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ABSTRACT

The cancer is the world's most silent and life-threatening diseases, which may arise in most
common people without any indication at any age and result in uncontrolled growth and metastasis.
In the current manuscript, we targeted the discovery of novel carbonic anhydrase I1X inhibitors. The
discovery is based on computational techniques based on direct and indirect drug design. We
screened nearly 500000 compounds from the zinc database to identify the top 1000 compounds
with indirect drug design techniques while the top 200 were docked for the interactions and scoring
functions. The top 12 out of these were reported in the manuscript, which showed higher binding
scores than the standard compounds with selectivity based on interaction. These leads may be the
future drugs for anticancer agents through carbonic anhydrase inhibitors.
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1. BACKGROUND

Cancer is one of the world's most life-threatening
illnesses, which contains uncontrolled growth
and metastasis. The essential factors that cause
multiple cancers are dysfunctional oncogenes,
microRNA genes, and tumor suppressor genes
[1]. Cancer is the world's second-largest cause of
death, causing an estimated 9.6 million deaths in
2018, or one in six [2]. The most common types
of cancer in men are lung, prostate, colorectal,
stomach and liver cancer, while breast,
colorectal, lung, cervical and thyroid cancers are
most common in women
[https://www.who.int/health-topics/cancer].

Uncontrolled proliferation is recognized in most
cancer cells as the key enzymes and proteins
that regulate cell division and development are
deregulated [3]. Many chemotherapy drugs affect
different cancer cells, but toxicity, poor
selectivity, and poor tolerance indicate the need
for new cancer agents with improved cytotoxicity
and lower adverse reactions. Human carbonic
anhydrases (hCAs) belong to the family of
carbonic anhydrases, and these hCAs have 16
isoforms in turn. CA (I, II, 1, VII and XIII) are
cytosolic, CA (Iv, IX, Xll, XIV and XV) are
transmembrane bound, CA Va and Vb are
mitochondrial, and CA VI are salivary and
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colostrum-secreted. CA VIII, X and Xl are
catalytically inactive isoforms called CA-related
(CARPS) proteins [4,5]. hCA IX and XII are over-
expressed in cancer cells since they are tumor-
associated, transmembrane-bound enzymes,
often hypoxic tumors, low in normal cells.
Besides, overexpression leads to the
development of cancer cells, proliferation,
angiogenesis and metastases [6,7]. An
anticancer agent can selectively inhibit tumor-
associated hCAs IX and Xl over cytosolic CAs
such as hCA | and Il to exhibit potent cytotoxicity
with no adverse effects. The development of new
anticancer agents targeting tumor-associated
hCA isozymes (hCA IX and Xll) will also be an
effective and successful technique for cancer
therapy [8]. Coumarin (2H-chromen-2-one) is
benzene and 2-pyrone fused heterocyclic ring
structure. It belongs to the plant secondary
metabolite family Neo flavonoids. The coumarins
are capable of generating non-covalent
interactions. Hydrogen bonding, hydrophobic,
electrostatic, metal coordination, van der Waals
power, etc. with different active protein and
enzyme sites show a wide range of
pharmacological activities such as antimicrobial,
anti-inflammatory, anti-tuberculosis, anti-
hyperlipid, antiviral, antidepressant, anti-oxidant,
anti-cancer, etc. [9,10]. There is a heterocycle of

Fig. 1. 3D structure of Carbonic anhydrase 9 (CAIX) in complex with SB4197
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coumarin in a variety of well-established
prescription drugs with different therapeutic
activities [11]. Crystal structure of CAIX in
complex with SB4197 is available in RCSB
protein databankwith PDB ID 6U4T [12].
Maresca, A & Supuran CT. et al., stated that
coumarins (1) were a new class of non-zinc-
mediated carbonic anhydrase inhibitors and
proposed that the coumarin hydrolysis product, a
derivative of cis-2-hydroxy-cinnamic acid, but not
the coumarin moiety bound in the active site of
the enzyme. Umbelliferone (7-hydox coumarin,
2) and its derivatives were also identified by the
same research group as selective inhibitors of 1X
and/or XIl over CA | and CA Il [13]. Aikaterini P
&Supuran CT. et al., have reported a novel 6-
and 7-substituted coumarins (3) as selective
tumor-associated CA IX and XII inhibitors [14].

