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A systematic comparative study has been carried out on the explicit hydration of the cytosine base (C),
cytosine-cytosine hydrogen-bonded (H-bonded) base pair (CC) and cytesjiiesine stacked dimer (C/C).

An electrostatics-based model, electrostatic potential for intermolecular complexation (EPIC) has been used
to generate initial geometries of the hydrated complexes for ab initio calculations. For this purpose, first the
topography of the molecular electrostatic potential (MESP) for C, CC and C/C is explored. Several geometries
of the complexes, C...(#®D),, CC...(HO), and C/C...(HO), (n = 1, 2 and 3) are investigated with EPIC
followed by constrained optimization at the HF/6-31G** level. Further, single point (SP) energy calculations
have been performed at the MP2/6-31G** level to assess the role of electron correlation contribution in the
hydration process. This study reveals that C/C stacked dimer hydrates better than the hydrogen-bonded (H-
bonded) CC pair. Energetics of these systems show a clear-cut additional stability of 1 to 2.5 kcal/mol at the
HF/6-31G** level and more than 3 kcal/mol at the MP2/6-31G**//HF/6-31G** level for C/C.,3ldomplex

as compared to CC...38. The present study thus confirms that the stacked base pair hydrates better than
the corresponding H-bonded base pair.

Introduction Recent crystal structure studiéemphasize the importance
of specific H-bonding between the nucleotide bases and tightly
ound water molecules, leading to the stabilization of intramo-
lecular and intermolecular structures of double helix. Guerra et
all® have emphasized the importance of the environmental
effects on the H-bonds in DNA base pairs. Ts'O et’dhave
provided evidence that base pairing and stacking interactions
in nucleic acids usually occur in competition with solvent
interactions with the participating groups.

Cytosine base in particular has been the subject of several
experimental and theoretical studi@sThese studies have
revealed that the H-bonded base pair is the most stable in gas
h hase. Recently, Kurita et ¢ have investigated the efficiency

of the molecular orbital method using a Slater-type basis-set

Many experimental studies suggest that in nonpolar solvents atnd kr_lonlocal denfsnyt fu_nctlg_nal fo_:_r;ah?m fzrtﬁetst%rlbmg th_e
and in gas phase, the nucleic acid bases associate mainly bf acking energy ot cytosine dimer. 1héy found that the energies

H-bonding whereas in water medium, stacked configurations obtained by employing density functional theory (DFT) are

are preferred?® The free energy perturbation/molecular dynam- comparablg,\f W'th_ those from the MP2 methods. Recently,
ics studies have revealed that the stacked complexes are muc#obalyash% .SIUd'ed the relative stapﬂmes of the tautomers of
better solvated by the water than the respective H-bondedPairs. cytosine using CCSD(T) methoq with ce- pviz() basis. These
A considerable number of theoretical studies have been pub_Were found to be in agreement with experimental observatfons.

lished on the subject of base association in the presence OfSar_nbra?o tet an h?\t’ﬁ cartne(_j Olét the_ calculations odn th‘l?h'
solvent! Quantum chemical ab initio calculations have provided various tautomers ot the cylosiné base in aqueous media. 1his

a relatively consistent picture of Watse@rick and nonca- study demonstrated that the inclusion of electrostatic solvent
nonical base pairs, in both the gas and solV&iitis known effect yields an appreciable change in the stability order of

i 2
that the H-bonding interactions are specific whereas stacking cytosine tautomers. Morpurgo et ?&" have found that the

interactions are nonspecific and flexidfeThe water-assisted 'ng::ggonno?fef’eoclﬁgiegoﬁg?at?grf_]u;ee f:enccé';’:asr a?nmee" daeSS(I:r:iC(:irc_)n
interactions (specific solvation) are known to be significant in P M P

