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Abstract

Background: In eukaryotic cells, protein phosphatases have
grown to be the biggest family of signaling proteins and are
essential enzymes that are involved in many facets of cellular
regulation. With the exception of PP1 and PP2B, PPs have not
received as much research attention as kinases have. Different
protein phosphatases have been targeted in clinical studies
using recent meta-analyses of antipsychotic medication
efficacy and tolerability. The negative effects of current
standard and atypical antipsychotic medications outweigh their
therapeutic benefits. Therefore, it is necessary to review their
binding activity with various protein phosphatases. As a result,
the current study illustrates how various phosphatases respond
to the antipsychotic medications such as Clozapine,
Olanzapine, and Trifluoperazine.

Method: Utilizing Maestro 9.3, three commonly used
antipsychotic medications are chosen to assess the likelihood
of interactions with various PPs (schrodinger). The three
antipsychotic medications were filtered using Lipinski's rule
(ro5) prior to docking, and these compounds were also
submitted to ADME-T characteristics to look at binding
interactions. The antipsychotic medications with phenothiazine
groups were used in the current study due to their potential
interactions with various protein phosphatases. As a result,
molecular docking was used to examine the binding potential of
three commonly prescribed antipsychotic medications with
various protein phosphatases.

Results: The results of docking score of antipsychotic drugs
with six different PP’s ranges from -7.43 kJ mol™ to -2.91 kJ
mol!. Among all the compounds, second generation drug
Olanzapine showed the highest binding affinity of -7.43 kJ mol
~1 with PP5 when compared to other drugs.

Conclusion: Therefore, this study suggests that the Olanzapine
has a greater affinity and exhibit non-specific modulatory effect
on PP’s that need to be explored at biochemical and cellular
level.

Keywords: Maestro; Protein phosphatases; Antipsychotic
drugs; Clozapine; Olanzapine; Trifluoperazine; Lipinski rule;
ADME-T

Introduction

There is various Protein Phosphatases (PP’s) present in the nervous
system are involved in neuronal signalling [1]. In contrast to Protein
Kinases (PK), PP’s dephospholyrate phospho substrate and bring
about the signalling. The activity of PP’s can be either inhibitory or
excitatory in nature, thereby playing an important role in Long Term
Potentiation (LTP) or Long Term Depression (LTD), which is the key
component of learning and memory [2]. The activity of these PP’s is
to dephosphorylate any phosphosubstrate by hydrolysing phosphate
group [3].

The major PP’s are classified by Ingebritsen and Cohen has been
identified in the nervous system. These have been termed PP-1 PP-2A,
PP-2B and PP-2C, PP-5 and PP-C based on their substrate specificity,
regulation by inhibitors, and action requirements [4]. Recently, several
novel membrane permeable agents have been identified which inhibit
PP-1 and PP-2A. These inhibitors, which include okadaic acid,
calyculin A, and tautomycin, have proven particularly valuable in
studying the role of PP-1 and PP-2A in neurons [5].

PP-1 is the only enzyme in skeletal muscle with significant activity
towards glycogen phosphorylase and glycogen synthase [6]. PP-1 is a
major eukaryotic protein serine/threonine phosphatase that regulates
an enormous variety of cellular functions through the interaction of its
catalytic subunit (PPlc) with over fifty different established or
putative regulatory subunits [7]. Reversible protein serine/threonine
phosphorylation is a significant component of the intracellular
signaling machinery, directing such diverse functions as
neurotransmission, muscle contraction, glycogen synthesis, T-cell
activation, neuronal plasticity and cell proliferation [8].

PP-2A comprises a family of serine/threonine phosphatases,
minimally containing a well conserved catalytic subunit, the activity
of which is highly regulated. Regulation is accomplished mainly by
members of a family of regulatory subunits, which determine the
substrate specificity, sub cellular localization and catalytic activity of
the PP-2A holoenzymes [9]. It involves in glycogen metabolism,
Hepatic Metabolism, glycolysis/gluconeogenesis, fatty acid synthesis,
and amino acid breakdown.

PP-2C was originally identified as an Mg?" dependent protein
phosphatase (half maximal activity at 1 mM Mg?"). The enzyme is
monomeric with a molecular mass of 43-48 kDa two major isoforms
(A, B) of PP-2C have been cloned [10]. Further analysis revealed the
existence of subtypes for both isoforms. The latter observation might
be important, since PP-2C was suggested to play a role in Ca%"
dependent signal transduction in brain. More specifically, PP-2C
might catalyze the dephosphorylation of autophosphorylated Ca2'/
calmodulin protein kinases II the granule cells of cerebellum [10]. It
accounts a very small portion in hepatic glycogen synthase. PP-2C is
vitally involved in Abscisic Acid (ABA) signaling [11].