In the current scenario where the potent drugs
with protein specificity are to be discovered for
the target. In this manuscript, we targeted CAIX
to find possible leads for the target through our
state-of-the-art techniques in drug design and
discovery through direct and indirect drug design
approaches. The hierarchical protocol for virtual
screening was used as per the reported articles
[15-17].

2. MATERIALS AND METHODS
2.1 Molecular Docking

In Molegro Virtual Docker (MVD) program,
molecular docking was performed using the
MolDock module [14] MolDock 's scoring method
for molecular docking is based on piecewise
linear potentials (PLPs) [15] using protein with
PDB ID 6U4T. A reclassification process has
been applied to the top-rated poses to improve
the accuracy of docking. For this analysis, the
search algorithm 'MolDock SE' was used and
population size of 50 and a maximum number of
iterations of 1500 were set as parameters. Other
parameters were kept as default with the number
of runs as 10. Since MVD is based on an
evolutionary algorithm, repeated docking runs do
not lead to exactly the same poses and
interactions. To resolve this inherent
arbitrariness, ten successive runs were carried
out and the best three poses were used to
imagine further interactions as previously stated
by us.

2.2 Database Preparation

The database of compounds was prepared using
the Chemdraw Ultra 12 and minimizing the
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molecules in sdf format using the online
minimization tools for computational studies. The
database of ~500000 compounds from the NCI
database was prepared and minimized for the
docking experiments using the state of the art
techniques of indirect drug design approach not
reported in this manuscript. The top 200
compounds were used in direct drug design
using Molegro Virtual Docker. The prepared
database was added with standard ligands for
further verification of the docking protocol.

2.3 Docking Validation

The validation of the docking was carried out
using the co-complexed ligand re-docking to
compare the docking poses as well as docking
scores. The SB4197 was redocked in the
binding site of CAIX to observe the pose as well
as hydrophobic, electrostatic and steric
interactions.

3. RESULTS AND DISCUSSION

3.1 Molecular Docking

The molecular docking was conducted using the
MVD 6.0 software and its standard docking
protocol was followed [16-18]. The binding site
was defined 15A around the co-crystal ligand.
The amino acids viz. His94, His96, Leul98,
Val207, Vall47, Thr200, Thrl199 were
concentrated as the center of interactions for the
database ligands. The internal standard ligands
viz. SB4197 and SLCO0111 were analyzed for
their interactions as well as their reported pi-pi
stackings.

3.2 Database Screening

The database screening of the prepared
molecules in .sdf format in the template
generated pharmacophore query efavirenz from
6UA4T gives rise to several unknown compounds
that have not yet documented for anti-HIV activity
were predicted active. The structures of some of
them are shown in Table 1. The preliminary
filtration by Lipinski’s rule of five resulted in the
selection of the top 200 hits from Zinc databases.
The SB4197 and SLCO0111 (Fig. 4) were docked
as reference ligand in the binding site of 6U4T
using Molegro docking protocols. The Moldock
score and rerank scores were employed for
analysis of the various scores.

The docking reveals the fact that the Inhibitor
binding was stabilized by the formation of
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hydrogen bonds between the inhibitor and the
Thr199 side chain hydroxyl in addition to inhibitor
sulfonamide and T199 backbone amide. It was
also observed that the binding was supported by
VDW interactions with active site residues such
as Vall21l, Vall31l, Vall35, Leul4dl, Vall43,
Leul98, Thr200, Pro202.

The CAIX has a wider hydrophobic pocket, which
is packed with substrates and several inhibitors
due to residue Vall3l. The lower steric
hindrance to this residue when the active site is
opened allows it possible to bind bulkier aromatic
compounds, such as those which have been
found in these studies and recorded in the MS.
Strong compatibility with the hydrophobicity of
substitutions has been found. The presence of
halogen further increases the amount or
frequency of VDW and hydrophobic interactions
with the active site debris around the site.

The standard ligands bound with the protein
showed all the above-mentioned interactions.
The validated model was then used to screen the
database of new chemical entities for the
targeted proteins. The top identified compounds
from the screening were analyzed for the
interactions at the binding site. The major
interactions of the screened ligands were found
with His94, His96, Vall47, Leul98, Thrl99,
Thr200, Val207 (Figs. 2 and 3). Similarly, the
leads screened from the dataset were docked in
the same binding site using both GOLD and
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Molegro docking protocols. Table 1 enlists the
ligands retrieved after the docking along with
their GOLD, Moldock scores, binding affinity, and
mapping scores with the pharmacophore model,
respectively. The top 12 leads with higher Gold
score and Moldock scores than the reference
was identified. All the selected ligands show
important binding interactions with the Thr199
and Thr200. The docking analysis clearly shows
the important interaction of identified leads
withinthe hydrophobic pocket and bound the
enzyme in a mode comparable to standard
ligands.

