&34k DNA, d) ik, BEoAREW to chromosomq mutation,
% DNA JU, e S Hik D SKE o _
, FEZ IR, oD IR B A L B AE AT AL T AR B
Fig 1 Repair model of double-stranded breaks

(I) ——Reciprocal Recombination. When
this occurs between sister chromatids th-
cre should be no genetic deffect, When
his occurs between homologous chrom-
osomes it can give rise to mitotic reco-
mbination, When this occurs bet-
ween non-homologous chromosomes at
regions of repetitive DNA sequences it
can give rise to the formation of chro-
mosomal aberrations a) double-stranded
breaks, b) exonuclease action and ho-
mologous association, ¢) hetroduplex fo~
rmation, d) unwinding and second he-
teroduplex formation, e)reciprocal ex-
change of DNA helices, f) polymerase
and ligase action
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a) CAGATCCARIGTAC C R CAGAY ccAMETAcc GACTAGEAACTS
qTCcT T &Y ey e ¥
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= 5 RO AR AT
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¢) = —_— c T T
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_"_CﬁA.-_(ﬁFﬁI‘\EMML f) cgggzcﬂwgsﬁ JALGAAC 15
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GTCTAGGTACATAGCTGAT CC l GTCTAGGTIRJCAT GEETCATCS

MREFER AL oW, RETEE B4 REHBSgE) —ERER4S,
M @ ZEEERM o REVERK, 2347 DNA 5552 % DNA REREIR
WRE D SREREHMIER. =% (HREETHRERREN), FXE
Fig 3 Repair model of double-stranded breaks EEABRESINER, RERTREE
(II1) ~—-Non-reciprocal recombination 5, RORET,
with perfect homology a) formation of a)-f) EE 3, 8 BETFE LSRR
double-stranded break, c) exonuclease ° h)‘?g"a)\IEEﬁﬁﬁiﬁ, =RTsEE, ) BE
action and association with homologous , %'% FHREREE D BA 55 BRR B TR,
DNA, c) nicking and heteroduplex for-- B EEE, :

_mation d) polymerase action, €) heter-
oduplex release and overlap of break,
f) polymerase and ligase action,

Flg 4 Repair model of double-strabded break
(V) --Non-reciprocal recombination
with non-perfect homology.a)to f) the
same as fig 3, g) excision of misma-

E(J-—'/l\ﬁiﬁlﬂ‘rﬁfﬁzilﬁ] MBI AE AL tched bases in newly synthesized stran-
R LA, ERMERT, RE5H ds, h) correct base inserted to give pe-
——/I\E%ﬂi??’i%:%%ﬁﬁ %%“‘4\%%%&% ;fect r‘epair, i) excifioril of ‘mismatched

. ases in templates, j) insertion of bases
JUABREERT B B NER D — I Bsumy, A which paired with wrong bases in the
B FA B E R R — Rk B R, *n 2 _ newly synthesized strands, resulting in.
B B SRR R, b RBRHR point mufation.
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il ﬁnaﬁﬁiaﬁﬁaﬁ/\ﬁ’%%%‘@ﬁﬁﬁimﬂ%&%ﬁﬁﬁ

8D? = 2npk (1 ~QK)n,u KD 1/,l°1 (5
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8 EHTR SN TEEE 5 %

SR KL HRE L.

% LET §f 23 R a0 3 i L R4
2. NEHRHNE

WS SR R MM R, JHREF DNA 4 FRANTF 10° %K. % DNALST
BB 10°, BT AKEELEETEL, BENESTFE. XSRES BN RER
HIBRER 0.1-0.2/10° F/RYI/Krad, Frid R % 2B KT 5 - 10Krad g X 51 BB 5 S,
T 6 FH CR e B B LI o T R B

B—Fhy kR EE, ERTRAN DNA 4 F, [ERBRTRARS FRL FR HEKER
Wik, FrUURERBHETTYSFR. '
3. MEHHANBE

RILIE, AMTARRT —end i 8 58 s i 5 oK B0 48 (AN A ER & M. radiodurans) 5h, 4§
Jar B8 WS RMEEN. BRIEE, SHARBAEEEE KERGNED, fltn, AET
50 Krad [ X 5 2% FR 51 28 fh 3 52 A0 450 IR 4000 (CHO), 0% MBI BT 55, B E B
B )R T B E N, —BALNE), BREARBRTONERREENEEREET: W
HAMBRREEEHRESR TASNZIENBENEHERMERESILEH, ERENR
O 45 7 24 9 5 2% 50 B R 3 R BB AL

