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Molecular modeling of DNA Protein interactions in nucleosome  
 
The organization of DNA in chromatin shows arrays of nucleosomes. Two copies of each 
histone protein, H2A, H2B, H3 and H4 are assembled into an octomer. This has 145-147 base 
pairs of DNA wrapped around it to form a nucleosome core. In all eukaryotic genomes this 
highly conserved nucleoprotein complex occurs essentially at every 200 ± 40 bp throughout.  
 
Both histone /histone and histone / DNA interactions depend on the folding domains of 
histones and, the well ordered structure elements extending from this. To contact neighbouring 
particles, histone amino – terminal tails pass over and extend between the DNA superhelix. 
Due to lack of uniformity between multiple histone/DNA binding sites DNA deviates from the 
ideal superhelical geometry. Much of the biochemistry and biophysics of DNA relies on the 
electron donating properties of nucleotides. This in the simplest sense, is reflected in the 
ionization energies.  
 
Gas phase Ionization potentials (IP’s) were evaluated for anionic 2’-deoxyguanosine-5’-
phosphate (5’-dGMP-) in the DNA strand, of the nucleosome core particle. Herein gas phase 
uncorrected IP’s of 5’-dGMP- for 134,137(5’--CA134GGT137GGAT—3’), 280 and 283 (3’—
TAGG283TGG280AC—5’) positions in the 146 base pair palindromic DNA fragment were 
obtained from ab initio Hartree-Fock self consistent field (HF-SCF) molecular orbital 
calculations by employing the Koopman’s theorem.  
 
Gaussian 98W program was used for all calculations. The heavy atom bond lengths, bond 
angles and dihedral angles of all four nucleotides were obtained from X-ray crystallographic 
data. The H atom bond lengths, bond angles and dihedral angles were optimized at the 3-21G 
level.  
 
The nucleotide environment strongly influences the gas phase IP’s. In water-counterion 
environments the highest occupied orbital is a base orbital. Nucleotide ionization plays an 
important role in mechanisms involving radiation induced DNA damage. Results from these 
calculations, show that nucleotide IP’s are largely localized on the base, sugar and the 
phosphate groups. The highest occupied base orbitals of all four 5’-dGMP- have molecular 
orbital coefficients similar to the model compound, 9-methyl guanine. This is also consistent 
with the reported uv photoelectron data for 9-methyl guanine. Comparison of the highest 
occupied base IP’s shows that the 137 5’-dGMP- has the smallest value. This suggests that from 
the positions examined 137 5’-dGMP- is favored for ionization.  
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Insecticidal properties of eugenol derivatives against mosquitoes  

Continuing the search for insecticidal properties of essential oils, mosquitocidal activity of 
essential oil of cinnamon has been recognized. Our preliminary studies showed that eugenol 
which is the major constituent of cinnamon leaf oil has promising activity against vector 
mosquitoes, Culex quinquefasciatus, Anopheles tessellatus and Aedes aegypti. The objective of this 
study was to synthesize derivatives of eugenol and to evaluate the activity of these compounds 
to establish the Structure Activity Relationships of molecules.  

Several compounds, eugenyl acetate, benzoate, chloroacetate and epoxide and methyl eugenol 
with structures based on mosquitocidal eugenol have been synthesized by using standard 



reaction conditions. Synthetic derivatives were purified by Dry Column Flash Chromatography 
wherever necessary. Structures of compounds synthesized were confirmed by 1H and 13C 
NMR spectral data. Eugenol derivatives were tested for knockdown and mortality against C. 
quinquefasciatus, A. tessellatus and A. aegypti under laboratory conditions and the bioassay 
followed the WHO standard method for adult mosquito susceptibility test.  
 
In susceptibility test eugenol, eugenyl acetate, methyl eugenol and isoeugenol showed good 
knockdown and mortality against mosquitoes tested except eugenyl benzoate, chloroacetate 
and epoxide. Eugenyl acetate is the most active derivative against A. tessellatus (LD50 0.26 µg 
ml-1) and methyl eugenol against C. quinquefasciatus (LD50 1.0 µg ml-1) and isoeugenol aganist 
A. aegypti (LD50 1.5 µg ml-1). However, eugenyl acetate is nontoxic against A. aegypti except its 
knockdown activity (KD50 0.76 µg ml-1). Isoeugenol, eugenyl epoxide and safrole are less 
active than eugenol against all three tested. It appeared that esterification with less bulky acyl 
group tends to enhance the activity of eugenol. However, chloroacetyl compound is weakly 
active and eugenyl epoxide is only active against A. tessellatus. Change of a hydroxyl group to a 
–O-CH2-O- group has retained the activity only against C. quinquefasciatus.  
 
Most of the derivatives prepared were less active than eugenol. While conversion of eugenol 
to its acetate did not result in major differences in activity, bulkier ester groups sharply 
decreased activity.  
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Water vapor permeability properties of the plasticized Soy protein edible films.  
 