The core of both structures involves energetically
stable conformation in the binding site and the
hydrophobic and electrostatic Vall35, Vall43,
Leul98, Val-207, Trp209 interactions due to
carbonyl oxygen in the hydrophobic side chain of
the identified lead. The better scores in terms of
docking for these ligands were due to additional
interactions of leads which tend to stabilize
binding addition to important core interactions.
Thus, these potential leads comprising important
pharmacophore features required for selective
reverse transcriptase inhibition. The comparable
docking figures showed the interactions of
reference compound and top screened lead with
important interactions and the respective binding
scores in terms of Moldock score are presented
in Table 1. The physicochemical properties and
ADME analysis performed by
SwissADMEwebtools is depicted in Table 3.

Interacting amino aci?j residues of CAIX
withZINC17047418
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Interacting amino acid residues of CAIX
withZINC17047110

LEu TRP
A:198 A5

PRO  SER
A:2201 A:197 VAL
A:143

TRP
A:209

[ Pi-Lona Pair
[ Akl

[ Pi-Alkyl

Fig. 2. Interacting amino acid residues of CAIX with top-ranked compounds

2D structure of ZINC17047418

2D structure of ZINC17047110

Fig. 3. 2D structure of top tanked compounds

Table 1. Identified leads from the virtual screening protocol

MolDock score

Rerank score

Ligand

ZINC01617871 -131.675
ZINC01617872 -117.866
ZINC01762554 -142.621
ZINC01762878 -133.309
ZINC17046863 -129.66
ZINC17046870 -130.32
ZINC17046908 -101.678
ZINC17047110 -136.654
ZINC17047112 -93.3434
ZINC17047116 -108.115
ZINC17047118 -110.743
ZINC17047418 -135.444
SB4197 -82.6339
SLCO0111 -116.309

-105.023
-95.6381
-103.56

-102.66

-74.5905
-102.909
-89.5864
-107.691
-83.4629
-95.5304
-93.7983
-106.036
-64.2225
-93.6411
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Table 2. Physicochemical properties and ADME of top screened compounds

Molecule MW Gl BBB Pagp CYP1A2 CYP2C19 CYP2C9 CYP2D6 log Kp Lipinski Leadlikeness Synthetic
absorption permeant substrate  inhibitor  inhibitor inhibitor inhibitor (cm/s) violations violations accessibility

ZINC01617871 282.25 High No No No No No No -7.62 0 1 2.42
ZINC01617872 224.21 High No No No No No No -6.67 0 1 1.83
ZINC01762554 298.26 Low No No No No No No -9.48 1 0 4.25
ZINC01762878 314.32 Low No No No No No No -9.2 0 0 421
ZINC17046863 430.48 Low No No No No No No -8.13 0 1 5.02
ZINC17046870 339.35 Low No No No No No No -8.84 1 0 4.6
ZINC17046908 344.32 High No No Yes No No No -8.61 0 0 4.23
ZINC17047110 485.39 Low No Yes No No No Yes -10.13 1 2 5.13
ZINC17047112 415.3 Low No No No No No No -10.7 1 1 4.68
ZINC17047116 415.3 Low No No No No No No -10.7 1 1 4.68
ZINC17047118 415.3 Low No No No No No No -10.7 1 1 4.68
ZINC17047418 394.46 Low No No Yes Yes Yes No -5.97 0 3 3.85
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Fig. 4. Structure of SB4197and SLCO0111

4. CONCLUSION

The carbonic anhydrase IX played an important
role in cancer treatment. In this study, we
identified about 200 novel leads for the target
and out of which the top 12 molecules were
prioritized based on their indirect drug design
studies validated through docking experiments.
These leads were verified for their affinity at the
targeted protein and validated for their
interactions at the binding site. The identified
leads have higher binding scores in terms of
moldock and rerank scores and as compared to
literature, these leads may be the future
molecules for the treatment of cancer through
carbonic anhydrase inhibitors.
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