PP-5 enzyme is predominantly nuclear, but is apparently excluded
from the nucleolus. PP-5 is related to PP-1, PP-2A and PP-2B, but has
an N terminal extension of 200 amino acids. This extension contains
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Tetratricopeptide Repeat (TPR) motifs, also found in several other
nuclear proteins.

PP-7 it regulates dephosphorylation of Mitogen Activated Protein
Kinases (MAPKSs) plays a key role in determining the magnitude and
duration of kinase activation and hence the physiological outcome of
signaling [12].

A recent meta analysis of antipsychotic drug efficacy and
tolerability has been used to design and target different PP’s in clinical
trials. Existing typical and atypical antipsychotic drugs have paved
more of side effects than their treatment. Therefore, the current study,
the antipsychotic drugs containing phenothiazine groups was used for
their plausible interaction with different PP’s by in silico approach.
Therefore, three majorly prescribed antipsychotic drugs i.e. Clozapine
(CLZ), Olanzapine (OLZ) and Trifluoperazine (TFP) were selected to
analyze their binding potential with different PP’s using molecular
docking i.e. Maestro 9.3 (Schrodinger, LLC, New York).

In recent years CLZ is an atypical antipsychotic drug which has
extraordinary pharmacological profile with potent interactions at a
large number of, mainly post synaptically localized, biogenic amine
receptors, including several serotonin, adrenergic, and muscarinic G
Protein Coupled Receptor (GPCRs) [13-16]. CLZ also demonstrates
high affinity for the 5-HT,c, 5-HT¢ and 5-HT; receptor [17]. CLZ
binds to D4 receptor with a higher affinity (10 times higher than to D,
and D; receptor) [18].

OLZ is an atypical antipsychotic drug and is approved by the US
food and drug administration for the treatment of schizophrenia and
bipolar disorder. It has stronger affinity for the 5-HT2 muscarinic and
histamine receptor than for dopamine D, receptor, is known to cross
the membrane and concentrates intracellularly [19,20]. OLZ binds to
the 5-HT, serotonin receptor and D, dopamine receptor which are key
for maintaining chemical balance within the brain. When a patient has
schizophrenia, these receptor start malfunctioning and thus creating
the chemical imbalance in the brain. OLZ function is to prevent these
receptors from further binding them in such a way that they stop
working. It’s anticholinergic, antihistaminic and alpha adrenergenic
blocking activity contributes to its therapeutic and adverse action that
the drug performs, thus producing fewer negative effects than most

antipsychotics on part of brain designed for motor skills and
coordination of movement.

On the other hand TFZ is a typical antipsychotic drug, is an
antagonist of Calmodulin (CaM), an essential regulator of calcium
dependent signal transduction. It blocks dopamine D; and D, receptor
in the mesocortical and mesolimbic pathway. TFZ has central
antiadrenergic, anti-dopaminergic effect. TFZ causes extrapyramidal
side effects akathisia, dystonia and Parkinsonism and also causes
anticholinergic side effects such as red eye xerostomia (dry mouth).

Indeed different PP’s play a very important role in various
molecular events as described above and finally reaching out on a
biological/physiological response in the nervous system. CaN is
inhibited by the TFZ and also with Auto Inhibitory Domain (AID).
However a series of peptides generated from AID of CaN, are used for
binding affinity studies by molecular modeling. In our earlier
investigation through molecular docking we were able to demonstrate
CaN an exhibits binding affinity with various molecules that are
associated with the normal molecular mechanisms. CaN an exhibits
binding affinity with FK506, Cyclosporin A, TFZ, FKBP12, CyPA
and so on. In addition, our group also designed phosphopeptide
derived from PKA subunit type II for assay of CaN and also
developed assay method for CaN. Hence in the current study, is to
investigate the plausibility of binding affinity of the few antipsychotic
drugs on different PP’s by molecular docking approach using Maestro
9.3 (Schrodinger, LLC, New York). This study emphasis comparison
of second generation antipsychotic drugs i.e. CLZ and OLZ with first-
generation drug TFP for their binding affinity.

