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A critical route for cancer metastases is pathological angiogenesis.
The protein Kallikrein-12 (KLK-12) is a serine protease reported to
be involved in a variety of biochemical processes that have a functional
role in angiogenesis. The KLLK-12 protein hydrolyzes the cysteine rich
angiogenic inducer 61 (CYRG61) protein and controls the bioavailability
of angiogenesis-inducing growth factors. The work proposed involves
the homology modeling of the KLK-12 protein, identify essential
residues to be putatively linked to the natural substrate. Protein-protein
docking is done to characterize Trp35, GIn36, Gly38, Trp82 and His107
residues of the active site, in addition to active site servers (active site
prediction server and CASTp). Using Auto Dock Vina software, virtual
screening studies were carried out to identify the substituted carboxamide
scaffolds as a pharmacophore binding at the active site. Based on binding
energy, ADME and visual inspection, an isochromene carboxamide
moiety is identified as antiangiogenic and cancer antagonists.
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INTRODUCTION

Cancer is a life-threatening condition that is characterized
by uncontrolled growth and spread of tumour cells. Tumor
growth and metastases are dependent on angiogenesis, the
growth of new blood vessels from pre-existing blood vessels
[1,2]. The process involves the development and release of angio-
genic growth factors such as vascular endothelial growth factor
(VEGF), fibroblast growth factor-2 (FGF-2) and transforming
growth factor-P3 (TGFf), which bind to endothelial cell receptors.
Endothelial receptor binding and activation lead to endothelial
cell proliferation and migration, resulting in tumor expansion
exponentially [3,4]. Therefore, angiogenesis is a critical phase
in tumor development, invasion and metastases. Recent studies
have shown that the angiogenesis deregulation plays a central
role in the pathogenesis of many diseases including cancer,
several ocular disorders, various skin diseases and impaired
wound healing [5].

Kallikrein proteins are mysteriously expressed in several
forms of cancer [6]. The kallikrein gene and protein symbols
are shown as KLK [7,8]. Human tissue kallikreins (KLKSs)
promote angiogenesis directly by disrupting the extra cellular
matrix (ECM) barriers or indirectly by activating multiple matrix
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metalloproteinases (MMPs) through the urokinase plasmi-
nogen activator/UPA receptor (WPA/UPAR) activation pathway
[9]. Human tissue kallikreins (KLLKs) consist of 15 homologous
trypsin or chemotrypsin-like serine proteases. KLK proteins
are pre-proenzymes containing an amino-terminal signal sequence
(Pre), a propeptide (Pro) that preserves them as inactive precursors
(zymogens) and the serine-protease domain responsible for
catalytic activity [10]. KLK-12 is arecently discovered kallikrein
expressed in breast cancer tissues [11].

Studies show that the Kallikrein like peptidase-12 (KLK-
12) is a trypsin-like serine protease that promotes angiogenesis
through the cleavage of ECM-associated signaling proteins in
the CCN family. Fig. 1 demonstrates the mediation of KLK-12
via the cleavage of ECM protein, Cysteine-rich angiogenic
inducer 61 (CYR61) to release intact VEGF, FGF-2 and TGFf3
from its complex to induce angiogenesis [6,12]. Proteolysis
of CYR61 by KLK-12 protein contributes to the release and
activation of VEGF, TGFB & FGF-2. Activation of these
growth factors contributes to tumor angiogenesis. Impediment
of KLK-12 activity with specific anti-KLLK-12 antibodies has
been reported to reduce the spread, migration and development
of microvascular endothelial cell branching cords in vitro
[13,14]. The proposed work deals with the identification of
new small inhibitor molecules of pathogenic angiogenesis by
considering KLK-12 protein as a novel target.

Proteolysis

f Release of o
variqus growth 1} a Q%%’
factor"q\ % 0
_ _ N
) \*»:_,__/» '% “~ .

