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Base Pair and Its Anion

Hujun Xie, Fei Xia, and Zexing Cao*

Department of Chemistry and State Key Laboratory of Physical Chemistry of Solid Surfaces, Xiamen
University, Xiamen 361005, China

Receied: December 15, 2006; In Final Form: March 11, 2007

The dehydrogenated radicals and anions of Wat&nick adenine-thymine (A—T) base pair have been
investigated by the B3LYP/DZP+ approach. Calculations show that the dehydrogenated radicals and
anions have relatively high stabilities compared with the single base adenine and thymine. The electron
attachment to the AT base pair and its derivatives significantly modifies the hydrogen bond interactions
and results in remarkable structural changes. As for the dehydrogenat€daflicals, they have relatively

high electron affinities and different dehydrogenation properties with respect to their constituent elements.
The relatively low-cost hydrogen eliminations correspond to the {#Bfadenine) and (NBHH (thymine)

bonds cleavage. Both dehydrogenation processes have Gibbs free energies of Aatéri3.4 and 17.2

kcal mol™!, respectively. The solvent water exhibits significant effect on electron attachment and dehydro-
genation properties of the-AT base pair and its derivatives. In the dehydrogenating process, the anionic
A—T fragment gradually changes its electronic configuration fronto o* state, like the single bases adenine

and thymine.

1. Introduction attachment to DNA bases, but the site of the hydrogen
abstraction has not been resolved.

Theoretical studies suggest that the nitrogen site is generally
more favorable than the carbon site for the deprotonation process

In recent years, there has been increasing interest in the
damage of DNA. The damage may cause the DNA mutation,

resulting in various diseases such as the cahdeMany ) imidine based-3 O t calculati ine b
experimental and theoretical efforts have been directed to DNA N pyrimidine bases-—=~ur recent cajiculations on purin€ bases
l@lso lend support to this conclusidhExperimental studies on

cleavage, and possible consequences and mechanisms of DN leosid how that the | ‘ wral hvd om i
damage and corresponding structural changes of the base pair ucieosides snow that the loss ot a neliora ydrogen atom 1S
rom the anionic 2deoxyribothymidiné®4° and low-energy

have been well studied, but still there are processes that are no . -
P electrons can efficiently break the Nylycosidic bondi—43

well under: . nerally, the DNA dam m rise from : ) . . .
ell understood. Generally, the damage may arise fro Calculations on nucleosides have determined the adiabatic

radiations’~1! low-energy electron attachmetit,'” and chemi- D .
cal reactiond®20 These damage ways are interrelated and electron affinities (AEA) of stable nucleosidtsas well as the

ispetructure and relative energetics of the H-deleted radicals and
anions in adenosin®. The AEA values of nucleosides are in
the range from 0.99 to 3.47 eV, slightly larger than that of the
single DNA base.

Computational study of the excess charge in DNA has been
extended to the WatserCrick base pairs in the gas-phase

more complicated.

As the constituent elements of DNA, the purine and pyrimi-
dine bases have attracted considerable atteftigh,both
experimentally and theoretically. Previous studies show that the

presence of excess electron in the bases significantly modifies .
their properties such as fragmentation, structure, transfer of 'ecently. Using the B4§LYP/ DzP+ method elaborated for
genetic information, etc. Electron attachment to the DNA base DNA bases, Schaefér#7and co-workers predict that the AEA
was assumed to be a crucial step for radiation damage of DNA,Values _Of the A__T and C-G base pairs are 0.36 and 0.60 eV,
and much research has been carried out to elucidate mechanistiEeSPectively, which are cclmparable with BB.LYP/ 6+33(d) and
SCC-DFTB-D results?®° Their calculation®-5! also de-

details. termined the structure and energetics of the dehydrogenated
Early experiments indicate that the nonthermal secondar . . -
y &P y C—G radicals and anions. Theoretical calculatidn® on the

electrons (3-20 eV) may efficiently induce single and double -~ )
( ) may y g one-electron reduced or oxidized base pairs have been per-

strand breaks, and such DNA damage takes place through -
u g b 'g ormed. The results show that these redox processes modify

transient negative ion states localized on the basic component L o
of the DNA plasmicZ®-3! Recent experimental observatiéhs the strength of hydrogen bond and the pairing ability and cause

show that the molecular anions of uracil, thymine, and adenine proton transfer along hydrogen bond.

