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DNA [FEERFEHROIEVFTHY. BELEENLELEEE. OVLTIEHNADE
EDIREIZAEH[1-8], LML, DNA [FEKRRATEICELLHERK B, KDL
MG . KIS OEEHRIHROBHLEEIZK>TEZICIBETHIENION TN,
DNA [ZHEIHILFEHBEHELT. IV DRTI/IZKEITVIVER. TT7=0D
RTVNZKBDT RS9I ALDERK. T 7= DT ILFILEIZED 06-AF)LY
T=UDERK. TT7=VDBRIEIZED 8-FFV T 7= (8ox0GQ)DHERKZE LN DH
Mo TWSD ., ZORTHLIFFICRIERIGISEBELTHEET> TS, BR1E
[CKYELBHIEHZBELTIE., D 8oxoG NEELLENSN TV, 8oxoG [FT 7=
XYL EYEREIREZZ(TX0F<[9]. 8oxoG DAERIZHLNTIL 8oxoG TDELD XY
% 8oxoG DEILLAHERILERMMM ZLERLTNSATEEEAH S, LML, 5L
8xoG DILLLMILERMICEAL TIEHFEVARINEATELT . CNODENE
IO LT DONABRLIRE DR EZSOIHEMICBRBAT AIENTELD TGN E
EZATLNBELLTHS,

DNA [ZHFDBIERIEELT, ZTV b RIGPERBMSTHIROBHZFICLYELD
ERBXISTAICONIZLDED . RILAFIRIZKDRIGORILI ) I RA
FRRHLEBFICELS 1 EHEEBR(0)IZKEZED., FIETUAVEERDRIEOUR
TSEV(RP)IZ UVA ZBEILI-I5&ICEIS 1 EFRIEICKZEDNHONTINS,
COW. 1 BEFEIEIE-OH %0 '0,[CLHERIEEITELY . BR1EITK>TDNA EIZAEL
F-EWHM DNA H EZREBIELEMOEVMERFTTRHL. TOEEFEBEIELHL
LSRR EZEBL T S (Figure 1A), RO T EBEDELIICTAH AT 1BEERHED
DNA [ZXL T, *OH ® '0, ARG T %156 . REZITTRIET HDIZxtL(Figure 1B).
1 EFRIEREDGE. BRENEERA CTECOIRIZELEA. BRIEIZKY AL
BRlL DNA S EZB LT . BENBTOEBGERESITRITAEEMENHD
(Figure 10)s COKIGHFHEFDORAMND. 1 BFRILIZTOVWTEBLIZHARZIT
1=
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Figure 1. One—electron oxidation. (A) Electron transfer (B) The oxidation of chromosomal

DNA with -OH or '0,. (C) The one—electron oxidation of chromosomal DNA.

4 DORA DNABEST TV 7TV IV  FIUOBILELMITZENEN
129, 142,16, 1.7V THA=H. ChoDI>6T 7=V dHmzb 1 EFRILEZ(TOT
WEWRB[10], EARFOEERERIIOLLOMNT 7B ERESIELTHMLN
TWWBAW, Z5LII 7o B BLESIEBYLGERBAA U DHREET 4XEEEER
RTEHENRESIN TULVS(Figure 2), F < (X 4 KEFHRLI=DNAIZHE T, ¥
T=UlE 1 AH. 2 RELIFELGDIREREICHD-0. TOBILERMICELD
HLHDTIIBELIMEEZ -, ZLTHILERYDIESRE. fIE. EXRFICENDD
F=BIZIE BIEICKV ELHETHORILAERMZ—BEEL. BETHIENRETS
EEZT. ZTLTEDIIIZLTORMILERYMZERT HICIETE ST RV ESE
AWSLENH o110, R ITZBIEL 4 KR ER R ATRELERS] d(TGGGGT)ZE ALY
T RIGEIT o= BEBRIEERYITERENBOH TR0, BRILERID



BIEZTOLETIIBEEDXHMESEIZ.NMRTALT, KHYIZHPLC, ESI-MS, E
RYSUMBEHAEHETITIHAEREZRAL[11-18],

ABDENVETITET 1 KIEE 4 XRED (TGGGCT)DER 1L 4 A% FEMIZLLER
L.4 REOBILERMMN 1 KEOELDEIFALMNILESIZEFBALMIZLT, F-.
BRILERYIDIELE. (LE. E0EVEZRILBEROEVNSHBALIZ KILVTE 2 &
TIESSICERRNT—RMICHALND 2 RETOBRILERMZEHMICHERTHIE
TE 1 BBV TREL-RIEBREBOEVCKSBIEERYDENENSEZIMN 2
AHBEICEVWTERHRICHEG TESZEFHLMITLT,
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Figure 2. The structure of single—stranded DNA, double—stranded DNA or quadruplex DNA.



FT1E 4XEHDNADHREICKYSIERIShDIT 7oA RILBEDER. B &
UBRIERIBEDEE

1. &R

BERFEHROEBEVDF THAHDNABEFREDDRMROTELDEMHEZFICLST
BHICBRIESNBZIENFMON TS, HFC 4 DORKIEREDA. Y 7=VIERLE
SIEIEIND, INZ T, GG *° GGG &EWLVo=7 7= DEGELI=ERSIFIZH DT 7
SURBEBMD T TR TIYEBVNBRIEBERZF DO LYBRSICEILEIN ST
ENFIBNTLNS[12,13,19,20], -T. EAHB D DNA [CEALTHI 702 EIC
BSOS ILBRIEICEDPEEEZTOTNEEZIOND, CDEIBTTFTUEELE
FDSELONEERRNIZE FHEELEIIELTHONTEY., FIZIE DNA Kim
DT AATEFI[21-23] A REIEF c-myc DT OE—F—HELF[24,25]F A K<AN
BNTWD, Flz. IOLII 7oV B ELERIIT 4 EEBEET LD ENTELEMS
nNTHY.JT7=2 3-5 BEG ) EFED 1-7 BEN)DSHSBEF GysNiGas
Ni-;Gg-sN11G3s & 4 REEFKATREE AL L TR ETHE. V¥ /L LITHITS 35%10°
LIEDEEFIN 4 REEEH R AIRETHAEMESNTIVD[26,27], &L (FIS5LI-4 K
SHDNAHIZEITEHT 7= BILINTIGE | RIGIREDEWVWAS 1| KEFDT T
ZULIFRL LRI BREEEAD TR EEZ =, TDEHIOHAETIE 4 X
fHEMRLT-DNA % HPLC [TkU BB, BREL . L0 7=V BIL £ % 1 KK
DNA DELE R E LB LT=,

REfTHON-BILIBEET TIIBRUEBIZLDSERIN DD fEE R Z -HENLE
METO>TWADIZHLT4]. COMETITFICRLESDOEE. 2. MEEXZ—E
[CREMTT AL EMELT. BILIBBEEZ L /AT —% HPLC ICKYEREL. B
BERINETOIZEER ATz, TDH. CORBRIZTH T 4 REM K ATRELRED T
I)J3<Y—DNA T#%H5. dTGGGGT)Z L /=[28],

2. FEREBR
2.1. 4 & §¥ DNA DR L BBk

dTGGGGDIXBZA AU FHET T 4 REZHAT H1-H. COERIZELTIX K
ZMASHIET 4 R dTGGGETD R E ATz, £ . d(TGGGGT)IZ 0.1 Ff=I&



10mM D KCIZANZ.. 80 COZFATS HEIMEALI=&. KLTHHL.COZARIEL
fzo TDHFER. 10 MM KCI ZEMNA = BID YT JLTIE 4 85 DNA (248975 260 nm
oy &L1= CD DEMAR S t=(Figure 3A) [29-31], —75. 0.1 mM KCI #/nZ 1=
YU TILTIHID EKS% 260 nm [ZF TS CD DEMIEFEZRINAE A oT=(Figure 3B),
ZDTEMD 10 mM KCl R TIE d(TGGGGT)(F 4 AEEEFAL. 0.1 mM KCI Tl 1
AREEERDIENFEREINT=, RIZ CD BIFEIZALV=. 0.1 £=IE 10 mM KCI FET
@D dTGGGGMZESEIX HPLC IZ&k>THEHTLT=(Figure 3C. 3D), ZD#ER 10 mM
KCIZMAT=H>FILTIL 8.2 min & 180 min [CE—OMRRESN-DIZxL. 0.1 mM
KCl #MA =9 >FILTIL 82 min DE—VDHIHERINT=, CDO LMD, Figure
3C.3D IZHIT5 8.2 min DE—/IE 1 A4$H DNA, 18.0 min DE—(& 4 &A$H DNA T
HBEEZT=. FD1=8 Figure 3C [ZFF5 18.0 min DE—4% HPLC [TKYBEEL .
NERXATATE—FDILIMARTL—AFULEEDHT(ESI-MS)IZKY fEHTL
fzo TDHER . HUDLAF % 3 DE AT 4 K88 DNA (m/z 1889.80689, calculated
for [M]* 1889.80493)% R Hi T D LM TET=(Figure 4), l5EH. BEEL - 4 A8 DNA
(F10mM KCI#. 4 °CT 3 HEIBEL CHLAEREICKYALS 1 KREH DNA (L 4 %LUTF
LV Shamo1=(Figure 5), BEDEETIZH VT 4 A$H DNA D HPLC IZLBHE
BEXATEEIZE TSN TULVHA[32], ERICEBEEF T o-DIEE LA HLMEINEYIHh
NIELHTTHS, REXTHRATS4KEDNA T DT 7 UBRLE R D EHTIZ (T
COHEBINT- 4 K ITGGGGMZRAWLAI LT, KUEEIZ 1 REHEDLLEEITS
_EMTET-,
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Figure 3. The CD and HPLC profiles of d(TGGGGT) in KCI. CD spectroscopy was performed in
(A) 10 mM or (B) 0.1 mM KCI. HPLC analyses were performed in (C) 10 mM KCl or (D) 0.1 mM
KCI. Samples were analyzed by HPLC with a COSMOSIL 5Cs—MS column (Nacalai Tesque, 5
um, 150 X 4.6 mm, elution with a solvent mixture of 50 mM TEAA (pH 7), 5-30% CH3;CN/30
min at a flow rate of 1.0 ml/min) and monitored at 260 nm absorbance in panel C and D. From

ref. [57]. Reproduced by permission of The Royal Society of Chemistry.
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Figure 4. The mass spectrum of the quadruplex DNA containing potassium ions (negative ion
mode). The raw data (m/z 1600-2200) were shown in panel A, and magnified charts (m/z
1889.5-1892.5) were shown in panel B. From ref. [57]. Reproduced by permission of The Royal

Society of Chemistry.
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Figure 5. HPLC analysis of isolated quadruplex DNA. Samples were analyzed by HPLC with a
COSMOSIL 5Cis~MS column (Nacalai Tesque, 5 um, 150 X 4.6 mm, elution with a solvent
mixture of 50 mM TEAA (pH 7), 5-30% CHsCN/30 min at a flow rate of 1.0 ml/min) and
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monitored at 260 nm absorbance. From ref. [57]. Reproduced by permission of The Royal

Society of Chemistry.

