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DNA PPETYT»0 5-Yix»U°taxaa°l 8-6C»UARaNREpA
AT, 0o TaE«/kx -0To%° OEAxYig T

ET02XU'E~ x£EA-®'E~ X OLEI’E~ A2AGTU2
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0202£R4EAE GC/FID T A, -0T6 DNA DPETYT»U 5-Yix»u°0axanel 8-6C»UARANRENAEUNETEYPECA GC/MS Yol ", ~0D1g
3E.0j£%A10+TA-EPNA E@BATIOD2x [-3E - O E+»3EL I U@NUEGCT - 0ABES Yix»U°0axanol 8-0C»UARANREPATATOAL 0 -~
0100%0-0+812 3.0 ©T 1.3EAEAOTE-0£8T2 5.50 x 10° mVits/g ©T 7.59 x 10" mVims/gE#i 22T E - 04871 36.4 pg/sCT

15.8 pe/sEBQ, 6 - OTOA=3TpATAN0+8xYE«2TD{ 00 20% i £

10%i1” EER@ TAEEXEQEAXEDPETUT»UES-Yix»0° laxan£8-0C»UARANRE

0D 1% - 0AACALDIGS8ER657 . TEQS TATx+8ETAGEA

1 ¢°NO

8-0C»UARANREECOU»TDONG j ficAé - aE4 | 83DO0A°0
0-  00TI»0vaEPUAx+OATAT , °0 DNA OPuAARANRE - CEG
NG» ESEENoDT3ENAO» O0PPETYT»UESE 5-Yix»U °(axan
ECO»00%-papA DNA DPETYT»UEBAAKLOOPPETYT»U%0ZT
087200»000+ 1" TpAp+ ¢ BEBUDTTaY22  yA - ¢EG - ¢ 011y
310D - ¢»0xA0B02pAx+-ORE2E% £49,TA2T syt Ta GC/MS
-0T6 DNA 0D 8-0C»UARANRENEDPETHT»UpA - 1 - EEE40
GC/FID -0T6 DNA 0D 5-Yx»u°0daxanel 8-6C»uAfaNRE
UEPPETYT»UPAEUNE T 6o DDAEST T2 T T3pANDY: £-PC
O10A GC/MS T00P1@3E - 0%ePPAE YT £4-E+1000Tu -0
To1y3TuAASDO» - %UeDDAELE02UA” " PACTOAS £
2 EpNéz; -0
2.1 EOvACTOCK+Eex,

80%« DNAj§-Yix»U°(axag " 5-MCE§8-0C»UARANRE
£78-0hGE@® 00 &2 PEEOYAT? Sigma 1« E%20 £-£-BSTFA
£UBE" methylsilylE@ifluoroacetamide£ T2 Fluka «E%20£ - £+

-ET2 BDH 20£-£¥eS0, ©1 H,0, LET22020-0T6 "¢ EO
VA E

AAT( Varian SP-3400D1 g TaE«ExOCE%» A2 SE-54
EOEUE O¢A«T, 200630 mx 0.25 mm i.d. x 0.3 pmEE-
0Ea12 R™ ¢ LREFID Yl 2AK+£4 " E%xO ™ £4CAY%CALOCES
HO%0 GC-17A/QP-500001 EgOEA2OAOCEAA LG J&W L«EY
DB-5 A«T_LU0UE-OBKa T2 R ¢ CafcAé - LEXT EIESG])
D10z 0A4Y3 EOT»UENGEEELCETA EOTTA £

