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Fig. 1 Endogenous formation of oxygen free radical
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ZBEREG R 2-BRG MR RBOER AT>GC R AT~CC BINRAE, RS
RENSRBEERLEARBAWETN, K, UVBRRNKBTE e I ZERE
A HENA 9.7% 8 AT~CG 1 1.4% M) AT>CC RIRA; HENBEHKIERS RN
BARERENE 9.2%H AT>GC 1 11.7%H AT>CG BIZR4F .
FHNRITEIRKIGITE lac I BEREFHFH — MR R BA GC X B A
5 72.1%, T RBE AT X85 18%, Wi K RSIEER _REEARHOKRFN:
TT>TC=CT> CC, XEIRE LI RRTIE®E —RENE RS, ARNEIRETHMW
WRRAMK L. FHi, BEREERNE BRI T DNA MESRGEAEEENER.
HTHEG FEAEEEENBUBIE, (EENRERSEEAHESAES N (A
2) B2fik QMumMERXSE 2K, Kb 1—10 BEFAERESHA, FARRNE
B85 C HiE, MEEAhBEERS RN F4HNHE C M H,) KR BHLEET T
B, S THRBAFAE, H3 DNA EEAHERGENREIREL TAENER.
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Fig. 2 Reaction model of hydroxyl radical with adenine at 8-position
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F1 REPOSERTFHRMAILTHR
Table 1 Optimized geometry at the reaction center

Cy 1 B RY C, PR R
B8 R B4
TS1 INT TS2 =Y TS1 INT TS2 =Y

H;—O0yp, 0.0049  0.0949 0.0966 0.0968 0.0972 0.0951 0.0966 0.0967 0.0976
0p—Cs* — 0.2050 0.1416 0.1403 0.1377 0.1944 0.1440 0.1420 0.1377
H;—Gs 0.109 0.1102 0.1134 0.1231 0.3650 0.1117 0.1140 0.1230  0.3193
H;—Oy, — — — 0.1456  0.0962 — — 0.1501  0.0964
L H3—0p—C — 116.80  110.04 109.66 107.21 117.57 109.99  109.17  108.33
ZHs—0—HL " — — — 103.91  103.46 — — 104.05  102.58
ZC—N—C—CS " 0.00 1.09 -0.70  -3.15 -0.01  3.45 4.05 6.53 -0.38

BN om, BAR_HEHARN: B; » *QURNFHFAGHG, HuE G HE; » x xRN A
ZC—N;—C4—GCs.

F2 RNY. FES. FURERBRITKHERER
Table 2 Heats of formation and energies of FMO of the reactants, TS and products

Ce PLI I C, LR

(AL
AH kS mol™!  LUMO/eV HOMO/eV AHyKmol™'  LUMO/eV HOMO/ eV
"OH 2.6681 -0.3558 - 12.5658 2.6681 -0.3558 - 12.5658
PR ER 363.1615 -0.1118 ~8.7688 363.1615 -0.1118 - 8.7688
181 369.8377 -1.2011 -8.83%4 400.4211 -1.3096 -9.0792
INT 198.7906 -1.0318 -8.5773 285.6179 -1.2245 -9.0368
TS2 229.5391 -1.1270 -8.6313 293.7846 -1.2621 -9.1941
=Y ~70.6023 -0.1489 -8.6730 -62.9192 -0.1743 - 8.8021

®3 BEXERTHRBETLA

Table 3 Atomic charges at reaction center

Cy LR . C, i R BL
BT %% R4
TS1 INT TS2 = TS1 INT TS2 =Y
Op -0.187 -0.307 -0.311 -0.292 -0.254 -0.304 -0.313 -0.287 -0.239
Hj; 0.187 0.187 0.214 0.229  0.261 0.182 0.222 0.216  0.263
Cgor G -0.057 -0.025 0.1299 -0.003 0.120 0.029 0.141 0.130  0.209
Ny or NJ* -0.115 -0.101 -0.149 -0.216 -0.171 -0.238 -0.312 -0.2600 -0.332
Ny or Ny -0.227 -0.218 -0.287 -0.177 -0.213 -0.118 -0.141 -0.165 -0.218
Hy 0.202  0.222  0.214 0.19  0.204 0.205 0.131 0.198  0.203
His — — — 0.198  0.203 — — 0.200  0.200
Oy — — — -0.321 -0.402 — — -0.292  -0.400
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Fa4 TS, NTHEFERETFHEFERAER"
Table 4 Electronic spin populations at TS and INT

Co i R RE C, B R R
LS B BRIy
TS1 INT TS2 TS1 INT TS2
Oy, 1.00 0.842 0.031 -0.024 0.755 0.051 0.031
Go G " 0.00 -0.403 ~0.046 0.300  -0.431 -0.068 -0.295
Nyor N7 * 0.00 0.317 0.655 -0.626 0.366 0.328 0.404
Noor Ny * 0.00 0.012 0.061 ~0.049 0.489 0.571 0.565

014 - - - 0.794 - - ~0.832
* P HTRBKET; » » G R,

3 s

EREAHESREEVHNE - SRNT, YBREEAFRTFTE GR G WERX
0.2059nm B%, 0.1944nm B}, 53F4 AN B TS1, Mot fb¥@ R 2R, R
Z4y51K 0.208 71 0.326, U EARBEEL GUIESHEBBER, fHy—
0,—Cs B/ H3—0,—C M5 A RFEREFAN o« BEHRERA 14.5FRKHEE,
Xt ERBENIEHRHZ —. BERREFHE-LREREFESR INT, 0,5 G (G;)
ZAMRBENILER, B%HR1.00 (0.97).