2.2. 4 Z§f DNA (25T 2B L £ R D fR#T

COLTHBESNT- 4 REHDNA (&, HIEREFITHS RF DFET.UVAZERHT S
CETERAEEITL. g | REOBLERYELLBLID, ZDEE RF HY 4 KEHIC
HLTEDLIBHEFEZENHALNIZT 5-DNDEEEIT o1z, £9 . RF [ZxL
TRE|D1ARE, F(X4AREDNAZMRZ S EICEDIENBEDETERIEL =,
TOHER 1 A, 4 KEEIZ RF OEXEDRoNT=T-5H(Figure 6A, 6B). 1 A$H. 4
ABEFRIZRF LDFEEDLALNTZ, —FH .1 KEH. KLU 4 A6 DNA ITXLTRF
ZNZ1=F5. DNA DEEIZEILA HSHM % CD IZKYHEI O T=(Figure 6C-F), T DHE
B RFZMAZTEH 1 AREH, 4 A$H DNA @ CD [T ZEb4L > T RF £ 1 KEH,
4 % DNA [CHEE T HCLIETESONSEIDRIGEH TIL DNA BEICHEEZ SR
BWIEAFEMDLNT,
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Figure 6. The fluorescence quenching and the CD spectroscopy of single—stranded and
quadruplex d(TGGGGT) with RF. Fluorescence quenching of 6.25 uM RF by (A) 0-2.5 mM
single—stranded d(TGGGGT) in 0.1 mM KCI and 5 mM cacodylate buffer (pH 7) or (B) 0-2.5
mM quadruplex d(TGGGGT) in 10 mM KCI and 5 mM cacodylate buffer (pH 7) was performed.
Ip indicates the fluorescence intensity without DNA, and Iy/I indicates the ratio of
fluorescence intensities. CD spectroscopy of 70 uM single—stranded d(TGGGGT) in 0.1 mM
KCl and 5 mM cacodylate buffer (pH 7) (C) without RF or (D) with 7.5 uM RF, and quadruplex
d(TGGGGT) in 10 mM KCI and 5 mM cacodylate buffer (pH 7) (E) without RF or (F) with 7.5
uM RF were analyzed. From ref. [57]. Reproduced by permission of The Royal Society of

Chemistry.

Eig (1= 4 A8H d(TGGGGT) (700 uM) 12 10 mM KCI MR 1=HD . HBULME 1 K
8 d(TGGGGT) (700 uM) 2 0.1 MM KCI ZINA =6 DEAEL. 75 uM RF FE T . &
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MMEZFBEILTHPLCIZKY T 7= DERIEE BT LIz, CDEE 4 REILERIE &L
PIDEMIZE>T 1 AEICEBELTPLEEZON., BBILETORNZEIToEE.
fREELT- 1 REMSDEIEERYAIEMLTLEL. 4 REORRILERYED X
D OWGELIE>TLES, Tz, BILERMIFISOLIBRIELEZTH3DEZL T
ILETOBITTIEERYMOBMEML ., DEELNREICHLEFEINE, —F.H
FYIZEBILETORRETOIGEICIIBONSEILERMDENF L. B
HEREIZLHEFEINE, TITSE., 1 R, 4 KEEHD DNA [BEDXESE
(Z[15], 20% D ERIE SN T IKRE TLEZFTHIEEZR. FT 1 A 4 KEHTNTLD
RISEEIZDWNTREHT U =, 1 REEICH L TLESMEZE 0-3 min, 4 REEITH L TLEIMR
% 0-30 min, ZNZNEEL. HPLC IZKYEHZITLN . TDHERZ Figure 7 ITRL
Fzo $ER 1 AT 4 AEIVIRIEEEINEN oIz, BH. COFERITBEDRE
E—HL TLV3([33-37],

A B

100 100
9 \\ 90 \[
o T~ \

= 85 = 80 =
80 N \
75 N 70 ~
g
70 . : : 60
0 05 1 15 2 25 3 0 10 20 30
[min] [min]

Figure 7. Time course of guanine oxidation with UVA. (A) Single—stranded d(TGGGGT) (700
uM) with 75 uM RF in 0.1 mM KCI and 5 mM cacodylate buffer (pH 7) was irradiated at 365 nm
for 1, 2, and 3 min. (B) Quadruplex d(TGGGGT) (700 uM) with 75 uM RF in 10 mM KCI and 5
mM cacodylate buffer (pH 7) was irradiated at 365 nm for 10, 20, and 30 min. From ref. [57].

Reproduced by permission of The Royal Society of Chemistry.

RIGREDRFEITERN S, 1 RETITEIMEE 2 min, 4 REHTIL 20 min BT 5
ELH 209N BRI SN B ZEN o1, ChioDBEERICHE L TRTET-
2o ZLTZDEED 1 KEH. 4 KEHD HPLC Fr—hEFNE L Figure 8B, 8C IR
L1=. &9 Figure 8B IZHLVT., 205, 20.7. 21.1 min D 3 DDE—IR#ASNT=, Th
5% HPLC [C&YZFNFNBEEEL, ESI-MS [CEYMBHTLI-ER. Chid 3 DDE—H
FENBAMZIAYVOVI)EETERIEERM (/2 910.66052, calculated for [M]*
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910.65937) TH B M Mo T=(Figure 8A, 9), TN LDEEILERMIZE LT,
dTGGGGTDEDN T 7 ZU N BEIAL SN TWADMNBALNZT 518, BEDXEE
SEICER DU T K HEELIBEAIE TD DNA SHY]#TZ 470 [38] HPLC (2L Y
BRI E DAL EZ RN LTz, T DFER. Figure 8B 1235175 20,5, 20.7 min DE—%
FZENZH dTGGGIZT). d(TIzGGGT)THY . Ff= 205, 21.1 min DE—7 I
d(TGIzGGT). d(TGGLGT)DEEL L D TH S EH BB H 27 o 1= (Figure
10A-C),

A 4 9
0 N\ N NH H O \H
Hnl\J N /N N~ “NH, N7SN"NH,
g ! /
2,5-Diamino-4H- ) Dehydro-
imidaIZ%TEgne 8-Oxoguanine guanidinohydantoin
(Iz) (8ox0G) (Ghox)
B C
d(TGIzGGT)  ¢TGGGGT) d(TGGG8oxoGT)
— d(TGGIzGT) / €
E
£ £ | dreaeshom U d(TGGGGT)
] d(TIzGGGT) & -~
s| dameeeizT g
5 N £ e
§ M ﬁ \|\| /\ | L
= SRR g VA N U4 [ | W Wl WY B
15 20 25 15 20 25

[min] [min]

Figure 8. Analysis of photooxidation products in quadruplex and single-stranded DNA. (A)
Structures of guanine photooxidation products. (B) Single—stranded d(TGGGGT) (700 uM)
with 75 um RF in 0.1 mM KCI was irradiated at 365 nm for 2 min. (C) Quadruplex d(TGGGGT)
(700 uM) with 75 uM RF in 10 mM KCI and 5 mM cacodylate buffer (pH 7) was irradiated at
365 nm for 20 min. Samples were analyzed by HPLC with a CHEMCOBOND 5-ODS-H column
(Chemcopak, 5 um, 150 X 4.6 mm, elution with a solvent mixture of 50 mM NH,OAc (pH 7),
0-10% during 0-30 min, 10-30% during 30-35 min, CHsCN at a flow rate of 1.0 ml/min) and
monitored at 260 nm absorbance. From ref. [57]. Reproduced by permission of The Royal

Society of Chemistry.
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[M]*
910.66052

L " bl
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Figure 9. The mass spectrum of the oligomer containing Iz. From ref. [57]. Reproduced by

permission of The Royal Society of Chemistry.
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Figure 10. Piperidine treatment of the oligomers containing Iz or Ghox. To determine the
locations of Iz and Ghox in the oligomers in Figure 3B and 3C, each products was isolated, and
then was heated with 1 M piperidine at 90°C for 20 min, and subsequent dephosphorylation of
all phosphate monoesters with alkaline phosphatase was performed. Further, the products
were analyzed by HPLC, and the results compared with the HPLC charts of purchased
standard samples, dT, d(TG), d(TGG), d(TGGG), d(GT), d(GGT), and d(GGGT). Samples were
analyzed by HPLC with a CHEMCOBOND 5-ODS-H column (Chemcopak, 5 um, 150 X 4.6
mm, elution with a solvent mixture of 50 mM AcONH, (pH 7), 3—-5% CH3;CN/30 min at a flow
rate of 1.0 ml/min) and monitored at 260 nm absorbance. The HPLGC profiles of (A) — (D)
represent the piperidine treatment products from the peak at (A) 20.5 min, (B) 20.7 min, (C)
21.1 min in Figure 8B, and (D) 18.6 min in Figure 8C. “*” in panel A-D indicates the products

which was not formed from DNA. From ref. [57]. Reproduced by permission of The Royal

Society of Chemistry.
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—F.4 KEDIEREIZESBRIEERYZE HPLC ITKYEITLUI-#EER. 18.8. 204
min [ZE £ YO HEFE S (Figure 8C), 1 REBEIZBALMNZ R HBLERMA AL
f=o EEINLDEILERYEEBEEL, ESI-MS IZKYRITEL-#ER. 18.8, 20.4 min
DE—JIEFNF N 8oxoG (m/z 938.16411, calculated for [M]*> 938.16228) (Figure
MAB L. AXVT 7= /S b2 (Ghox)(m/z 932.16758, calculated for [M]*
932.16228) (Figure 11B)2 TN TN 1 DELANIT—THAZLEBHALMIILIZ F
t-EEIZ. FEBIS D 1 A5 DNA A% 21.7 min (Figure 8C)IZHobnf-ZEMD, 4 K
$HH1Z 8oxoG. FTz[d Ghox MELBHIET, 4 AEH DNA HY 4 DD 1 AEH DNA (25
BLI=DEA58FZ206N5, 5. 1 A8 DNA DELBIEERMTHS 1z DE—Y
[ Figure 8C DRI TIERHE ShiEm o=,

[M]*
A 938.16411

MMMM

700 800 900 1000
[m/z]

B [M]=
932.16758

WMM

700 800 900 1000
[m/z]

Figure 11. The mass spectrum of the oligomers containing 8oxoG or Ghox. The oligomers

containing (A) 8oxoG or (B) Ghox was detected using ESI-MS. From ref. [57]. Reproduced by

permission of The Royal Society of Chemistry.
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RIZ.ATGGGCTIDEDT 7= NERILEN T 8oxoG. H KU Ghox TENENE
CTWBSDMNEALNIT H-DDEMTEIT oIz, £9 . Figure 8C 0 18.8 min IZFH 5
Ntz Ghox ZELANITY—ZHBL. ERYDUNEBIZRDBHFEITULM39]. #E R
ELT. 3 AIZHRBIEWVIT 7ML I Tz dTGGGGhox )M ELTF-CLEFEND
1=(Figure 10D), —A.80x0G ZZL A1) IV —IIERY U MIB(Z LB HMNEY
[TKWZENRBENTLNS[40], ZDT=8 . 80x0G # 1 BEESLAUIT—
d(T80x0GGGGT). d(TG80oxoGGGT). d(TGG80oxoGGT). d(TGGG8oxoGT)ZEMEL T
BHL.CNoDER. BLUVZTORILERYMZEZTN T HPLC ITKUEMRLT:
(Figure 12A), ZD#5E | Figure 8C M 20.4 min IZR N T=E BT d(TGGG8ox0GT)
THAHAZENBALIZIEoT=, > T, Figure 8C TROLHMNT- 4 REDESILERWIELE
HEoHBARECLITY AlICHKRBIAVNT 7UMEFEMNICBRIE SNz D201,