DNA base pair and stacking interactiods#15The location of of cytosin(-?- r_n_olecule du_e to the nonplanarity of the amino group.
preferred hydration sites around DNA has also been the subject | N€ @b initio calculations have been performed on protonated

of a number of experimental and theoretical studfesté cytosine stacked and H-bonded pairs in a polar sokfe®poner
et al?2 evaluated the interaction energies of stacked cytosine

T Central Leather Research Institute. dimer by the ab initio methods. Subramanian et*dhave
* University of Pune. studied the effect of solvent on the stacking properties of
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Nucleic acids provide exciting and difficult challenges for
chemists and biochemists alike. These molecules are inherentl
important, yet highly complex to study. It is well-known that
the two main factors responsible for the stabilization of DNA
double helix are stacking and hydrogen bonding (H-bonding)
interactions between the nucleic acid baség he solvent effect
is also important in determining the physicochemical charac-
teristics of nucleic acid basésA knowledge of energetics of
solvated bases is essential for understanding the biological role
of DNA. It has been observed experimentally and theoretically
that the structure of DNA is highly sensitive to the humidity
and adopts various types of conformations, depending upon t
relative humidity’
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cytosine dimer using Onsager SCRF model. Recently, Afétha  first coordination sphere around the cytosine molecule using
showed that cytosine base is more hydrophilic than thymine. EPIC. This model has been used to generate guess geometries
The free energy of solvation for cytosine has been computed of the solute.nH,O complexes for a subsequent ab initio

by different groups employing a variety of methddsA investigation. EPIC uses the rich topographical features of the
systematic study on the hydration patterns of bases has alsamolecular electrostatic potential (MESP). The ME&P), at a

been carried ouf¢?> Experimental evidende?® has provided  point r due to nuclear charggZ,} located at{Ra} and the

the following order of hydrophilicity: guanine cytosine> electronic charge density(r) is defined as
adenine> uracil > thymine.

The ab initio quantum chemical studies devoted to solvation N Z, o(r") dr
of stacked bases are rather rare compared to those on H-bonded V(r) = Z - f
base pairs. Possible reasons are: the complex nature of the Ir — Ral Ir—r'|