RIES RGN ﬁ%mo%ﬁaﬁﬁmﬂ%%%Wﬁfmﬁ?Aﬁ@ﬁﬂ%%ﬁ%%ﬁ
MIFE#RL) DNA SR BIKE % KEHKIE, ERNBERRSRERERERFY, BRAHK
EENRTFERERMNE, SRITE, NEGNBERE—BERIR, RAELTERRNHE
R, BEEER S (error-prone), kBT E recA R HAR R STV f (RELR HORE
B rad 52 SSTE R ERIE S AR R, 127K DNA EATNEE AN EE NBERLED, B1-4 %7
I 45 T BB LR BB 4B S AR,

HA, 15 48 T R B B

bR, R B WY & A B Ndb =aD +8D* 44 1, Hh AD* WK RHAFHNLE LA
RETBR BRI RN S, B BEEBS AP REERNR R4, A HE 48 R E
die, MBE-THNEEIHRERBERES, WBES TR, ENBREIESE /BTN
R E—MHHELPEE, WB=0, FMUTENBRN,RZADXE, SFPEKMAGFENE
MEREARRES5), (1) AERHK. FAERBRE, CRHENERNTETSREESEE, XN
Ndb=0oD +8D*, (2) BHRHGRX. FERRE, CERFEFNEARN, BZNRENIOGELHE—
HMEIRNE RS MBS, RENRNRS HBEIESE F—KEHPER, Xt Ndb=aD, (3) ErHE
SR, FNERNTRERHXMEBEEHXZE, ERHFERNSG REHRAEERE, XN,
Ndb=aD +8(t) D*, R#BMWMEIE t TEL, t 8D, HBRREK, Eﬁ&ﬂ@i%%?&mt@ﬁi
F. WEE L AR E ERANNEY R, .
TR EEEHE BEEAET BRERENNE LBERHENE %i’?ﬁﬁ'hﬁﬁ?ﬂﬁﬁ
B, shECRERD, LERIBEND IZHERELRN, BEXSREEEAX. B
Wi BB S B (L EER 24 X 4186 J/mol 4+ F, DUMEFREREIL (4.8 X 107*Cy/min) ZEKIR (2°C)F
g, MENAEMATTHRTES. ' .
S = Kexp[ — (aD + BmaxD*]®! : (6)
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it EF', S#D ﬁﬁﬂﬁﬁﬁiéﬁlﬂ@.mﬁﬁzfﬂﬁé’%ﬂ@ WI%W‘HE](’]\E‘}) lrlradiation tim(f(\lﬁ)
AR, aMBWEAXADR, bmex RIFRA ——
BERNESHEY B ELES), FRRERN % Chronid  EME  Protracted ' ycye
FEE, BREBSHORE, N8R gLor Amax
R KL, BEEOIEEDER (6) R, REM g
Bmax A5 F _ §0_5 X
. dD g
B(t) =2Bmaxq1 —|1 ~exp{ —-AD/ " - co !
{ [ ( dt )] 0 . 001 0.1 L0
te) ) FBR (Gy/5) Dose rate (Gy/min)

S2p 12 ap NGE
: . i B 5 BEEHNRREXNE
R, VRESETHFEHRGHEY, BEER Fig 5 Dose rate effect of ionizing radiations,

ik, AESRERNBEEEKIEL. LT :
BB ERELRER 2.67 x 418.6 L/mol, SRR MBS WELRBEIL. LB R RENN
BEMUBIERGEEN—B, REMBEESNTERANNEERE, EEOESET
FAERURT R, :
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Prageria Syndromé, HGPS) & 2 *1{5 & #3254 % % i) DNA BaR R 898E /1 (X T DNA $i% 36
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IONIZING RADIATION-INDUCED DNA STRNAD
BREAKS AND THEIR REPAIR

Su Zaozhong Luo Zuyu
(Department of Biélogy, Fudan University)

ABSTRACT DNA strand breaks are the main biological effect of ionizing radia-
tion. Single strand break is induced by a single hit of irradiation and thus has linear
dose response curve. Double strand break can be formed not only by a single hit, but
also by the overlap of two close single strand breaks located in the complemental stra-
nds. The dose response curve of double strand breaks is linear —quadratic. DNA strand
breaks can be detected quantatively by various physicochemical methods. Cells are able
to repair both single and double strand breaks. The mechanisms of repair, however,
are not so clear as those of other repair models, excision repair, for example. The un-
repaired strand breaks are lethal. Single strand repair is error-free. The biological ef-
fects of repaied double strand kreaks remain unclear thus far. Deose rate has plays
important role on the biological effects of ionizing radiations.

KEY WORDS Single strand break; Double strand break; Effect of dose rate,
Error-free repair; Error-prone repair.