Materials and Methods

Tools and servers used

3D structures of antipsychotic drugs molecules were extracted from
Pubchem. The protein structural files were fetched out from PDB as
shown in (Table 1). Protein-ligand interactive visualization and
analysis was carried out Maestro. ADME-T properties of molecules
were identified using QikProp in schrodinger. Molecular docking was
performed using Maestro 9.3.

Sl.no PDB ID’s Protein Phosphatases (PP’s) Abbreviation

1. 3E7A Crystal structure of protein PP-1
Phosphatase-1 bound to the natural
toxin Nodularin-R.

2. 4LAC Crystal structure of Protein PP-2A
Phosphatase 2A (PP2A) and PP2A
Phosphatase Activator (PTPA)
complex with ATP gamma.

3. 2P6B Crystal structure of human PP-2B
calcineurin in complex with PVIVIT
peptide.

4. 1A6Q Crystal structure of the protein serine/ PP-2C
threonine phosphatase 2C at 2A
resolution.

5. 47ZX2 Co-crystal structures of PP5 in PP-5
complex with 5-methyl-7-oxabicyclo
(2.2.1) heptane-2, 3-dicarboxylic acid.

6. 2QUD PP7 coat protein dimer PP-7

Table 1: 3D structures model of different PP’s retrieved from Protein data bank with their PDB Id.
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Prediction of drug likeness properties

Prior to optimization of compounds, CLZ, OLZ and TFZ
compounds were filtered based on drug likeness properties. The
evaluation of drug likeness was performed on the basis of Lipinski’s
rule of five (ro5). The parameters were calculated using QikProp 4.4
(Schrodinger, LLC, and New York). Criteria for ro5 include H-Bond
Donors (HBD < 5), H-Bond Acceptors (HBA < 10), molecular weight
(MW<500), and the octanol/water partition coefficient (log P<5).

Prediction of ADME-T properties of the selected ligands

ADME-T properties were predicted for 11 molecular descriptors
available with QikProp. The selected molecules were assessed for
pharmacokinetic properties like solubility, confirmation independent
predicted aqueous solubility, blood brain barrier permeability,
metabolic reactions, Jorgensen’s rule, central nervous system activity,
brain/blood partition coefficient, skin permeability, transdermal
transport rate, human serum albumin and Herg K*. Based on the
results, each ligand was assigned with respective drug likeness and
drug score.

Preparation of macromolecule

The structures were prepared and refined using the Protein
preparation wizard of Schrodinger Maestro. Charges and bond orders
were assigned, hydrogen’s were added to the heavy atoms and all
waters molecules were deleted. Using force field OPLS-5,
minimization was carried out by setting the maximum heavy atom root
mean square division (RMSD) to 0.30 A°. Later it was added with C-
terminal oxygen, polar hydrogen and gasteiger charges.

Preparation of inhibitors

The antipsychotics drugs CLZ, OLZ and TFP were retrieved from
PubChem (Figure 1). These ligands were prepared using the Lig prep
module of Schrodinger Maestro. Torsions of the ligands were
modified and assigned with appropriate protonation states. In glide
(Schrédinger), 32 stereo chemical structures were generated per ligand
with possible states at pH 7.0 £ 2.0. It was optimized by ionizer,
tautomerized, desalted and optimized by producing low energy 3D
structure for the ligand under the OPLS-5 force field while retaining
the specified chiralities of the input Maestro file (Table 2).
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Figure 1: Structure of Clozapine. (A) (Pubchem 1d-135398737),
Olanzapine; (B) (Pubchem 1d-135398745) and Trifuloperazine; (C)
(Pubchem 1d-5566).

Clozapine Olanzapine Trifluoperazine

Class Atypical Atypical Typical

Pubchem Id 1.35E+08 1.35E+08 5566

Systematic name 8-chloro-11-(4- 2methyl- 4 (4methyl-1- 10-(3-(4-methylpiperazine-1-
methylpiperazin-1yl)-5H-dibenzo(b,e) piperazinyl)10H thieno(2,3-b) yl)propyl)-2 (trifluoromethyl)-10H-

(1,4) diazepine

(1,5)benzodiazepine phenothiazine

Molecular formula C47H20N4S C7H20N4S Ca1H24F3N3S
Molecular weight 326.823 g/mol 312.44 g/mol 407.497 g/mol
Solubility Ethanol Methanol Water

Melting point 183°C 195°C 242°C

Mode of action Dopamine at D4, D,, D3 and Ds,

high D4

5-HT,, muscarinic and histamine, D, |Postsynaptic mesolimbic dopaminergic

Dy and D, receptor in the brain.