BALMEDRYNESNBIEL TRED X TIL., 2 A8 DNA DEEIERISIZH
L\T TGGT BEFITIE RS 5 AISEWNWT 7o REBBIESN D EHRESN TLS(T
BEIARLERIEINTI-T 7= LTRL) [12,13], 1=, TGGGT EFIZIILHEL
T.AGGGA, AGGGT B2 TIX 5 AIANS 2 BB DT 7BV TRBLE<EIENH
bnfzDIZxtL. CGGGC B TIEHES 5 AlIISEVWIT 7=V DBIENH LT
[12,13,41], X< 2 A$H TGGGGT TIX TGGGT ERULL 5 fAIMS 2 FBE DT F7=UM
RULEBILSNDIEEREIZBWLVTHEN DT, £f=. CGGGGAEEFI THEELIZHE T
X 5" QT 7=ohmbEIbSNTz [42], CDOKSIZ 2 REITEWTHLNIZERIEAL
BDRYIES BINS 1, FE 2 BB DT 7=VICELWTRIENREZ AONE R
T.4 REHOFEMBIELITHONIZELGY  H2DOMBRY . 7=V EHKRID
36, &b 3 DT T UKL EEILSNIHIEAEL,
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Figure 12. HPLC analysis of four oligomers containing 8oxoG. Samples were analyzed by
HPLC with a CHEMCOBOND 5-ODS-H column (Chemcopak, 5 um, 150 X 4.6 mm, elution
with a solvent mixture of 50 mM AcONH, (pH 7), 0-10%/30 min, CH;CN at a flow rate of 1.0
ml/min) and monitored at 260 nm absorbance. d(T8oxoGGGGT), d(TG8oxoGGGT),
d(TGG8oxoGGT), and d(TGGG8oxoGT) were synthesized, and the standard samples were
shown in panel A. The oligomers containing 8oxoG (700 uM) with 75 uM RF in 10 mM KCI and
5 mM cacodylate buffer (pH 7) was irradiated at 365 nm for 2 min. The oxidation products of
d(TGGG80xoGT) in panel B. The oxidation products of d(TG8oxoGGGT) in panel C. From ref.

[57]. Reproduced by permission of The Royal Society of Chemistry.

2.3. 4 X § DNA OB{LICE T3 TR GER

SHEOERENS. 1 XE,. XUV 4 KEDNA DT 7oL ERRYIZBHALMNIZE
HoTHEY., ZS5LIELE DNA BEDERICKYEN TN EL SRR LR EW -1
CLITkBEEZOND, £ . RF ZHEREFIELT UVA ZBELEZBOT 70
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FBRALRRIRELTIE 1 BFRRILICL DB DE[43]. 1 EIEMFEDEREN LIz DL E

BN TULVS[44,45], SEITHOIARENIDELLEZRTIThN =D EHELDH D
=61 KH. 4 REDF K% 80% D,0 DHEET CTHETL. ZOEILEHERL-,
D01 EEBZRDHFIZMIEITENAMONTINSH ., LLRIGIZ 1 EIEHER
HEH-OTNIESEBLERYMDIEMNFTERINEN. 1 KH. 4 REORERILE
BIEELLE D0 DHEFIZKIEEILERMDEMIEH DN M >T=(Figure 13),

HoT 1 A, 4 KEORREIEEIC 1 EFRIEICE - THIBEINATWNSEEZD
nd,

H -
.DQO
= SOD

Iz 8oxoG Ghox

Figure 13. The oxidations with SOD or D,0. Single—stranded d(TGGGGT) (700 uM) with 75 uM
RF in 0.1 mM KCI and 5 mM cacodylate buffer (pH 7) was irradiated at 365 nm for 2 min.
Quadruplex d(TGGGGT) (700 uM) with 75 uM RF in 10 mM KCI and 5 mM cacodylate buffer
(pH 7) was irradiated at 365 nm for 20 min. The reactions were initially performed in 80% D,0
or with 20 U/ul SOD. The amounts of oxidation products were calculated using HPLC. The
mean values and errors were calculated using data from two independent experiments, and
the error for Iz was not detected in the reaction with SOD. (A) Amounts of oligomers
containing Iz in irradiated single—stranded DNA. (B) Amounts of oligomers containing 8oxoG or
Ghox in irradiated quadruplex DNA. From ref. [57]. Reproduced by permission of The Royal

Society of Chemistry.

1EFBIEICKYTT=UIE G EELM46], G IESDITFREE ML 2 DD RIGIREE
EL T &I1Z755(Scheme 1), Scheme 1 @) Pathway 1 Zill>71=154& . G & N1 LD R
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TOArVERTIT 7R ESTUHILIGEH) 1ZEL . SV TR—/IN—FF R T7=F
NONNZKYBEIEMEELD[16,17], SHITKDRZBKBEZZ(T-HE. EBBRIG.
RILLTIFOMEZERET Iz ORICES[17], — Pathway 2 ZHEATZHEE. G
FFETKOMAMERZTS, ZDIHE -ERAXFI I TSP ALERBEL TS,
8oxoG MHHIZES, 158, 8oxoG MNESIZ 1 BEFEIEESNI-BE . Ghox NE LR
MELTHRONDZENHMBNTND[4T7], CDIEMD. 4 REDBILERYMTHS
d(TGGGGhoxMIFE3—F DEILERM TH S d(TGGG8oxoGTIMNEHAELERILEF
(FHBRECIEDTHEEEZEZAOND, SHIT 4 KEHD G (I N1 1D TAM(C
BWTHEDT 700 06 EKFEFEAERBLTEY(Scheme 2), CHSIERILHETO
FoTHREEERIEVAH LTINS, TOLI4KXRBEICHEITH G HRITBLN D
FEERE 1 KEICHITS G IRITO O FEEHOD LB ED X TIXEER
HIN TR, R IEXRR48]IZEFRESNTLVS 06 TAM AT 7= Bk
UN7 FOAMED M U DOBBBERERAVTINEER Lz, 485, EHOBEE
F2EICENTHRT D, R 4AXRHEICEITE GO N FOrvIE 1 KEIZHITS
NT LD TAL &Y EERFEINDEEALND, TD-H. G OBETALY
(Pathway NHEEC Y [ZKLY 4 KEEF TIEMDHYIZ G AD KD FIN(Pathway2) HY ST
L. Z DR 8oxoG NEAEMMELEST-DI=AFEEZ NS, 1EE. 0,7 HY Pathway
1(Scheme DIZHT5 Iz DERKICEAHO TSI EMNMBNTULNST=5H[16,17]. Ch
FHEMN DD 20U/ul R—IN—FF IR TARLA—E(SOD)FFET 1 REDELIE
RISEITOIHER. [z DERENKREGHEDLLIZCENS, BN 1 AEDOKRIGIZH
WT O, BEELTWSILE N DT, — A, 4 REIZFAL THRHRIC SOD HFET
THRALZIToHBR. EREDRVIEIRonGMh o2 &h b Pathway 2(Scheme 1)
TFHEL-LIIZ 8ox0G DAERIZIE O, AEELTLVEWLWEEZ LGNS,
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Guanine

-e”
. Pathway 2 Ho. o '::
+ N -
O //Irxl\H +H,0 =H'O>< fﬂ"f —» B8oxoG
N7 SNT SNH, Quadruplex DNA H NSNS NH,
R R

G

Single-stranded DNA

OH
0 O,+RH Re d o
0
e < Nf‘\N -co, @o
N

H ] Pathway 1

Scheme 2. The proton shift in G**/G base pair in quadruplex DNA. From ref. [57]. Reproduced

by permission of The Royal Society of Chemistry.

2.3. 4 &85 DNA OE{LICH A BIELBEDRYE HOMO DOFEE
4 KEEIZHWT, dTGGGET)D&HS 3" AlIIEWNWV 7=V DB ENLEIEAA DN
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f=H (Figure 8C). 2 A4 DNA F(DJ 7= EHHEEEIICHE VD TERILLEDRY H 3R
£EEINTLVS[12,13,19,20], ZDIMEICTH W TERIEEDRYIL HOMO DIRYIZH
ELTHEY. SERON-4XREICEITE3 AT 70 0EBENRR LB ERRKIC
HOMO DRYIZKDDTIEALMEEZ, RDKLSIZ HOMO DIRYZEEFTELTIz. 9.
4 R$H d(TGGGGT)D#E A& E(PDB:1545) (491D A A %EFT RTH D LICEETHRA .
BCHIMIRDYR—RIZH S 03, £f=IF 05 L TFIVERYKRE, KbYIZKER
FEMAMLULIZ, SHIC. AVDLAF VD HEZREFEL. OPLS2005 # ALV T
MacroModel 7.5 [Z kA& & RxE L Z1To71=[50], SHIZYR—R D C1 LI THEEHEZIRE.
KHOYICKREFZAMLMBEZHERL. CE Gaussian 03 ZHWT
B3LYP/6-31G*"METHEL X)L T HOMO D{RYZEETHELI[51]. Molkel 5.4.0.8 % FHLNTE}L
BEZEEBRIEL = (Figure 14) [52], COFEDHER. 4 AHEIZH (TS HOMO (&
dTGGGGT)DH/E 3 BISEVNT T ZUITm TR IEAHLMN T, ThlE,
REICKH>THEON-BILAEELTELICT—BLTEY(Figure 8C), ZDITEMND 4 K
BIZBWTRELNS 3 AlICREEVNT 7= DOEFEMBEREIX HOMO DRYIZE-T
BIERIINEDTHDEWSIENBEL M=,

Figure 14. The localization of the HOMO in quadruplex DNA. From ref. [57]. Reproduced by

permission of The Royal Society of Chemistry.