EQ, &EORU£$999-09-20£B8P»PEOLUEPI99-12-10

TAOA+2°A£9000-8718" 2000£04-0295-05

2.2 NUEa16%p

Ei 1.4 g/L DNA EU0® 300 L OAOUNUEUE, ODESA
98 % YixEAE®Y%A 40 min ©0Y3,EEA; ,ONUEGK; OPYOEENU
EGEUO® " BSTFA-008&£H&»Y+ET2 1: 1£800 (L %oDDEYYx
»ULeTé»B TMSERUEG» £6A%a U, Oue-acUEA %O ,C
O60AUGEEEY, EOTTAAUESU 130 °C TANUEG2» 1-E244°06
YOEBEEA; AUxé - FnabDEa TaE«kx - 0TOEB0ARANRE - 4Az
»y08 - £ - ARe»y+EOUTAXY xg+8ENUEGE+ YA TAC4xg +6 X+
TVERALO%OTY: 15
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%1 DNA Nu£-EevaTipA TMS NUEGCATR
Fig.1 The TMS derivatization curve of
the hydrolysate of DNA sample

2.3 -0A&1oYp

0U DNA EUOL"000EA;A™ME 1.0 g/1.£6D - 0+8%0E€
O»"A EUA H,0, °T FeSO, EUOCEF "1y Fenton -~ 0120
EG HOp001¥»+ DNA NUE-£40T020E0 8-6C»UARANRE j£
Y- 7050900 37 CTALETAO» T E+4E°0E 300 pL OAOU
NUEGE; 0PY=, EE-Ea%AE-0UT= Ej£UOEENUEGO® 300 pl.

»URSTTA; E2ET«E j O0uaNS ¢ £xEOG, TIAEAGXVCAEOA R ¢ £01997£Y4 ©A
x+0RYO%EEBTO2XE " 1970-£BADEBDAT 6N§ , YEO TeNAOROCTU . EOUTAZOE; EGEAPAT 3nE3£BE+AER10008EHG» £C0731£8327208 i £
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1%aDD TMS NUEG»~£-00%0E&°-AU+é - FuA00&=EU0L 0.4
o/1£0).5 pl £-E»°0°" TAAD16Yp%ebD GC -0To£R2EgCT
CakauATRDOAEU%IT? 30 mL/minfa0fapATRDOA-EUT
300 mL/minfA; " T4oN0 0.8 pl £-0A=gNUE-OA++ET2 15

R s mn ~ 15 C/mi
1§ E0»x EYTASTDOED20 °E "1 minfo—————>250 C

£79 minf8%eNU¢ UTATE 300 CEFID TAYE 310 CEE¥/GT2
8£A: 3T 11i£GC/MS -OTOpPAEY TASTDO T-ETE4aNU 0.2
pLE-OA+E 10: 1£6EExCar+ugxOAUA; T2 70 eVEBEALE™
Ae-718 30 u~ 600 uif

3 %a100e10A0
3.1 DNA Eevafug-pA ™S NUEGCATR

+YTAEON j AU+ T2 - EEA8» NSDOOETEY " COTPENU
EG»UTAEBO EARANREOE - £ - &A@ »y PALE O ELT XUE - pd
-7 03NUE- 0D+» TMS » pAARANRENAC-Ag j£70T% 1 ¢E¢”
36£B0N; 1 LAT6%p TAENUEU 15 min % ¢E%« 1.4 o/L pA

