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Abstract: Tuberculosis is an infectious disease caused by
Mycobacterium tuberculosis (Mtb) and is a worldwide
problem. Treatment consists of a combination of antibiotics,
one of them is rifampicin (RFP). This drug acts by inhibiting
the bacterial RNA polymerase, an enzyme essential to
mycobacterial survival, but subject to mutations that lead to
resistance to RFP. Using an in silico drug repurposing
approach, we have detected molecules already commercially
available or that are in an advanced clinical development

stage that are capable to interact with the bacterial RNA
polymerase of Mycobacterium smegmatis, a PDB that have
already shown good correlation with Mtb analogue protein. In
this study, 20 molecules had satisfactory results for docking
and 6 of them are candidates for further in vitro and/or in vivo
testing. In addition, our study aims to reduce the costs and
time of research for the development of new active drugs
against M. tuberculosis.
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1 Introduction

Tuberculosis (TB) is an infectious disease caused by the
actinobacteria Mycobacterium tuberculosis (Mtb). In 2017,
about 10 million individuals were infected, and 1.6 million
died, thus being the world’s most deadly infectious disease.!

Treatment of tuberculosis consists in a combination of
drugs that usually are Rifampicin (RFP), Isoniazid (INZ),
Pyrazinamide (PYR) and Ethambutol (ETH), but bacteria is
creating mechanisms of resistance to those drugs. The
regimen of new TB patients consists in 2 months of that
combination and 4 months of RFP and INZ (2HRZE/4HR).[2,

RFP is an inhibitor of Mycobacteria DNA-dependent RNA
polymerase.Bl The side effects include hepatotoxicity,
dermatological reactions, neurological and gastrointestinal
disorders. Unfortunately, RFP resistance is arising day by
day either by the difficulty of adhesion due to the adverse
effects and long-time of treatment, or by mutation of the
molecular target. The development of RFP resistance
involves almost exclusively mutations of the central region of
the gene encoding the B subunit of RNA polymerase
(rpoB).B! More than 96% of rifampicin-resistant strains have
a mutation within this central region, composed of 81 base
pairs. In this way, it is possible to identify resistant strains in
a relatively simple way.[®!

Due to that situation, it is important to find drugs that are
capable to inhibits the resistant bacteria. A trending
approach is the in silico drug repurposing, using
commercially available drugs. Virtual screening of already
marketable molecules may improve clinical testing time,

since toxicity and adverse effects profile are usually better
known.l Thus, the aim of the study is to find molecules that
may target the bacterial RNA polymerase enzyme using RFP
as model of ligand.

2 Material and Methods

2.1 Ligand Library

Database obtained from Clarivate Analytics®, Integrity®, was
used to virtual screening. Molecules were selected using
“Therapeutic group” and “Development Phase” as filters.
Therapeutics groups used to constitute the library were
antiepileptics,  antidepressants, anti-infammatory and
anxiolytic  drugs. Integrity catalogues include all
pharmacological properties already researched, so it is more
inclusive than a regulatory information. Since our aim is drug
repurposing, we filtered molecules that were Clinical Phase
Il onwards, as this choice is possible on Integrity. The
resulting lists were then transferred to a Microsoft® Excel™
and used to construct a library by a search in ZINC and
PubChem databases.
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2.2 Virtual Screening

The software used for Virtual Screening was GOLD 5.7.0.
Protein PDB used for the analysis was the M. smegmatis
RNA polymerase 6CCV (R= 3.05 A), that has already been
used as a good equivalent to M. tuberculosis protein.[®!

RFP was excluded from the molecule, as well as waters,
and all hydrogens were added. RFP binding domain was
used as the coordinate to the software perform the
interactions, in a radius of 10 A. The chosen template was
gold_kinase_VS, and the process was carried out using rigid
protein and ligands. Following the recommendation of the
guideline of GOLD,!! the Scoring Function (SF) used was
default CHEMPLP, and the configuration was to generate 10
docking poses for each drug. Results were then ranked by
Fitness Score (FS).