potential energy surface of stacked pairs (as compared to that
of H-bonded pairs) and the predominant role-played by electron \/(r) can assume positive as well as negative values and can
correlation in the stacked pairs. The proper inclusion of solvent provide useful information regarding electron-rich sitehe
effect into the calculations is perhaps the most important thoughfirst and second terms in the above equation refer to the bare
exceptionally difficult task of contemporary quantum chemistry. nuclear potential and electronic contributions to the MESP,
There are several self-consistent reaction field (SCRF) methodsrespectively. The gradient vector field characterizes topological
available for modeling the solvent effects (nonspecific solva- features of a function of many variables. Topological analysis
tion). However, they treat the solvent as a continuum character-of V(r) involves the identification and characterization of the
ized by its dielectric constafit and the electronic effects critical points (CPs), the points at whictiV(r) = 036 The
associated with specific solutsolvent interactions are not  nondegenerate CPs W(r) are characterized as one of the four
explicitly dealt with. A theoretical study on cytosine tautomers possible types: (33), (3-3), (3:+1), (3—1). The CP corre-
in water medium has been carried out using continuum mélels. sponding to (3t3) refers to a minimum, (3-3) stands for a
This study brings out the importance of electrostatics and the maximum and the (3;1) and (3;-1) CPs represent saddle
influence of the environment conditions. Claverie et®al. points. Such a topographical analysis has not yet been applied
proposed the use of combined discrete/SCRF methods to predicin the study of DNA base-patwater interactions, though a
energies and electronic properties in solvent environment for glancing reference has been mégée.
the nucleic acid bases. Alémi&>c3°has made investigations Thus, in the present study, the CPs are located and character-
on the hydration of cytosine base using both combined discrete/ized®” for the C, CC H-bonded pair and stacked C/C dimer.
SCRF and SCRF models. These studies prove that the combined’he MESP-driven atom centered point charges are obtained for
discrete/SCRF methods provide more useful information for C, CC, C/C and water molecules using the program GRID.
understanding the properties of bases than either discrete oiThe MESP isosurfaces for C, CC and C/C displayed in Figure
SCRF methods. 1 have been generated with the help of the graphics program
The electrostatic interactions determine the strength of UNIVIS.3? Exploiting the complementary nature of MESP value
H-bonding between the nucleic acid bases, hydration of bio- at the CPs, several guess geometries for the hydrated complexes
molecules and binding of polyvalent cation to DNA ba3&s! have been generated. Subsequently, the electrostatic interaction
However, an analysis of the binding sites in terms of complete energy of the intermolecular complexes is minimized according
electrostatic description of bases and base pairs is conspicuouso the following equation using EPI€P
by its absence from the earlier literature. Several models have
been developed using complementary nature of molecular N
electrostatic potential to probe gues$iost interaction and E= llngA,iqB,i
molecular recognitiod?2 Gadre and co-workers have recently ;
developed a novel docking model, viz. electrostatic potential
for intermolecular complexation (EPIG¥ The appropriateness ~ During the interaction energy minimization, the internal geom-
of this model has recently been demonstrated for exploring the etries of cytosine and water molecules are kept fixed. The water
interactions in DNA base pairs and trimé#slimportance of ~ molecule is moved around the cytosine by giving all the possible
electrostatics in molecular biology has been highlighted by rotational and translational degrees of freedom. The molecules
Warshel and Russét.Since base pairing and stacking involve are prevented from getting too close to each other by defining
different kind of interactions, understanding the corresponding definite van der Waals envelopes for A and B. The same
solvation patterns posseses a challenging problem. procedure has been applied in evaluation of interaction energies
The present study is aimed at answering the following for the other complexes, involving more than two molecules.
questions: (i) Which hydrates better: H-bonded pair or stacked ~The EPIC-generated geometries are used as starting point for
pair? (i) What is the role of electron correlation effect on the further ab initio optimization. The ab initio optimizations are
hydrated complexes? A comparative study on the specific done at the HF/6-31G** level using both G94nd GAMES3!
solvation effects on nucleic acid base, base pair and stackedpackage. The single point calculations have also been made on
pair has not yet been carried out either experimentally or the hydrated cytosine base pair and stacked dimer at the MP2/
theoretically to the best of the authors’ knowledge. In view of 6-31G** level to include the correlation contributions. The initial
the importance of this problem, we have undertaken a case studygeometries for the C and CC base pair optimized at the HF/6-
of explicit hydration on cytosine base, CC base pair and C/C 31G** level. Since C/C stacked dimer is not a global minimum
stacked dimer using the EPIC model, followed by an ab initio in the PES at the HF level, the geometry obtained based on

level treatment. empirical potential optimization has been us&drhe geometry
. of C/C stacked dimer is kept fixed during optimization of the
Computational Methodology complexes.

In the present investigation, specific solvation effects are taken The HF and MP2 level interaction energies are evaluated as
into account by the explicit inclusion of water molecules in the the difference between energy of the complex and the sum of
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Figure 1. MESP isosurfaces of values (going inward from outside):
(a) —28.24,—61.50, and-69.03 kcal mot? for cytosine, (b)-62.75,
—34.51, and-21.96 kcal mot? for CC H-bonded pair, and (¢)65.26,
—56.48, and—9.41 kcal mot? for C/C dimer. See text for details.

monomer energies.

AE, . = E(C..nH,0) — {E(C) + nE(H,0)}
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Results and Discussion

The topographical features as well as the pictorial representa-
tion of MESP in the form of isosurfaces are very useful for
exploring molecular recognition phenomena and hgsiest
interactions. In the present case study, the topographical features
provide potential sites on C, CC pair and C/C stacked dimer
where the water molecules can be anchored. The MESP
isosurfaces for isolated C, CC pair and C/C stacked dimer are
depicted in Figure 1. The negative valued isosurface of MESP
indicates the electrophilic sites on these molecules.