Table 2: Antipsychotic drugs retrieved from PubChem.

Molecular docking

It helps in predicting the intermolecular framework formed between
a protein and a small molecule or a protein and protein and suggest the
binding modes responsible for inhibition of the protein. To precisely
carry out docking studies one requires the high resolution X-ray, NMR

or homology-modeled structure with known/predicted binding site in
the biomolecule.

Receptor grid generations

Receptor grids were calculated for prepared proteins such that
various ligand poses bind within the predicted active site for docking.
In Glide, grids were generated keeping the default parameters of
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Vander Waals scaling factor 1.00 and charge cut off 0.30 subjected to
OPLS 2001 force field. A cubic box of specific dimensions centered
on the centroid of the active site molecular residues was generated for
each receptor. The grid box was set to 14 A° x 14 A° x 14 A”° for all
docking experiments.

Extra precision

Extra precision was performed using the induced module of
Schrodinger-Maestro. The entire receptor molecule was minimized
with an RMSD cutoff of 0.18 A°. It was selected for generation of the
centroid of the residues and the box size was generated automatically.
The initial Glide docking for each ligand was carried out, with a
receptor and Vander Waals scaling of 0.70 A° and 0.50 A°
respectively. The numbers of poses generated were set to be 20. Prime
side chain prediction and minimization were carried out in which

residues were refined within 5.0 A° of ligand poses and side chains
were optimized to a ligand structure and conformation that is induced
fit to each pose of the receptor structure.

Results

Lipinski rule or rule of five (ro5) was applied to evaluate drug like
properties of the designed inhibitors. A value of log P not greater than
5, hydrogen bond donors not more than 5, hydrogen bond acceptors
not greater than 10 and molecular weight not exceeding 500 Da are
generally considered for an orally bioavailable and drug like
compound. Interestingly, none of the inhibitors disobeyed Lipinski’s
rule of five (Table 3). This is a good proof that the designed inhibitors
would be orally bioavailable and pharmacologically active as potential
antipsychotic drugs.

Compound MW HBA HBD LogP
CLz 326.828 4 1 3.235
oLz 312.432 4 1 3.562
TFz 407.496 4.5 0 4.923

Table 3: Drug like properties of three antipsychotic drugs CLZ, OLZ and TFZ as inhibitors.

The three compounds were analyzed for their ADME-T properties
using QikProp 4.4 tool of maestro software to determine their safety
profile. The compounds show significant values for ADME-T
properties that one analyzed and exhibited drug-likeness properties
(Table 4). The compounds have QikProp parameters within the
acceptable range, except for QPPCaco and QPlogHERG parameters.
QPPCaco parameter is used to assess the permeability of compounds
across the gut-blood barrier. CLZ and OLZ showed excellent
permeability and TFZ have intermediate permeability across the gut
blood barrier. Human Ether a go go Related Gene (hERG) parameter

is used to determine the potential cardiac toxicity of the compounds.

The hERG encodes a potassium ion (K*) channel which plays a role
during systolic and diastolic activities of the heart. The blockage of
hERG K" channels can lead to cardiac arrythmia. CLZ and TFZ
compounds have logICsy (hERG) values more than the acceptable
range for the blockage of hERG K* channels (logICsy (hERG) <-5);
however, the values are near the borderline. Thus, these compounds
were proceeded for further analysis.

Compound QPlogS CIQPlogs| QPPCaco| #metab Ro3 CNS QPlog BB| QPlogKp Jm QPlogKhsa |QPlogHERG
CcLz -4.538 -4.024 1334.045 4 0 2 0.873 -3.163 0.006 0.637 -6.053
oLz -4.422 -3.672 1376.418 6 0 2 0.813 -3.373 0.005 0.614 -5.815
TFZ -4.232 -4.483 529.451 6 0 2 1.421 -4.619 0.002 0.71 -6.535

Where, QPlogS: denotes aqueous solubility; CIQPlogS: Conformation Independent predicted aqueous solubility; QPPCaco: Predicted apparent gut-blood barrier
permeability; #metab: Number of likely metabolic reaction; ro3: The number of violations of Jorgensen’s rule of three; CNS: Central Nervous System activity;
QPlogBB: Brain/blood partition coefficient; QPlogKp: Predicted skin permeability; Jm: Predicted maximum transdermal transport rate; QPlogKhsa: Prediction of
binding human serum albumin; QpHERG: Predicted ICs value for blockage of HERG K+ channels.

