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Abstract: The structures and proton transfer processes of hydroxylated A-T base pairs were
theoretically studied at the B3LYP/6-31++G(d,p)//B3LYP/6-31G(d,p) level. Our calculations revealed that
hydroxyl radical could react with A-T at different positions to form eight stable adducts. The order of these
adducts in energy is *"A-T<A-T*M<A-T<PHA-T< MA-T<MA-T<A-T*"<A-T*" (the number denotes the
label of the atom in the A/T which is attacked by hydroxyl), which relates well with their structural changes
upon the addition of hydroxyl radical. The interaction energy between A and T would increase slightly
when hydroxyl radical reacts with the adenine, but it would decrease when the radical reacts with thymine.
To study the proton transfer processes of the hydroxylated A-T base pairs, the most stable adducts, **"A-T
and A-T**, were selected to give calculations. The calculated results indicate that the proton transfer
processes of *"A-T and A-T**" follow the concerted mechanism, which is different from the stepwise
mechanism of A-T. What is more, its energy barrier is lower than the corresponding energy of the latter's
first step (rate-determining step).
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Fig.1 Atom numbering scheme of A-T and G-C base pairs and their proton transfer products
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Table 1 Electron spin density of related atoms and bond length of X—OH for hydroxylated base pairs

System (i) (i)’ (i) p(O) Rx_on¥/nm
20HA_T 0 0.4759 (C2) 0.5857 (C6) 0.5269 (C4) ~0.1943 0.1422
“np T -0.0156 (C4) 0.5041 (C5) 0.2556 (C8) 0.0358 0.1420
SOHAT ~0.0030 (C5) 0.3950 (C2) 0.3612 (C4) 0.0481 0.1442
SOHA T 0.0190 (C8) 0.4644 (N7) 0.1819 (C2) 0.0245 0.1400
A-T™" ~0.0480 (C2) 0.5696 (O7) 0.2915 (N1) 0.0083 0.1398
A-T*" -0.0530 (C4) 0.2082 (N1) 0.7828 (09) 0.0246 0.1404
A-T" -0.0360 (C5) 0.7947 (C6) 0.0664 0.1445
AT ~0.0437 (C6) 0.8383 (C5) 0.0490 0.1415

*MOMAT/A-T"" represents the A-T base pair reacting with the hydroxyl on A/T's Mth/Nth atom. "Only the spin densities with large value and

those for addition atom which reacted with the hydroxyl are listed, the numbers in parentheses represent the related atoms of the base. ‘p(O)

presents the spin densities of oxygen atom of hydroxyl. ¢ Rx_oudenotes bond length. X denotes the atom where the hydroxyl adds on.
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Table 2 Relative energies (Ex) of hydroxylated A-T and

interaction energies (AE:...) between related bases

System Ex/(kJ-mol™) AE;/(kJ'mol™)
A-T 46.33
SOHAT 0.00 48.82
A-T 24.47 43.27
A-T 47.57 44.47
OMA-T 55.22 47.07
SOHA-T 80.19 52.56
SOHA-T 84.15 50.35
A-T*" 144.42 41.96
A-TH 153.20 35.81
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Fig.2 Four structures of **"A-T optimized at the B3LYP/6-31G(d,p) level
The unit of bond length in this figure and the following figures is nm.
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Table 3 Calculated activation barriers and reaction
energies for the proton transfer reactions of
SO"A_T and A_TGOII

System  AE/(kJ-mol™)
WIAT 3825 (42.01)
AT 47.69 (50.27)

AE/(kJ-mol™")
—-10.09 (0.90)
-7.92 (3.12)

AE/(kJ -mol™)
4834 (41.11)
55.61 (47.15)

AE; and AE,represent the forward and reverse activation barriers,
respectively; AE is the reaction energy; the data in parentheses refer to
the relative energies which do not include the zero-point energy.

T B AT IR — .
2.2 RTEBHRLE

A SC LA BE B B 1B RN B ) AT R
A-TO A 0I5 A-T R IR 0T 3 A e RE AT T
WFFE. A T L%, 7E B3LYP/6-31++G(d,p)//B3LYP/
6-31G(d,p) /KT _L5F A FRFEAL A-T W) 1 51 6 A5 ik
FEREAT TWFSY, KB A-T 8] (0T 15658 4 2 5 i
THHR, HfE 220 )4 62.31 fi148.78 kJ - mol ™, 5
Kryachk 55 A B 71 45 SRR — 3.

6 Wy TR AR IE RS 2 8] 5T e B () i i
BEF=PR . 23 FH T AT 5 AT R
TEAS L FEPTIS S IR g 22 R0 SN #4 Bl T o7 %
o 1 b nl R A AR IR B 1 B T AR gk AT T LAk, (R
BB BIFRE (1) ()44, RS 7 6 A5 3o R Py
[FJBEAT (). AR ORI 43 21 L P A 1 S5 A AT T 9
AR, JFE I IRC #4220 47 T LA IA.

THE R BRI A-T [ IOAUR T H#8 RAETER
BENT0(A) " O9(T) S N1(A)-N3(T)z i), H11 H flprs
WA % 380 Il JI s g 1) O9 1, i) B f e s e £14) HIS i)
FI I IA RN BG4S 24 SO A T FI AT B ik I A I
ok VA () R B B R ). I 45 R T & Hammond
BT R, RV T B 1 ok R A MR BGR FE, Jse  pk
BEA S PP A BT AR I

3 KW, AT FIA-TO A 1 R WU 156 7%
I, 3 42 43 53k 42.01 F1 50.27 kJ - mol™!, ¥ T
A-T R LR b B Ee 22, X Ui
2 LT T SN 1) 8 507 1 g JI B 1) 6 5o 1) 52
FEI AR T A-T [R5 R AT, 4%, Wi
FSC W) T B B i TR 7 ) LU O T B B T TR RE R
48.34 F1155.67 kJ - mol™', H. 5 i 1 #6851k I 2 (1 BE
A ZER N, BT LAE AT T 5 RS 1 AN R e
NA-T FA-TO R A i1 ¥ 4 (1 #5222 Pr LA LG A-T
R TR AL 1 3 221K, 55 B BE 0] A el 2 1R
B A AR AT 5C. R4 T HIH T A/T JOA/T i A

R4 AT RCATREXMENERFRERFRNG
Table 4 Deprotonation enthalpies (DPE) and proton

affinities (PA) for the relative positions of A/T and ***A/T*"

DPE (kJ-mol™) PA (kJ-mol™)
A 1466.43 (N10H11) 924.74 (N1)
sonp 1420.51 (N10H11) 911.00 (N1)
T 1425.19 (N3HS) 838.94 (09)
e 1407.78 (N3HS) 834.86 (09)
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