in the gas phase can be produced through Rydberg electron Although fragmentations of the single DNA bases A and T
attachment due to the existence of dipole-bound parent anions have been extensively investigated theoretically, no theoretical

Further experiments by Mark and co-work&round that the study of hydrogen loss in AT base pair has been performed.

major dehydrogenated anions can be generated in electronEXperimentally, the direct experimental measurement of AEA
Is quite difficult for the dehydrogenated-AT base pair, and

* Corresponding author. Fax-+86-592-2183047. E-mail: zxcao@ COMPplemented theoretical calculations may provide important
xmu.edu.cn. information for determination of these qualities. Here, we
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base pair by the density function approach and the effect of
electron attachment to the-AT base pair on dehydrogenation
has been discussed.

A(NGb)-T radical A(NGb)-T anion

Figure 2. Optimized geometries of the adenine-dehydrogenated A
radicals and anions.

2. Computational Details The vertical electron affinity (VEA) is defined as the energy
The geometries of the AT base pair radicals and their difference between the neutral species and the anion species at

respective anionic derivatives have been optimized by the the optimized neutral geometry:
B3LYP functiona?®5” with the DZP++ basis séf elaborated

for the DNA base. Vibrational frequency analyses have been
employed to assess the nature of optimized structures. The basis
set superposition error (BSSE) correction was estimated by the  The vertical detachment energies (VDE) are computed as the
Boys—Bernardi counterpoise meth&%°The natural population  energy difference between the neutral species and the anion
analysis (NPA) charges have been determined according to thespecies, both at the optimized anion geometry:

natural bond order (NBO) analysis proposed by Reed and
Weinhold colleague%--54 A series of constrained optimizations
along the C-H or N—H bond dissociation were performed in
the potential energy surface (PES) scan.

To examine solvent effect on electron affinities and dehy-
drogenation properties, the CPCM polarizable conductor
modef5-6 implemented in Gaussian 03 pack&ghas been
employed in geometry optimization and frequency analysis.

Test calculations on AT pair show that predicted hydrogen-
bond lengths at the B3LYP/DZP+ level of theory are in good
agreement with available theoreti€al® and experimental

VEA = E(optimized neutral) E(anion at the optimized neutral geometry)

VDE = E(neutral at optimized anion geometry) E(optimized anion)

3. Results and Discussion

Optimized geometries and atomic numberings of theTA
base pair and its anion are presented in Figure 1. Figures 2 and
3 display optimized structures of dehydrogenated neutral radicals
and their corresponding anions from the—A pair. The
dehydrogenating sites in-AT base pair radicals and anionic
counterparts are indicated by the atom with numbering in
values’ For example, the optimized N84 and NEN3 parentheses. The dehydrogenated fragments are labeled accord-
distances of AT pair (Figure 1) are 2.91 and 2.85 A, ing to the site of hydrogen-delgted atom in the parent base pair.
respectively, which match the experimental values of 2.95 and For example, fragment notatiods(N6a)—T and A—T(C5)
2.82 A very well* denote structures from the hydrogen loss at the N6a site in

The adiabatic electron affinity (AEA) is determined as the adenine and at the CS site in thymine, respectively.

energy difference between the appropriate neutral and anion at, Relative energies, natural charge populations, electron af-
their respective optimized geometries: finities, thermodynamic values, and dissociation energies for

the A—T base pair derivatives are collected in Tables51
Predicted potential energy surface profiles along different

AEA =E ;v — E/pim i . . A
(optimized neutral) - —(optimized anion) dehydrogenation channels are depicted in Figure 4.
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Figure 3. Optimized geometries
radicals and anions.