3. #EiR
SEMNEERIZLY 4 A% DNA O HPLC IZ kBB EEL ESI-MS [ZXAHERIZADS
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L7=(Figure 4, 5). CD K57 4 A5 DNA D EBICRIILI=HBIIEFE < DE1LRYEE
(2720 SBITH R X 4 REBITHETDT 7= DERILE D 8oxoG EZDEHED
B L E Y TIH D Ghox THAHZEXBHLMNIZLT=(Figure 1), ZL TN oD EEILE
BIE 1 REICHE T ERMETBALMNIZELGD, SHI2, 4 KEFEIZHWLT 3 4l
[CREEWT 7ZUNHFENICERIEEZ (TS5 EZBLAITL(Figure 10D), F£f-CD
SO RMEREIX 4 REEIZH S HOMO DRYMNSEL TR EFZBALMIZLT
(Figure 14), COKIIT, AREHDBRIL AT 1 REHE(FFEE-MLED R THLMIC
REIGAHIETHLMICLE,

2B IHITHLGRREN, BEDHEBIIFBLEIZCDIILEELIBEICLD 4 K
HOREMADEZEEZSEZBASMICLIZLY,

25



F2EF 2X§HDNA DBILIBGEMRITEELTI-. DNA DIEELEILICKDT 7=k
{tEBRADOEE

1. &R

AIETHEAIEIRLEL 4 RNEEF R ATRELERSI d(TGGGGT) [28] Z LT 4 A$H
DERIE LRI 1 REDLDEIZBALSMNZERGEHEZFRHALMIZLI: [57]l. T 7=
(FERIEIZKVIE R DERWMEEL DD (Figure 15), 4 REEIZH ITHELEEL ERYIE
8ox0G EFDELEHEILERMTH D Ghox I=2T=DIZR L. 1 KETIEEIZ Iz A
ERBLTz. CO&S 1 AH, 4 REDEWVNSEZ T, BHIZ 2 A8 DNA DEELE
BH 4 REEDNA LIZ RS TWAD TIEZLA, ZLT 1 AREH, 2485, 4 RFHDNA
DEILERME TN T NEFMICHENTTHIET DNA ORRLFBROENE LY
(2T BEMTEBITEWVGENEEZ Tz, CO=OARETIL 2 A4 DNA BLE Y
DEFMEBTEITV. TORBREAEDOHERMNOLYFEHIC DNABIE LFRILZEIRD
BHREBHOMNICLI, GE. COLIGHEELYFELATIO 1 KHH. 4 KEHDOME
HERMRICRBREE R Y%E HPLC ICKYETHEL. BEBITE{TIZETEILER
MOBE.ME. EZRIFICKDE FLBRIEICAVSESEFIEELRLCL
d(TGGGGMZRALY., BRIL A ELRIELRIL RF OFET UVA #9452 LTITo
T=o

H i Oy N N_o N_O
BN o S e
/N N~ “NH, Hfl\' /N*H NH, /N N” “NH
" R R R
8-Oxoguanine %?QEL%THE#EH- guanidinohydantoin (_I::;)uegl%grig;)hydantoin
(8ox0G) (12) (Gh) (Ghox)

Figure 15. Structures of guanine photooxidation products. Reproduced from ref. [72] with

permission from MDPI.

2. HEREBE
2.1. 2 A4 DNA DR
d(TGGGGT). &V d(ACCCCA) (& 70 yM)ZFHZEL. 10 mM KCI 7F1£ F. 80 °CD
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BB TS DREMEALIE. K ETHEL. COBBRMNEMNZ 2 KEEHBRLTLDH
HENHDT1-8 CD MDBIEZEIToT-(Figure 16A), ZMD#EE . B B! 2 55 DNA [ T4 880
%5 250-300 nm (2§75 CD DIFMA RS f=CEmin[58], FEMNIC 2 REARIRL
TWBHILEHEL DT,

A B‘1
N A~ \ M A~ \
"o\ f =~ e\ S =~
NIV HEERV

200 220 240 260 280 300 320 200 220 240 260 280 300 320

[nm] [nm]

Figure 16. The effect of RF on the formation of double—stranded DNA. CD spectra obtained
with 70 uM d(TGGGGT) and 70 uM d(ACCCCA) in 10 mM KCl, 5 mM cacodylate buffer (pH 7).
CD spectroscopy was performed (A) without RF or (B) with 7.5 uM RF. Reproduced from ref.
[72] with permission from MDPI.

Fo 2 REDBIEIZEWTEH RFZRALST6H. 2 AE DNA ~NDIEE LT DIEE
D EEHLIz. £9.RF [THLTEFEID 2 A8 DNA MRS EITKDHEN
MEDETZAEL:, TOHERER 1 RiH., 4 KEHERULLK RF OELNRoNT-1-0
(Figure 17), 2 R85 DNA & RF LDFEE DA BTz, —H. 2 REEFF B LT= DNA [
XL TRFEMAT-FF. DNADEEIZEILAHEIMNECDIZKYFEN DT, TDFER.
RF Z/1ZTH 2 AEH DNA @ CD [EZ{b%<(Figure 16B). i€ >T. RF [& 2 A §H DNA
[CHEETHILIETESLNSRDRIGEHTIE 2 RKEBEICHELZSZLGNIEN
HEhoHonT-,
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Figure 17. Fluorescence quenching of RF. Fluorescence quenching of 6.25 uM RF by
double—stranded DNA (0-2.5 mM) in 10 mM KCI, 5 mM cacodylate buffer (pH 7) was
performed. Iy/I indicates the ratio of fluorescence intensities. Reproduced from ref. [72] with

permission from MDPIL.

2.2. 2 AR§H DNA IZH 1T 5BE LRI D FRE

2 748 DNA (& 700 uM)Z BB ZEL. 75 uM RF 8L 10 mM KCI 777 T UVA Z BB 5t
L. ZDBRIEERMERETLUIZ, BH.BIETIT>f2 1 A, KU 4 KEDOETE
BARICT T =2 DEEAL A 20%I25 5K E B TORMEITHEOIEEZ1=[15,57],
ZD1=8. Figure 18 [TRLT=EBY 2 REDEEE RIGZETTLN ., BBETEERAY 30 min D
EERIEENK 20% 2R 5 LMDz, COFEREFIFAL. 2 KEEDNAIZUVA ZE
30 min BBEIL. FORILER%E HPLC ITKYEEMTL (inear gradient of 0-10%
CH3CN/30 min), HPLC F+—k% Figure 19A [Z7RLT=,

100

95 ~.

90 \l\
85 \

80 -

T~

(%]

75

0 10 20 30
[min]

Figure 18. Time course of guanine oxidation by UVA in double—stranded DNA. dsDNA (700
uM) with 75 uM RF in 10 mM KCI, 5 mM cacodylate buffer (pH 7) was irradiated at 365 nm for
10, 20, and 30 min. The amount of d(TGGGGT) was determined using HPLC and absorbance
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monitored at 260 nm. Reproduced from ref. [72] with permission from MDPI.

A = : d(TGGGGT) d(ACCCCA)
E Mixture'
c
@
&N |[d(TGGhoxGGT)(50%)
® [|d(TGGGhoxGT)(50%)
c
@
£ | d(TGhoxGGGT) \
3 ( " \ *
o
<
15 20 o5 20
[min]
B
18.8 min 19.6 min 20.0 min
d(TGGGGhoxT) d(TGhoxGGGT) d(TGGhoxGGT)
d(TGGGhoxGT)

Figure 19. HPLC analysis of photooxidation products in double—stranded DNA. (A) dsDNA
(700 uM) with 75 uM RF in 10 mM KCI was irradiated at 365 nm for 30 min, and the guanine
oxidation products were analyzed using HPLC (linear gradient of 0-10% CH;CN/30 min) and
absorbance monitored at 260 nm. “*” indicates the products which were not formed from
d(TGGGGT). HPLC analysis of the mixture (1) was performed using a gradient HPLC with
isocratic elution using 4% CHsCN/30 min (Figure 21). (B) The retention times of the standard
samples were determined using HPLC (linear gradient of 0—10% CH;CN/30 min). Reproduced

from ref. [72] with permission from MDPI.

2.2.1. Ghox ZELA T —DBEEL R E

Figure 19A 123UV T 19.6, 20.0, 20.5, 21.2 min M 4 MIZEWVTEIEERIOE—
IHFHBIL, FTDI5 205, 21.2 min DE—DIZ(E3)LFE—MNR 5T, Figure 19A
[ZH115 19.6, 200 min DE—H%F T HPLC [CKYEEEL . ESI-MS [ZKYURITEST
DIHER. EBELDE—U% Ghox ZVEDEL AT Y —THAHZENHLMZH T
(m/z 932.16785, calculated for [M]* 932.16228) (Figure 15), XIZ. ChoNDAYI<
—IZHEUVT Ghox MEDREICELTWWADMBALMNZT 516, Ghox &L 4 D
DA T T —. d(TGhoxGGGT). d(TGGhoxGGT). d(TGGGhoxGT). d(TGGGGhoxT)%
ERELTEBL.HPLC IZ&Y Figure 19A ERILY S Tk Tllinear gradient of
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0-10% CH;CN/30 min)BRILERMED LR EITEIEEAT-. TOHRRE. HEM
d(TGhoxGGGT). d(TGGhoxGGT). d(TGGGhoxGT). d(TGGGGhoxT) D R B fE (X %
MNZ 1 19.6. 20.0, 20.0. 18.8 min FZEBAL AT T=(Figure 19B), > T, Figure 19A
M 19.6 min DE—2I(F d(TGhoxGGGT). 20.0 min DE—4 (L d(TGGhoxGGT).
d(TGGGhoxGMD EL LM, F=IEMAZFHFOEBZ NS, COLIITIERED LR
Tl Figure 19A 3 20.0 min DE—21Z811 % Ghox DAEIE M BAL MNIEBEA o112
H.ZOE—VEZ—BEEL BEOXMESEICERSVNEBIZKEEHEITS
1=(Figure 20) [11,39], #528 . Figure 19A IZH[F5 20.0 min DE— 1% d(TGGhoxGGT)
(50%)& d(TGGGhoxGT) (50%)&+ D EMBAL MK DT=,

d(TG)
|
|||

‘ | / d(TGG)

Wil / e
(il / /

1 k" l“l | * g i f

* *

Absorbance
(260 nm)

‘ RO SN R S AV VAL WP W SR

0 10 20 30
[min]
Figure 20. Piperidine treatment of oligomers containing Ghox. The products at 20.0 min in
Figure 19 were isolated and heated with 1 M piperidine at 90 °C for 20 min, and subsequently
dephosphorylated with alkaline phosphatase. The products compared with the commercial
standard samples, dT, d(TG), d(TGG), d(TGGG), d(GT), d(GGT), and d(GGGT) using HPLC.
Samples were analyzed using HPLC with a linear gradient of 3-5% CH3;CN/30 min and
absorbance monitored at 260 nm. “*x” indicates the products that were not derived from DNA.

Reproduced from ref. [72] with permission from MDPI.

