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Injuries of normal tissues following radiation treatment
still prevents the delivery of optimal doses, which is
detrimental to treatment outcomes. Radioprotectors for
normal tissues and radiosensitizers for cancer targets
with few side effects are useful for radiation therapy.
It is well known that irradiation of tumors and normal
tissue triggers DNA damage in the affected cells. Thus,
we investigated whether the candidate reagents affect
radiation-induced events at the DNA level, as an essential
step for clinical applications. We selected plasmid DNA
assays for fast screening radioprotector/radiosensitizer in
vitro, as these assays are highly sensitive and allow easy
detection of DNA damage. We focus on the effect of gold
nanoparticles as a radiosensitizer and amino acids as a
radioprotector.

Keywords: DNA damage, radioprotector, radiosensitizer,

amino acids, nanoparticles
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Figure 1. Radioprotectors for normal tissues

and radiosensitizers for cancer targets in radi-

ation therapy.

(Fig. 1). A5 RCHAHEHZ /NS <35 L BAH
FDOVAIBEE DL, WITHELIREHEEZ K& <
T2 L IEHHERORENE L 2 ESEE 5. BUR
DGR X, IEE ko R RO LR X Tty
MAWRS L Q0 d, SRR R USRI MEA 72 Bl
b, EEANOREHEIZ, WA EFHL D FEE
BREZD, B3 L HaRaRiRemonizus
DD, Ledo7T, b LIEFHMBKOMAEZL &
EF3 e cENR, AHTIYBEEE S 2

EWTED, i, HEITZHORGELT, LM
ADARDIBEFRIEZE 2 ED 2 2 EnTEUL, MU
YRR T O IR O B2 RIAL 2 LN TE S,
TE 5 R O B 55 2 R0 9 2 3 & U CHUH BRI A,
FEAES O R RS2 M %2 10T 2 3841 & U C e
DhIUTHHATH S ).

SRR T A MBI FEIL T 2 DIF, RO b O
DIV X =3 AMIBIC N S 3, Z DfGR, Fi4
T 215 ERE (ROS) 12 X > T DNA 2386 % 52 \)
ZIENEELE RS, Lo T, BAMIEEIE
ICHEIR S & 5 7o 0121, SRR T D ROS D ¥k
HEEMTRE L EANEHEEZ oD, WK
HERRIC X 2R AR B O ZE TN A T, a2
T 2HAY 20 L, L7 ROS O “Z53” % FEB
TEE, ISR 2BEREON L2 HIfFTE 5,

Lo L, BEEBAEY O REDILE LIRSS 220
D57, R S 0TV B R AR R By A1,
BRBDHIEEAERNSY EHFEEYHL L L

T, TR RATER S O S B A O EHETH 5
&% Z, FEl2 ROS A HE % &4 3 2 3R o %k
ZHED T E 72, BERFRAIRDEH OEEA D BT L R il
DYTHY, MERE»OWIED R T v 7% B gins
b5, HERRE (e F) i<, BEBROMmEsE
BRCORMEDERPBEL %55, T KO
PR EHIBEF DBEAH A3, DNA L ~ )L TR FEFE D
ARY NHER G220 E)p2Ho2ICT S E
%, ERICHD 72O DEHEL AT v 7 L% %, DNAFE
Bz, i@k b bR RCE SN, Bl
BADRA 7)== 7@ LT3, AFETIE,
FRERGER B A 2 BHR A2 ) —= v 7T 5 F
BELT, 77AIFDNAT YA 2MEHT2, £
7ol DEF ORI % thic, BRI ERA & L
ToOEF /T, B8LOBHEBRERENE LTI/
PO Z BN T 5.

2 MMEHREEFD "#I L, 1K DNA OEEE

5T O TR IS /B RE A Dl A3, DNA L )L
TR DA Ry M ELR 522089 %
ST 5T L, WRISHICATEERRA Ty 7L
%%, RGBT D DNA 815 % in vitro TEHi§ %
HEELT, 77AIFDNA 7y 2ADILL bt
T&E0, 7523 FDNA ZHHT 2 XY v kI3,
DNA B DM KL 23E <, DNA BRIKEIE &)
iy e ik cERLTE S 2 L, FERNE
(e EBFETFoND.

77 A3 FDNA X, NE%Y v 7 kd DNA (~
¥ kbp) THH, EETHIEZ B0 CEE T 0
OF (R7y—) ELTHbNTER, b LIFEME
Y (KW L) KHET k0BT TH 2, E
Flx, 77 AT FDNAICKH LT, T bDAf A= %
FioTwa, KIBE» WML 77 A3 F DNA
i, s inL) hiiowARERS TS
(Fig.2). DNA I3 "HLBAMETH Y, SHA N
GOy F FI10EHNT1 ¥ —) Z2Fo>Tw3,
ZNID L EIPNLNFEDPNIDT D E, OF
AZBET 5701 Tl 4L, BoEAIRE
(supercoiled DNA) & 72 %,

77 A 3 F DNA %, DNA B{EaHliDFEE I %
DIE, BRBFERO/NS 5l (V) Y BEEOUIN) %
KEBWOEIHIEL TN nr6THD, 774
S N DNA IS 2 a2 &, Yllia Logaix
o ARTH 508, —AREYIK (SSB) 1T k- TH
W7 BHR  (relaxed circular form) (2t 9 % (Fig. 2).
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Figure 2. Form changes in plasmid DNA in-

duced by radiation'.
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PRSI 2 G iz kD 510,
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DAMBCIN S 4, Z OFER, FeET 2 IE1EE SR
(ROS) IC k2% DNA #HEEDEI &R L 2%, Licdio
T, BAMMED AZTIEI 5 7-DI12iE, 2YAMIED
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% 115 5 (2023)

EWEBEICR D, BRTFES OB E & <K
INU, R 2V =% 5222 ETHETH 5.