A- T(C,J) anion
of the thymine-dehydrogenated’A

cleavage of the (N6a)H bond in adenine. Removing this
hydrogen atom from the Nigroup of adenine leads to loss of
the strong (N6a)H---(04) hydrogen bond (see Figures 1 and
2). The surviving hydrogen bond (N1)H—(N3) gets weak with
the bond length increase from 1.797 to 2.057 A. Elimination of

704 |—a—AN9)-T e o Al the hydrogen atom at other sites such as A(C2, C8, N6, N9) or
1 |[*ACE-T S8 _— T(C6, N1) may not change the hydrogen bond and conjugation
804 | —A—A-T(NT) A L gaeeeees interactions in the parent-AT base pair, and geometries of the
=~ | |——ATCH A JOvS L ot ; ’ ;
8 . o A-T(CS) S o o Q-2 dehydrogenated radicals are less changed with respect to the
% I\ |<—acaT P .O:er‘"" A—T base pair.
< w4 PIET / o aed As Table 1 displays, for the anionic species, there are larger
5 energy differences with respect to the neutral radicals, suggesting
E ] b e e e et it ity that the electron attachment to the—A& base pair has a
2 significant effect on the dehydrogenation activity. In contrast
% = to the neutral radicals, the lowest-energy dehydrogenated A
o 10.- base pair anion is the structud(N9)—T]~, where the hydrogen
abstraction is from the N9 site in the adenine moiety. The
ol A : : . . : . : relatively high activity of the N9 site has been suggested in
08 10 12 14 16 18 20 22 24 26 previous experimental and theoretical studfegés0-51.75

Bond distance (Angstrom)

Figure 4. Potential energy surface profiles along the N and C-H
bond dissociations in the anionic-A base pair.

In contrast to the neutral radicals, remarkable structural
changes occur in the structurdgN6a)—T andA—T(N3) upon
anion formation. The dehydrogenated anié{N6a)—T]~
higher in energy than4(N9)—T]~ by 22.0 kcal mot?. In the

3.1. Geometries and Relative Stabilities of H-Deleted  geometry optimization of A(N6a)—T], the optimizedA-
Radicals and Anions.The relative energies of optimized neutral (N6a)—T radical was served as the initial structure, and the
and anionic fragments formed by stripping one hydrogen atom (N3)-bonded hydrogen atom in the thymine element is trans-
from the A—T pair are shown in Table 1. For the-A base ferred to the N1 site in adenine, yielding the twisting species
pair (Figure 1), the hydrogen abstraction and electron attachment{A(N6a)—T]~ (see Figures 1 and 2). The dehydrogenated anion
to its fragment may result in nine neutral radicals and anions, [A—T(N3)]~ is less stable thaA[N9)—T]~ by 13.1 kcal mot?,
respectively. and it has different hydrogen bond pattern from #eT(N3)

As shown in Table 1, predicted relative energies of the radical (see Figures 1 and 3). For other dehydrogenate® A
radicals spread over a range of 31.5 kcal ThdThe most stable base pair radicals and anions, they have similar planar structures,
dehydrogenated AT base pair radical is the structufe—T- although the hydrogen migration between both constituents takes
(C5). The next stable species aé\N9)—T andA—T(N1), and place in the formation of dehydrogenated anioh@\9)—T]~,
they are less stable tha—T(C5) by 9.1 and 8.0 kcal mot, [A(N6b)—T]~, and A(C2)—T]~, as shown in Figure 2.
respectively. The relatively high stability can be ascribed to  Table 1 presents the relative stabilities of dehydrogenated
conjugation interactions between the resulting methylene and A—T species. For the neutral radicals from hydrogen loss of
thymine ring inA—T(C5). Furthermore, the hydrogen bonds the adenine moiety, the dehydrogenation feasibility in energy
in the A—T base pair are almost unchanged with the hydrogen for different sites is (N9)> (N6b) > (N6a) > (C2) > (C8).
loss at T(C5) as shown in Figure 3. This is in agreement with the single adenine bdgowever,
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TABLE 2: Charge Populations Concentrated at Subunits of TABLE 4: Selected Thermodynamic Values for Different