BoARNBRERRETF, ¥EAHE5SHEAZE 0.1456 M 0.1501nm B, 2514 B
Ce LR RBIF C LR BLRY TS2, th¥BRERSER, AR SFH 0.224 71 0.197,
511Kk, W GUuERNIESEREBEERK. ¥ 0,5 H,WEEHK X 0.096nm i,
H, 5E%FERLETREERA. N_HABENH, B TFEEFESER TS REIE
A, GRCGEMABTEAN{EFE, G0 ,BEEBK, FHC EEMIFNESR
KT G EERFER; EE "SR _EmAERLARE, ZRE~YN, —HMH
BB/, REF IR .

4 ERTH

HE2TH, GURNMAEILENAEy = 4.008k] - mol™!, AEg, = 28.0804
kJemol™1;C, 2 R FEALBE I A Ergy = 34.5915k] *mol ™!, A Eqg =5.4986k]-mol~!. G4
LR R B3 S FEE S BN TS2 AR, T C, (LR M E) =6 2 A TSI KE K.
XS, GMNREMES T, BFER C RN HEABERNT 40k -ml™ !, EH
BFRBHT. NRANEREER G URME G UERAH, H&EWHEBRL C i
F=Y /N 7.6831kJ cmol ™!, MRTERBIERE WA, C M G MK ML Epymo.on—
EHoMo AdenineTH < BBES /N, BRI M IR P EE T LUMO B REMRBENBE T, 58F
FHHEAERTFRIBREFX - SEHFTS.

5 EHEBRTHBREGRBIRE
ME4TA, EHREYE INT R, A TFRETHEBRTHEARLSRET
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ZHBRBRENMA, O, LHWABRAANIYA; Bh INT ZFYHLRS, 0pMAH
R MR R A AT, KRB TRAME » BEABTHEIB. SHHEK,
T2 FEYMLES, OWS HER o &, HARMHAMNM. AR4IETLUEFL, &
FERTARETHBIRT, EFEARERTRIRE, ARETR. £ GAR
pith, HHERTHREAAER N, BoEBE, ZER NTHARSEHERTHENR
EN, REEER T2 HBE_NTRERMNAMERTRIAN GES, BEN 5 G
MAHMERTEFER «~ 8, KEERFHIEEN. % G SR TSI, INT & TS2
ZRATFRST, BHERTFEEEN AN EFLE, SHBETF R, XEAHESR
FIRE RS ~ 2.

6 1Tt

UV BB STE]E DNA BN BB 0E R AR, RPU TTHFTHRE AN E,
i TE>TC=CT>CC. EH_BAS FRESKRIRNERBE. N UVESEKX
AT E lac T EHETE R A 2],

* B GC>AT AT—-GC GC—TA GC—~CG AT—TA AT>CG +1%E" -1BWB* HX

% 56.9 9.7 8.3 6.9 6.9 1.4 0 4.2 5.6

* Bl =-BBEER.

AUB L, KBITHE loc | EEPHREL 2% ERS GCCHHMERFX, BHilk, —
BIAN G FREGEN TT Z_RES UVERHERERRRRIK. UV RHETIE DNA
BRI, IR B TR RN B E R, TTRRE —FE AR Z F X
B MEEMRE AML TEEE: UVVEBRFANREAME, TUSERARBAN

N /
GO HN ZABERNTMENEE, FE—O—N—R R4 T KX

B BRI XA, R1IE7E A HPLC/APCI-MS BX ESI-MS (% % QP 800)
KEZH.

WX ISR TRETEBABRN—IERE: EABNZRSERERAR, 7L
REHMSIELETR, FEAHARBLAMBBAII R, A, LREE
M O—N 2% N—O BB, Wi IAHMEBRE K GCXHBEREM -1 BBEER. FN
GH—HWE, WA 4mE 3 # 0—N B N—O BIBF3CE. 0—N HZBIIEK
GC AR G*C* WX Y, G 1 N—H WBRHESM 2 iz =HN: EMIMEF, B
S A WESERRAR, YERK CBNERETIR (IRZEKE 0—N BRE,
Regmt—S0ERre), B MEEe TRERELZHROEESE, RETK
G*HUUBEM ABH, TREH GCATHRE.

