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1. INTRODUCTION, PURPOSES, PREMISES

The molecular geometry is one of the fundamental properties of chemical substances. It plays an 

important role in the mechanism of chemical reactions, as well as in biological function. The variations 

of geometrical parameters are sensitive indicators of intramolecular and intermolecular interactions. 

The main purpose of my work was the determination of the energy consequences of structural changes 

accompanying intramolecular interactions in systems of variable sizes from the relatively small to the 

relatively large.

Donor-acceptor complexes

General properties and the consequences of altering the donor-acceptor distance were examined in 

BH3·NH3 and four similar complexes (BCl3·NH3, AlH3·NH3, AlCl3·NH3, and GaCl3·NH3). In addition, 

we  investigated  the  energy  requirements  of  changing  the  geometrical  parameters  in  two  selected 

complexes.  These  and  similar  complexes  are  frequently  used  in  organometallic  chemistry,  and, 

accordingly, they have extended coverage in the literature and there is a plethora of experimental data 

about  their  various  properties.  In  order  to  understand  the  mechanism  and  energetics  of  complex 

formation, an investigation of non-equilibrium parameters (changes of monomer geometries, changes 

of charge transfer between monomers, alteration of nuclear charges with the donor-acceptor distance) 

are also important.  Previously,  these  properties  were  investigated only by semi-empirical  quantum 

chemical methods whereas we embarked on a more rigorous quantum chemical investigation ab initio. 

Long-range effects in β-sheet homo-oligopeptides

The following attributes have been investigated: effective radius of long-range effects (interactions 

that go beyond direct neighbors, in the present case formed by cooperative hydrogen bonds and dipole-

dipole interactions); the impact of these effects on the stability and geometry of the oligopeptides; and 

their dependence on the α-substituents of the different amino acids. In these calculations, the systems 

of β-sheet homo-oligopeptides were built up gradually, step by step. We have performed full geometry 

optimizations on oligoglycines, oligoalanines, -valines, and -serines, containing 2 to 10 amino acid 

moieties.

Long-range effects in infinite polipeptides consist of simple amino acids have been reported in the 

literature.  However,  these  previous  analyses  were  made using  periodical  boundary  conditions  that 

permit only qualitative assessment lacking information on the gradual development of these effects. 

Our studies addressed these deficiences.

Conformational studies on the prion protein 115-122  fragment

The aim of  our  investigation was the mapping of  the conformational  properties  of  the prion 

protein 115-122 fragment  by molecular  mechanics  and quantum chemical  computations.  Upon the 

relative  energies  of  representative  structures  chosen  from the  results  of  the  conformational  search 

computed in vacuum and water we estimated the probability of their formation.

Previous  studies  in  the  literature  on  small  size  peptides  containing  the  115-122 region  have 

reported a blocking of the conversion of the endogen (PrPC) to the pathogenic (PrPSc) form of prion 

protein. However, the mechanism of this conversion has remained unknown. It can be assumed that the 
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inhibitor peptides mimic the β-sheet structure of PrPSc, binding competitively to the active center and 

blocking the conversion.

2. COMPUTATIONAL METHODS

For the investigation of  the donor-acceptor  complexes the  MP2(fc)/6-311+G(2df,p)  level  was 

chosen, which describes reliably both the non-equilibrium geometries and the dispersion forces.

In case of the large oligopeptides, the computational cost beside the accuracy requirements played 

an important  role  in  the selection of  the method.  The structures were optimized using the B3LYP 

density functional in conjunction with a diffuse polarized triple-zeta basis set (6-311+(+)G(d,p)) after 

HF/6-31G(d) pre-optimizations.

The conformational searches for the prion protein fragment were performed with Monte Carlo 

Multiple Minimum method in conjunction with the AMBER* force field and the GB/SA solvation 

model. Then, the chosen representative structures were optimized at the PBE/TZVPP//RI-PBE/SVP 

level using the COSMO solvation model.

The conformational searches were performed with the program MacroModel, the natural bond 

orbital (NBO) analyses and the calculations of natural nuclear charges with the code NBO 5.0, while 

the program package Gaussian 98 and 03, and Turbomole 5.6 were used for geometry optimizations.

3. NEW RESULTS

1. The following geometrical changes accompany the formation of AL3·NH3 type complexes: the 

lengthening of the A−L and N−H bonds with 0.02-0.09 Å and 0.003-0.007 Å, respectively, and the 

opening of the L−A−N and H−N−A angles with 9-15º and 0.1-1.5º, respectively. The potential 

energy and the L−A−N angles are the most sensitive indicators of the interactions. Geometrical 

changes are the most pronounced in the acceptors containing chlorine ligands; the geometry of the 

donor moiety is only slightly affected. The reason of this may be that the acceptor part is more 

flexible while the donor part is rather rigid, because its geometry is formed by competing effects.

2. In  the  course  of  the  formation  of  AL3·NH3 type  complexes,  the  elongation  of  bonds  in  the 

monomers has a larger energy demand than the elongation of bonds in the complexes. Changes of 

the acceptor angles in monomers require a much more energy investment than in the complexes.

3. The effective radius of long-range effects in β-sheet oligoglycines is about 10 amino acid units. 

The incorporation of each additional glycine unit results in a gain of about 2.5 kJ/mol. Among the 

geometrical parameters, the lengths of the hydrogen bonds are the most sensitive to long-range 

effects, they shorten by several hundredths of an angstrom at each step in adding amino acid 

fragments. The C−N bonds shorten by 0.009 Å, the other bond lengths and angles change within 

0.002 Å and 0.5º,  respectively.  There  appears  to  be a  small,  but  intriguing oscillation of  the 
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oligoglycine chain length depending on whether the number of glycine units happens to be odd or 

even. Effects of long-range interactions appear also in the main hyperconjugation interactions.

4. The  methyl-,  isopropyl-  and  hydroxymethyl  substituents  in  the  β-sheet  structure  of  homo-

oligopeptides reduce the magnitude of long-range effects. The energy gain of an amino acid unit 

is 2.1, 1.8 and 0.4 kJ/mol for the investigated conformers of oligoalanines, -valines and -serines 

respectively. The most sensitive parameters to long-range interactions are the lengths of hydrogen 

bonds and peptide bonds also in  the substituted homo-oligopeptides.  Substitution reduces  the 

extent of geometrical changes and causes irregularities in the trends through steric effects.

5. The conformational choices of the 115-122 region of the prion protein in vacuum and in water are 

nearly identical global minimum structures. The solvent hardly influences the distribution of the 

various structures, but the energy differences between them are considerably smaller in water than 

in vacuum. There is correlation between the number of N−H...O hydrogen bonds in the twelve 

representative structures and the relative stabilities of the structures. The N−H...N type hydrogen 

bonds play only marginal role in the stabilization of the structures.

6. The  optimized  representative  structures  of  the  115-122  region  of  prion  protein  at  the 

PBE/TZVPP//RI-PBE/SVP level in conjunction with the COSMO solvation model support the 

notion of considerable stability of the the β-sheet form of this fragment in aqueous solution. Thus, 

the  theoretical  investigation  supports  the  hypothesis  that  oligopeptides  containing  this  region 

mimic the β-sheet structure of the PrPSc and thereby may play an important role in the blocking of 

the PrPC → PrPSc conversion.
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