Binding of I||
growth factors
to its recepﬁtors

6
Activation G;T
angiogenid factors
like VEGF, TNFB,
FGF2 :
) (=

" ANGIOGENESIS

Fig. 1. Biochemical Pathway of KLK-12 protein. SP: Secretory signal
peptide, IGFBP: IGF-Binding protein domain, vVWC: von Willebrand
type C domain, TSP: Thrombospondin domain, CT: Cysteine Knot
domain, Plasma membrane, Fibroblast growth factor2 (FGF-2),
vascular endothelial growth factor (VEGF), extracellular membrane,
target protein KLK-12, transforming growth factor 3 (TGF f3), TGF(3
receptor, VEGF receptor, FGF receptor, Integrin binding site, Cleavage
site CCN1 by KLK-12

Bioinformatics tools deliver a new area of personalized
medicine aimed at more reliable and effective diagnosis and
treatment of human diseases. This will operate in a short period

of time and can suggest the correct prescription for the right
patient at the right time, which will greatly increase the quality
of treatment and reduce healthcare costs [15]. This area of
medicine needs precise molecular knowledge on the pathology
of DNA, RNA and protein levels of human diseases [16]. Bio-
profiles such as proteomics, genomics and metabolomics, along
with other bioinformatics techniques, may be a promising potential
method for the healthcare system [17].

EXPERIMENTAL

Homology modeling: Homology modeling is a very signi-
ficant computational method used to determine the 3D structure
of proteins, in the absence of PDB either by X-ray crystallo-
graphy, or NMR spectroscopy or electron microscopy.
Comparative homology modeling is a multistep process [18].
The present study involves (i) homology modeling, (ii)
evaluation and refinement of predicted 3D structure, (iii) active
site identification and (iv) virtual screening and ADME
prediction [19-22].

The fasta sequence of KLLK-12 protein (177 amino acids)
is retrieved [23] from UniProt [24] of Expert Protein Analysis
System (ExPASy) Server [25,26] with Uniprot ID E9PR22. A
protein sequence (Template) similar to KLLK-12 protein sequence
is identified using NCBI-BLASTp [27] JPred [28], HHPred
[29] servers based on the parameters of sequence similarity,
secondary structure, and fold recognition. The template protein
is considered based on the criteria of the score and E-value
obtained [30]. Pairwise alignment of the KLK-12 protein
sequence with the template is carried out using Clustal W [31].
The 3D structure of KLK-12 protein is built using the
MODELLER 9v9 program [32]. Among the generated 200
models, the model with the lowest modeller objective function
is selected for further refinement.

Evaluation and refinement of 3D structure KLK-12
protein: The generated 3D model of KLK-12 protein is refined
by loop building using Swiss PDB viewer (SPDBV 4.10) [33],
which computes bad contacts using the conjugate gradient
method. The 3D model is subjected to energy minimization
by adding hydrogens. The refined and energy minimized model
is validated by the PROCHECK server to measure the geometry
of all amino acids of the protein using Psi and Phi torsion
angles [34]. The stereochemical quality of the 3D protein is
elucidated with Ramachandran Plot. ProSA server is used to
predict the overall fold and local model quality [35]. The stable
conformation of the KLLK-12 protein has been evaluated for
its specific structural features and credible active site regions.

Active site identification and protein-protein docking:
Identifying the active site region is an important step in the
design of drugs. Computed atlas of protein surface topography,
CASTp [36] server, active site prediction server tools and litera-
ture are used to predict the active site regions in the KLK-12
protein. These server tools measure the area and volume of each
cavity to assess the active site domain. The protein-protein
docking is performed by employing a Fast Fourier transform-
ation method using the Patch Dock server program [37,38].
The KLK-12 protein is docked with its natural substrate CYR61
(PDB ID: 4D0Z-A). The docked complex of KLK-12-CYR61
is evaluated to confirm the putative binding interactions.
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Virtual screening: The energy minimized 3D protein
structure is considered for virtual screening to identify the new
lead molecules. Virtual screening studies were attempted to
explore the binding mode of the suggested inhibitors onto the
3D model of KLK-12 using AUTODOCK tools 1.5.6 (ADT)
[39]. Ligand centered maps were generated by AutoGrid program
with a spacing of 0.375 A and grid dimensions of 44 x 58 x
44 A’. Grid box center was set to coordinate-27.285, -4.168
and -8.415in x, y and z, respectively. All water molecules were
removed and ADT software was used to prepare the required
files for AutoDockVina by assigning hydrogen polarities,
calculating Gasteiger charges calculation using AUTODOCK
tools available from Scripps Research Institute (http://www.
scripps.edu/mb/olson/doc/Autodock) and converting protein
structures from the .PDB file format to .PDBQT format [40,41].
Diverse library containing 99, 288 diverse drug-like molecules
were used for screening. RMSD values are calculated for the
lowest energy pose and the experimental coordinates. The RMSD
value below 3.0 A is considered to be acceptable [42,43]. The
predicted binding energies of three best-scored poses of the
top-ranked compounds among the compounds screened and
physico-chemical properties of ligands can also be retrieved
and also performed Swiss ADME [44].