2.3 Validation

Re-docking of the original RFP ligand was used for validation
of the analysis. In this step, all ligand bonds flexibility and
rotation were allowed. Into the binding site, the following
amino acids were left free for rotation and flexibility as well:
E481, 1488, L454, L446 and QA429, identified as the main
responsible for Van der Waals interactions with the ligand.?!
Amino acids identified as responsible for hydrogen bonds
were left rigid, since its flexibility and/or rotation caused fatal
errors during docking process. All ligands but a SO4 close to
the biding site were removed, as well as all water molecules.
The SF used was CHEMPLP.

2.4 Docking

The selected ligands were then docked to RNA polymerase
using full flexibility and rotational features. The protein,
however had to be kept rigid because of several fatal errors
during the runs. All other configurations were repeated in this
step.

3 Results and Discussion

Tuberculosis is a worldwide problem,*® and one of its
standard treatments uses rifampicin as a antimicrobial
agent.'¥ The molecular target of rifampicin is the enzyme
RNA polymerase, and its RFP binding site shows
polymorphism that provides drug resistance.?! Innovation in
this field has not yet found really effective substances, and
the search using in silico tools is a functional way in drug
discovery.l*? In the present work, we used an interesting tool
to select molecules already in advanced stage of
clinical/pharmacological development, or already in the
market, aiming to drug repurposing. This would bring cost
and time advantages into the development of a new anti-
tuberculosis chemical.[*®!

3.1 Virtual Screening Results

Screening in Integrity provided 244 different drugs, within the
selected categories. mol2 files were obtained in ZINC (231)
or PubChem (13). Screening process finished with 479 best
pose solutions that were ranked by highest FS.

Of all ligands, we selected the 20 best ranked according
to FS results (Table 1) to go through docking analysis. This
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sampling represents 8.16% of all drugs tested during the
virtual screening process.

Table 1. Virtual Screening best rank drugs

Molecule (I:r;ttee%r(i)tr{/ Database code PLP.Fitness

Balixafortide Al 918645112 104.38
Zafirlukast Al 896717 81.34
Hesperidin AD 8680006 77.10
Astaxanthin Al 17653967 71.75
Ansofaxine AD 159832872 71.50
Risperidone AD, AX 538312 69.16
Zuranolone AD 862940732 68.96
Cyamemazine AX 628652 68.15
Apadenoson Al 3966397 68.12
Paliperidone AD 1481956 68.11
Padsevonil AE 529116112 67.88
Nefazodone AD 538065 66.74
lloperidone AD 1548097 65.90
Pagoclone AX 3775812° 65.15
Mifepristone AX 14984307 64.95
Vilazodone AD 1542113 64.38
Minocycline AD, Al 16186307 63.71
Lurasidone AD 65743151° 63.70
Flibanserin AD 52716421° 63.51
Casopitant AD, AX 56898754 62.92

2 PubChem numbers.

® ZINC numbers

AE: antiepileptics, AD: antidepressants, Al: anti-inflammatory
AX: anxiolytic

All drugs from Table 1 were searched in Pubmed as
“Drug name AND tuberculosis”. Only zafirlukastl¥ and
hesperidini*d showed one research aiming to evaluate this
pharmacological property. Minocycline, as expected, is an
antibiotic and had 79 hits, but only threel6-8l in last five
years that investigated the drug efficacy against M.
tuberculosis.

3.2 Validation

RMSD results of validation are presented in Table 2,
representing the mean deviation of the tested structure pose
in comparison to the original ligand pose. Figure 1 shows
best ranked and original RFP poses. Results show that the
method used in virtual screening for the selection of
molecules was effective. GOLD Genetic algorithm considers
that when two molecules share the same niche their RMSD
is less than 1.0 A.l9!