B—FE, ECHFHNHEINERTLEERNMEBES 0 2 L, HER2-AH
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OH, TR 3N EMINeEF52-0H LWMHES, R THSEABLEKR, 2m bk
AR, EEHBREURER ABE. ERFMHIRTREL 56.9% MK GC—AT %
5. 3 GC X N—O BZHKM GC AR G C* WA, FHHAMYTF THAMNS
ARILEAR, THRMYT 8.3%H GC—~TA W, MM 36C X HY N—O0 AR AY
B, EHIEESE SRR, 1N EMEEFEBE 0° L, W6 OHWMMES 14
N BB B 771 N> LRSI FRMWEIE C WEEBITRER, BESEMRPY
EM GCHREE, TRIZAMET 6.9%08 GC—~CC B . s, ATHIHTELH N—
O RITER AL A™ T X, AEXRBREANEBLREHFENEE, FRESERNIR
HEMNKEEEBEEER, NTREMYTF 4200 -1 BIBER. XTF UV CBHER
K AM1 HE, ¥5LR—E5HTE.

1’1 ‘
0—N O+~HN
?N%_<NH"-N/ \) ?N?/_<NH."N\ \>
dR N—< >—N dr N—< O>‘N
NH+-Q AN N— .
drR }II dR
GC XF i O—N B GC Xy N—O BRI

3 UVEEEHESE GCXE SRR g3 B Fy (1)
Fig. 3 Possible cross-linked models between GC pair bases induced by UV or hydroxyl radical

FXHHBEERERY, BEAOAESRERETE RN AR 8- B R 2-B 5 5 =
e, BRMEXTEERS-REREREMAF, ERMdRELTEENNELREN Y
EBBAERBRTHAT. Bitk, TN, SEAGE—BETHARE,. KBEERS
DNA ZE8WABASEYRE, ]RE5 DNA RN, X5 8- IR EMTE i i 5056 31 58
*ﬁﬁé[s,lzl .

AM1 TR R BN, BES 2 BRAEBRES FTHEMM, Hith, EEIIEH
ERT R 4& 2-RERES. WE45R, HEBD ¥ ERIERNEEREE S,
TP NO SR Xt 10 NIBRIEE M 2 B R EBHR G NS L BILE
A&, £ DNA M5 o 72 B IR AS W) 5 B UE I X, 7 A DNA 4RTB4ER, f A—T &
XAH A*=C BEX, MMEHR AT>GC HHYT 9.7%K%E4F . :

2-ZEREH T —FEERGAGETHRES. N, M TN 22BN
BB N, EARBREDH O WX, HHR CHEIBITEER,  A—T BT
A A=C EEX, TRIEAMYTRE 1.4%8 AT>CC R, i, H AR 2 B
LG, HAFH NS THH O k4 N—OBXE, FTRABRITHESBIUER
R, NTMEEMEYET 6.9% 8 AT>TA B3, I E, BEE h BTN RIZBR R
- RRERRS G 2 fr R EAL.
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AM1 STUDIES ON REACTION BETWEEN HYDROXYL RADICAL
AND ADENINE IN DNA

Ju Xuehai  Lu Ping"  Dai Qianhuan'?
( 1) Center of Environmental Sciences, Peking University, Beijing, 100871)
( 2) Center for Chemistry and Bioengineering of Cancer, Beijing Polytechnic University, Beijing, 100022)

ABSTRACT

The cross-linking between DNA complementary pair bases is induced by hydroxyl radical pro-
duced through the excitation of UV radiation. It is demonstrated in this paper that the essential
cause of the gene mutation, is induced by the cross-linking between DNA complementary pair
bases. It is different from the mutation induced by carcinogens that the UV radiation can initiate the
point mutation of a double hydrogen-bond honded AT pair to a triple hydrogen-bond bonded GC or
CG pair. Which weuld be closely related to the formation of 2-hydroxyl adenine from adenine under
the irradiation with UV rays. A calculation with an advanced semi-empirical molecular orbital theo-
ry, AMI, has been undertaken for the free radical hydroxylation on 2- and 8-positions of adenine.
It was concluded through this AM1 calculation that both the hydroxylation reactions would proceed
through two steps, both reactions with negative enthalpies need only to leap over the small activation
energy obstacles. Therefore, both hydroxylation reactions can realize smoothly regardless the con-
sideration from thermodynamic or kinetic aspect. Although the existence of 8-hydroxyl-adenine or 8-
hydroxylguanine is a mark of the free radical hydroxylation damage, both hydroxylated bases don’t
induce the genetic mutation in DNA because of the easily repairing for their injuries not on the hy-
drogen-bonded small groove. However, the 2-hydroxyl-adenine and its tautomerized isomer in DNA
double helix, induce the point mutations of a double hydrogen-bond bonded pair to a triple hydro-
gen-bhond bonded pair, i.e. the transformation of AT>GC or AT—>CG.

Keywords: AM1, hydroxyl radical, adenine, transition state, DNA modification, muta-

tion.