ADME: The new Swiss ADME web tool is used to adapt
fast but robust predictive models for physico-chemical prop-
erties, pharmacokinetics, drug-likeness and drug-chemistry-
friendliness, including in-house proficient methods such as
BOILEDEgg, iLOGP and Bioavailability Radar [45]. The
rationale for drug molecules to fail in drug development is
undesirable absorption, delivery, metabolic processing.

As a consequence, the production of drugs is becoming a
difficult task. Additional literature on ligand molecules’ ADME
properties takes us down a fascinating track with valuable
knowledge for the development of effective molecules for drugs.
To predict the drug-able properties of ligand molecules, comp-
utational ADME properties can be calculated. To conclude, it
gives an idea of compound selection for drug discovery. New
hits were listed as KLLK-12 binding energy-dependent protein
inhibitors, RMSD, visual inspection and prediction of ADME,
KLK-12 new hit protein screening was performed.

RESULTS AND DISCUSSION

The present study treats KLK-12 as a novel target for the
detection of new leads as a drug candidate for pathogenic
angiogenesis inhibition. Bioinformatics methods are used to
test the 3D structure of the target protein. Virtual screening
experiments were conducted against the active site of KLLK-12
for the discovery of novel lead molecules. The fasta sequence
of KLK-12 protein (target) with a length of 177 amino acids
was retrieved from the Expasy server and template searched
by different servers (NCBI-Blast, JPred and HHpred). Position-
specific iterative simple local alignment search tool (PSI-BLAST)
[46] module used to identify the homologous amino acid
sequence of protein KLLK-12 as a template. The stochastic model
used in the BLAST programme describes a prototype with the
closest identity to the target [47]. The low E-value of INPM-
A is of high relevance in terms of the biological relationship
to the amino acid sequence of KLK-12.

The Jpred4 server identified template proteins with homo-
logous secondary structure prediction, solvent accessibility and
coil-coil region prediction by applying multiple sequence
alignment profiles. Jpred4 uses the JNet algorithm [48], which
allows the identification of the most probable secondary struc-
tural elements (o-helices, B-sheets and loops) in the proteins
which are deposited in the PDB. The secondary structure prop-
osed by the Jpred4 server tool matches the KLLK family proto-
type, namely INPM-A.

HHpred server uses the statistical framework of the
information in the insert and eliminates the probabilities. The
server uses pair-wise query-template alignment or multiple
query alignment templates selected from the search results, as
well as 3D structural models determined from these alignments
by the MODELLER program. HHpred allows a pair wise
profile comparisons of hidden Markov models (HMMs) [49].
Based on the HMM — HMM comparison and E — value = 2e —
25, the estimated template structure is INPM-A.

Table-1 reflects the E-Score of various template search
servers on the basis of which Neuropsin with PDB ID: INPM-A
is selected as a template protein. Based on the results obtained
from NCBI-BLASTp, JPred4, and HHpred data analysis,
INPM — A (retrieved from the RSC protein data bank) was
verified as a valid template for KLK-12 protein sequence
modelling. The pair wise alignment of the KLK-12 protein
sequence with the protein template sequence was performed
using ClustalW (Fig. 2). The KLK-12 protein sequence is
therefore believed to be specifically consistent with the
phylogenetic sequence of proteins, which is a prerequisite for
the design of a valid and practical 3D structure.