Interaction Energy and Geometry of Hydrated Cytosine
Base.From Figure 1, it is evident that the charge concentration
sites lie in the molecular plane of cytosine, which are primarily
responsible for the binding with the hydrogens of water
molecules. The most negative MESP minimum for the cytosine
base is—83.2 kcal/mol. The MESP features reveal that ring
N1, N3, O(C), and NHZN(H) groups are able to make specific
H-bonding interactions with water molecules. From Figure 1a,
it can be predicted that the N3 and O(C) atoms would act as
the primary binding sites for hydrogens of water complemeted
by the hydrogens of cytosine binding with oxygens of corre-
sponding water molecule. The {33) CPs represent the potential
sites for H-bonding whose strength is determined by the value
of MESP at that CP.

Several guess geometries for the complex GO.Hvere
generated by employing MESP complementarity of the interact-
ing moieties. This involves positioning H of one molecule close
to the most negative MESP CP of the other molecule acet
versaleading to a lock-and-key type of MESP arrangement.
These trial geometries are then docked with EPIC to minimize
the interaction energy. The EPIC-minimized geometries of
cytosine water complexes are then used as starting geometries
for further ab initio optimization. Three distinct geometries for
C...HO complexes, each having two hydrogen bonds, have been
obtained at the HF/6-31G** level. Similar exercise performed
on C..2HO and C...3HO yielded four and five distinct
geometries, respectively at the HF/6-31G** level of calculation.
Only the energetically favored geometries of these complexes
are depicted in Figure 2.

The HF interaction energies of QH,O (n = 1, 2, 3)
complexes are shown in Table 1. The incremental interaction
energies for the addition of second and third water molecules
are—11.8 and—10.2 kcal/mol, respectively. It is interesting to
note that all the geometries corresponding to C...QWH
molecule have comparable energies due to rather similar
H-bonding patterns. The geometry corresponding to CIW1 (cf.
Figure 2a) was recently optimized at HF/6-31G(d,p) by Alatfta
and at the MP2/6-31G(d,p) level by Gorb et*alTheir
geometrical parameters along with the present results are given
in Table 2. As expected, the MP2 level bond lengths are
consistently lower than the HF counterparts due to the electron
correlation. The comparison of geometrical parameters at HF
and MP2 levels indicates that the HF method is reasonable
enough to carry out geometrical optimization of large H-bonded
complexes. The donor acceptor distances predicted at the HF
level are larger about 0.63.09 A as compared to their MP2
counterparts. Further, it has been found that the intermolecular
angles in the C...;D compex are very similar at both HF and

All calculations have been carried out on the PARAM 10000 MP2 levels.

supercomputer and SGI Origin 200 workstation. Attempt has

Comparison of Interaction Energies of Hydrated H-

also been made on some model complexes to assess hovBonded and Stacked Cytosine Baseft. may be noticed from
inclusion of diffuse functions and basis set superposition Figure 1 that the MESP of C/C stacked dimer is more negative

correction (BSSE) would influence the rank order MEy
predicted by our calculations.

as compared to that of the CC base pair. The most negative
MESP minimum for C/C is—-80.2 kJ/mol whereas it is76.3
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Figure 2. Ab initio optimized structures of (a) C...B, (b) C...2HO, and (c) C...3kD. See text and Table 1 for details and the corresponding
interaction energy values obtained using the HF/6-31G** level.