DNA NOE-3E2! ugtebd TMS NUEG» ™ £0upAx¢OapAECE-

wiAGA” 0D+ PAMEBRENERHNA OPYA 4 00%T»U0U TMS NU

EG1y310D U»a0DEUA: x2» T2 Ta0! uA»TDONGESEE2(

a 11 ¥ i

TVi£ 0% TANDY ha 1002 E ¢~ 30£hmxANUEGE+YApANO
3ofARANREPAC-A; ODYupTUAC+EEEH | 100A00%UUTOUTS
YENSETA» 0D TO0gPO0A0R™ F = 1.13£~P > 0.05£QE00
“E£602A7" DNA 0D 8-0hG UE»TDONOESEE2GTVELER%:j
A¢ +UAANUEGLY3TEU20EQpPATUT3TO2TES ! x¢ 04 POENU
EGE+vaj SATE j RUEGEOYAA " TENE2TEYOUCTEEPA - 118 £
ARANBEOU 4 00 DNA 3£40%T»U0D " gODxTIapA¢E
NUEG»OTA ™1 ,6°#»0j¢ ,6NCo+»0°T1 1 ,60C»UEBACO»
00xTARYgDD TMS NUEG» pAYT»UEDNA OPPPETYT»UED
T 0DYT»UEAEC-A¢ OTOTUTOUARANREESED» °ACE ¢ O TAAR
aNREPANUEG 16%p0a cEAGxaAEUYT»UpA TMS NUEG»
02C6j£ED DNA A" E06 " 6»0NuE - 0P»1 ODE4E( ¢ ENUE
TiOE£60De , U%YEUNE02COTA0! Ey . BNUEGTATE j #O3aNU
EGE+%8»006 " 6NUEGOPOP BSTFA pATé&»y-OEy £
3.2 %~ HOj&¥»+pA DNA NUE-E®%A20TTpA - 0To
DNA NUE-%- Fenton -~ 0! €0%A [ EyYix»u1e Téx»~
OO£BUPAZG TV PANADT Ao TAE«£x - OAS TVEE FID Y1 24£0
%0 1% 2£6C/MS xUAEXOA+ T8 TICERQ ¥ 3£6D 1@ TIOENA
OBy TV 1Y 45 £

b LUl 1Y V

|

1.2

1%2 DNA NUE-E@%A20T I PALG TAE«EX T
Fig.2 Typical gas chromatogram of the trimethylsilylated hydrolysate of DNA sample
a. FID PAE¥/5T2 8Ex . -& 'V 30TOCO0ACY Y« FID EXYOOE 8 u=0A 1i£
a.The FID attenuation was 8£»b. The FID attenuation is adjusted from 8 to 1 as peak V appears.
-8£9 . AxEAEx]] .DOTUAXAnER]] . c0axanEs]V . TUANREE»Y ARANRE j£1.5-Yx»Uc0axant . - £ AU+6£6>3 . 8-0C»UARANRE { £

Peak£C] . phosphoric acidf» Il . thymineE» [Il . cytosineE» [V . adeninef£» V . guanine. 1. 5-methylcytosine£»2. phenanthrene

£”internal standardEE»3 . 8-hydroxyguanine.
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M

J\M 2 |
WIMI - ]
3 4 5 & 7 8 9 10 11 12
¢t/ min
1%3 DNA NUE-pApapT £g0EAROAXUAEX0A+ TV
Fig.3 Typical GC/MS total ion current profile of a DNA sample
A1 ~ V¥ 1 ~31-0%2if
Peaks | -V £-1-3 same as in Fig.2.
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0D-4 1£2£3 -0+3700} 5-¥x»u°(axanjekjg-0C»ARaN
RE{EOETY 2 (ELOESU+TAEPNETEYp TAESA GC/FID -0
T6 DNA£8U 20 min Al ¢ EpApAGOapA - 0AeD§10£52C0
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Fig.4 Mass spectra of several peaks in Fig.3

aEbEo correspond to the peaks 1£2£3 in Fig. 3E-vespectively.

AUé - £0& DNA OPpARAEGSE - 00PxAACAPA - 0AEDS§ O£
0a%IEL010A GC/FID 1 A¢, -OT6 DNA OPPAPPETYT»U3E
T2 EAU£01OA GC/MS 00¢EOU 9 min AU%«OD1F3E - 00D
DD - 0AG; 2A” £6810TAAAEENDY: TazELSURIE | - OTOE:
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3.3 Taf0A!fa--0!00x8 £, £RAZAT"

-0+8%«E - 3EEj O» " A; WA 5-MC ©T 8-0hG +&xY%E- £
OOEEA; - Ax+AU+e£32 T-EUOUNUEGEUOL  BSTFA-00 é£
Ta»y+ET2 1:2£6PEARPPNUEG 6 , 6EONUE-O+3%aNIC624
1 ABOOPPETHT»UY:° - EpA - AAe»yEHEES  +xOpATATOA!
f0- 03 00x0f, £4410%0T 17£