Table 4: Predicted ADME-T values of CLZ, OLZ and TFZ using a QikProp module of Schrodinger.

Furthermore, in order to understand the possible interaction of the
antipsychotic drugs for different PP’s, molecular docking studies were
performed on different PP’s using Glide software of Schrodinger
molecular docking tool kit to evaluate the binding affinity and the

interaction between the antipsychotic drugs and different PP’s. The
way of combined ligand and structure based approach was used to
analyze the binding affinity of enzyme and its interaction with their
inhibitors. The docking score of the antipsychotic drug varies from
-7.43 kJ mol’! to -2.91 kJ mol! (Table 5).

Sl.No. Different PP’s AG=-kJ-mol™
Clozapine (CLZ) Olanzapine (OLZ) Trifluoperazine (TFZ)
1. PP-1 5.63 6.74 6.38

Volume 12 ¢ Issue 1 « 1000249
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2. PP-2A 4.05 5.04 6.07

3. PP-2B 4.52 6.61 6.14

4. PP-5 5.05 7.43 3.41

5. PP-7 3.44 3.15 2.91

Table 5: Binding free energy (AG) of different inhibitors with PP’s in —kJ mol-!.

Amongst the three drugs, OLZ showed the highest binding affinity
with PP-5 (-7.43 kJ mol™") followed by PP-1 (-6.74 kJ mol'') and
PP-2B (-6.61 kJ mol!). The evdv and ecoul are the predicted Vander

Waal’s interaction and electrostatic interaction energies between the
ligand and the protein docking results clearly indicate that the water
molecule present in the active site of an enzyme PP-5, PP-1 and
PP-2B has a less important role in binding with OLZ (Table 6).

Volume 12 ¢ Issue 1 « 1000249

SI. No. PP’s Antipsychotic Glide score |  Glide (evdv) Glide (ecoul) Dock score Interacting
drug (gscore) residues

1. PP-5 oLz -7.43 -2.81 -0.45 -5.42 Asp 295 and His
296.

2. PP-1 oLz -6.74 -2.83 -0.75 -6.72 Met 329, Asn
330 and lle 331.

3. PP-2B oLz -6.61 -2.23 -0.44 -6.54 Glu 359, Trp
352, Phe 356
and Met 118

Table 6: Molecular docking results of OLZ with PP-5, PP-1, and PP-2B.

All the target compounds were docked at the binding site of PP’s.
The docking pictures (Figure 2). The binding site comprises of polar
and hydrophobic residues which involve in the binding with the target.
The substituent ring with the two nitrogen’s in a 1,4 arrangements is a
piperidine ring, which is surrounded by a hydrophobic pocket of the
PP-5.

PP’s (Figure 2) show as a green ribbon and OLZ in five different
colors depicting the atoms present in it; white=hydrogen,
blue=nitrogen, red=oxygen, grey=carbon and yellow=sulfur bound to
the enzyme active site. It indicates the 3D structures of three different
PP’s i.e. PP-5, PP-1 and PP-2B docked with the inhibitor OLZ.

Figure 2: Interaction of OLZ with different PP’s i.e. (PP-5, PP-1
and, PP-2B).

PP5 (Figure 2) forms one hydrogen bond i.e. hydrogen of OLZ to
oxygen of Asp 295 at 1.65 A°, one salt bridge from nitrogen of OLZ

to oxygen of Asp 295 at 4.49 A° and n-w interaction from benzene ring
of OLZ to imidazole ring of His 296 in chain A. PP-1 is depicted in
green ribbon and OLZ in olive red, with one hydrogen bonding from
hydrogen of OLZ to oxygen of met 329 in chain A at 2.33 A° whereas
PP-2B is depicted in yellow complexed with the inhibitor OLZ in blue
which forms two hydrogen bonds from hydrogen of OLZ to oxygen of
Glu 359 at 1.96 A° and Trp 352 at 1.96 A°, and =©-m interaction was
from benzene ring of OLZ to phenyl ring of Phe 356 in Chain C, salt
bridge is formed from nitrogen of OLZ to oxygen of Glu 359 at 3.18 A
°, aromatic bond was formed from hydrogen of OLZ to oxygen of Met
118 in chain D at 2.46 A°.