TABLE-1
TEMPLATE SELECTION FOR KLK-12 PROTEIN
Server Parameter(s) E-value PDB code
BLAST  Sequence specificity 2e-35 INPM-A
JPred4  Secondary structure 8e-29 INPM-A
HHPred Sequence, secondary structure 2e-25 INPM-A
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Fig. 2. Alignment of KLK-12 with template protein. Pair wise sequence align-
ment of the KLK-12 sequence and its template was performed with
CLUSTAL W and analyzed in Discovery Studios 3.5. The figure

shows preserved amino acid residues (Red), strongly similar (Black),
weakly similar (Blue) and a grey colour for diversity

MODELLER 9v9 was used to create a 3D model of KLLK-
12 protein structure. At first, 200 models were built and the
model with the lowest Modeller objective function was selected
for further refinement. The developed 3D model is further
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optimized by loop modeling and energy minimization using
the Swiss PDB Viewer 4.1.0 [50]. Local minima-7.493.9 x 107
kcal/mol of energy for the refined KLK-12 model was observed.

The accuracy of the model can be further enhanced by
confining the structure to a web-based molecular dynamic
analysis in locPREFMD (local protein structure refining via
molecular dynamics) [51]. Table-2 displays the molecular
dynamics (MD) simulation refined data for KLK-12 and the
overall factors are optimized after the simulations. The results
show that the stability parameters of the KLK-12 structure
improved significantly following the application of the molecular
dynamics. The conformational change observed in terms of
the RMSD value, before and after minimization in the initial
and final KLK-12 models is 0.77 A.

TABLE-2
MOLECULAR DYNAMIC DIMENSIONS OF
THE STABILIZED STRUCTURE OF KLK-12

Initial

Refined

Parameter checked Goal
value value

phi-psi backbone favoured region 81.400  94.100 >90
phi-psi backbone allowed region 15.900 -0.14 <-1
phi-psi backbone general region 2.800 0.700 <2
phi-psi backbone unflavoured region ~ 0.091 0.057 <0.2%
chil-chi2 side chain disallowed 0.078 0.056 <0.2%
region
G-factor covalent bonds 0.150 0.050 >-0.5
G-factor overall interactions -0.280 -0.290 >-0.5
Favourable main chain bond lengths ~ 100.000  100.000  100%
Favourable main chain angles 94.600  92.700 100%
Side chain ring planarity 68.900  93.400 100%

The architecture of KLK-12 protein after energy minimi-
zation was further stabilized by performing a molecular dynamics
experiment in the locPREFMD serve. The obtained values
show that KLK-12 dynamically stabilized model has by far the
most stable conformation. The RMSD of the 3D protein after
refining via MD simulation is 0.77 10\, which is considered to
be stable and reliable (RMSD < 2.0 A) for further studies. The
3D model inferred by homology modeling is shown in Fig. 3
has 8 [ strands and 2 helices, which is consistent with its family
of KLK family proteins.

The results of the NCBI-BLASTp server show that target
KLK-12 protein sequence has a trypsin-like serine protease
(Tryp_SPc) domain from amino acid 22 to 150 as shown in
Fig. 4. This Tryp_SPc domain is involved in proteolysis of
CYR61 by KLK-12 proteins and is present in the N-terminal
region of KLK-12.

The stereochemical quality of 3D structure of KLK-12
was validated by the Ramachandran contour map (Fig. 5). Psi
and Phi angles for the refined 3D structure of the protein KLK-
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Fig. 3. 3D Structure of KLK-12 protein showing secondary structure
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Fig. 5. Stereochemical quality of the KLK-12 protein

12 were defined using PROCHECK. The preferred region is
in red, the additionally permitted region is in yellow, the gener-
ously allowed region is in light yellow and the disallowed region
is in white. The Ramachandran plot statistical analysis shows
that 98.6% and 1.4% of the residues are in the most energe-
tically preferred and additionally enabled region; and none of
the residues contained in the disallowed region show that the

100 125 150 177

Tryp_SPc |
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Multi-domains

COG5640

Tryp_SPc
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Fig. 4. Conserved domain of the KLK-12 protein. The pictorial representation of the local similarity search result obtained by BLAST
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expected 3D model of KLK-12 protein is a good quality model.
The plot of Ramachandran shows a total of 98.6% of KLK-12
residues in the most preferred region is considered as a good
indicator for further studies.