A2 Figure 19A I25115 20.5, 21.2 min DE—4% HPLC (kY BiBEL . ESI-MS %
AWTHBFZET 2. ZOHE. b 2 DOE—IHhBIE 1z(m/z 910.66027,
calculated for [M]* 910.65937). Y 7= /EZ b4 (Gh) (m/z 933.17775,
calculated for [M]* 933.17010) . 8oxoG (m/z 938.16328, calculated for [M]*
938.16228) AR H SN T=1=. CHOE—VIZIZZEHDBILERMMNEENTINDE
EZAbND, CNOEFHHMICHENT 5128, M 205, 21.2 min DE—VF— B EEEL.
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AMDT ST a isocratic flow using 4% CH;CN/30 min) TOENZEITLN, TD
HPLC F+—% Figure 21A [IZRLTz. CORI DML REMTIERD 2.2.2 HITITI. 4
H. I THRHESNEBIEERMDOR Gh I TRATLAR—%24L DI EMHBNATLY
3[59], ZLTGh [ZBITH 2 DD T ATLAY—ILHPLC ICKY R BEMRIEETH D
f=8[59]. 5B HPLC TOFEFTIZHE WL THRIFFHBDRE VA% Gh,, BULVA% Ghy &{E

BEHIZIESRZ EET B(Figure 21-25),

A d(TGhgGGGT)(16%)
d(TG8ox0GGGT) | d(TGGGIzT)(84%)
| [srseneanems P S
o X %
é d(T8ox0GGGGT)(63%) d(TGGGhGGT)(25%)
§ d(TGh,GGGT) A d(TGIzGGT)(42%)
5 \ /\ /| ~1dTeaIzaT)58%)
5 | d(TGGGhGT) /o
2 g P \/ _J/ /o
N ‘MW%J\/ \"‘x_//n\\-/ .
10 15 20 25 30
[min]
B

(i) 16.6 min (i) 17.3 min (iii) 18.7 min (iv) 19.7 min
d(TGGGh,GT) d(TGGh,GGT)
d(TGGGGh,T) d(TGh,GGGT) d(T8ox0GGGGT) d(TG8ox0GGGT)

(v) 20.9 min (vi) 23.7 min (vii) 28.7 min

d(TGGGIzT) d(TIzGGGT)

d(TGh,GGGT) | d(TGGGh.GT) gggggg%

d(TGGG8ox0oGT) | d(TGG8ox0GGT)

Figure 21. HPLC analysis of the mixed products. (A) The mixture in Figure 19A was isolated,
and the products were analyzed using HPLC (isocratic flow using 4% CHsCN/30 min) and
absorbance monitored at 260 nm. (B) The retention times of the standard samples were
determined using HPLC (isocratic flow using 4% CHsCN/30 min). Reproduced from ref. [72]

with permission from MDPI.

2.2.2. 1z, Gh, F1=[& 8ox0G ZEL AT I — D ERELRE

Figure 21A (280N T 16.6, 17.3, 18.7, 19.7, 20.9, 23.7, 28.7 min [ZFH(T5H5H 7 2D
E—IB#HoNz, EE—VDBHZITI-8 . dTXGGGT) . d(TGXGGT).
d(TGGXGT). d(TGGGXT) (X=Iz, Gh, 80oxoG)D At 16 FENELERMEIZHELT
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BRL. SNB% Figure 21A EREHRD T 5P I Ma isocratic flow using 4% CH;CN/30
min) CEEFT L= DR FFRREZ#EHTL T Figure 21B [Z7RLT=. 7T DDE—V D EH7S
T AEIZDOVNT, LTOOMBVIDIZEWNTEBIIZRLT=,

() ERELTAEBEINTZ A(TGGGh,GT)E d(TGGGGhsT)IEFIZ 16.6 min DE—H &
LTH >N T=(Figure 21B), 2D ZEM DS Figure 21A D 16.6 min [THDHHNEE—H(F
d(TGGGh,GT)& d(TGGGGhsTIDEL LM, F-[EMAZEFATNNSEEZOND,
NoZERRITFS1=8. Figure 21A M 16.6 min DE—UZHEL. SHIZHDTSOTY
k(linear gradient of 4-10% CH,CN/30 min in Figure 22) COD BT ZE{To1=, ZHTH S
d(TGGGGhgT). d(TGGGhGT) DR ZZNZE N 9.3, 9.7 min F2ofz, ThEBFE
ZT. Figure 21A M 16.6 min [IZHEHNEIE—VZEHEL . BE Figure 22 DT 52T
> kinear gradient of 4-10% CH,CN/30 min in Figure 22) CEHZ1To1=#52. 9.7 min
DE—UDHNBREEINT=, #>T. Figure 21A I2H[F3 166 min DE—2(F
d(TGGGh,GTDAEFL ZEMBAL A>T,

€
S d(TGGGhAGT)
&
[0)]
[&]
c
(4]
2 N
8 Fees et J_,M,VW-,M”/ S s g e
o]
<C
8 9 10 11
[min]

Figure 22. d(TGGGhAGT) was detected using HPLC. The peak at 16.6 min in Figure 21A was
isolated, and subjected to HPLC (linear gradient of 4-10% CH;CN/30 min) and absorbance

monitored at 260 nm. Reproduced from ref. [72] with permission from MDPI.

(i) BEHELTEMEINT dTGh.GGGT)(Z Figure 21A LRBED TSP I Ma
isocratic flow using 4% CH;CN/30 min) CETZ1T5& 17.3 min DE—2LLTHBN
f=(Figure 21B), ZDZ &M, Figure 21A 1IZE1F5 17.3 min DE—41d d(TGhaGGGT)
FETIENBALIIIEST,

(i) #ZERELTAEBEINT= d(T8oxoGGGGT)E d(TGGh,GGT)IE Figure 21A &EIHRD
5T Ma isocratic flow using 4% CH;CN/30 min) CEEHZ{TOE. 12 18.7 min
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DE—HELTH LN T=(Figure 21B), ZMD &M Figure 21A D 18.7 min [THDHN
BE—1E d(T8ox0GGGGT)E d(TGGhAGGT)DELLM, F=IXMAEEZATINSE
EZoNb, CNHERBIT B8, Figure 21A M 18.7 min DE—SEHEL ., 512
D4 5T Mlinear gradient of 4-10% CH;CN/30 min in Figure 23) CD T Z1T-
1=o R TH B d(T8oxoGGGGT). d(TGGh,GGT) D {RIFEFREILFNF N 9.8, 10.2 min
2ot TNEBEZEZ T, Figure 21A @ 18.7 min [ZHdbhBE—OFHRL. BE
Figure 23 M4 5 T Minear gradient of 4-10% CH,CN/30 min in Figure 23) CEAT
ZITo-HER. TN TN 6337 DE—VEIELLFE T I8, 102 min DE—I M (T
SNtz %> T, Figure 21A [ZH(+5 18.7 min ME—YIL d(T8oxoGGGGT)(63%)&
d(TGGhaGGT)R7WZEEL CEMBAL M T oT=,

£ d(TGGh,GGT)
é d(T8oX0GGGGT)
° \
9 y
C
]
28 N
- S
0
<
8 9 10 11
[min]

Figure 23. d(TGGhAGGT) and d(T8oxoGGGGT) were detected using HPLC. The peak at 18.7
min in Figure 21A was isolated and analyzed using HPLC (linear gradient of 4-10% CH;CN/30
min) and absorbance monitored at 260 nm. Reproduced from ref. [72] with permission from

MDPL.

(iv) d(TG8oxoGGGT)Z1Em&EL TE KL . Figure 21A LEIHD T TP T M a
isocratic flow using 4% CH;CN/30 min) THEHTZITOE 19.7 min DE—YELTHLBN
T= (Figure 21B), C D Z &M 5., Figure 21A 128 1T 3 197 min DE —2 (%
d(TG8oxoGGGT)ZEEL LM AL Mo T2,

(v) BRELTARENT= d(TGGGIZT), d(TGhgGGGT). d(TGGG8oxoGT)IE Figure
21A ERIBRD T 52 T2 Ma isocratic flow using 4% CH,CN/30 min) CRETZ1TO&E. £
4209 min DE—oELTH BN T=(Figure 21B), D Z &S Figure 21A D 20.9 min

IZHobHNBE—21E dTGGGIZT). d(TGhsGGGT). d(TGGG8oxoGT)D EN ., =
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FINoBMHAEDHLIEEDEEZ OGNS, LOLESLEALINLDERIE AR
ZHPLC ISk > TR BT A2 LIETEEM oz, TD=H. N5 3 DDER LA YIZE
X A9 571=8. Figure 21A 0 20.9 min DE—-% 57 EIL . 8oxoG D4 E MR HE AV H]
AR BRI FHRHBRZFIALT- HPLC fi#HT(HPLC-ECD)Z iA1=, T DHER . 8oxoG
NREINEMN>T-CEMD Figure 21A 1IZH115 209 min DE—D1Z[E 8ox0G &
ORALERMIEFEELLGENIEABELMAEDT,

Iz [FKPTHRRAICAFHVA(O)ANEZILL T EN BN TLNSH
[43,60,61]. Gh 4> 8ox0G IEHETHAZENFNOLNTINS[62,63], 1z FELA TR
—(£ 80 °C. 60 min TIXIXTARTHA 0z ANEETH-HONEFALTLZDEEN
BE|EHEBELMNILESEEZ T, FZT. Figure 21A M 20.9 min DE—UF5HELT
80 °C. 60 min DINEAFTOIHER. E—VEBENTD 16%FE TR A LI=(Figure 24),
NOLDEERFER NS, Figure 21A D 20.9 min DE—2IZIE d(TGhgGGGT)(16%)&
d(TGGGIzT)B4NMEFENSZEFHALMIZLT=,

A B
E d(TGGGIzT) £
S d(TGhgGGGT) £
& / & Degraded product
g : 3 d(TGhgGGGT) ‘
c — ] ]
£ g
2 R Q - e PO e VU o
3 R - ~ — B e
2 fe)
< <
[min] [min]

Figure 24. Analysis of the mixture containing d(TGGGIzT), d(TGhgGGGT), and
d(TGGG80x0oGT). The peak at 20.9 min in Figure 21A was isolated and heated to 80 °C for
(A) 0 min or (B) 60 min. The samples were analyzed using HPLC with a linear gradient of
4-10% CH3CN/30 min and absorbance monitored at 260 nm. Reproduced from ref. [72] with

permission from MDPL

(vi) d(TIzGGGT). d(TGGGhGT). d(TGGB8oxoGGT)EFNENE R ELTERL.
Figure 21A ERIFR MDY 5 T2 Ma isocratic flow using 4% CH;CN/30 min) CEEATL 7=,
R, ENH 237 min DE—YELTHERSNT=(Figure 21B), CD T &MVS Figure 21A
M 23.7 min [ZHBHNBE—D1E d(TIzGGGT)., d(TGGGh;GT). d(TGG8oxoGGT)D &
no, FEIhoA A EDHESoEDEEZLND, CNEBFEZ T, Figure 21A
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D 237 min [ZTHobhnBE—9F 0L, BEMNDS ST T inear gradient of
4-10% CH,CN/30 min in Figure 25) CREHZITHEIEEA -, BMm d(TIzGGGT).
d(TGGGhsGT). d(TGG8oxoGGT)DRIFEFHEAZNZ 4 109, 11.2, 11.2 min THAHE
WERLT=, FZT. Figure 21AM 23.7 min DE—9FH L. £FBD YT 5P T Minear
gradient of 4-10% CH;CN/30 min) TETZ{To&. 109, 11.2 min DE—INEN T
E—- i3 32:68 TR S t=(Figure 25), HE>T. Figure 21A IZE 175 23.7 min
DE—IIZE T d(TIZGGGTA 32%% H8HDZEMNBASLM I oT=,

= | d(TizGGET)
S d(TGGGhgGT)
& d(TGG80x0GGT)
[«b]
[&]
c
©
o
o - et e e i
2]
o]
<
10 11 12 13 14 15
[min]

Figure 25. HPLC analysis of the mixture containing d(TIzGGGT), d(TGGGhsGT), and
d(TGG8oxoGGT). The peak at 23.7 min in Figure 21A was isolated and analyzed using HPLC
(linear gradient of 4-10% CH3;CN/30 min) and absorbance at 260 nm monitored. Reproduced

from ref. [72] with permission from MDPI.