Table 2. Validation Results

Molecule  PLP.Fitness RMSD PLP.Fitness RMSD
85.06 1.026 82.57 0.811

84.63 1.137 82.41 0.924

RFP 82.89 1.119 81.11 1.083
82.74 1.007 80.48 0.998

82.73 0.987 79.56 1.336
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Figure 1. Validation results — Best ranked (gray) and original
(blue) RFP poses. Figure obtained in PyMOL

3.3 Docking Results

All 20 best ranked molecules were docked flexible,
obtaining more precise results, depending on the
molecule diversity possibilities. We chose to best
evaluate those molecules that presented PLP.fithess
greater than 70, resulting in 6 molecules. Some of them
had a FS greater than that of rifampicin itself (Table 3).
These results show that the molecules tested are
promising candidates for future in vitro tests, since
PLP.Fitness is an indicative of interaction and fit
between the ligand and the protein.[®8 Among these
drugs, four are already available in the market and two
are in phase Il of pharmacological development.

Table 3. Docking Results

Molecule PLP.Fitness DevZT:Sr?1ent
Balixafortide 110,57 1l
Astaxanthin 82,39 Launched

Zafirlukast 79,42 Launched
Hesperidin 77,64 Launched
Zuranolone 72,96 ]
Nefazodone 70,15 Launched

Balixafortide is in Phase Il of clinical development
(Clinical Trial NCT03786094), and it is intended to be
used in breast cancer, HER2 negative cases.
Toxicological profile is still under evaluation but seems
to be safer than the actual treatment.[°]

Astaxanthin (Figure 4A) is a carotenone compound,
used as diet supplement, and registered in many
countries. It is used mainly because of the antioxidant
and anti-inflammatory effects. It is found in many aquatic
organisms in red pigment.[?%1 The toxicological profile
associated to astaxanthin is mainly due to its
anticoagulant properties, and so there are possibilities of
drug interactions with several therapeutic classes that
present the same activity. 21

Zafirlukast (Figure 4D) is a known leukotriene
inhibitor, used for asthma and other pulmonary diseases.
It has a high tolerability and a low toxicity profile as well.
Several clinical studies were carried out using this
drug.?2

Hesperidin (Figure 4B) is a flavan-on glycoside found
in citrus fruits, and it is known for its antioxidant and
cardioprotective effects, even if it is still controversial.[?3]

Zuranolone (SAGE-217) is a new antidepressant
proposed to major and postpartum depression. It is a
potent GABAa agonistl? and still needs further
investigation about its safety and efficacy.[2%]
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Nefazodone (Figure 4C) is an antidepressant used in
several depression disorders. It is a Serotonin
antagonist and reuptake inhibitor (SARI), and it has been
well tolerated in clinical comparative studies.[28]
Balixafortide and Zuranolone characteristics signalize
negatively towards a drug repurposing intention, even
presenting a high PLP.Fitness. Astaxanthin, Zafirlukast,
Hesperidin and Nefazodone shows a low toxicological
profile and are somehow easy to obtain, thus been
indicated as a potential candidate to in vitro testing
against M. tuberculosis.

Figure 2. Docking results — A - Astaxaﬁthin; B — Hesperidin; C
— Nefazodone; D - Zafirlukast. Figure obtained in PyMOL

Innovation in tuberculosis therapy is hard to achieve.
In recent years, only two new drugs (bedaquiline and
delamanid) were approved to this use, but the old
conventional treatment is still the gold standard in this
therapy.?l Use of computational tools and drug
repurposing, using broader therapeutic classes would
improve this search. This was the main limitation of this
study, since we chose to be limited to fewer classes.

3 Conclusions

Integrity® database is an interesting tool in searching drugs
according to their therapeutic or clinical status. Using a
structure based virtual screening and a validated docking
analysis, we found six potential ligands to RNA polymerase
of a mycobacterium. Four of those are relatively safe and
commercially available. Future in vitro studies are needed to
confirm this potential activity, and this manuscript’s intention
is to provide new information in a still cloudy research field.
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