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Introduction 

 

Hydrogen bonds (HBs) play an essential role in the biological systems, especially 

between base pairs in nucleic acids. Stabilization of nucleic acids is due to the formation 

of intermolecular HBs. The hydrogen bond formation in a Watson-Crick type base pair 

(Fig1) is fundamental for molecular recognition in the duplex formation of nucleic acids. 

NMR parameters are very sensitive to the HBs and are useful elements in the study of 

hydrogen-bonded systems, but a better technique is nuclear quadrupole resonance (NQR). 

Nuclei with spin angular momentum greater than one-half have the electric quadrupole 

moment, eQ .The important physical parameters that can be determined both theoretically 

and experimentally are the nuclear quadrupole coupling constant, CQ , and the asymmetry 

parameter, 4Q .CQ indicated the interaction between eQ and EFG which originates from 

the internal electrostatic charges at the site of the nucleus, where as yQ measures the 

derivation of EFG tensors from the axial symmetry. Although there are many theoretical 

studies on the hydrogen bond energy of the Watson-Crick type base pairs, but in the real 

crystalline structure of DNA have not yet been theoretically studied. The present research 

for the first time used the actual crystalline phase instead of model compounds to directly 

study the properties of intermolecular HBs. 
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Computational Aspects 

 

It is noteworthy that a crystalline structure of double helix DNA, d (C-G-C-G-A-A- T-

T-C-G-C-G)2, was created using X-ray diffraction coordinates, we picked up the base pair 

of G-C and A-T from this structure. Since the positions of hydrogen atoms are not 
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located accurately by X-ray diffraction, a geometry optimization of the just hydrogen 

atoms in the structure was needed. Optimization was carried out at the B3LYP level with 

6-311++G** basis set, where during this optimization the position of the hydrogen atoms 

were allowed to fully relax while those of all other atoms remained frozen .DFT 

calculations were performed using the GAUSSIAN 98 suite of programs. Among various 

modern functional for DFT calculations, B3LYP, with 6-311++G** standard basis sets 

were used. The principal EFG tensor eigenvalues qzz, qyy, and qxx have the 

following relation qzz ≥ q yy ≥ qxx 
.The latter Equation is used to direct the relation of the 

calculated EFG tensors with quadrupole coupling constant, CQ= e2Qqzz / h.The 

asymmetry parameter, 4Q is obtained by equation η = 
q

yy 
− q

xx 

Q 

zz 

, 0 ≤ ηQ ≤ 1 . 

 

 

 

Results and Discussion 

 

To indicate the influence of H-bonding interactions on the NQR parameters, the 

calculated parameters were compared between monomer and dimmer of base pairs. By a 

quick look at the calculated results, one can easily compare the capability of various 

nuclei in contributing to HBs, and can easily obtain some trends. First, the CQ value of 

those nuclei which participate in the intermolecular H-bonding interactions decrease, but 

on the other hand, their 4Q values increase. The magnitude of these changes for each 

nucleus depends on its contribution to interaction. 

17O NQR Parameter 

 

In the G-C base pair O1 with noticeable ACQ = -1.590 MHz and A4Q =0.334 is the most 

affected nucleus. These effects suggest that the intermolecular hydrogen bond interactions at the 

O1 in crystalline structure of G-C in DNA are rather participating. 

14
N NQR parameters 

In the G-C Nitrogen nuclei contribute to two HB types, N-H...O and N-H…N. 

CQ(N1,N4) decrease by 0.869, 1.155 MHz respectively. The effects of HBs are significant 

on the N1 and N4 EFG tensors. These trends are in agreement with the results in the 

former section. CQ (N2) reduces 1.501MHz and reveal the importance of the –NH group 

in contributing to the strong HBs in the real crystalline structure of DNA. In the A-T, N3 

with noticeable ACQ = -1.036 MHz and A4Q =0.616 is the most affected nucleus. These 

effects suggest that the intermolecular hydrogen bond interactions N-H…N in crystalline 

structure of A-T is rather participate than N-H…O. 

q 
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Table-2: NQR parameters Table-1: geometrical parameters 

 G-C A-T  G-C A-T 

Mono Dimmer MONO Dimmer N1-H1 1.02 1.01 

    N2-N2 1.03 1.78 

 CQ yQ CQ yQ CQ yQ CQ yQ 
N4-H3 1.04 

 

O1 9.29 0.22 7.70 0.49 10.2 0.02 9.63 0.17 H1…O2 1.70  

O2 8.61 0.31 7.70 0.61 
    

H1…O1 
 

2.13 

N1 5.02 0.14 3.89 0.45 4.76 0.12 4.18 0.17 H2…N3 1.84  

N2 3.76 0.18 2.98 0.53 4.17 0.19 3.72 0.37 
O1…H3 169.8  

N3 3.48 0.62 2.87 0.96 3.30 0.23 0.14 0.76 
∠  N1-H1-O2 169.8  

N4 
 

4.48 
 

0.01 
 

3.32 
 

0.44 
    ∠  N1-H1-O1 

 
∠  N2-H2-N3 

 

 
173.2 

158.2 

 
165.1 

         ∠  O1-H3-N4 170.9 
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