The overall quality of KLK-12 model was further assessed
by the ProSA server (Fig. 6A), the server measures the ProSA
II plot based on the folding protein energy of the amino acid
sequence. The ProSA web server confirms the overall and local
model accuracy of the target protein by comparing it with the
protein structure of a similar amino acid length stored in the
PDB. Fig. 6A shows that the overall folding energy of KLK-12
protein is negative with a Z-score of -2.44 (seen as dark spot
in the dark blue region) suggesting that the target protein 3D
model is very close to the experimentally determined NMR
structures. This value shows the high overall quality of the
KLK-12 protein model.

X-ray
(@ mm NMR
- ot
(]
-15
-20
0 200 400 600 800 1000

Number of residues

ProSA’s energy profile (Fig. 6B) provides protein-energy
in two segments (window size 10 and window size 40 amino
acids) and tests the accuracy of the local protein model using
knowledge-based energy values. The low-energy profile that
defines the local KLLK-12 model output as reliable.

The 3D model of KLK-12 protein is submitted for
secondary structure analysis to the PDB sum server. It has 2
o-helices, 8 B-sheets and 5 B-hairpins. The amino acid spectrum
of helix H1 is from Trp56 to Thr59 and helix H2 from Trp169
to Ser177 (Fig. 7). The eight (8) B-sheets are from Gly29-
Trp35, Glu41-Cys47, Leu51-Arg5S5, Ser64-Trp69, Leu80-Phe9l,
His107-Leul14, Thr138-Trp145, Arg159-Val168.The five (5)
B-hairpin loops are GIn36-Phe50, Gly48-Val50, Val70-GIn79,
Ser92-Glul06, Gly 146-Alal58 (Fig. 7). The kallikrein family
of proteins such as KLK 5, KLK 7 also contains the same
secondary structure from amino acid 29 to amino acid 180. The
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s \\indow size 40

(b)

—_
T

Knowledge based energy
L o

24 | 2 \

3 214

Sequence position

Fig. 6. Overall and local quality of the KLLK-12 protein. (a) The Z-score (Black dot) calculated from the ProSA server for KLK-12 proteinis-
2.44. The ProSA plot depicted X-ray crystallography (light blue) and NMR spectroscopy(dark blue) for all proteins in PDB. (b)
Knowledge-based energy profile of amino acids with a window size of 10 amino acids (light green) and a window size of 40 amino

acids (dark green)

Y B

MGLSIFLLLCVLGLSQAATPKINGTECGRNSQPWQVGLEGTSLRCGGVLIDHRW VLTA

1 5 10 15 20 25 30

A A

B-B B BB

35 40 45 50 55 60

B BB A

. — .

BY-B B

AHCSGSRYWVRLGEHSLSQLDWTEQIRHSGFSVTHPGYLGASTSHEHDLRLLRLRLPVRYV

61 65 70 75 80 85 90

B

B BB
=

95 100 105 110 115 120
B H2

-_p— S —

TSSVQPLPLPNDCATAGTECHVSGWGITNHPRSKGPRARGQGSGWVQVWDAGREVES

121 125 130 135 140 145 150

155 160 165 170 175

Fig. 7. Secondary structure elements of KLK-12 protein as obtained from PDB sum server
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KLK-12 protein secondary structure shows 20, helices and 83
sheets.

Further study of the secondary structure of KLK-12
protein model shows the presence of three salt bridges Glu27-
Arg 30 (2.939 A), Arg 55-Glu 106, (3.073 & 3.401 A), which
give extra stability to the structure. It can be inferred from the
anal-ysis of the secondary structure that the homology model
produced is reliable.

The interactions study in the protein-protein complex
KLK-12-CYR 61 offers a comprehensive overview of the
putative binding region in KLK-12, which is essential for
activation responsible for angiogenesis. The KLK-12 binding
pockets involved in interaction with its natural cascade signaling
receptor are identified from the CASTp server and the active
site predi-ction server. The results of the servers on analysis
display two binding pockets as shown in Table-3. Both servers
identified the presence of two pockets in the same conserved
area. The wide hydrophobic region of CASTp server covers
the conserved domain of amino acids 30 to 58 and amino acids
91 to 150 of KLLK-12 protein. The small hydrophobic region
covers the N-terminal B-hairpin and B sheets which range from
amino acid 32 to 50.

