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Objectives

Introduction

Abstract
 The conformational analysis and the hydration of two of the
most used anti-HIV nucleoside analogues were carried out.
 The study was performed on ATP, Thymidine, AZT and D4T.
 ATP are molecules that cooperate in the transformation of
nucleosides to nucleotides and incorporate them to our DNA.
 Thymidine (dT) is a natural nucleoside in our body.
 AZT and D4T are prodrugs that are used to stop the viral DNA
of HIV.

Summary and Conclusions
(1)-The molecular structure in water solution of three of
the most important anti-HIV nucleosides used in clinic
was determined.
(2)-The mechanism of the first phosphorylation step with
D4T, AZT and dT nucleosides, including the energies
involved in the interaction with ATP was described.

Human Immunodeficiency Virus (HIV) infects every year many people in
the world. Unfortunately, the efficacy of the anti-virus used in clinic is very
small. Our project presented is focused on anti-HIV drugs and in the three
phosphorylation steps (fig. 1) by the corresponding Thymidine kinase
enzymes. The main anti-HIV drug used in these days in the clinic is AZT
but in fact it affects a lot the patients due to its secondary effects. The
secondary effects come from the fact that this antidrug is used in a high
concentration in order to pass the first phosphorylation step that is the
crucial one to have a higher efficacy of the antidrug. In order to reduce
secondary effects on patients and the concentration used of antidrug, we
have developped the study to know why the low efficiency of this first
phosphorylation step with the prodrugs.
D4T that is another anti-HIV drug that was used. Theoretical study is led
by DFT methods and by ab initio. Experimental infrared and laser-Raman
spectroscopy are used for the experimental study part.

Calculations
They were mainly carried out by using Density Functional methods (DFT), because they
provide a very good overall description of medium-size molecules. Moreover, for the
wavenumber calculations [1,2] they appear more accurate than HF and MP2, and at lower
computational cost. Among the DFT methods, B3LYP is the most popular which uses a
combination of the Becke’s three-parameter exchange functional (B3) [3] and the correlation
functional LYP (Lee, Yang, Parr) [4]. Because results obtained with both correlation functionals
are similar, and also for simplicity, only the B3LYP results are given here. The default fine
integration grid was employed. MP2 calculations were also carried out to confirm the geometry
structure and atomic charges. These methods are implemented in the GAUSSIAN 09 [5] program
package.
Basis set used was 6-31G**.

*I. – The determination of the most stable conformer in the isolated state and in water
solution of the anti-HIV nucleosides analogues AZT, D4T and Nikavir, as well as the
natural nucleoside deoxythymidine (dT) and the adenosine 5ˊ-triphosphate (ATP)
molecule.
*II. – The accurate characterization of the bands of whole experimental Raman spectra in
water solution of all the molecules under study, as well as the IR bands using the special
microhydration technique developed by us.
*III. – The simulation of the crystal unit cell of all the molecules under study, and the
further determination of their IR and Raman spectra. A detailed assignment of whole
experimental IR and Raman bands of all the molecules under study in the solid state.
*IV. – The resolution of the first phosphorylation step mechanism of the anti-HIV
nucleosides under study, as well as on dT, through a simplified model which includes the
interaction with the optimum structure of ATP, firstly in the isolated state, and after in
water solution with different number of water molecules surrounding the system.
*V. – The experimental interpretation of ATP interaction with the molecules under study
in the first phosphorylation step through an accurate characterization of all the bands in
the IR and FT-Raman spectra.
*VI. - The determination of the second and third phosphorylation steps mechanisms of
the mono- and diphosphate forms of the anti-HIV nucleosides under study, as well as on
dT, through a simplified model which includes the interaction with the optimum structure
of ATP, firstly in the isolated state, and after in water solution with different number of
water molecules surrounding the system.
*VII. – The detailed analysis of the last step through the bonding of the triphosphorylated
anti-HIV nucleosides analogues in the DNA viral through the reverse transcriptase
enzyme (RT) in a simplified model of the enzyme cavity with few residues.

(3)-The first phosphorylation step through the
experimental IR and Raman spectra in water solution
was interpreted.
(4)-We determined the theoretical and experimental
mechanisms of the second and third phosphorylation
step of the mono- and diphosphate forms of the anti-HIV
nucleosides under study, as well as on dT.

Fig.9 IR instrument at
NOFIMA AS.

Fig.10 Raman instrument at
NOFIMA AS.

Experimental
ATP, Thymidine, AZT and D4T were obtained from M/s Aldrich Chemicals, Germany
with a higher pourcentage of purity. Then the IR spectra at 4000-400 cm–1 range of ATP,
Thymidine, AZT and D4T in powder form (Fig. 2) were recorded using KBr pellets (with
2 mg sample per 100 mg KBr) and by using ATR (Fig. 4), 32 scans were collected at 0,5
cm–1 resolution. Then we have performed the same study with microhydration technique
developed by us on KBr pellets (Fig. 5) with the same resolution and the spectra on ATR
(Fig. 3) were collected with the same conditions, both microhydrations were performed at
different concentrations.
Then the Raman-Laser spectra in the 0-3500 cm–1 range of the same compounds were
collected in powder form (Fig. 6 and Fig. 7) and after hydration. at different
concentrations.
And in order to see interaction between ATP- anti-drugs, we have performed the same
procedure in order to collect the Raman spectra at different concentrations (Fig. 8).

Below are some representative spectra recorded on IR
and Raman instruments in NOFIMA AS:

All the results obtained will help the scientific community
in the design of new anti-HIV with high activity and could
help for developing drugs with high anti-HIV activity and
low toxicity. Thus, the expected impact of such results will
be of great importance for the millions of the HIV infected
people.

Fig.2 Experimental IR spectrum for
ATP molecule.
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Fig.1 The 3 phosphorylation steps for AZT molecule.
The same process as for D4T.
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Fig.4 Experimental IR spectrum on ATR for Thymidine
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Fig.5 Experimental IR spectra for Thymidine molecule
on pellet at different concentrations.

Fig.6 Experimental Raman spectrum for AZT molecule.
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Fig.7 Experimental Raman spectrum for D4T molecule.

Fig.8 Experimental Raman spectrum for ATPThymidine interaction at different concentrations.