TABLE 1: Interaction Energies (kcal mol~1) of TABLE 3: Hartree —Fock (AEnr) and EPIC (AEgpic)
Cytosine—Water Complexes at the HF/6-31G** Level Using Optimized Interaction Energies (kcal mol?) at the HF/
ab Initio and EPIC Methods 6-31G** Level for CC...nH,0O Complexe$
molecular geometry AEgpic AEne molecular geometry AEgpic AEnr AE mpo(SP)
Ciwil —-11.4 —-11.7 CCP1W1 —-11.8 —-11.4 —14.6
C2W1 —-11.4 —-10.9 CCP2wW1 —-10.3 —-12.1 —14.6
C3w1 -84 —-8.3 CCP1W2 —29.3 —25.1 —30.7
C1w2 —20.7 —23.5 CCP2W2 —18.6 —22.3 —28.0
C2W2 —18.6 —22.3 CCP3W2 —18.5 —22.8 —28.1
C3wz2 —20.4 —19.7 CCP4W2 —20.3 —23.6 —30.6
C4W2 —24.1 —22.3 CCP5W2 —24.3 —229 —29.4
C1ws3 —28.8 —33.6 CCP6W2 —21.3 —23.2 —30.1
C2W3 —-31.1 —33.7 CCP7W2 —20.1 —23.1 —29.8
C3ws3 —-33.3 —33.3 CCP1W3 —-30.4 —34.3 —42.6
C4W3 —29.8 —33.5 CCP2W3 —29.7 —35.6 —44.7
C5w3 —31.7 —33.7 CCP3W3 —-33.1 —34.5 —43.7
W1, W2 and W3 stand for one, two and three water complexes, ggﬁgwg :ggg :giz :22‘;’
respectively. CCP6W3 -33.2 -34.2 —42.4
TABLE 2: Selected Intermolecular Geometrical Parameters Ceprws ~332 ~34.0 —aLT
(A) for Cytosine—H,O Complex C1W1 (see Figure 2a) CCPBWS 343 355 43.6
y 2 P 9 CCPOW3 ~35.2 -33.4 —43.7
; B Bk - -
geometrical params HF/6-31G* HF/6-31G(d) MP2/6-31G(d) a AEwp2(SP) single point interaction energies at the MP2/6-31G**
Ho...Ox 2.048 2.051 1.908 level (see text for details).
O;...Hy 1.983 1.979 1.888
N2...Qy 2.921 2.938 2.827 TABLE 4: Hartree —Fock (AEnr) and EPIC (AEgpic)
O:...0 2.843 2.836 2.785 Optimized Interaction Energies (kcal mol?) at the HF/
-31G** Level fi ...nH I
2 Present value®.Taken from ref 16b¢ Taken from ref 42. 6-31G evel for CC...nH;0 Complexes
molecular geometry AEgpic AEnr AE mpo(SP)
kJ/mol in the case of CC pair. Hence we may expect stronger CCSs1w1 -17.2 -12.6 -15.7
electroststic interactions for C/C with water molecules in contrast CCS2w1 —-11.9 —-11.7 —14.7
to the CC pair. The initial geometries of hydrated CC and C/C ccSiwz —24.7 —25.1 —31.7
. . CCS2w2 —25.3 —24.9 —30.5
complexes obtained by EPIC were further optimized at the HF/ CCS3W2 579 —265 —321
6-31G** level. The interaction energies calculated at HF/6- CCS4W?2 —241 —~23.9 —205
31G** and MP2/6-31G**//[HF/6-31G** levels for CC and C/C CCS5W2 —22.7 —23.8 —29.4
pairs are given in Tables 3 and 4. Selected geometries for CCS1ws —32.6 —33.8 —41.8
CC..nH,O and C/C.nH,O (h = 1, 2, 3) complexes are CCS2W3 —318 —36.3 —45.7
. . . . . CCS3w3 —-335 —-35.5 —45.2
displayed in Figures 3 and 4, respectively. Both the geometries COSAW3 _36.2 376 _46.1
of CC...HO have the same energy at the MP2/6-31G** level, CCS5W3 —375 —36.2 —44.8
whereas at the HF/6-31G** level, CCP2W1 is lower in energy CCS6W3 -35.5 -36.5 —46.0
than CCP1W1 geometry (cf. Figure 3a). The correlation energy CCsS7wW3 —35.2 —34.2 —45.2

contribution to the interaction energy for the CCP1W1 complex a2 Ag,,.(SP) single-point interaction energies at the MP2/6-31G**

is 3.2 kcal/mol, which is higher than that for CCP2W1 complex. level (see text for details).