TABLE-3
AMINO ACID RESIDUES IN THE BINDING
POCKETS OF KLK-12 PROTEIN

Number of
Pocket  Volume . . . amino
No. ( A)S Amino acid residues acids in the
pocket
CASTp
1 45057 GLN, GLY, ASP, CYS, SER, VAL,
’ LEU, ASN, HIS, PRO, THR, GLU 59
GLY, PRO, ARG, TRP, GLU,
2 475.3 SER. GLN 21
Active site prediction server
THR, SER, HIS, GLU, ASP,
1 1475 LEU, ASN, PRO, CYS, THR, 51
ALA, GLU, VAL
2 1310 GLY, SER, THR, HIS, ASP, LEU, 39

PRO, ARG, TRP, GLU, GLY, GLN

Amino acid residues in the binding pockets of KLK-12 protein as
obtained from CASTp and active site prediction servers with its
volume.

In addition to the identification of amino acid residues
involved in the binding, the protein-protein interaction (PPI)
studies were performed between KLK-12 and CYR 61 using
the Patch Dock server. The input used for docking is the CYR
61 receptor protein recovered from the protein data bank (PDB
ID: 4D0Z-A) at a resolution of 2.1 A and the 3D model of
KLK-12. The receptor was prepared by eliminating all hetero-
atom’s, including water and by adding polar hydrogen atoms.
Both the receptor and KLK-12 PDB files have been uploaded.
The RMSD was set to 4 A the rest of the parameters being set
to the default settings. The results of Patch Dock were obtained
as a series of scoring functions based on the complementarity
of shape and the atomic de-solvation energy of the transformed
complex. The docked complex of KLK-12-CYR61 proteins
has 16 hydrogen bond interactions (Table-4). The amino acid
residues identified that are important for binding are Pro20,

TABLE-4
HYDROGEN BOND INTERACTIONS OF KLK-12 AND CYR61
S. No. Amino acid residues KLK-12 and CYR61  Distance (A)
1 GLN36:0---A:ALA268:HN 1.7
2 GLY38:H---A:ASP269:0D2 1.3
3 PRO20:0---A:TYR471:HH 2.1
4 LYS21:H---A:TYR471:0H 2.0
5 LYS21:HZ3---A:CYS473:0 22
6 SER78:HG---A:MET258:SD 2.4
7 SER78:0---A:ASN257:HD21 24
8 ARG119:HE---A:ASP259:0D2 24
9 ARGI119:HH11---A:ASP259:0D1 2.1
10 ARGI119:HH21---A:TYR99:OH 2.1
11 ARG119:HH21---A:ASP259:0D1 1.3
12 ARGI119:HH22---A:ASP259:0D2 22
13 ARG115:0---A:GLN262:HE22 1.8
14 ASP81:0D1---A:ASN257:HD21 24
15 ARG157:HE---A:TYR284:0H 2.3
16 ARGI157:HH12---A: ALA476: O 2.3

*Amino acid residues represented as 3 letter codes.

Lys21, GIn36, Gly38, Ser78, Asp81, Argl15, Argl19 and
Argl57, which are also present in the conserved KLK-12
protein domain as shown in Fig. 8.

Fig. 8. Active site region of KLK-12 at the N terminal ranges are Pro20,
Lys21, GIn36, Gly38, Ser78, Asp81, Argl15, Argl19 and Argl57,
The hydrophobic regions are depicted in Cyan

The interactions present in the best KLK-12-CYR 61 as
described in the literature have preserved Cys, His and Asp
catalytic residues. The results of the CASTp and active site
prediction server revealed that the region from amino acid Ile
22 to His 150 in the Tryp_SPc domain holds a large hydro-
phobic pocket located in the C-terminal region of the KLK-
12 protein.