I 7 =7 & (HEO,) 1%, i Ft AR of
MoF 7 HHE LT, WRMEHD 2019 420> 5 KM T
BE->T05, RINETEOWEEANEIZEH L, Phase
I D% faR R RER %2 1T o 7= 5, 58828 L 7673
Reonz®, A FVv=ous (Gd) F/h19, 7
7FF (P) F /R L, flhoF 2 ki TIEAIDIL
SHRE RS S 79 22 FDNA 7 v & A4 ZHwTw»
COoFESINTVS, Bl N7 =7 2DRIGHIC
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9 %720, F&5, &F /b7 7 AEMZ B
L, DNA gtk % Ffo4:7 7 b %2 ba% L 72 (Fig.3;
DNA /% AuNP). DNA E£5 253 % DNA 1
Ri&:T 7 BT OMESIREZFTARIL LS, KXY,
200 £5-3,000 £% 7 IR T+ 7 DNA 1815 DB %
B #1565 2Hon, &F /NToHEZHS T
8 ) MR D 728 D AR % 157210,

S SITRZBRE N Z LT, Aok, PEICIZAIR
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TH FERROBER R 6 Nz DTN T 5 17D,

DNA BERHIG:F 7 Rif (+AuNP ; YRR (1.4 +
0.4)nm) 12X LT, MVXFRICK-oTHEHRINLT I
A 2 F DNA {5 BNMIEEOR R 2T, & ()
125 L 72 AuNP (-AuNP ; “E¥RI£E (2.2 + 0.5) nm)
DR & L L 72 (Fig. 3). DNA BEYRIEF / Kiv
i, & (64 ng/ml) THEIZZLX— X BFEHKD
DNA #5 (—AR$#HE X QRGN 1L THE
AR AR L 7, MEMEE I REE LT,
Dose enhancement factor (DEF) %, DNA 85 (GE#lH
D) /DNA {5 (FEHIZ L) Ok LR, DNA
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Figure 4. Damage of plasmid DNA irradiated in the presence of gold nanoparticles (AuNPs) as a

function of radiation dose irradiated with MV X-rays. Panel A: Supercoiled plasmid fraction as a

function of radiation dose. Panel B: Linear plasmid fraction as a function of radiation dose.

BERHIG: - 2 Kif- (+AuNP) @ DEF 1%, —AK$H]W;
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plotted for PBS (open) and TE buffer (solid).
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b LIETIEZ% L, DIRDARINERIVICEI R 2 F R
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W&z k> TAEL %2 DNA BTN LT, DEXFF
ZVDRESREZH S T LD, ZowfETIE, &
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A CEBEICHN, LEBLXUODEXFA =iz k
2 EN I DE O & RS H, DNA HE IR LT
LB LD KX F4 = v OME#ENRICHE & X
72 <, DNA DIREIBERRIC K >TELE 7V AL
DHEEHICE B Z Ebhrot, ZHIZXkD, DIF
BXO LM X 28R 0@ 1, MERIROMEL ~ L
OREIRBFEIZ X D LU T 3 A[REMED R S e,
FEHOIX, I olc, HFTFHFEIED DNA B
TAMRED AL LT, 'TDIEAF A=) Dok
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CETEHRRRIRIC B W TEENEEBICA D P TV E W)



REE i

Mz RS 2 2 LICHLT 2 LS s, B,
TR FRRER DG H el & LT, 5127 2/ Rk
BiR E2RRBL T3,

5 RELEZ

ARTIE, BABERBIRE &I 28/ L LT,
HEES D U R B A E A (T o0 % ), IEHRHAR D
MEEEARD (T H %)) DBFRDO—IEHAN L.

F P SEA 23 DNA L )L CHRUSHR BT ORI 5 %
BT 20, A2 V—=v 7T 5HEELT, T4
S FDNA 7 vt A2k 2HEHEDOUFRSE %2 i i
L7z,

i L RD 79 2 2 F DNA % 72 DNA 25D
MithZ, A5 % ke o ST, Mk R 2152
TENTES, FEHIZ, W TY Y VR RD
SR INESFEEEZTHS, — TV 200
RPN H 5. 1) 77 A3 F DNA BEEIX, flR
INO DNA JERE X D 3 ~1,000 f5 04 F, v, s
J D DNA BEIZMBEERARFEER E 2D, EEERIC
X % DNA {5253 288 125 5415, 2) SSB &
H & FEE L € DSB M2 97 2 &L AMEK V>, 3) DNA
DY VIBEOYINOFHIGICIR S 0, HED T, ©
TS TE TRV, EYEERO TG HEA ST
HEHLTED, 58200 DT % BEHRAEYHICH
DA77y 77—t b, AHEEZOGNS,

SRR R DRl & LT, &F 2 KRB L 7.
PIPEIZ X, KV & MV X BRISR LT, #5410 £%5-
100 fERER L > TH LWz T L PRI N5, DNA
HEIXFRBRETH > 7. DNA L )L TRRAEYERN 72
PRV EEZ NS, EHINTIEH 503, 1L
EZNSE, Lo THEE ) 2BIRL Tw b DTk
o l, EHIIEZ TS, BSOS,
RIS . (&) 7 /7R TRIETED X I IiF
PEEFERE (ROS) DMERMIES LTV 200, HG D
T3 EVBHHTIE VWL EEZOND, 26D
e, NV 7 LidEB e, EE0F 2 KTFELT
OWEZHICHATEZARELRS 2 EHEZ TV
3. DAY, IS5 ICEIROEF 2 R3]
DHFEAFEZ RO TE D, BAF 2 X274 > v DAl
HEHIEL W3,
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B o T3 F BRI TIE e Wh EEZTWS, £
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