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Introduction

Tuberculosis remains one of the world’s leading
infectious diseases not only in developing countries.
According to WHO there will be about 1 billion more
people newly infected with tuberculosis and
approximately 36 million deaths in 2020, if the worldwide
ravage of tuberculosis is left unchecked. Mycobacterium
tuberculosis multidrug resistant strains, HIV co-infection
and the prospect of nosocomial transition are currently
highly problematic issues1). The current front line
chemotherapeutics consist of isoniazid, pyrazinamide and
rifampicin. Isoniazid’s discovery was a milestone of
modern antitubercular treatment. It was first
antitubercular compound confirmed as enoyl-ACP-
reductase (InhA; EC 1.3.1.9) inhibitor. It disrupts the
integrity of bacterial cell wall via inhibition of mycolic
acids biosynthesis. Isoniazid is in fact a prodrug effective
after its bioactivation by catalase/peroxidase enzyme
complex. The mutation of catalase peroxidase/complex
coding genes are often found at multidrug resistant strains.
Mycobacterial InhA is an important enzyme catalyzing
the final step of mycolic acids biosynthesis. It has been
established within fatty acid synthase (FAS) II system as
a promising target for the novel inhibitors. The
development InhA of inhibitors effective without previous
activation by catalase/peroxidase system, seems to be
a rational approach2, 3).

Experimental method

We hereby present the virtual screening study.
Molecular Operating Environment (MOE) software
package, designed for drug design and discovery, was
used throughout the experiments4). Three different InhA
crystal structures were employed as target receptors.

These receptors were chosen with respect to differently
ordered substrate binding loop. There are generally three
different substrate binding loop orientations: closed
(ordered), semiopened and opened (pdb no: 2X23, 4TZK
and 1P44 respectively). The small molecule dataset
chosen for this study ZINC Natural Derivatives –
chemically modified natural products database5) (almost
38 000 entries) was selected to be screened for substances
with potential affinity towards the mycobacterial enoyl-
ACP-reductase. Structures of the confirmed inhibitors
used as standards in this study are displayed at Figure 1.
Ligand originated from 2X23 crystal structure
a diphenylether derivative PT70 had an affinity
–9.9 kcal/mol. Pyrrolidine carboxamide inhibitor
crystalized as ligand of 4TZK crystal structure was
reducked with the affinity of –8.2 kcal/mol. 1P44 ligand
was redocked with the affinity of –8.1 kcal/mol. The
placement method used throughout the virtual screening
was Alpha Triangle. The scoring function of choice was
Affinity dG. Successful compounds were subsequently
subjected to the molecular docking for further selection.
Suitable candidates will be docked using the induced fit
protocol in order to propose the binding mechanism of the
most successful potential inhibitors.

Results

Only 4 compounds surpassed the affinity of –9.9
kcal/mol achieved by original ligand (1). Almost 100
compounds achieved the affinity towards 4TZK InhA
higher than original ligand 2 (–8.2 kcal/mol) after its
redocking. Over 500 hundred structurally different
compounds surpassed original ligand 2 affinity towards
1P44 InhA. For the further docking were selected entries
with affinity lower than –9.0 kcal/mol. More precise rigid
receptor docking showed that approximately 20% of
results were falsely positive and were excluded from
further modeling. On the other hand several compounds
show significantly higher affinity compared to
preliminary virtual screening results. Figure 2 shows the
pose of the currently best scored compound in the active
site of 2X23 InhA. The affinity of this pose was –14.1
kcal/mol. The pose shows overlay with the dipenylether
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Fig. 1. Structures of standard InhA inhibitors

Fig. 2. The pose of the ZINC 0874093 overlaid with original
ligand
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inhibitor 2. However the crucial hydrogen bond network
with the Tyr158 is not present among this inhibitors
interaction.

Conclusion

The affinity values suggest that ZINC-znd database
supposedly contain compounds with the sufficient affinity
towards mycobacterial InhA. Further experiments are
needed to confirm this presumption. However we must
register a binding pattern different from most of the
established inhibitors. On the other it was proven that
Tyr158 and NADH ribose hydrogen bond network is not
the only possible effective binding mechanism among the
InhA inhibitors.
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