A—T Base Pair and Charge Increments Aq) in Their Dehydrogenation Channels in the Gas Phase and in Water:
Anionic Forms by NPA (A=T)” — (A—T—H)~ + H (in kcal mol 1)
Radicals Anions Aq gas phase water
structure A T A T A T (A—T—H)~ AE AH AG AE AH AG
AN9)—-T 0.010 —-0.010 —-0.610 —0.390 0.620 0.380 A(N9)-T 18.5 19.7 134 —-387 -31 78
A(C8)—T 0.033 —-0.033 —-0.876 —0.124 0.909 0.091 A(C8)—T 54.4 55.9 49.1 20.2 20.8 16.7
A—T(N1) 0.045 —-0.045 —-0.055 —-0.945 0.100 0.900 A—T(N1) 22.5 23.8 172 -51 —-46 —96
A—T(C6) 0.044 —-0.044 —-0.051 —-0.949 0.095 0.905 A—T(C6) 47.7 48.9 42.4 20.4 20.8 17.0
A—T(N3) 0.353 —-0.353 —-0.063 —0.937 0.416 0.584 A—T(N3) 29.6 31.0 234 —-34 —-29 -79
A—T(C5) 0.041 -0.041 -0.037 —-0.963 0.078 0.922 A—T(C5) 57.3 58.6 52.0 29.6 30.0 25.0
A(C2)-T 0.012 —-0.012 —-0.580 —0.420 0.592 0.408 A(C2)-T 61.3 62.8 55.4 25.2 25.7 21.7
A(N6a)—-T 0.026 —0.026 —0.563 —0.437 0.589 0.411 A(N6a)—T 37.0 38.5 29.9 38 —-42 02
A(N6b)—T 0.037 —0.037 —0.567 —0.433 0.604 0.396 A(N6b)—T 34.0 35.3 28.5 4.3 50 —-0.6
TABLE 3: Adiabatic Electron Affinities (AEA), Vertical TABLE 5: Dissociation Energies (in kcal mol?1) of the
Electron Affinities (VEA), and Vertical Detachment Energies Dehydrogenated A-T Radicals and Anions into Their Base
(VDE in eV) of the Dehydrogenated Radicals in the Gas Components$
Phase and in Water - -
structure radicals anions
gas phase water ANNY)—T 14.7(13.3) 14.8(12.9)
structure AEA VEA VDE AEA VEA VDE A(C8)-T 13.3(11.8) 8.8(7.3)
AN9-T 349 284 433 507 493 585 A-T(N1) 12.2(10.7) 19.8(18.0)
B A—T(C6) 13.4(11.5) 20.9(19.5)
A(C8)—-T 2.45 1.82 2.92 4.63 4.22 5.03
- A—T(N3) 13.5(11.5) 24.0(23.0)
A—T(N1) 3.24 2.95 3.51 5.17 4.97 5.39
B A—T(C5) 12.2(10.8) 18.6(17.2)
A—T(C6) 2.63 2.00 3.27 4.50 4.03 4.97
_ A(C2)-T 11.6(10.3) 26.0(24.3)
A—T(N3) 3.90 2.28 4.12 5.98 4.36 5.83
A-T(C5) 110 082 125 287 273 295 A(N6a)—T 6.9(5.8) 11.7(10.0)
' ' ' ' ’ ' A(N6b)—T 9.8(8.5) 14.8(13.0)

A(C2)-T 1.84 0.27 3.43 3.94 2.95 5.14

A(N6a)-T  3.04 252 401 485 458 554 a BSSE-corrected values in parentheses.
A(N6b)—T 3.02 2.43 3.95 4.79 4.59 5.49

and [A—T(C5)]~. The electron attachment results in the charge
for the neutral A-T radicals from hydrogen loss of the thymine increments in a range from 0.078 to 0.922 for both structural
moiety, the dehydrogenation activity is (C5)(N1) > (C6) > subunits.
(N3), differing from the isolated thymine-dehydrogenated  3.3. Electron Affinities and Energetics. The adiabatic
radicals®” electron affinity (AEA) for the dehydrogenated radical of the
For the dehydrogenated AT anions from the adenine A—T base pair is an important factor for the-M or C—H
dehydrogenation, the relative stability for hydrogen-deleted pair Pond selective scission. As Table 3 displays, the AEA values

anions at different sites IA[N9)—T]~ > [A(N6b)—T]~ > [A- exhibit a substantial increase as compared with corresponding
(N6a)—T]~ > [A(C8)—T]~ > [A(C2)—T]~, which differs from single bases A£0.28 eV) and T (0.20 eV§ as well as the
the isolated adenine-dehydrogenated radicals and affigvisen A—T base pair (0.36 eV¥ Since adenine has much smaller

the dehydrogenation occurs in the thymine moiety, the resultantAEA value than thymine, the excess electron was expected to