— 5. BE2EMND d(TGGGh;GT). d(TGG8oxoGGT)F HPLC IZ&->THEET B &
(FTEGEA STz, T T INBZER BT 578, Figure 21A M 23.7 min DE—V% 5
ERL . HPLC-ECD IZ&% 8oxoG DHFRMGHRHZ A 1=, TDHER. Figure 21A I
B3 237 min DE—I D55 43%H 8oxoG L EEILERY. 5BY 57%H
d(TIzGGGT). &YV d(TGGGhsGT)TH D EMBALMIZH >z, ChE Figure 25 M
HREEDHODETEZBIET., Figue 21A I2H T3 237 min DE—DI1E
d(TIzGGGT)(32%), d(TGGGhsGT)(25%). d(TGG8oxoGGT)(43%)ZEFH D EFBASAIZL
T=o

(vii) d(TGIzGGT). d(TGGIzGTIFEFRZEL TERL SN, Figure 21A LRIFRD TSP T
> M a isocratic flow using 4% CH,CN/30 min) CETZ1TO& 28.7 min DE—9ELT
H SN T=(Figure 21B), CDZEM D, Figure 21A [ZHIFTD 287 min DE—D(E
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d(TGIzGGT). dTGGGTD EL LA, FzIEmMAFEL EMNBALMIH Tz, Th
5 d(TGIzGGT). d(TGGIzGT)EX 9 57=8. Figure 21A M 28.7 min DE—% 5B
L.BEDXBESEICER) DU MIEEIT o =(Figure 26) [11,64], TDHER.
Figure 27 ICAH BN ZENETNDEILERYICHE T DB DEH 5. Figure 21A [
H11528.7 min DE—41L d(TGIzGGT)(42%)& d(TGGIzGT)(58%) D EHBAS AN

L=,

* d(TG)
o d(TGG)

||‘ / d(GT) ,d(GGT)

M * ” “I

%* 'k

s mew:\/ ‘\_J\._, \_.,—_/J M._.-_/ ‘-s.___«____

Absorbance
(260 nm)

0 10 20 30
[min]
Figure 26. Piperidine treatment of oligomers containing Iz. The products in the 28.7 min peak
in Figure 21A were isolated and heated with 1 M piperidine at 90 °C for 20 min, and
subsequently dephosphorylated with alkaline phosphatase. The products were compared with
the commercial standards dT, d(TG), d(TGG), d(TGGG), d(GT), d(GGT), and d(GGGT) using
HPLC. Samples were analyzed using HPLC (linear gradient of 3-5% CH3;CN/30 min) and
absorbance at 260 nm monitored. “*” indicates products which were not formed from DNA.

Reproduced from ref. [72] with permission from MDPI.

UEDESIZ2 KEEDNA IZHIFEEMILERMOESRE. E. MEZETHLMNIC
TEHIENTE -, SEBHEN-2TORILERYDEZ Figure 27A [TRLTZHY,
BERDOEILERYMEL TIE dTG8oxoGGAT N HZEEZELERLTHY .. XINT
d(TGIzGGT). d(TGGIzGMMNEHET 2 FHICZEHEINT-, HERRILERYDIELIC
EBLTEHETo>I=DH Figure 271B MY 57T, 2 K EEDELILIZFHLVT Iz, 8oxoG,
Gh. Ghox NERILERMEL TRIBEINIHM, ZOENTE 2 DRERENE-LD
%<, 1z IZ%9 % 8oxoG. Ghox, Gh D LLEILZFNEH 0.71, 053, 0.39 o7z,
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Figure 27. The types and site reactivities of guanine photooxidation products in
double—stranded DNA. (A) The amounts of oxidation product. Iz is formed via Pathway 1 in
Scheme 3, and 80oxo0G, Gh, and Ghox are formed via Pathway 2 in Scheme 3 (see section 2.3).
The oligomers containing 8oxoG and its oxidation products are shown on the right half of the
panel A, and the oligomers containing Iz are shown on the left half. TGGG8oxoGT, TGGGGhT,
and TGGGGhoxT were not detected (ND). (B) The proportions of oxidation product types. (C)
The site of reactivity of the oxidation products. Reproduced from ref. [72] with permission

from MDPIL.

— A . BILEBYD dTGGGCDIZHITHEDT 7= DEEIEIZKYELT-DO M
FBLTEEDI=T5T% Figure 27C IZiRLT=. FDHEER 5 AL AT2EBD
GT7_UNREEEIEZITTW=CENBALI I 2Tz, FNIZHE LT, 5 BlMS
HATIHB. 1 FH. A FHDOIRICTERIEAZ AT,
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UEDESIC 2 REDOBIEERMELT 1 R, 4 KEOBRIEERYNEIZRS
Nf=, ST AERIE 4 KEEDOREATRER 10 mM KCI FET TIThhTWWHIE
Mo BARPITT AEDP 4 XESNSHEELTEY. ZD=HI1T 1 KH, 4 NEDOBE
ILERYDHICHRESNSERICHESF-DTIEIBRLANEEZZIELTES, LML,
HPLC f#TIZ$H VT 4 A8 DNA DE—IHH BN s (Figure 19A), 5[ 4 KiH
DEAE IS EE £ Y TH S d(TGGG8oxoGT), d(TGGGGhoxT)MELLEE
rHENhGE o= mM B(Figure 27A), AEERICEWTAREHDOBE G TGN EWNR S,
—H. 1 AEOBEESEELICIEBETERLD, CD OBIEHERINSKESH 2 K
BHEMRBLTWAIENBHLMNIE>THY (Figure 16), EBITIERADKRELTEE
B5Z25ZLFHENEERLND,

23. PEESNST 7= DERILIER

BIETIRARf=&KSIZ, §EI{Tof= RF F& T UVA ZRBH 3 54 EICE N TERIED
R HIEIR[65]ELTIE 1 BEFERIEICKSBIRE[43]. 1 EEBFDERERLZHR
MNEISNTLVS[44,45], 2 KEETIEZDELLDRRICEVTRIGHEITLTLNDD
MEMND DT85, 80%D,0 DHFA TFTHERIEETVWI TUBRILERYMDEREN
EDESIZEILTHMEHTLI=, &R, 80% D,O DHEHET THEI 7VERILE R D
EXBRENOF-TEMNG 2 KEDELEH 1 KEH, 4 RKEERLLEIZ 1 EFEEIEIC
KBTENBALMNEST=[57], CDKSIT 1 AEH. 2 A8E. 4 RBEIFENLEBLTI
BFHRILERTODDICEEHLT . BILERYMDOEELAZTNENBALHNIZELD,
ZNIEHE. FIEELAETHLMCILIZ | REH. 2 XH. 4 AEOBILERYNOE
=YD,

FTHRARISFEICE T4 REDERIEE BMIIE 8oxoG EZF D SIS DERE R
THY. 1 KETEHINEEGY AT ERYMTHAHAZLEHEMNOT[57], FI-RIET
(FBEICFRESNT=T T2 DBRLIZFEREEIZ[66]. 5L 1= 1 KREH. 4 KEH DNA D
BRAILERYDENERBALSSBRILERE TN T NIZRLT=(Sheme 1) [67], CDE
IERBBRIZEWVWT 1 BEFBIEICKYIT TV T T7=oS0hIVAFAU(GHZEL
[46]. G IEEIBICHEMA 2 DORIGREREEL T LITHS, 1 REITHELT, G (&
N1 DRI ERTGEH) ZEL, HiLVTO, Ik BRI EMZEELCSH[16,17], &
SIZKDRIZBEEZ (T=he. BB RIE. RILLATIFOBRBEZER Tz OBKICE
%(Pathway 1) [18], — A .4 KETIEL G EXEFFT /KO MEZ T, 8-EFOFI I 7=
oV HIIVEZEBLT47]. 8oxoG DHRKIZESHEF L I=(Pathway 2),
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2 REHDOBILERYMELT 1 K. 4 KEDORS O BEHEIN-IEM B,
Scheme 3 M FERIGFIRIZH TS Pathwayl & Patway 2 MEIEFHZHETLTLNVSE
BRBIENTED, CDKI% 1 AHH, 2 A, 4 REITH T D RIGBEDELHGE
ZARRIZONWTE AL GOl FT At (Pathway DIZEFEB L=, liRTALIZE T,
1 R85 DNA TIEXBRBEL =T O [EKDZITIRDZ LITRDEBZ LN D HY, 2 KEH.
4 KEHTIE GTITxH T 2 KFHBEDHFTHEIUIN O JT7=oEEnThTOY
DZTWMYFIZHDEEZOND, TG EINI LOTOL ZHE#EITEEEZLOND
MNLARBIZTBWTGIENI CLOTARUABEDT 7 =2 D 06 fiEKFFEEER AL
LTULBDIZxLT(Scheme 4A), 2 REETIX G*D N1 LD TR IS D N3
RLEKFRFESER AL TLVSD(Scheme 4B), ZLTIS5LV o = Z LAY 1 A $H., 2 K§H. 4
ABEICHEITE G0 N1 GLIZHIFTHHRTOL DERIYPFTIITHEL, DLNTIERE
R ERAL £ DB WVESIZEILI-D TIEGLMNEE R 1=,

Guanine

|
0 "
Pathway 2 Gh
N -
NH H,0 ; e

g °><fL 4eoxoe\
N7>N NH, Quadruplex DNA
R

Double-stranded DNA Ghox — Oxa

G

Pathway 1
H

Single-stranded DNA
Double-stranded DNA o
Double-

OH
0 O,+RH R O/ o stranded DNA
ST PPy o [ b
N \NJ\NH < > J\ <N X J\ Pathway 3
h 2 N~ ¥ N~ “NH, ) NHg y
H
=+ R R
G(-H) 02 +H
H
\ NH
on ,//////ﬁco & e
S| NH NH 4 NH
HO _<N:L‘ JL -— \)_<’W ~ — O=/V _ -_— ! NH —>lz — Oz
N° NH, N7 NG NH, N7 NTONH, Ni Z
R R R |:i N NH,

Scheme 3. Proposed guanine oxidation pathways in single—stranded, double—stranded or
quadruplex DNA. The pathway 3 was deiscussed at the section 2.4. Reproduced from ref. [72]

with permission from MDPI.
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Scheme 4. Proton shifts in quadruplex and double—stranded DNA. (A) The proton shift in
G*/G base pair in quadruplex DNA. (B) The proton shift in G*/C base pair in dsDNA.

Reproduced from ref. [72] with permission from MDPI.

