
Slovni vyjadreni, komentafe a pripominky vedouciho/oponenta:
There are many drugs against cancer and viruses (including HIV) based on chemically modified nucleotides
- building blocks of nucleic acids (DMA or RNA). They obstruct either multiplication of quickly dividing
cancer cells or copying of the genetic information of viruses. These drugs were prevailingly gained by
extensive trial and error method leading to synthesis of thousands of chemically modified nucleotides.

A number of high-resolution structures of so called polymerases (enzymes responsible for synthesis of
nucleic acids chains) acting in human cells, viruses and bacteria have been solved by X-ray in recent years.
It gives an unprecedented opportunity either to improve properties of existing drugs or even invent new
chemoterapeutics by rational drug design. We are interested in developing of a new class of antibiotics in
collaboration with Institute of Organic Chemistry, Institute of Molecular Genetics, Faculty of Medicine and
Trios s.r.o.

Molecular Dynamics simulations of biomolecules starting from high-resolution crystal structures
supplemented with explicit solvent molecules enable to study dynamical behavior of biomolecules at the
atomic detail level (unavailable by experiment). It leads to numerical solution of Newton's equations of
motion for simulated systems consisting of thousands of atoms. The interaction between atoms is
described by force fields developed using experiments and quantum-chemical calculations. Extremely time-
consuming Molecular Dynamics simulations are usually produced using large multiprocessor systems.

HIV-Reverse Transcriptase is responsible for copying of viral genetic information (RNA strand) into the form
which can be incorporated into the human genome (DNA:DNA duplex). Here, Mr. Saralamba presents
results of his Molecular Dynamics simulations of HIV-RT in complex with DNA:DNA and different
substrates in polymerase active site: either natural DNA/RNA nucleotides or Adefovir and Tenofovir - the
most powerful inhibitors. Interestingly, these inhibitors were invented in the Czech Republic in the Institute of
Organic Chemistry and Biochemistry. The goal of the diploma thesis was to demonstrate ability of Molecular
Dynamics simulations to reproduce experimentally observed substrate specificity of HIV-RT enzyme (only
DNA - not RNA - nucleotides are accepted for synthesis of the nucleic acids chain) and to find roots of a
higher therapeutic potency of Tenofovir.

1) Subtle differences in binding of the nucleotides/inhibitors into the HIV-RT polymerase active site (before
and after they were incorporated into the primer DNA strand) were analyzed in detail. There were found
affected hydrogen bonds for the first and second base pairs situated in the polymerase active site in the
case of all structures with the natural RNA substrates. It indicated that the aromatic side chain of Tyr115
successfully prevents incorporation of a ribonucleoside by interfering with RNA 2'-hydroxyl group securing
synthesis of a pure DNA strand.

2) It was found that only Adefovir-DP (PMEApp) underwent conformational transitions within a MD run
(quantified using backbone torsion angles). Tenofovir-DP (PMPApp) carrying additional methyl group in the
backbone was completely stable. Tenofovir-DP (PMPApp) optimal binding into the polymerase active site
could be one from reasons of its higher therapeutic potency.

3) Interestingly, Arg72 residue (sandwiching incoming nucleotide/inhibitor) was found to be potently
anchored by hydrogen bonds to the triphosphate moiety of inhibitors rather than natural substrates.

4) It was shown, that the whole polymerase active site was surrounded by water molecules stabilized in
defined positions. These water molecules were connected by a net of mutual hydrogen bonds stabilizing
nucleotide/inhibitor binding into the polymerase active site.

5) There are many classes of HIV-RT inhibitors directed toward different sites of the enzyme surface, which
is in the close contact with DNA:DNA duplex structure, not only toward the polymerase active site.
Therefore, Mr. Saralamba analysed in detail conformational behaviour of the whole DNA:DNA duplex
structure as well as its contacts with HIV-RT enzyme mediated by Arginine and Lysine residues. It provides
a lot of interesting informations, which could be exploited by other diploma students interested in inhibition
of HIV-RT by non-nucleoside inhibitors.

6) Root Mean Square Deviation values demonstrated the outright stability of the DNA:DNA and HIV-RT
structures. The core site of their mutual contacts (DNA:DNA regions II. And III., HIV-RT connection domain)
was found as the most rigid part of the complex. Terminal regions of the HIV-RT p61 chain were clearly the
most flexible parts of the enzyme structure.



7) Further, structural consequences of DNA:DNA duplex binding to the HIV-RT enzyme were quantified
using different structural parameters. There were found outright signs of affection in the case of puckering
of deoxyribose moieties (C3-endo conformations typical rather for RNA), atypical conformations of
phosphodiester linkages (several of them were not found in usual -g-g conformations) and so on.

8) Moreover, for the most of the helical parameters (the Inclination, Tip, Shift, Slide, Rise, Tilt, Roll and
Twist) systematic variations around the strands were found - again indicating adaptation of the double
helical structure to fit properly into the enzyme substrate binding site.

I suggest to classify the diploma thesis as vyborny.
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