The docking calculations were performed using IFD of
Schrodinger-Maestro. The left panel 2D interactions of the ligand
OLZ with three different PP’s. Interactions between the best pose
found of the OLZ with PP-5, PP1, and PP2B. Docking of OLZ into the
active site of PP’s with key amino acid residues (colored by green,
blue red and light blue) in represented ligand binding poses. The green
ribbon represents the hydrophobic, whereas the blue ribbon represents
positively charged, red ribbon represents negatively charged and light
blue represents the polar nature of the molecule respectively (Figure
3).

Figure 3: Docking pose of PP-5. (A) PP-1; (B) and PP-2B; (C)
predicted by Glide shown as ball and stick model with OLZ.
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The binding energy was observed in the range of -7.43 kJ mol’! to
-2.91 kJ mol'! (Figure 4).
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Figure 4: Binding energies of the OLZ against different PP’s where
PP-5 has more affinity 7.e. -7.43 kJ mol-1 when compare to other PP’s.

The highest binding affinity of OLZ is exhibited towards PP-5 of
(-7.43 kJ mol"") > PP-1 (-6.74 k] mol!) > PP-2B (-6.61 kJ mol)
when compared to other PP’s; the effect was exhibited by PP-2C
(-5.57 kJ mol'!), PP-2B (-5.04 kJ mol™!) and PP-7 (-3.1 kJ mol-!). (The
docking results of other PP’s against different antipsychotic drugs are
reported in a histogram as supplementary data).

Discussion

Ro5 was used to evaluate the oral availability of the CLZ, OLZ and
TFZ. Development of orally active drug give several advantages in
delivering drugs to the patients such as safe, good patient compliance,
ease of ingestion, pain avoidance and versatility to accommodate
various types of drugs 40. In addition, ro5 is widely used in drug
development process to narrow the number of compounds from large
library before virtual screening campaign. According to Lipinski and
his colleagues, the rule was formulated based on analysis of four
consistent physicochemical properties of 2,245 oral based drugs in the
World Drug Index (WDI) database. These properties are molecular
weight (MW) is < 500 Dalton (Da), the octanol/water partition
coefficient (logP) is <5, the number of H-bond (HBD) is < 5, and the
number of H Bond Acceptors (HBA) is < 10. Later, the criteria were
improved by adding Number of Rotatable Bonds (NRB) because it
plays a role in drug metabolism and pharmacokinetics profiles.

Virtual screening, in silico ADME and molecular docking studies
were carried out to identify potential inhibitors for PP’s. The
Pharmacokinetic parameters such as aqueous solubility (QPlogS),
CIQPlogS: Conformation independent predicted aqueous solubility,
QPPCaco: Predicted apparent gut-blood barrier permeability, #metab:
Number of likely metabolic reaction, ro3: The number of violations of
Jorgensen’s rule of three, CNS: Central nervous system activity,
QPlogBB-Brain/blood partition coefficient, QPlogKp: Predicted skin
permeability, Jm: Predicted maximum transdermal transport rate,
QPlogKhsa: Prediction of binding human serum albumin and
QpHERG-predicted ICs, value for blockage of HERG K" channels

were calculated. The corresponding values are noted in Table 4 for all
the three antipsychotic drugs. The pharmacokinetic properties of CLZ,
OLZ and TFZ exhibited that the values were within acceptable range
except for QPPCaco and QPlogHERG parameters; QPPCaco
parameter for CLZ and OLZ showed excellent permeability and TFZ
have intermediate permeability across the gut-blood barrier. Human
Ether a go go Related Gene (hERG) parameter for CLZ and TFZ
compounds have logICsy (hERG) values more than the acceptable
range for the blockage of hERG K* channels. Hence OLZ would be
potential antipsychotic drug for PP’s.

Molecular docking is a widely used, relatively fast, and economical
computational tool for predicting in silico the binding modes and
affinities of molecular recognition events and the concept of free
energy (AQ) is used to determine the binding affinity of protein-ligand
complex in docking studies. The negative or low value of AG
indicates the strong binding affinity between protein-ligand
complexes. Hence, in the current study, the binding affinity was
carried out and the determined binding free energy as shown in Table
3 which reflects the binding affinity of the different ligands to a PP’s
by calculating intermolecular and torsional free energies using
Maestro.