Although the electron correlation is important in the stabilization

of CC pair, the dominant interaction is electrostatic in nature. both the electrostatic and dispersion interactions and hence the
The position of water molecules in the hydration process would difference in the energetics of the hydrated CC pair.
significantly influence these two interactions. In the case of The CCP1W2 emerges as the energetically most favored
CCP1W1, the water molecule is hydrogen bonded to carbonyl geometry among doubly hydrated CC complexes. This is
oxygen and proton of N1 of one cytosine. In the case of because both the water molecules are bound to the most negative
CCP2W1 complex, the water molecule is present between thevalued MESP CPs of CC pair. In the case of interaction of three
paired cytosines. This intervening water molecule modulates water molecules with CC, it may be noticed that geometrically



Hydration in a Stacked DNA Base Pair J. Phys. Chem. A, Vol. 104, No. 46, 20000891

(c) CCP4W2

A
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(d) CCP2W3 (e) CCPAW3

Figure 3. Ab initio optimized structures of (a) CC...B, (b—c) CC...2H0, and (d-e) CC...3HO. See text and Table 3 for details and the
corresponding interaction energy values obtained using the HF/6-31G** level.

similar complexes like CCP3W3 and CCP4W3 have similar to hydrated CC base pair (fully optimized). The complete
energies. It is observed that the CCP2W3 (cf. Figure 3d) has optimization on hydrated C/C would lead to a further stabiliza-
the numerically highest interaction energy as compared to othertion increasing the above difference. The MP2/6-31G** con-
complexes. This may be due to more number of H-bonds, which strained optimization (the coordinates of CC and C/C were kept
are bonded in the electron rich sites contributing to additional frozen) have been performed on CCP8W3 geometry of CGQ3H
strength. pair and CCS4W3 geometry of C/C...g8Piwhich are the most
The geometries of C/C..4@, C/C...2HO and C/C...3KH0 stable geometries at the HF level. After a reasonable optimiza-
are displayed in Figure 4. As seen from Table 4, the CCS1W1 tion the interaction energies turned out to bé4.9 kcal/mol
(Figure 4a) is energetically more favored than the CCS2W1 and —48.6 kcal/mol for CCP8W3 and CCS4W3 complexes,
complex. This may be due to complementary nature of the respectively with a difference of 3.7 kcal/mol. A look at the
electrostatic interaction involved in the stabilization of the structure CCP8WS3 reveals that most of the primary sites are
complexes. The geometries CCS3W2 (cf. Figure 4c) and hydrated and hence increment in the interaction energy for a
CCS4W3 (cf. Figure 4e) emerge as the most favored ones forfurther addition of three water molecules will not be numerically
C/C...2H0 and C/C... 3RO at HF and MP2 levels. It can be greater than 44.9 kcal/mol. On the other hand, the increment in
brought out from Tables 3 and 4, that the interaction energies the interaction energy for adding three more water molecules
for one, two and three water molecules with CC and C/C to the corresponding best hydrated stacked pair structure (viz.
complexes follow an additive behavior. It should be noted that CCP4W3) is expected to be comparable to &t of triply
in the hydrated complexes of C/C, water molecules bind to both hydrated C/C (viz—47.8 kcal/mol). Hence, the difference (at
the cytosines highlighting that cooperativity plays a crucial role the MP2 level) between the hexahydrated CC and C/C is
in the hydration of stacked pairs. expected to be at least 7 kcal/mol in favor of the later. This
The interaction energy of hydrated C/C stacked dimer difference guarantees that the stacked dimer is better hydrated
(constrained optimized: coordinates of C/C were kept frozen) than H-bonded base pair. It is also apparent that the higher
is numerically higher by about 1 to 2.5 kcal/mol at HF compared interaction energies predicted for the C/C stacked water
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Figure 4. Ab initio optimized structures of (a) C/C...B, (b—c) C/C...2HO, and (d-e) C/C...3HO. See text and Table 4 for details and the
corresponding interaction energy values obtained using the HF/6-31G** level.