Substantiating the findings of the PPI analysis and the
results of active site prediction methods, it is inferred that the
KLK-12 region from Ile 22 to His 150 serves as an active site
area responsible for signaling angiogenesis. Virtual screening
studies were performed using AUTODOCK tools 1.5.6 [37].
Ligand centered maps were generated by Auto Grid program
with a spacing of 0.375 A and grid dimensions of 44 x 58 x
44 A3. Grid box center was set to coordinate -27.285, -4.168
and -8.415 in x, y and z, respectively as shown in Fig. 9.

In the preserved domain region of KLK-12 protein, virtual
screening was carried out, resulting in the top-rated ligand
molecules with 9 different poses. The docking poses and ligand
ranking is based on the empirical score feature of Vina approxi-
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Fig. 9. Grid box for virtual screening of KLK-12 protein. KLK-12 protein
represented as grey cartoon and grid box as square box in green
and red

mating the binding affinity in kcal/mol. The software selects
ligands with the best docking positions from the input. The
virtual screening output consists of top-ranking docked comp-
lexes based on binding energies and physico-chemical properties.
For a final collection of the best compound candidates, the 9
best-scored poses for each compound were retrieved and further
ranked using the Accelrys Discovery Studio Visualizer 3.5 [52].

One of the most difficult aspects of virtual screening is
analysis and filtering because the aim is to find a few potential
leads from a wide body of docked outcomes. Filtering based
on predicted docking energy, combined with the existence of
key interactions in the system, acquires successful results. A
detailed analysis of the results of the virtual screening reveals
that the KLLK-12 ligand complex interactions indicate the high
affinity of ligands to proteins with sufficient binding energy
(-9.9 to -10.2 Kcal/mol) and the pharmacokinetic properties

of the top ten ligand molecules (L1 to L10) were prioritized
based on the H-bond and pi-interactions (Table-5).

The hydrogen bond interactions with Accelrys Discovery
Studio Visualizer 3.5 are visualized in Fig. 10 (L1-L10). The
H bond interactions are significant (1.8103 to 2.49 A) through-
out docked complexes. Hydrogen bond interactions with the
amino acids Trp35, GIn36, Gly38, Trp82, His107 of the con-
served domain KLLK-12 are seen with new ligand molecules.
Table-5 displays a sample of 10 docked molecules, prioritized
based on the binding energy.

In Auto Dock, based on the parameters, various scaffolds
of ligand molecules were recognized. The ligand molecules
are prioritized based on binding energies, RMSD, ligand inter-
actions with a visual inspection. Ligands L1-L5, L7 and L10
have substituted carboxamide, L6 has substituted benzamide,
L8 has substituted propanamide, L9 has substituted quinazoline
amine derivatives and all derivatives have a higher binding
affinity with a binding energy of -9.9 to -10.2 kcal/mol.

Ligands L1 and L5 are derivatives of carboxamide quino-
line, L.2 a derivative of carboxamide pyrimidine, L.3 a derivative
of carboxamide isochromene, L7 a derivative of indole-2-
carboxamide and L10 a derivative of carboxamide pyridine.
Ligands L1 to L4, L9 and L10 were found to possess a common
trifluoromethyl phenyl group as a substituent. GIn36 and Gly38
residues were found to interact with the natural substrate, which
confirms their biological activity in the protein KLK-12. Table-5
displays the arrangement of the ligand molecules with their
energy values, hydrogen bond and pi-bond distances. Several
scientists [53-56] have also used similar protocols to discover
new scaffolds for selective protein targets. The study identified
pharmacophores that bind to KLK-12 proteins with carbox-
amide and benzamide substitution ligands such as quinoline
and pyrimidine derivatives with the highest affinity (10.2 kcal/
mol). Among the 10 new scaffolds with stronger hydrogen bond
interaction, L3, L4 and L7 molecules function as potent antian-
giogenic ligands against KLK-12 protein and acted as patho-
logical angiogenesis antagonists in cancer.