ZITHAIE 1 REEH, 2 KHH, 4 REITHTDH GO N1 FZIZB T TO D F
BERELBLISEER - 2. IOLBRFEEHZERERL-XHIETH 2D
HMBRYEN, TDT=HFET 1 AH, 2 KR, 4 KEITHITH G D N1 LLICH T DB
TOr DOFEER 1. 2. 3 ICFNFNTRL Iz, TFE5IT1 REH, 2 K8, 4 KEHIZH
(75 GUICHIFTBRTOC DFEHEEREZNTN AL K KLELT. ZDERER 4,
5.6 IZZENETNRLIZ. ZLT. ZNTNDFEEHRZLET L6 4.5 hb
K/KZEBERK 7). XK 4.6 hd K/KEBULV=(K 8),
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HO + G = HO' + G(HY (1)
2 3

C+ 6" L CH + GLHY @
Kq
G + G = GH'os + G(-HY ®
[H,O0" I[G(-H)' ]
Ks =
[H,01[G™] W
[CHwg J[G(-H)' ]
Ka =
[CI[G™] ®
[ GH ©e) I[ G(-H) ]
Kq =
[GIG™] ©
Ky _ [CH'w9][H,0]
K, [H,07[C] ™
ﬁ _ [ GH"©0s]1[H,0]
K, [HO][G] ®

RIZ,GHBTAMEZTERY NS LLIZTAr ALV R (K 2)E, FEL
06 HLIZF ML= 7= (K DEREBEERE TN TN Ko Koo L THEBE T
RIitZER 13 £ 14 TRz, F=. Ko Koo PEEZZTNZENK 11 EX 12 TR
Lizo Enl2ZOX 11 12 8LV kR LI-K 7.8 hhioK 13, 14 ZE L=,
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K
CH ns) + H,0 —9 ¢ H,O" ©)

Ka
GH' oo + H0 =2 G + H,O" (10)
[H,O"]IC]
Ay = A 11
M [ CH o] (v
[H,O0"][C]
a8 = e 12
©®) [ GH 06)] (12)
® = IOl (13)
Ks Ka(N3)
%o o 0] (14)
Ks Ka(06)

X 13, 14 ITRLE=EIIT K/ Ko K/ K Kaos Kons [HOIMBIROHHZENTES,
ZLT.[H,0]l% 556 M THY. Knsldk 25X 10° 12 ERE SN TLNVAD[48], — A Koo
FZFNBRITMESN TGN N7 TORAET 7= D pAa IZINZ[48], KB T
D06 TARAMET T=UENTTARAMLT TV EOBHIRILF—ENSRH B
ENTES [48], #EHEL T A/K 1E 22X 10° K/K 1E 1.7x10° THAZEEZAS
MZLTz, DFY A IF K KY NS K KUY RENENDS T EIZH D,

ZDESIZ.GTD N1 FLZHITEERTA I 4 KBV TRBEIVE#H 1 K
HITBOWTRLEIYDPTNEWSIZENEINS, ZTLT 2 KETIE 1 KELYES
U<, 4 RELYREIYDPT NI ENBELI IS, 2% Scheme 3 [THTIEHS
E.BRTOR A RLEIVEL 4 REETIX Pathway 2 B EEFTL . 8oxoG EFDELILAE
BN EICELDEEZOND, — A . RITOMNAREREIYPTLY 1 KETIE
Pathway 1 D EITL. 2z NEICELDEEZOND, ZTL T2 REHIFFHFTOR A 1 K
SEEYLIRIVYEHC 4 REIYEIYDOT V=6 Pathway 1, 2 ARIFFIZETL. 1 X
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5.4 REOBILERMDEL LD RONDEEZLOND, COKSITFHETAR
VDEEIYDOTEDEND 1 A, 2 K. 4 NEHOBRILERYIDENIZ DA ST
EEZLND,

HHE.Iz BEY 8oxoG [ 2 A DNA. d(TTGGTA)/d(AAACCATA) [11].
d(AsGGA¢)/d(T,CCTe) 671D EERILERMEL TEHEEEIN TS, 2T,
d(TTGGTA)/d(AAACCATA)DERIEAERMEL TILEIZ 1z HEEHINTEY. 8oxoG
F Iz KUBALGHHhICERE N VPGBV ERESATWLWS[11], —A.
d(AsGGAg)/d(T,CCTe)DERILZE 20%(235 (T HELIL E M EL TIEEIZ 8oxoG NELD
CENBALMNIZES TS, KEER TRz d(TGGGGT)/d(ACCCCA) &L R T
d(TTGGTA)/d(AAACCATA) (T 7 Z o O #H N D <, 2 KEEE &
d(TGGGGT)/d(ACCCCA)DIFH> M RFEINDHEZEZ N D, ELTED=HIZ G™
D N1 ZD Okt d(TGGGGT)/d(ACCCCA)D IZSHBRBELIZKWNEE ZDNS, it
2TREIL 2 AEETH d(TTGGTA)/d(AAACCATA) (& d(TGGGGT)/d(ACCCCA) &Eb~R
T Scheme 3 M Pathway 1 &K YEITLWRITKLE-THY . ZDFER 8oxoG KYHEAH
[ 1z NELERLIE-DEEEZOND, EFROEBRMND d(AGGA:)/d(T,CCTe) (&
d(TGGGGT)/d(ACCCCA) K Y BIEE T DMREMMA LN =HIZ 2 REHAREILL, &Y
RO NIV TS EEZDOND, ZELTZD =8I Scheme 3 M
Pathway 2 MK YEITLAOFTKEHIETELERPIA 8ox0G [TIE2TzEBZEZHIEMNT
x5, ZDEKSIZ, B7L 2 A DNA [THULVTH Iz & 8oxoG DELEIL 2 KEEDRTE
HIZKEL., FYRELLDIFE 8oxoG DLELEMELIDHEEZOND,

24.2 A DNA [ITH11D 1 EFERILICED 1z DR

Al LTz d(AsGGA)/d(T,CCT)DERIEIZHLNT, AR L 1= 8oxoG [FE 5% 5EE1EIC
KUY Iz ZELT=[67], Iz (KD FHMICKYRIRIIIZ Oz ~AEAL T HIEN KON TS
(Scheme 3) [43,60,61], 748 0z |£ G—C R EAZEDRRAIZHLEEZLNTHEY.
BEIZHWNONAELITHI TULVS[60,68,69], BID 2.3 ikl 8oxoG X 2 AEEH®D
ZEMNEFEFDIEEERLOLTLGDEEZONDD . TS50 -FEICH
d(AsGGA)/d(T,CCTo)DHI D L5 8oxoG M Iz ZRTHRILMIZ 0z ZELBHBEN T
48 TZE%(Scheme 3 M Pathway 3), CDZEM 5, 2 AEH DNA BIT5 R ERERIZES
LT.Z5L1z 0z DERIZLD G—C REAREENLISIEASEEZLNS,
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2.5. 4 A8 DNA (28173 8oxoG D EFDEE

BIEDBTHERNS. BRIEICKY 4 REDDIT 70D 1 DETEIESH
d(TGGGGT)& d(TGGG8oxoGE 3:1 MEIETEL 4 RKEMNEHEINLATREENH D,
D&% 4 REHLERICHEEEINIDDONEENH D=6, dTGGGGT) (210 uyM)&
d(TGGG8oxoGT) (70 uM)Z 10 mM @ KCI Z % . 80 °CMiFAT 5 HREMEL 1=,
KETHAIL. ESI-MS [ZK>THEMUT=, R, dTGGGGT)E d(TGGG8oxoGT) DA
HEHEot= 4KEE d(TGGGGT),/d(TGGG8oxoGDIFEHEN T hbYIZ 4 KEH
d(TGGGGT), &, 4KEH d(TGGG8oxoGT) s A HRH STz (Figure 28), #E>T. BRIEIZ
FYAKRERDT 7 ZUMNEEIEEN 8oxoG MELT-IBE. 4 AEEE THIFINT 1
RBEIZEN TN T HLEFEEINDS, ERIC, BIETITo- 4 K8H DNA DEEAEIC
BT, d(TGGGBoxoG)DE R ELBLITHEZEZZITTULVEL 1 AiH d(TGGGGT)DIB
MAHENTULD[E7], Flz. CDEZFELT: 8oxoG ZHL1AREA NI I—(T 54
BEEIEIZKY 1z TIXAECEIZ Ghox ZHELT=[57], 2D Ghox IERRIZAHFHILYYY
TR (Oxa)lZZAEL T ZEN RSN TEY(Scheme 3) [70]., F£f=0xa (X G—T &
RREBDRRIZEZEEZLNTWS[T1], f=fZL. COBILESHICERIEET
FEMTLIIEE(ZIE Ghox IZMA T Iz ZEAEAUII—HEMLTKEEFEENS,
COTEMND, BERIEEREHICEVTIX 4 REORBRILIZEWTHL 2NERTEHEEZL
nd,

[d(TGGGGT),)*
1890.55859
+K  [d(TGGGBoxoGT),1*
‘} /1906.59051
1600 1800 2000
[m/z]

Figure 28. The mass spectrum of d(TGGGGT); and d(TGGG8oxoGT)s, and
d(TGGGGT)3/d(TGGG80oxoGT) was not detected. Reproduced from ref. [72] with permission
from MDPI.
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26. J7=VBRILBRBDELHHEDREY

GG. GGG D&IBT TV BEGEHD 1 BFERILICEITABRIEEBEDRYIE 2
REDOBELICEALTAEIZHLASHY ., F-CDRYDRERRAIX., &xmHE SEEHOMO)
DIRYIZHDHERESNTLVS[12,1319], SHIZ BIETHE A E 4 AEHIZHIT5 3
7=V DHEMEEIEE HOMO DRYIIKEFT HIEEBHLMICL[57], ZL T,
4 [El1{T>7= d(TGGGGT)/d(ACCCCA)D EAL LR FRIZHOMO DIRY DEEEZ(T5HE
EZONBIEND, HARIFID 2 A%E DNA D HOMO DIRYZEETELT-, R, 3
BINSHZT2BZEBNDIT 7=VIZHERE HOMO DIRYMNRE S f=(Figure 29), £f= 3’
BINSHZTIBHDT 7=UIZHLT2HEEBICTHOMO DRYMKEL, FhlIZHLY
T5 AlICREEVNVT TUICRY DA N — A3 BIDTT=UIZIZ 4 RED IS
BEESTIEEFERYIFAHONEIN STz, CNLDHEER X Figure 27A [Z7RLT= 8ox0G &
ZFDELLELBILAERMDERMEDRYETREIC—HLTLS, F-ID KOG
HOMO DIRYICE AL EDRY (T 1 EFRRILICEWLNTHLOND, /ST, kD
D,0 ZRALVREETHENO-DLRRIC. COBIERIGIEEIZ 1 EFERILIZK>T
EITLTWDEWSZEZRIDAHENSLEMND LN,

