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SUMMARY 
Interaction energy values of several purine base pairs, selfassociated by 

hydrogen bonding, have been calculated using the "supermolecule approach". 
Quantum mechanical calculations are carried out by means of the CNDO/2 method. 
Hydrogen bond angles and distances have been optimized. In this study, both an- 
nular and functional tautomerism has been considered. Relative stabi l i ty of 
different in-plane base pairs is discussed. These results make possible to give 
a theoretical explanation to available experimental data. 

INTRODUCTION 

Investigations about molecular interactions between nucleic acids bases con- 

stitute one of the most important contributions of quantum-mechanicalcalcula- 

tions to Molecular Biology. A significative amount of work is devoted to deter- 

mine relative stabi l i t ies of different associated base-pairs, those being orig- 

inated either by stacking or by hydrogen bonding(l-13). Ab in i t io  calculations 

have shown to be in good agreement with in vacuo experimental data(14). In this 

f ield, i t  is important to mention the works of Del Bene(13) and that of Langlet 

et al.(12) on nucleic acids base-pairs. 

I t  has been found that for highly polar bases, ab in i t io  and semiempirical 

calculations about stabilization energies give similar results(12). In those 

cases, despite the advances in the f ield of ab in i t io  computations, the use of 

simplified procedures for evaluating intermolecular interaction energies of 

large molecules or large number of molecules becomes specially useful and rec- 
ommended. 

In the present study, hydrogen bond distances and angles of several dimer 

geometries of selfassociated purine, 2-oxipurine, hypoxanthine and xanthine ha- 

ve been optimized. Solute-solute interaction energies have been computed by 

means of a semiempirical calculation method. As i t  wil l  be discussed later, 

these energy values are in good agreement with those ab in i t io  obtained for si- 

milar molecules(12,13). With the help of the obtained results, observed experi- 

mental behaviour can be satisfactorily understood. 
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METHODS 

Interaction energies of in-plane purine-purine base pairs have been calcula- 

ted on the basis of the so-called "supermelecule approach". CNDO/2 Pople, San- 

try and Segal' version(15), extended to third period elements, is used to cal- 

culate monomers and base-pairs energies. 

Dimer geometries optimization has constituted a previous step for calculat- 

ing solute-solute interaction energies. That is, monomer-monomer hydrogen bond 

angles and distances have been optimized. For this purpose, CNDO/2 calculations 

were performed. Bond angles have been varied in 10 steps, whereas O.025nm in- 

crements were considered enough to optimize hydrogen bond distances. 

Approximated monomer geometries, taken from crystallographic data and des- 

cribed in a previous work(16), have been used. Both N(7)H and N(g)H tautomeric 

forms are taken into account in this work. Keto and enol tautomers have also 

been calculated in the 2-oxipurine case. This is because experimental evidence 

of the existence of 2-oxipurine enolic forms has been found in nonpolar sol- 

vents(17). 

RESULTS AND DISCUSSION 

Optimized hydrogen bond angles and distances of purine-purine base pairs are 

shown in Figs. I to 5. Table I presents total energy values for purine, 2-oxi- 

purine, hypoxanthine and xanthine monomers, calculated by the CNDO/2 method. 

Table 2 provides the CNDO/2 interaction energy values corresponding to geome- 

tr ies in Figs. I to 5. As i t  was said, our results agree well with ab in i t io  

ones computed for similar molecules. So, ab in i t io  stabil ization energy for the 

TABLE 1 

CNDO/2energies of purine, 2-oxipurine, hypoxanthine and xanthine monomers. 

monomer -ECNDO/2(a.u,) monomer -ECNDO/2(a.u.) 

purine N(7)H 85.0066 purine N(9)H 85.0013 

2-oxipurine 2-oxipurine 
keto N(3)H-N(7)H 103.2938 keto N(3)H-n(9)H 103.2943 
enol N(7)H 103.4093 enol N(g)H 103.4163 

h~poxanthine hypoxanthine 
keto N(1)H-N(7)H 103.3436 keto N(1)H-N(g)H 103.3475 

xanthine N(7)H 121.9173 ~anThine N(9)H 121.9033 
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Fi~. 1. Purine dimers. Optimized hydrogen-bond geometries, dNH...N = 0.175nm. 
( a = N-H...N angle; b = H...N-C angle). 
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Fig. 2. 2-oxipurine dimers. Optimized hydrogen-bond geometries( a = C-O...H or 
O-H...N angle; b = N-H...O or C-N...N angle). 
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Fig .  3. Hypoxanthine dimers. Optimized hydrogen-bond geometr ies . (  a = N - H . . . O ;  
b = C=O. , .H ang les ) ,  
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TABLE 2 

Stabilization energies of purines selfassociated by hydrogen bonding. 

tautomer dimer Ex(a.u.) Ex(kJ/mol ) tautomer dimer Ex(a.u.) Ex(kJ/mol ) 

purine(Fig. I) 
N(7)H I 0.0080 21.0 

II 0.0085 22.3 

I I I  0.0076 20.0 

IV 0.0067 17.6 

V 0.0086 22.6 

VI 0.0086 22.6 

2-oxipurine(Fig. 2) 

keto 

N(3)H-N(7)H 

enol N(7)H 

I 0.0152 39.9 

II 0.0095 24.9 

V 0.0314 82.4 

Vl 0.0144 37.8 

hypoxanthine(Fig. 3) 