A—T anions characterized by their dehydrogenating sites havelocate p_ri(?j??rily in the thymine moiety for the anionic-A
relative stabilities as follows: A(N1)—T]~ > [A(N3)—T]~ > base pair®’? The A—T(N3) radical has the largest AEA value

[A(CB)—T]~ > [A(C5)—T]-, different from corresponding of 3.90 eV. Such high electron affinities may facilitate the loss
dehydrogenated radicals and consistent with isolated thymine-Of hydrogen atom. o )
dehydrogenated anioA&Accordingly, the formation of base The vertical electron affinity (VEA) approximately measures

pair may have a notable influence on the dehydrogenation andth® necessary energy in a fast electron capture step. The
stability with respect to the base monomer. dehydrogenated AT radicals with relatively large VEA values

3.2, Natural Population Analvsis. Th tural lati with respect to the single base show that they are good electron

-c. Natural Fopuiation Analysis. 1he natural popuiation captors. TheA—T(N1) radical has the largest VEA value of
analysis (NPA) charges in Table 2 displays the charge distribu- 2.95 eV, while the\(C2)—T radical has the smallest VEA value
tion concentrated at the components A and T in the neutral andof 0.27 ,eV

anionic A—T base pair. To have an insight into the excess charge To evaluate stability of the H-eliminated-AT base pair
population, the charge increments for the structural eIementsanion’ the vertical detachment energy (VDE) is also estimated,
in the dehydrogenated anions with respect to their neutral speciesand the predicted VDEs are incorporated into Table 3. The VDE
are presented in Table 2. For the neutral radicals, the charge, 5 es of dehydrogenated-AT base pairs vary from 1.25 to
populations are quite similar, where the subuiibehaves as 4 33 eV, higher than that of the single ba8@resumably, the
a weak donor and thd behaves a weak acceptor. Such genydrogenated anionic-AT base pairs have enough time to
positively charged populations of A in the base pair derivatives g jnyolved in related chemical processes once they are formed.
are in agreement with its relative small AEA vafée’> " In The CPCM results in Table 3 reveal that the presence of water
comparison withT, the relatively notable charge transfer from may stabilize dehydrogenated—A radicals and result in
A to T occurs in theA—T(N3) structure with an electron-  remarkable increase of AEA, VEA, and VDE values in
transfer amount of 0.353. comparison with those in the gas phase. As Table 3 shows,
It is interesting to know the excess charge populations in the relative magnitudes of electron affinities and detachment
dehydrogenated anions. As Table 2 shows, the H-deleted moietyenergies are less changed in the gas phase and in water. For
generally has the dominant negative charge populations, espeexample, theA—T(N3) radical has the largest AEA value in
cially for the species4(C8)—T]~, [A—T(N1)]-, [A—T(C6)] -, the gas phase (3.90 eV) and in water (5.98 eV).



4388 J. Phys. Chem. A, Vol. 111, No. 20, 2007 Xie et al.

n* state (1.01 A ) mixed ¢* and ©* state (1.35 A ) ©* state (2.00 A )
b

Figure 5. Evolution of singly occupied molecular orbitals in the-A& base pair anion with increase of the N9-H (a) or the N1-H (b) bond length.