More recently the antipsychotic drug TFZ has been used
extensively to probe for CaM dependent reactions. It is a
phenothaizine derivative antipsychotic drug being observed as a
PP-2B inhibitor. TFZ has shown the highest binding affinity towards
PP-1 (-6.38 kJ/mol) when compared to PP-2B (-6.14 kJ/mol) and
PP-2A (-6.07 kJ/mol) followed by PP-2C (-6.01 kJ/mol) and PP-7 (-
2.91 kJ/mol). Free energies of TFZ binding to Chain A of PP-2B
ranged from -7.2 to -6.9 kcal/mol, while -7.8 to -7.2 kJ/mol were
observed in TFZ binding to Chain A of PP-2B using Maestro
(Schrodinger, New York).

However there is less/no study being carried out investigate the
other popular antipsychotic drugs such as CLZ and OLZ with PP’s and
also TFZ with other PP’s. In the present study, phenothiazine
derivatives such as CLZ, OLZ, and TFZ were docked against different
PP’s. Results indicate the relative binding affinity of phenothiazine
derivatives i.e. OLZ with different PP’s and mainly concentrating on
PP-5, PP-1, and PP-2B.

CLZ, a second generation antipsychotic drug strongly inhibits
PP-2B activity, but had minimal effect on PP-1 and PP-2A activities at
the concentrations studies. Therefore, docking studies of CLZ with
different PP’s show that CLZ has higher binding affinity with PP- 2C
(-5.91 kJ/mol) when compared to PP -1 (-5.63 kJ/mol) and PP-5 (-5.05
kJ/mol) followed by PP-2B (-4.52 kJ/mol) and (PP-2A - 4.05 kJ/mol)
and has least binding affinity with PP-7 (-3.44 kJ/mol).

Results obtained indicate that the presence of piperidine ring in
OLZ makes stronger activator in comparison with diazepine rings. In
addition to diazepine rings, the piperidine rings have shown significant
binding affinity when compared to other moieties. On this basis, some
of the pharmacophoric features were generated which included
hydrogen and halogen bonding, salt bridges, aromatic bonds, m-cation
and m-w interactions.

OLZ has the highest binding affinity towards PP-5 (-7.43 kJ/mol),
when compared to PP-1 (- 6.74 kJ/mol) and PP- 2B (-6.61 kJ/mol),
followed by PP-2C (-5.51 kJ/mol) and PP-2A (-5.04 kJ/mol) and least
affinity towards PP-7 (-3.15 kJ/mol). As shown in Figure 2A the
active site residues of PP-5 protein include Glu, Asp, Glu, Thr and
His. In Figure 2B, the active site residues of PP-1 include Asp, Tyr,
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and Thr. In Figure 2C Glu, Gln, Met, Tyr and His were observed
interacting with the drug molecule illustrating the hydrophobic nature
of PP’s at their active sites. The docking score for different PP’s nearly
range from -7.43 kJ mol! to -3.1 kJ mol'! which clearly indicates that
the second generation drug OLZ has more binding affinity compared
to other drugs with PP’s.

The present study is done to predict the binding affinity of
antipsychotic drugs with different PP’s in a view to discover potential
therapeutic strategy in silico approach which can provide significant
insights into other major characteristics of antipsychotic drugs and
their binding with the PP’s. Henceforth, the results obtained would
lead us to know the different roles of antipsychotic drugs and their
interactions with different PP’s. This can be further used as potential
targets in the field of drug designing.

Conclusion

In this work, drug likeness properties, in silico ADME-T and
molecular docking studies were carried out to identify potential
inhibitors of PP’s. Three compounds satisfied drug likeness properties
based on roS. OLZ showed the highest potential in this work. With
respect to the reference drug, TFZ (FDA approved drug), OLZ showed
a lower XP GScore of —7.43 kcal/mol (TFZ: —3.41 kcal/mol).
QPlogHERG parameter for OLZ was —5.815, which is compounds
have logICsy (hRERG) values more than the acceptable range for the
blockage of hERG K™ channels. In conclusion, this study predicts that
the binding affinity of three antipsychotic drugs CLZ, OLZ and TFZ
found to be important, whereas OLZ was found to be a promising
antipsychotic drug that has higher binding affinity with inhibits PP-5
activity strongly. It showed a higher binding energy of -7.43 kJ mol'!
towards PP-5 compared to the other two antipsychotic drugs.
However, further in vitro and in vivo studies would help us in
recognizing the potentiality of the antipsychotic drug in inhibition of
PP’s.
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