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Bruton’sTyrosine Kinase(BTK)has been regarded as target for the treatment of Rheumatoid Arthritis (RA),
multiplesclerosis and B-cell malignancies.Among different Tec family of kinases,BTK is the one associated
with pathogenesis in humans. Several BTK inhibitors were evolved consisting of reversible and covalent
irreversible ones. Despite the discovery of several inhibitors to treat RA, research is continually growing to
develop diverse pharmacophoric groups as BTK inhibitors. Hence, in this paper we report computer-aided
virtual screening analysis on diverse pharmacophoric groups of ligands such as bipyrazole systems,
pyrazole, arylpyrazoline derivatives, indoles, pyrazolopyridine, indazoles, imidazo[4,5-c]pyridines,
tetrazoles, oxadiazoles and benzimidazole derivatives etc to evaluate the efficacy of binding affinity
towards BTK. Our analysis suggested that the presence of freely flexible torsions with increase in
molecular weight would favour Btkinhibition.Itis thereforeproposed that tetrazole derivatives and
bipyrazole ring systems enhanced BTK inhibition and hence these analogs should be widely explored.
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1.Introduction
Bruton’sTyrosine Kinase (BTK) is known to
assume significant part in the progression,

kinases that arethe second onegreatestown
circle of relatives of cytoplasmic tyrosine kinases
in mammalian cells®and BTK is the most effective

seperation and reproduction of B-lineage cells.!
BTK has been an alluring objective for the
treatment of Rheumatoid Arthritis (RA),
multiplesclerosis and B-cell malignancies.?BTK
has a place with Tec own circle of relatives of
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member of this own circle of relativesthat
isrelated to pathogenesis in humans.Deficiency
in BTK gene results in a condition called X-linked
agammaglobulinemia.*  Loss of  function
mutations in the BTK gene prevent the
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development of B cells. BTK is expressed in B-
cells,® mast cells,
monocytes/macrophages,®neutrophils,’
dendriticcells, erythroid cells,® hematopoietic
stemcells and multipotent progenitors.’Btk has
conjointly been coupled to persistent BCR
activation in activated B-cell-like diffuse giantB
cellcancer (ABC-DLBCL).10%

Despite the discovery of several
inhibitors to treat RA, there has been a pressing
need to develop novel compounds with
alternate mechanism of action for patients who
are unresponsive to treatment regimes. Further,
a drug with oral bioavailability would be more
advantage option for therapy. Furthermore,
orally bioavailable drugs would be desirable
factor in the therapy involving RAbased on the
fact that such drugs are convenient and has the
ability to clear rapidly from the body.!' The
successful oral drug tofacitnib has demonstrated
biological efficacy for RA.1%13

The principle data onBtk was accessible
in 1990s, and from that point several Btk
inhibitors have been  developed.’*These
inhibitors would fall in two significant classes,
reversible and covalent irreversible
ones.Irreversible Btk inhibitors have
specialcapabilitiesassociated with in advance
reversible ones, alongside a extended
drug-goalhouse time and the decoupling of
pharmacokinetic and pharmacodynamic
properties.’®Btk inhibitorswere exceptionally
fruitful in creature models of RA, lupus, and
lymphoma.® In cellular mechanism,Btk is first
activated through a method of its upstream
kinases through phosphorylation of a key
tyrosine residue (Tyr551), which will expand the
reactantinterest of Btkby means of method for
10-fold.Y” Following autophosphorylation of
some other tyrosine residue (Tyr223),
Btktransforms intoabsolutely initiated and
phosphorylates its substrates, consisting of PLC-
y2 withinside the BCR pathway.'®Several
gatherings revealed small molecule BTK selective
inhibitors for malignant growth treatments as
well as therapy of RA,Y with ibrutinib as of
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nowendorsed for mantle cell lymphoma and
chronic lymphocytic leukemia.?®

Despite several compounds tested
experimentally as Btk inhibitors such as
phenylpyridin-2(1H)-one,*'thieno[3,2-c]pyridin-
4-amines,*?Imidazo[1,5-a]quinoxaline,?*Purine
derivatives,?*CarbazoleCarboxamides,?*Pyridazin
oneAnalogs,?%1,3-
Diaminopyrimidine,*’imidazo[1,5-a]pyrazine,*®Di
aminopyrimidine,?*Pyrrolo[2,3-
d]pyrimidine,*°Pyrrolo[2,3-b]pyridine,® there is a
need to develop analogs with diverse
pharmacophoric groups. Hence, in this study, we
performed virtual screening analysis on diverse
pharmacophores such as bipyrazole derivatives,
pyrazole, arylpyrazoline derivatives, indoles,
pyrazolopyridine, indazoles, imidazo[4,5-
c]pyridines, tetrazoles, oxadiazoles and
benzimidazole derivatives respectively.

