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� RNA performs essential and diverse functions within the cell 
(gene replication and expression) � interaction with proteins. 

� The most important interaction established between the RNA 
bases and amino acids is through HBs: Glutamic acid and Asparagine
show a good number of HB contacts with the RNA bases (mostly 
with Guanine and Uracil).

� Donor-acceptor arrangements of the Nucleic bases � many 
possible interactions. 

� The ability to form HB of amino acid � three types of small 
ligands:

Acceptor/acceptor HB groups such as carboxylate (Glu & Asp) 
Donor/acceptor HB groups such as formamide (Gln & Asn)
Donor/donor HB groups such as guanidinium (Arg)
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Conclusions

� The EIs of the donor-donor and acceptor-acceptor complexes are 
larger than those of the donor-acceptor complexes � influence of the 
charged monomers

� Several good correlations were found between HB distances and 
ρ(bcp) and ∇ 2ρ(bcp) and as well a correlation was found between the 
orbital energy E(2) and ρ(bcp)

E(2) = 929.90ρ(bcp) – 15.08, R2= 0.9, n= 27 
HB acceptor is an O atom: E(2)= 796.98ρ(bcp) – 12.36,  R2=0.98, n=20 
HB acceptor is an N atom: E(2) = 898.73 ρ(bcp) - 8.67, R2 = 0.99, n= 7 

E(2) = 708.71ρ(bcp) – 7.27, R2= 0.92, n= 22
HB acceptor is an O atom: E(2) = 716.99ρ(bcp) – 8.14, R2= 0.95, n= 19
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Conclusions

� The EIs are very large � influence of the charged monomers

� Several good correlations were found between HB distances and 
ρ(bcp) and ∇ 2ρ(bcp) and as well a correlation was found between the 
orbital energy E(2) and ρ(bcp)

E(2) = 815.92 ρ(bcp) - 11.46,  R2= 0.90, n= 25. 
HB acceptor is an N atom:  E(2) = 1310.60ρ(bcp) - 24.26, R2= 0.99 n=4
HB acceptor is an O atom: E(2) = 763.63ρ(bcp) - 10.65, R2= 0.92 n= 21



� Very high EIs in complexes with charged monomers… could be a 
consequence of the method used???

� Hydrogen bonds in biological ligand-receptor complexes are 
usually enhanced/supplemented by electrostatic forces

� Are the two different forces working at the same time but 
independently???

� Are HBs enhanced??? Do they really become stronger??? How 
much???
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neutral minus
Negative charge assisted HB

plus
Positive charge assisted HB

Plusminus
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Conclusions (so far …)

� Large EIs for plusminus >> minus >> positive > neutral

� At all levels of calculation, correlations were found between HB 
distances and ρ(bcp) and ∇ 2ρ(bcp) as well as correlations between the 
orbital energy E(2) and ρ(bcp)

� Large decrease in Cl- atomic charge in plusminus complex >> minus > 
plus > neutral

� Positive/negative charge assisted HBs (plusminus) are the 
strongest in terms of electron density characteristics at the bcp and 
distances >> minus >> plus > neutral
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