Figure 29. HOMO localization sites in double—stranded DNA. Reproduced from ref. [72] with

permission from MDPI.
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—A Iz IZEBTHE. dTGIzGAN X d(TIzGGGT) KYERIL E RN S LV,
d(TGGIzGT)I& d(TGGGIzT) &Y EEIL E N % LV R [E(Figure 27A), HOMO DiRY &
KL—BL TL =(Figure 29), =12, d(TGIzGGT)(F d(TGGIzGT)EEELAERRHD =N
BIL &, dTGGGIzT) D E A Ao t=-mIZBIL TlX(Figure 27A), Figure 29 MDEHE
RN H T CORICEALT. 1 REDOEALIZEWLTY Iz [FE/RL. HhD 1
AEHTIL HOMO DRYICEEEZZITEWNI LML BEL: 1| REOBRENESH
FBIDIEICEOTIDEIEEVNNELZDTIFELMNEEZEZTND,

3. f&iR

2 KiH DNA D BB £ FiZE HPLC ICKU L THBEL . SHICESI-MS [TLBRIE
%Z{To1=(Figure 19, 21), $&8 .2 KEIZHITHBRILERMEL T Iz, 8oxoG, Gh,
Ghox A RSN 1 KEH, 4 KEHDELERMD EIZROEN T, CDKSTERIEE R
MOEEOELIZEHLTE AT FEREEERELT Scheme 3 #1RRL. £ G'D
RTArUICEB Lz, CORTOLDEIYADOTEIE 1 REE>2 K4 KETHD
7= Scheme 3 [2HULVT 1 KEH(X Pathway 1., 4 KEH(E Pathway 2 ZFH#EFTL. 2 KEH
FINn 2 DORBEIEIZETTEEEAT-, — A BILEBRYMDONEIZEBET S
E2RBEHDOBRIETIES AINSBMAT2HEBDI 72U RLEEIEEN AT {(Figure
27C). F=CDFHLERRILMEDRY (FRIETRLI- 4 REITH T A EMERILER
C<{HOMO DRYIZEL>TEIEFRISN TS EZBLAIZLT=(Figure 29),
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FEMTDFER. 4 RBEICBTET T2 DEAL LMD 8oxoG EZDILAELHEEIE
M THD Ghox THDHZEZBHLMIZLTzo — A1 REIZBITHT 7= DL
ATz 2 KBICE T 7=V OBILERMELTIE 1 REE 4 RBEORRILE
BN EIZH DN T=(Figure 30A), 512, 4 REHIZH LTS AlIZHFRBIANVIT 70
HERENICRRIEZZTHIEZBOMNIIL I REPC 2 RKETIIBEITHRED T UVEY
MRS T=(Figure 30B), CDKIIZ 4 READERILERIMIE 1 KEH. 2 KEHDBERILE
BETER., (LB, EICBVVTBHBICEGSIEFHLMN T HIENTE:,

—AH.CO&ILBHILERYMOBEOEICELTEAEFEREERERTL.
COEIISBIEERMDEILERBALLSEER 2, TDHHL(TTT=0D 1
BEFRIEIZE - TELSG O TOMIZEB Lz, COBRTOM OREIYDOT X
1 RED>2 R4 RETHD0H. 1 AEDIEEIE G OFRTOR ., 4 KETHHY
(2 G 'ADKDFFMAEITL., 2 REITIND 2 DDBRBEAKIZETL. ZD=HIC
SEk D KSR E Y DFEFEDEVNNAELSHEE X f=(Figure 30A), — A . Biib&E
D LEIZEALT, 2 A8, 4 REBICHITABBIEABEDRY IEEHES5E HOMO DR
YIZE->TEIERISNTINSZEEBHSMIZLT=(Figure 30B. 30C),

758, 4B 4 KEH DNA @O HPLC [Tk D EREL. ESI-MS [CKAHHERRICTHDILT-, C
D K573 4 A H DNA QBB TR IIL=HIE T 2 DEBRYBEIZHEL, D K514
AEDOBEBIZRHINLIZZET 4 REOHEMIZHE LT 1 A8 DNA DREZRST L
WTE-,

LEDHRBEHERICONTE | EORARZHXELTER. BEINT=(RSC Adv.
2013, 3 25694-25697)[57], Ff=. % 2 EORNRFH/HXELTERRE. BEHINT:
(Biomolecules 2014, 4, 140-159.)[72],

AMRTIEULEDELSIZ 4 KEICHITHERRILIEEDTELRE. (1E. EXFFMICHAL
ML=, FEIAL: dTGGGET &Y HLRWVELHI TOREMTICEALTIELIEPETD
BRILERMEEB T A LIEH RS BRILIBEDEE. NE. EL—EICHBTT 5
CEFTELGNEFEEINSGD ., SEIOEREREAWNTESL-RE DNA [THELVT
BRALBITLENLGOR A ZFEO TUOKIENTERZEHFHL TS, FLT, £FRIC
(1352 DTT7=VEBERESIN 4 KEEZHRATRELRI LML THEY ., I5LI4E
ARIZEIT2 4 RERBERIOELIZ DN TESITHREZEDHTLISEEZ TS,
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RO, NARELRF cmyc DEEEHRICHEEZEALHEFEINTLS, BED
XHRIZHE LT 8oxoG DEFINDIBAIFZDMEIZES>T 4 AEDREMIZEZS
HEMNERGIERESNTEYBE]. HaNSEBALHICLI-4 REBITHEEORIEE
BN, 4 REEEDKERICEDIIGFHEEZH-ZE5DMN. TLTEILERE
HEDOEAENTAATEIDBEAS. c-myc DIEREEEICEDRICEET EOHER
FHLESEEA TS,

0 . S
T Ol 0/ Stranded DA fe Iz

¢ el TERAEEEAA
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Figure 30. The oxidation of guanine in single—stranded, double—stranded or quadruplex DNA.
(A) Proposed guanine oxidation pathways. The sites of guanine oxidation products depend on
HOMO localization in (B) quadruplex and (C) double—stranded DNA. From ref. [57].
Reproduced by permission of The Royal Society of Chemistry. Reproduced from ref. [72] with

permission from MDPI.
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RER DB

1. HEEHH

RRICAV-ZRBEEMBIUTOLSITERL=. P1 RULT—E[FEHT/ A
AHASUHNCEALIZ, TILAVKRRI7R—EEZT D RIG/ N\ T7— TR EHE
XEwMoBALE, 7EF =M ILIGEREERA SN CBAL-, BFBE7 T
=L AATVIVEE. dGL IBAED) D LFFAMBETEMASHIOBA L, T
TUoBRZDL KBIEFTRIDL ERYOUIETAIATRIBRASHMSEA LT,
BKIFANIBA SN OEBAL, BIEEZEFLLVE DNA BEIIEHKXEHAR
NAFH—EZRNLEALT=,

F1-. 80oxoG ZE L ERFI (X Polygen GmbH 0D DNA ERBEES T I T ILR)yF ¥
NOBREHMNLEBALEEERARATIA AV TDONABBEREICIYE
BLTz. F-BEDXHESEIZ, 8oxoGEET BN L. GhEBLERIIEZE LT
[61]; BoxoG ZBLELSIM L. 2z ZBLEINZEE R LT=[57], 8oxoG ZELEEFIMN L.
Ghox 2L EESIZ &R LT=[57]

2. BALERYDREN

CD MAIFEIXZBERD KX S D J-820 Circular Dichroism Spectropolarimeter
ZFALTIT271=,6.25 uM RF [ZxLT DNA % 0-25 mM DX =BF D E S IRE DR
PIE 10 mM KCI & 5 AP LB/ T7— (pH NEET.ELFa5—T/NI1RY
w/I\U R &L D SpectraMax M5 plate reader ZFALNTHITE L -, DNA D ILEEE R
ISIZ$1+% UV OEEEFE UVP, LLC @ 3UV transilluminator Z ALV =, BREE D
HPLC IZ&BBEATIZHE L TILFIE 1.0 ml/min, 260 nm THRIEZEIToT-. TDMDE
RAL=hSLDOFEEORAK.HPLC VSO IUMIBALTIIERDBRAXESED
&o Ghox, Gh, Iz DELT-IEZALMNIT H1=6H ., FERILERMIT 1 MEXRYDY
FHET.90 °C T 20 min MESINI=z, TDE. TILAIRRI 72 —EEED RGN
WI7—%MAT 37 °C T 3 h RIEDHE., HPLC IZKY B ZEIToT=, 8oxoG ZEL
BRACERMITEBER. P1 XULT—E. TILA)KRRT7E—E . RIG/\vT7—% N
AT37 °C T 2h RIGL. ZDEEBERILFIEH ZR(Coulochem Il ESA)Z FALN THEAT
E1Tot=, BEHHIL APEX-Qe 9.4T AS (Bruker Daltonics KK)ZRWTETHRAT
ATAFTVE— R T2l T, BEEMMERZUTIZEED -,
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F1E

H)DLAF 2% 3 DEATE 4 A8 DNA (m/z 1889.80689, calculated for [M]*
1889.80493)

Iz 20 EDETERIE ERHI(m/z 910.66052, calculated for [M]*” 910.65937)
8oxoG ZVEDELEEE R (m/z 938.16411, calculated for [M]% 938.16228)
Ghox ZUNEDELERIE A RMI(m/z 932.16758, calculated for [M] > 932.16228)
F2E

Ghox ZUV&EDEL AT —(m/z 932.16785, calculated for [M] % 932.16228)
IZZUVDEDELATY—(m/z 910.66027, calculated for [M]* 910.65937)

Gh ZUV&EDEL AT —(m/z 933.17775, calculated for [M] % 933.17010)
8ox0G ZVEDEFLA )TV —(m/z 938.16328, calculated for [M]2 938.16228)

3. HOMO D&

2ARBEDFEIZBULNT, £9 2 A48 DNA DET )LZE Maestro 9.0 (Schrédinger) [73]
FRAVTHERLIZ. ZTHLTRTOHEHE. 2-TAFUR—XD C1 fLDxFE. K
REMYRKRE. RHYICTOR % 2 DfHINTHIET N-AF)L1E DNA IEEFERL
T=o

— A AKREDOFHEIZEWNT N-AFJLIEDNA ETILIXRD XS LT=. £
PDB 1545[49] Dt RBEZIMEL. BEDRDLAA U EN) D LAFVIZEZTHA -,
ZLTKRIFDFIVRUVED 2-TAFD)HR—R% 05 fif, 03 fi TENZENEYRE.
MhylzZorrEEFNEFN 1 DMLz, FD3Z T MacroModel version 7.5
(OPLS2005 force field) [50]Zx FAALVTHEERBEILZIT oIz BHE. CDEETTNTDOA
OLAXVIEEBEZEEL . TDE. T RXTOHEBEICALT 2-THFPIAR—X
Cl fIMkFK. KFZMYKRE. KbVIZTOr%E 2 DRMTHIET N-AF)LIE
DNA B EZF/ERLT=,

2 RHH. 4 KEIZH TS HOMO D EFHE X Gaussian 03 (B3LYP/6-31G*)[51]% ALY
TH1o1=, £f= HOMO D{EY X Molekel 5.4.0.8 [52]%F AL TEEIELT=,
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