2. Materials and Methods

A set of 285 compounds reported in literature
were used as a complete dataset to assess Btk
inhibitory properties. Software AutoDockwas
utilized to perform docking analysis.

2.1 Dataset-1

About 30 bipyrazoles®*>were selected as
inhibitors against Btk knowing the fact that these
compounds have been synthesized and reported
in literature with no tested inhibitor activity
against a biological target.

2. 2 Dataset-2

Nearlyll5compounds  with  dihydropyrazole
sulphonamide moiety,?® 1,3,5-triarylpyrazoline
and 1,5-diarylpyrazole[] triarylpyrazoline** and
pyrazolinederivatives®*® which were known to
inhibit COX-2 activity are selected as dataset
against Btk inhibition.

2.3 Dataset-3
A set of nearly 140 structures were considered

from published sources, however, these
compounds are known to exhibit inhibitory
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properties against hypertension as reported in
literature but no such data was found on Btk
inhibition. A series of indole
derivatives,*®pyrazolopyridine, indazolemoieties
of compounds®” as well as imidazo[4,5-c]pyridin-
4-onederivatives,*®5-(Biphenyl-2-yl)-1H-tetrazole
derivatives,*®

oxadiazole 5-sulfamoyl
benzimidazole derivatives,*!
carbamoylbenzimidazoles** were selected to
study the affinity of interactions of these ligands
with Btk receptor.

40
compounds ,

2.4 Btk receptor

The 3 dimensional coordinates of X-ray crystal
structure of Btkkinase domain complexed with 6-
cyclopropyl-2-2[3-[5-[[5-(4-ethylpiperazin-1-yl)-
2-pyridyl]amino]-1-methyl-6-oxo-3-3pyridyl]-
2(hydroxymethyl)phenyl]-8-fluoro-isoquinolin-1-
one inhibitor (PDB code: 40TR) was selected as
receptor in the study. Before performing docking
on inhibitor datasets, the procedureemployed
for docking was validated by docking 40TR
bound ligand with default parameters of
AutoDock software.

2.5 Docking

Docking analysis or virtual screening routines
areperformed to dock various conformational
states of ligands to a receptor followed by
assessment of the molecules geometrical
positioning and complementarity in terms of
shape and properties, such as electrostatics.*
Protein-Ligand docking results in interactions
between protein amino acid residues and ligand
atoms in terms of non-bonded, non-covalent
interactions to form an intermolecular
complex.* The outcome of such analysis results
in affinity prediction (scoring), reported as
kcal/mol.*®

2.6 AutoDock Software

Docking program AutoDock Tools (ADT) version
1.5.6%was used to produce grids, work out dock
score and assess the conformers. The
construction of compounds were drawn
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victimization ISIS Draw 2-D drawing software
systemand subsequently the designs were
brought back to life to three-d coordinates
followed by energy improvement was performed
utilizing on-line server.*’” Most significant energy
diminishedstructures are choosen for moorage
and the differentpdbg and pdbgt files were
ready in AutoDock.

To acquire upgradedunderstandingon the
associations between compounds and target
protein, AutoDockwas utilized to dock the
datasets compounds.AutoDock requires receptor
and ligand facilitates in MOL2 or PDB design.
Nonpolar hydrogen atoms have beenkilled from
the receptor report and their incomplete
costshave beenacquainted with the relating
carbon atoms. The grid calculations have
beeninstallation and maps have been calculated
with this systemAutoGrid. The grid maps have
beenengagedat theligand bindingwebsite on the
web and have been of sizeforty x forty x forty
focuses. The grid spacing become 0.375 A and
the default AutoDock boundary settings have
been utilizedfor docking. All docking runs have
beencompletedthree timesthe utilization of the
Lamarckian genetic set of rules and the top-
notchexpense becomerecommended in
kcal/mol. The wellknown docking protocol for
bendy ligand docking comprised of 10 unbiased
runs in sync with ligand, the use of
apreliminarypopulaceof fifty randomly
positioned individuals, a mostquantity of 2.five x
a hundred and fiveelectricity assessments, a
changecharge of 0.02, a hybridcharge of 0.80,
and an elitism expense of 1.8

3. Results and Discussion

Docking reenactments with 40TRand co-
solidified ligand shows a dock score of - 9.11
kcal/mol and a RMSD worth of 1.11A° brought
about five H-bond communications with Lys430,
Asp539, Metd77, Alad78 buildups, individually
(Fig 1). It has been reported in literature that
Met477 as key residue and retaining interactions
with this residue favors inhibition of Btk.*
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Fig 1: Docked pose of co-crystallized ligand showing H-bond interactions with Lys430,

Asp539, Metd77, Alad78 residues.Interactions visualized using Molegro Molecular
Viewer software v.2.5.