complexes are due to the cooperative nature of the interaction.is not appropriate to compare here. However, the basic binding
That is, in the case of C/OnH,O complexes, both cytosine  patterns of water molecules CC2W3 remain the same.
are involved in H-bonding interaction with water molecules, 14 a5sess the influence of inclusion of diffuse functions in
whereas in .hydrated CC geometries, both the cytosine aréy,q pagig set, HF/6-31+G(d,p) calculations have been carried
H-bonded with each other, and hence they do not compete forout on cytosinewater complexes (C1IW1 and C2W2). The
H_;bon;:llng W':h Watelr mollecu_les. 'tl'hip(rjesgpccedqf mortle b'gd'rt]g interaction energies of these complexes at this level turn out to
glés narow?w e\:inmorﬁcg ei Irr;bs ?C fe hvdr r:mlfrndea ”31 no be —10.2 and—9.4 kcal/mol, respectively which are typically
CcC "nH %) corarll Iegxes OFirthlier iteis glsoycle(;?(feromct)hesl\/lESaP 879 of their HFF/6-31G(d,p) counterparts viz11.7 and-10.9
Tt 2 P ' - ; kcal/mol. Although the inclusion of diffuse functions does alter
isosurface that C/C stacked dimer (cf. Figure 1c) has more the value of interaction energy, there may not be a change in
ive MESP i h H- ir (cf. Fi 1Db). . !
negative MESP region than CC H-bonded pair (cf. Figure 1b) the trend predicted by the HF/6-31G(d,p) level of theory. The

Our results agree qualitatively well with the experimental .
evidence, which shows that base stacked pair solvates bettel‘:alculat'onS have also been performed on CCS1W3 and

than H-bonded on From Tables 3 and 4 it can be inferreq CCS4W3to study the importance of basis set superposition error
that the correlation contribution to the interaction energy is (BSSE) in the prediction of interaction energy. The BSSE-
uniformly higher for all the C/C...3b0 geometries compared corrected interaction energies of.CC81W3 ar]d CCS4W3 are
to the CC...3HO counterparts. This may be due to the fact that —27-2 and—30.9 kcal/mol respectively as against uncorrected
increasing the number of interacting atoms increases theValues of-33.8 and-37.6 kcal/mol at the HF/6-31G(d,p) level
dispersion contribution relative to the role-played by the ©Of computation. The scaling factor&EcorrectedAEuncorrected tUrn
electrostatic interactions. An unconstrained optimization (upto ©ut to be 0.80 and 0.82 for CCS1W3 and CCS4W3 complexes.
a gradient of 0.001) of CC2W3 at the MP2/6-31G** level leads TO estimate the BSSE correction at the MP2 level, calculations
to a considerable pyramidalization of théNH, group with the were performed on the same complexes. The respective scaling
amino hydrogens bending away from the other cytosine factors are 0.67 and 0.72. It can be noted that the incorporation
molecule. The interaction energy also increases%@.0 kcal/ of BSSE correction in the prediction of interaction energies does
mol. Since all the geometries (including C/C) studied in this bring down the numerical value of the interaction energy but
investigation are not optimized at the MP2 level the changes in does not seem to alter the rank order predicted by HF/6-31G-
the interaction energy trends brought out by pyramidalization (d,p) as well as the MP2/6-31G** levels of calculations. These
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