11 5Yx»Uc0axanel 8-0¢»UARANREYA £, Ou
Table 1 f,, of 5-methylcytosine and 8-hydroxyguanine

NO£- oA S-Yix»u°laxam 8-0C»UARANRE
Sample No. 5-Methylcytosine 8-Hydroxyguanine
1 2.8 1.4
2 2.8 1.3
3 3.1 1.3
4 3.1 1.3
5 3.4 1.3
6 2.8 1.3
X +SD 3.0£0.2 1.3+0.04
RSB % £0 6.7 3.1

“0£1 1 (E%OES, PAAGAU RSD 2»3-1y 7% j£u«T0
ACpAEUNE+TA+EF, %jLUOUATAUETECO» L6 OpEp«ED
“®0UEQa+A01£60 EE%«E- 227 5-MC ©T 8-0hG %270
A-qEE+E+, pA2aT xTOAOENUE- pAY%i 22 T-ExhePDiE
Hashizum& = 0ARANREUEVT»UTANOAL 0 -~ 01 00xOpARD
%¢,020apApAAEAPALAAD { £
3.4 GC/FID AGABTEY°%i2aTp2aT H%atd

5-MC °I 8-0hG pA FID AGAGTE -0+8T2 5.50 x 10°
mVi%/g °f 7.59 x 10'° mVjns/gE¥ID %12aTh¢E-0+87 T
36.4 pg/s°l 15.8 pg/sif

£aOEA20AN; OfiD0AEx02aA,, - EE ™ GC/MS-SIMEQA
01 OAEREw« TIC 28A; - WEREPAACAGTETA R 2 ~ 3 ,OEY
A¢v£BAELPACUA;, DNA DPETUT»UpAT 243E T2 EAUE
NIO0UE%E«OE i€, *QEEREY 8-0C»UARANREPAY: 24, E2E
0A0a002aA,, - hEXO0 T4 , BE&YT 2aA6AOTE | £ Dizdarogl i
pARDY¢ +TA+£61 OAN OfiDOAEx028A,, - hEHES-ohG PAOE
ExYi2ATPE™T fmol EQE £
3.5 00, pOEuNe
3.5.1 OCE=0@, POEuNE %« T-0»NUEGE: OPPARUE-
00, " %eflt 5 “TO0£~0+8%EEE 5-MC ©T 8-ohG PAA JEE-
CORa%UO0U | 8D T RSDEHALIY0T 2 £
3.5.2 NUEG-%-"uA0g, DOEuNe -0+8E;EEA; 5-MC
O 8-0hG +&x%E- EUOUNUEG0PO6 %+ 5 “TALDDNUEGER»
O6%aDDAFTAE«Ex - 0TOEGO£AY%UON | 6D O RSDEHALOY0
1 2jE

3.5.3 ¥i2a-%-"pA0g, DOEuNé 4 ,6£4PD DNA o
E-£%- HOp¥»+00Ea%a | HUEGE~0+02aT EpNeNu £ - 0P
A 5-MC °©T 8-0hG PAATE£6GEA%ION 6D OT RSDEHAL(
Y+T 2§£

72 00, DOEuNé%ATa
Table 2 The results of repeatability

experiments mmol/L
.. NUEU»—
1aNieA GC o GC/FID
o Derivatization
Injection No.
5-MC  8-0hG 5-MC 8-ohG 5-MC  8-0hG

1 4.0 22 53 20 2.7 2.9
2 4.3 2.1 53 1.8 2.8 2.3
3 4.2 2.3 4.8 2.1 1.9 2.3
4 4.1 2.3 47 20 2.5 3.4
5 3.9 2.0 53 2.1 - -
X+SD 4102 22£0.1 5103 2.0£0.1 2.5:0.4 27+0.5
RSB %£0 4.8 45 58 50 16.0 18.7