Our docking examination with 285 Lys430, Glu475, Met 477, Ser538 and

different arrangement of mixtures
came about in practically all inhibitors
showed hydrogen holding associations
with amino corrosive deposits covering
the limiting site. The dock scores are
given in Table-1. The limiting site area
of Btk was shaped by GIn412, Phe413,

Asp539 amino acids. Not many of these
critical buildups were found to connect
with the reference inhibitor and
mixtures under study. As far as H-
holding connections, the bound ligand
showed comparative h-bonds as seen
with screened compounds.

Table 1:Top three best dock scores obtained after screening three dataset compounds
towards Btk inhibition.

Ligand No. | AutoDock Molecular Flexible H-bond
S. No. score Weight torsions Interacting
(kcal/mol) amino acids
Btk bound 9.11 621.724 6 Lys430,
Ligand Asp539,
Met477,
Ala478
Dataset-1
1 26 11.12 748.631 9 Asp521,
Asn526,
Tyr551
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2 25 11.03 843.651 7 Gly411,
Arg525

3 8 9.16 588.721 8 Tyr551

Dataset-2

4 10 8.65 528.462 7 Gly411,
Phe4d13,
Lys430

5 9 8.39 514.435 7 Gly411,
Lys430,
Thrd74,
Asn526,
Ser538

6 17 8.32 655.699 15 Lys430,
Phed13,
Asn526,
Asp539

Dataset-3

7 133 10.27 615.724 10 -

8 121 10.21 573.13 7 GIn412

9 136 10.06 573.663 10 Asp526,
Ser538,
Lys430,
Thr474
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Fig 2: 2-dimensional structures of bipyrazole ligands 26, 25 and 8 representing best
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Fig 3: H-bond interactions between top three ligands of dataset-1 and 40TR active site

Dataset-1
The biyrazole systems containing two
pyrazole rings at the nucleus stabilizes
the complete structure thereby the side
chain groups with electron donating
and withdrawing properties (Fig 2)
displayed favourable H-bond
interactions with amino acid residues
lining the active site cavity. It can be
inferred from Table-2 that the binding
affinities of bipyrazoleinhibitors

L bl

A euszo
)

displayed activity more than the 40TR
co-crystallized ligand. Structural
inference data from figures 2 and 3
suggest that the activity of ligands 26
and 25 was due to the presence of H-
bond donor and acceptor groups. The
major interacting residue was reported
to be Tyr551 and the geometric shape
of the ligand fitted exactly into the
active site space of 40TR.
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Fig 4: H-bond interactions between top three ligands of dataset-2 and 40TR active site

Dataset-2

The second dataset of 115 pyrazole and
pyrazoline derivatives tested for
possible  40TR inhibitory activity
resulted in reduced affinity towards the
receptor. Although the molecular
weights of these compounds are
sufficient enough as per Lipinski Rule of

elSSN1303-5150

5°° ligand 17 with nearly 15 freely
rotatable bonds could not generate
favourable interactions with the
receptor as evidenced by dock score
value of 8.32 kcal/mol. Lys430 is the
predominant amino acid with which h-
bond interactions are made by these
set of ligands (Fig 4).

\\ Lys 568

.
IYAsp 521 \
X \
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Fig 5: H-bond interactions between top three ligands of dataset-3 and 40TR active site
region.
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Fig 6: 2-dimensional structures of top 3 compounds from dataset-3, viz. 133, 121 and
136 ligands

Dataset-3
This dataset has diverse structural
features encompassing a variety of

scaffolds such as indoles,
pyrazolopyridine, indazoles,
imidazo[4,5-c]pyridines, tetrazoles,
oxadiazoles and benzimidazole

derivatives. Interestingly, from table-2,
it was observed that the molecular
weights of top 3 compounds in this
class were nearly similar to the bound
ligand of 40TR with reasonable flexible
torsions in the ligands. Moreover,
ligand 133 was devoid of any h-bond
interactions with active site residues,
whereas ligand 136 embedded with
tetrazole moiety (figures 5 and6)
displayed about six h-bond interactions
with Lys430 and Thr474 respectively.

Further, a PubChem Structure search®?
for comparable compounds showed
that thosehave beennow no
longerexamined experimentally for the
inhibition of Btk and for this reason we
recommend that those compounds may
be novel Btk inhibitors.

4. Conclusion

From this analysis, a variety of model
compounds were evaluated for their
potential to inhibit Btk. It was found
that compounds containing freely
flexible torsions of increasing molecular
weight are likely to be effective Btk
inhibitors. This is based on the fact that
the active site region of 40TR would
accommodate high molecular weight
ligands as evidenced in this analysis and
hence favourable interactions were
noted. This increase in binding affinity
was observed for compounds with
donor and acceptor groups on the side

elSSN1303-5150
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chain regions of ligand.Hence, designing
compounds such as terazole derivatives
and bipyrazole ring systems would
represent positive contribution towards
enhancing inhibition of Btk.
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