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Abstract—A quantum pharmacological study has been carried out on nucleosidic inhibitors for HIV-1RT where ab initio HF
molecular orbital calculations in conjunction with other quantum mechanical techniques have been utilized in a systematic manner
to understand the pharmacophoric features and evaluate specific drug-receptor interactions. The interaction energy between the
drug and the closest asp 185 of the catalytic triad has been indicated to be crucial in determining the potency of the nucleosidic drug.
This study also emphasizes on identifying important specific drug-receptor interactions and evaluating them at the microscopic level
to understand the potency regulation as minor conformational changes may lead to significant difference in interaction energies.
Although based on relatively few points our correlation of interaction energies with potency data indicates requirement of ~13 kcal/
mol threshold interaction energy for the drug to undergo efficient competitive inhibition.

© 2004 Elsevier Ltd. All rights reserved.

In the past twenty years or so a lot of research work has
been carried out in search of effective drugs against ac-
quired immuno deficiency syndrome (AIDS).!~* The best
alternative clinically used so far is perhaps the combi-
nation therapy where a combination of nucleosidic and
non-nucleosidic drug is used.* Both the drugs are
inhibitors for the enzyme reverse transcriptase (RT) that
catalyzes the conversion of RNA retroviral genome into
proviral DNA. The nucleosidic inhibitors, are intracel-
lularly converted into their triphosphate derivatives and
act as DNA chain terminating analogs of the natural
substrate dNTP.> Hence, nucleosidic drugs undergo
competitive inhibition. The non-nucleosidic inhibitors
directly inhibit enzyme RT noncompetitively upon
binding to an allosteric site located about 10 A from the
normal substrate dNTP binding site.® Inspite of drug
resistance towards chemotherapeutics, there is high
medical demand to develop more potent, selective and
safe antiviral drugs. This would be possible only when
we understand the pharmacophoric features of the drugs
and drug-receptor interactions, which play a key role in
a drugs activity, potency and mechanism. We have
recently reported on the pharmacophoric features of
nucleosdic’ and non-nucleosidic® drugs.
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In this study, we concentrate only on drug-receptor
interactions calculated at the microscopic level. The aim
of this study is to show that specific drug-receptor
interactions (if identified properly) are really the key to
understanding the drug’s activity and potency. There-
fore, a detailed analysis of drug-receptor interactions
can lead to design of more specific and potent drugs. In
this study we have tried to correlate interaction energies
with available potency data (in the form of ICs, etc.). In
the past Mickle and Nair® have tried to correlate anti-
HIV activity/inactivity with the conformation and nature
of electrostatic potential surfaces. The nature of elec-
trostatic potential surface can only give an idea about the
overall charge environment on the drug. It however
cannot be quantitatively correlated with specific poten-
cies. Potency regulation can be understood only by very
intricate drug-receptor interaction energies.

A quantum pharmacological study has been performed
on selected nucleosidic drugs, which are shown in Figure
1. It is an application of modern quantum mechanical
techniques in a systematic manner that will enable us to
extract pharmacophoric features, help us understand
receptor charge environment and interactions between
the drug and the receptor.'® The whole procedure is
best described by a flow chart given in Figure 2. The first
step in a quantum pharmacological study is to find
out common conformational features (in terms of
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Figure 1. 2’-Deoxy 3'-substituted nucleosidic analogs of reverse transcriptase inhibitors.
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Figure 2. Flow chart showing complete quantum pharmacological procedure.
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internuclear distances, specific angles or torsions, etc.)
responsible for drug’s activity, that is defining the
pharmacophore. The next step is the receptor mapping.
Our earlier work has dealt with these two steps on nu-
cleosidic and non-nucleosidic drugs. The results of our
ab initio HF calculations indicated very little effect of 3’
substituent on ring puckering and suggested that po-
tency regulation may be via very intricate phosphate-
catalytic triad interactions.” Our molecular electrostatic
potential (MESP) maps also showed charge comple-
mentarity between the drug and receptor. In this study
we try to find a quantitative estimate for the interaction
between the phosphate and catalytic triad and correlate
it with the potency. Past theoretical calculations
regarding interaction energy have been of Monte Carlo
simulations type for single system at a time.'"?

Table 1. Potency data

NRTI's/NNRTI’s 1Csp (uM) References
2'3’-Dideoxy nucleosides 1.6 14
2'3'-Didehydro 2'3'-dideoxy ~ 12.0° 14
nucleoside

3’-Nitro nucleoside 0.05¢ 15

3’ Azidothymidine (AZT) 0.04 14
Nevirapine 0.6 16
Trovirdine 0.8 17
Pyrrolyl hetero aryl sulfone 0.4 16
Efavirenz 0.04 18

#This value is for 2'3'-dideoxy cytidine.
®This value is for 2'3'-didehydro 2'3'-dideoxy adenine.
©This value has been observed for a nitro imidazole compound.

3.594

asp
asp

Interaction -14.13 kcal/mol -13.33 kcal/mol

energy -14.64 (with BSSE)

-13.82 (with BSSE)

The available potency data along with the relevant ref-
erences has been collected in Table 1. The relative po-
tency data for nucleosidic drugs is not readily available
probably due to the fact that all nucleosidic drugs are
incorporated in the growing DNA chain and show-
broad-spectrum antiviral activity.

We have applied supermolecule type approach at the
6-31G HF level (with basis set superposition error
(BSSE) correction and without BSSE) on truncated
analogs for nucleosidic drugs. We have removed the
thymidine bases keeping the conformation as optimized
with the base. The receptor was modelled by the aspartic
catalytic triad placed according to C, coordinates for
protein reported by Jacobo Molina et al. and also a 3-D
molecular model reported in 1994."3 Interactions with
only the closest aspartic 185 are reported in Figure 3
(interactions with the other two, asp 110 and asp 186,
when calculated were only of repulsive type). Figure 3
indicates that minor differences in ring puckering leads
to differences in interaction energies even upto ~9 kcal/
mol, which is not evident unless interaction energies are
calculated at the microscopic level. This suggests that
although the conformational differences induced by the
3/-substituent appear to be minor when compared by
conformational mapping, they actually play an impor-
tant indirect role in monitoring the potency of the drug
via interactions with the catalytic triad.

To further substantiate this idea we have correlated the
interaction energy with the potency of the drug as shown
in Figure 4. Due to lack of potency data for nucleosidic
drugs we settle for correlation with relatively few points.

asp 3

-16.71 kcal/mol

-12.39 kcal/mol
-12.88 (with BSSE)

Figure 3. Drug asp 185 interaction energies.

-21.30 kcal/mol
-21.83 (with BSSE)
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Figure 4. Correlation of interaction energy with potency.

As a preliminary suggestion the data (cf. Fig. 4) indi-
cates that the drug must possess a threshold (minimum)
interaction energy to be able to undergo competitive
inhibition. If the attractive interaction is less than
~13kcal/mol a very high concentration of drug would
be required for 50% inhibition or else it would not under
go competitive inhibition. Small amounts of drug that
may bind without possessing threshold interaction en-
ergy would only lead to cytotoxicity.

To summarize, this work indicates that potency can be
correlated with intricate drug-receptor interaction
energies if important parts of receptor have been iden-
tified properly and interaction energies have been eval-
uated at the microscopic level. Our correlation indicates
a minimum/threshold interaction energy of ~13kcal/
mol essential for efficient competitive inhibition by the
drug.
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