+YTAEU PAUAEYYERC , U%Y GC/FID -OTOEUPAE«
Ex 19 K EVEER L« ERpABOPA £ O£T 2 (B¢ 30ERAEX
0G¥NUEG-%-"TET DOCAEEC/FID -0TopAdD , 6A=31pA
TaN0+exE«2T0aT 341y 209% £GUYE -0TE1y310D¢ ExA
¢é06” 6Nu+%AYEY001a0» 21414 BYa10pAYAUTE £ E
Ta£BACE ITEY O+ PAED! OA GC/FID -0T6 - %1 24
DNA NUE- 0D 8-0hG PAELKU»BEOAET? 81.7% E»U+¥i¢E
AuxaT A - 0T6pA02CO £GC-17A/QP-5000 DTEEOEA20A
OCAA0DT "A¢ -OTOETUPESE3E -0 -¢»0 MS xOET RN Of
DO°T R E . DOPAT A -0TE1 Y AUES! OAAU+E - »0%a 10
+&xYCOTR - YEEAODLEDPETHT»UPAA E £

EufNé1y310D - ¢ TOENUEG» A 8-0ohG MEOBE®Yic2»
TET £47 E2083+F2pA ; 0£a%0 " ¥02»40UE« Ex THET36TO
E«-AE50100° TY EAT A, | 6 DONDY, i £Sasaki LEV7EOUAR
ANREPEYT»U TMS NUEG20TTpALs TaE«kx -0To 1y 310D
020gx¢0apHhAAFAE« - ATOTOE3CETT20a¢ EAUOEOPERTH
%pTA TMS NUEG2ATT0P2;, -0 TMS »U TAE®%ATAA OP10 i £
+%ENE1y310p0g2027 phpA 8-0hG HE TMS NUEG2GTTUA

OP2EE i NT, A, EOT” 6ECEHEOEUNEEOYA ; EuNe OAYRY:®
E«ExEQ ¢ OaUEY: ¢ EAUNGTPE®» EC - C3£+002 A £2%1D
%i¢, 2EE jE«x -0TOE0°2x° ¢ Ou+°l ;O Fa TUE2»UETC A, Yoo
No£+oT” y2aN0E-0A0UD i BT, EOTA+AUENUEG» D EY A+
+£72C°0A0P»UEUVA "Ec+0 T2£GAT  PETA00 , EOT 6EOE-
»UYET+E00AE " y2aN0E - ATET DO £

2T ¢ TA Tx

1 SONG Yuan-zongEZHU Qi-fengEMO Li-é ETO2XUEXEEA - @£~
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Capillary Gas Chromatographic Analysis and Mass
Spectrometric Identification of Modified DNA Bases
5-Methylcytosine and 8-Hydroxyguanine

SONG Yuan-zong'£~ ZHU Qi-feng'£+ ZHUANG Hai-qi’£~ MO Li-er?
£7 1. Medical Biochemistry InstituteE~Guangdong Medical CollegeE~Zhanjiang 524023£~China£»
2. Teaching and Research Section of ChemistryE~Guangdong Medical CollegeE~Zhanjiang 524023 E-~China£0

Abstract £Fhe purpose of this paper was to establish a method for the determination of modified basesE-5-methylcytosine and
8-hydroxyguanineEm DNA by GC/FID. The experimental conditions were explored systematically for the quantitative analysis
of these two modified basesE-and the components were identified by GC/MS. The results showed that the variant components
in DNA treated with Fentonj's reaction can be derivatized and separated successfully. The relative molar reactive factors of 5-
methyleytosine and 8-hydroxyguanine were 3.0 and 1.3Eespectively. The sensitivity for them were 5.50 x 10° mVi®/g and
7.59 x 10 mVjss/gErespectivelyEwhile their detectable limits were 36.4 pg/s and 15.8 pg/sErespectively. The coefficients
of variation for gas chromatograph were less than 5% £for derivatizationE-ess than 6% £and for the whole analysis process £-
less than 20% .

Key words£8as chromatography£mass spectrometryEmodified basesE>5-methylcytosine£38-hydroxyguanine