Thermodynamic values for different H-deleted channels are energy surfaces (PES) along different dissociation channels.
presented in Table 4 to have more accurate description of theFigure 4 displays the PES profiles for selectediland C-H
dehydrogenating feature of the-A base pair. As Table 4  dissociations in the AT anions.
shows, in the gas phase, the N9-H bond dissociation in the As Figure 4 displays, the lower-cost dehydrogenation chan-
adenine moiety is the lowest-cost process for the aniorid A nels in the gas phase f& —T(N1)]~ and [A(N9)—T]~ have
base pair with the Gibbs free energies of reacid’ of 13.4 barriers of about 27.9 and 30.2 kcal mylrespectively. With
kcal molL. The next energy-favored channel is loss of hydrogen the (N9)-H and (N1)-H bond stretching, the PES profiles rise
atom at the N1 site with the Gibbs free energies of reaction sharply at first and then reach their maxima at about 1.45 A.
AG® of 17.2 kcal mot™. In water, the Gibbs free energies of  Followed by a region of plateau minimuny1.90 A), the PES
AG? for the N9-H, N1-H, and N3-H bond dissociations in the become relatively flat in the larger distance. For othefHC
adenine moiety are-7.8, —9.6, and—7.9 kcal mof?, respec- and N—-H bond dissociations in AT anion, the PES profiles
tively. These CPCM results indicate that there is significant apparently exhibit a monotonically increasing along the bond
effect of the solvent water on dehydrogenation of theTA stretches.
anion. Electronic structure analyses reveal that the electronic con-

3.4. Dissociation EnergiesThe dissociation energies (DE)  figuration of the A-T base pair anion could change during the
are defined as the energy difference between the energyphond dissociation. Figure 5 displays the related molecular orbital
summation of two individually optimized bases and the fully eyolution at the representative (N (in adenine) and (NHH
optimized base pair. Dehydrogenation and electron attachment(in thymine) distances in the-AT anion. As Figure 5 indicates,
to the A-T base pair may modify its dissociation properties. at the equilibrium geometryRino)-n = 1.01 A) of the A-T
Table 5 presents calculated dissociation energies with the BSSEgnion, the excess electron occupies a low-enertyyrbital
correction. localized in the thymine moiety. Thus, the anion can be viewed

The B3LYP/DZP++ calculations yield dissociation energies  as az* state. As the (N9}-H bond stretches to about 1.65 A,
of 12.5 kcal mot* for the neutral A-T base pair and 16.1 kcal  the electronic configuration has the mixed character'oand
mol~* for the anionic A-T base pair without the BSSE  g* |ocalized in the thymine and adenine moieties, respectively.
correction’® The former is in good agreement with the previous At the (N9Y-H bond length of~2.15 A, the electronic
calculated result of 12.4 kcal mdl % and experimental value  configuration has the dominant characteptiocalized in the
of 13.0 kcal mot.8! For the H-deleted AT radicals, theA- adenine subunit. Therefore, the electronic structure transition
(Ng)_T structure has the Iargest dissociation energies of 13.3 should take p|ace with dissociation of the (N-g’ bond in the
kcal mol1, and the association of A(N6a) with T is relatively  adenine moiety of the base pair anion.
weak with the dissociation energy of 5.8 kcal mbllt is noted Similarly, in the (N1)-H bond scission of the AT pair
that theA—T(N3) radical has dissociation energies of 11.5 kcal apjon, the electronic configuration gradually varies from the
mol~%, which is comparable to that of the neutrat-A base 7* to the mixedo* —z* state localized in the thymine moiety
pair, although the strong hydrogen bond lose& il (N3). The at the (N1)-H bond separation of 1.35 A. As the NH bond
optimized geometry of thé—T(N3) radical exhibits a weak  gyretches to about 2.00 A, the-A' base pair fragment has a
hydrogen bond [A]J(C2)H---(O2)[T] (Figure 3), which can  character ob* localized in the thymine moiety. These electronic
complement loss of the strong hydrogen bond [AJ(NH)— structural features for hydrogen elimination have been noticed

(N3)[T] to a certain extent. o ~in previous studies on single DNA bases adeffinand
For the dehydrogenated-Al" anions, the dissociation energies thymine3®

exhibit remarkable differences as compared with the corre-
sponding radicals except for th&(N9)—T structure. The
dissociation offA(C2)—T]~ requires relatively large energies
of 24.3 kcal mot?, while the least-cost dissociation [#{(C8)— The B3LYP/DZPt++ method has been employed to inves-
T]~ is endothermic by 7.3 kcal mol. tigate structures and relative energies of the dehydrogenated
3.5. Fragmentation Potential Energy Curve and Electronic A—T base pair radicals and anions. The calculations show that
Structure. The N—H and C-H bond scissions in the anionic the A—T base pair and its derivatives exhibit relatively high
A—T base pair may be described by corresponding potential stabilities compared with the single base components. The excess

4. Concluding Remarks
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charges may modify hydrogen bond interactions and result in

striking structural changes of these base pair species.
The AEA values of dehydrogenated-A radicals range from

1.10 to 3.49 eV in the gas phase, significantly larger than those

J. Phys. Chem. A, Vol. 111, No. 20, 2004389

(23) Penhoat, M. H.; Huels, M.; Cloutier, P.; SancheJLChem. Phys
2001, 114, 5755.