N(9)H Vli 0.0076 20.0 

VIII 0.0150 39.0 

keto 

N(3)H-N(9)H I I I  0.0200 52.5 

IV 0.0139 36.5 

enol N(9)H VII 0.0322 84.5 

VIII 0.0148 38.9 

keto keto 

N(1)H-N(7)H I 0.0150 39.4 N(1)H-N(9)H 

II 0.0084 22.1 

I l l  0.0214 56.2 

IV 0.0122 32.0 

xanthine (Fig. 4) 

diketo diketo 

N(7)H I 0.0162 42.5 N(9)H 

II 0.0165 43.3 

I l l  0.0109 28.6 

IV 0.0271 71.2 

V 0.0165 43.3 

Vl 0.0096 25.2 

(Fig, 5) 

I 0.0151 39.6 

I I  0.0131 34.4 

I I I  0.0193 50.7 

IV 0.0144 37.8 

V 0.0097 25,5 

A-T pair  wi th two hydrogen bonds is shown to be 59 kJ/mol(13), sel fassociat ion 

of A gives ab t n i t i o  s t ab i l i za t i on  energies about 50 kJ/mol and the correspond- 

ing ones to U and T were calculated to be about 38 kj /mol(12).  

As i t  can be deduced from Tables 1 and 2, monomers and dimers s t a b i l i t y  or- 

der seems to be the fo l lowing:  

dimers monomers 

pur ine(Fig.  1) 

V I I I > V  = V I  = I I  > I  > v I I  = I I I  > IV P7> P9 

clsd . . . . . . . . . . . . .  open . . . . . . . . . . . . .  
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2-oxipurine(Fig. 2) 

VII ffi V > I I I  > l f f iVI I I  ,VI ffi IV > I I  E7>Eg~(39~K37 

. . . . . .  clsd . . . . . . . . . . . . .  open . . . . . . .  

hypoxanthine(Fig. 3) 

I I I >  V > I > IV > VI > I I  HxIg > HX17 

. . . .  clsd . . . . . . . .  open . . . .  

xanthine(Figs. 4 and 5) 

XTIV>XgIII>X711>XTI>XgI=xgIv>xgII>X71II>XgV X7 > xg 

where clsd stands for closed dimer geometry and open means i t  is an open one. 

Purine dimers I I I  and IV(Fig. I ) ,  originated by selfassociation of the N(7)H 

tautomer, are found to be the less stable ones. As i t  can be seen in Fig. I ,  

interactions between monomers become fewer than in the other base pairs. In 

spite of the fact that purine N(7)H tautomer is predicted to be more stable 

than the N(g)H one, the closed dimer of purine N(g)H (VII I  in Fig. i )  results 

stabil ized respect to the other geometries. Then, in few polar or nonpolar sol- 

vents, the preponderant existence of purine N(g)H dimors could be expected, as 

can also be deduced from available experimental data(17). 

The most stable monomers and dimers of 2-oxipurine correspond to i ts  enolic 

forms(Fig. 2). I t  would be then expected a predominant existence of these spe- 

cies in apolar or few polar media, as i t  has been found experimentally(17). In 

polar solvents, solute-solvent interactions can modify tautomeric and associa- 

tion equi l ibr ia.  So, the keto N(3)H-N(7)H tautomer has been found to be predom- 

inant in polar solvents(17), mainly as monomers. This could be theoretical ly 

jus t i f ied  since, for this form, solute-solute interaction energies are lower 

than solute-solvent ones(16). 

As in the purine case, the most stable dimer of hypoxanthine is constituted 

by the less stable monomeric form. That is, dimer I I I  in Fig. 3, corresponding 

to the N(1)H-N(7)H tautomer, results to be the most stable one whereas 

N(1)H-N(g)H monomer presents more s tab i l i t y  than the N(1)H-N(7)H does. The 

greater s tab i l i t y  of dimer I l l  can be understood since both rings of each base 

participate in the complex formation. 

Dimer IV of xanthine N(7)H (Fig. 4) has shown to be the most stable xanthine 

dimer. In addition, xanthine N(7)H monomer is more stable than the N(g)H tauto- 

meric form. I t  could be then expected a predominant existence of N(7)H spe- 

cies. In fact, there exists some experimental evidence for this(17). 

CONCLUSIONS 

The relat ive s tab i l i t y  order of hydrogen-bonded dimers does not necessarily 

coincides with that of the monomers one. That is, i t  has been found that self- 

association may give rise to changes on relative s tab i l i t ies  of the tautomeric 

forms of these bases. As described by Del Bene(13), i t  has been found that the 
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Fig. 4. Xanthine N(7)H dimers. Optimized geometries, dNH...O = O.150nm.(a = 
CffiO...H angle and b = N-H...O angle in Figs. 4 and 5). 

I IV V 

~ 0  ')''" ~ H N 
III o o . .o 

II a = 155 ° b = 150 ° a . . ~  .Jr Y-~ 

0 

~H- " *-O'S H ~ ~  H H H M H 
• a = 150 ° a = 180 ° 

u.--e a = b = 150 ° b = 150 ° b = 180 ° 

Fig. 5. Xanthine N(9)H dimers. Optimized geometries, dNH...O = O.150nm. 

most stable dimers correspond to the existence of col l inear i ty  of the A-H bond 

with the A-B l ine whereas the proton acceptor B is colinear with the A-B l ine.  

In spite of the simpl ici ty of the "supermolecule approach" and the method of 

calculation (CNDO/2), available experimental data have been, at a great extent, 

explained and theoret ical ly jus t i f i ed .  
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