(24) Hanel, G.; Gstir, B.; Denifl, S.; Probst, S. M.; Farizon, B.;
lllenberger, E.; Mark, T. DPhys. Re. Lett 2003 90, 188104.

(25) Abdoul-Carime, H.; Langer, J.; Huels, M. A,; lllenberger Hur.

of corresponding single base constituents and the base pairPhys. J. D2005 35, 399.

Dissociation energies of the dehydrogenatedTAspecies are
determined in the range from 5.8 to 13.3 kcal midlor the
radicals and from 7.3 to 24.3 kcal mélfor the anions in the
gas phase.

Possible N-H and C-H bond dissociations of the-AT base

(26) Ptasinska, S.; Denifl, S.; Probst, M.; lllenberger, E.; Scheier, P.;
Mark, T. D.J. Chem. Phys2005 123 124302.

(27) Pan, X.; Cloutier, P.; Hunting, D.; Sanche Rhys. Re. Lett.2003
90, 208102.

(28) Huels, M. A.; Boudaiffa, B.; Cloutier, P.; Hunting, D.; Sanche, L.
J. Am. Chem. So003 125, 4467.

(29) Berdys, J.; Anusiewicz, |.; Skurski, P.; SimonsJJAm. Chem.

pair anion have been explored theoretically. The hydrogen Soc 2004 126, 6441.

eliminations from the (N9}H and (N1)-H bonds are favored

thermodynamically. In both dehydrogenation processes, the

electronic configuration of the AT pair fragment will gradually

(30) Ptasinska, S.; Denifl, S.; Scheier, P.; lllenberger, E.; Mark, T. D.
Angew. Chem., Int. EQ005 44, 6941.

(31) Sanche, LEur. Phys. J. D2005 35, 367.

(32) Desfrancois, C.; Abdoul-Carime, H.; Khelifa, N.; Schermann, J.

evolve from ther* into o* state. Present results show that the P.Phys. Re. Lett. 1994 73, 2436.

A—T base pair species exhibit different electron capture effects
and dehydrogenation properties from the single base, which ar

(33) Desfrancois, C.; Abdoul-Carime, H.; Schermann, JJ.RChem.
Phys 1996 104, 7792.

€ (34) Desfrancaois, C.; Periquet, V.; Bouteiller, Y.; Schermann, J.P.

useful for description of the DNA strand breaking mechanism Phys. Chem. A998 102, 1274.

at the atomic level.

The CPCM model calculations show that there is a remarkable

(35) Hanel, G.; Gstir, B.; Denifl, S.; Scheier, P.; Probst, M.; Farizon,
B.; Farizon, M.; lllenberger, E.; Mark, T. DPhys. Re. Lett 2003 90,

solvent effect on the electron attachment and dehydrogenation (3g) 'Li, X.; Sanche, L.; Sevilla, M. DJ. Phys. Chem. 2004 108§

features of the dehydrogenated-A radicals. The presence of
water will stabilize the dehydrogenated-A anions strikingly
and facilitate dehydrogenation process of theTApair anion.

5472.

(37) Li, X.; Sevilla, M. D.; Sanche, LJ. Phys. Chem. R004 108
19013.

(38) Xie, H.; Cao, ZlInt. J. Quantum Chen007, 107, 1261.

Present results provide a basis for understanding the effect of (39) Ptasinska, S.; Denifl, S.; Gohlke, S.; Scheier, P.; lllenberger, E.;
base association on DNA breakage induced by low-energy Mark, T. D. Angew. Chem2006 118 1926.

electron attachment.
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