The ligand molecules from virtual screening studies show
a stronger affinity with good docking interactions and binding

TABLE-5
LIGANDS AND THEIR INTERACTIONS AT ACTIVE SITE OF KLK-12 OBTAINED FROM VIRTUAL SCREENING
S. . Hydrogen bond interactions Ener
No. Ligand IUPAC name and bond length (BL in &) (keab/mol)
L1  2-Amino-N-[1-(naphthalen-1-yl)ethyl]-7-(trifluoromethyl)quinoline-3-carboxamide H17::GIn36(0) 2.2884) -10.2
L2  5-(1,3-Benzodioxol-5-yl)-N-(3,5-dimethylphenyl)-7-(trifluoromethyl)pyrazolo[ 1,5-a]- H10::GIn36 (O) 2.4409) -10.2
pyrimidine-2-carboxamide 03::Trp82 (O) (2.2535)
L3  1-Oxo-4-phenyl-N-[3-(trifluoromethyl)phenyl]-1 H-isochromene-3-carboxamide H1::GIn36 (H)1.9167) -10.1
0O1::Gly38 (H) (2.1204)
L4  9-Methyl-N-[3-(trifluoromethyl)phenyl]tetracyclo[6,6,2,0*",0"" *|hexadeca-2,4,6,11,13,15- H16::GIn36 (O) (1.8103) -10.1
hexene-9-carboxamide
L5  2-Phenyl N-[4-(2-methoxy phenyl)-4,5-dihydro-1,3 thiazol-2-yl]quinoline-4-carboxamide H9::GIn36 (O) (2.4341) -10.1
L6  4-Chloro-N-[(6-phenylpyrrolo[2,1-a]phthalazin-3-yl)methyl]benzamide O1::Trp82 (H) (2.4989) -10
L7  N-(4-Methylbenzyl)-3-[(4-methylphenyl)sulfanyl]-1H-indole-2-carboxamide H18::Trp35 (O) (1.9698) -10
HS::GIn36 (O) (1.9733)
L8  N-(7,7-Dimethyl-5-0x0-5,6,7,8-tetrahydroquinazolin-2-yl)-2-(1,3-dioxo- 1,3-dihydro-2 H- 03::His107 (0)(2.0350) -10
isoindol-2-yl)propanamide
L9  N-[(4-Pyrimidin-yl)benzyl]-2-[(2-(trifluoromethyl)phenyl]quinazolin-4 amine F1::Trp82 (H) (2.1881) -9.9
H10:Trp35 (O) (2.4238)
H10:GIn36 (0)(2.3450)
L10  N-Phenyl-4-[4-(trifluoromethyl)phenyl]-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-carboxamide =~ H12::GIn36 (O) (2.4315) -9.9
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Fig. 10.Ligand interactions of KLK-12 obtained from virtual screening. 3D structure of the KLK-12 protein is represented in orange solid
ribbon with interacting residues in stick model (Green) and the ligand molecule in ball and stick model (Pink). Intermolecular hydrogen
bonds are shown in green dotted lines. Amino acids represented as three letter codes
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energies. The newly discovered ligand molecules can be consi-
dered for further development of new leads against patho-
logical angiogenesis and cancer. ADMET evaluation is a crucial
stage of the drug development process before a pre-clinical
trial. The ADME is evaluated based on physico-chemical prop-
erties for the established L.1-L.10 ligands that show affinity to
KLK-12. Table-6 shows all ligand molecules having a permis-
sible and acceptable pharmacokinetic spectrum of values, such
as MW < 500 Daltons, HBA < 10, HBD < 5, log P < 5.6,
TPSA < 120 A.

To optimize the pharmacokinetic and pharmaceutical
properties, the newly identified ligands show strong scores
for Lipinski’s rule of five and Jorgensen’s rule of three, octanol/
water partition coefficient, molecular weight (MW), hydrogen
bond acceptor (HBA), hydrogen bond donor (HBD), solubility
(log P), topological polar surface area (TPSA).

The Lipinski rule of 5 and Jorgensen’s rule of 3 are follo-
wed by the 10 ligands, suggesting strong absorption and bio-
availability. In contrast to other ligands, ligands L4 and L7
show stronger hydrogen bonds to the amino acid residues of
KLK-12. The interactions with the amino acid residues of 10
ligands are visualized in Fig. 10.

Fig. 11 is a predictive model, the BOILED-Egg for the
gastrointestinal and BBB prediction. The model plot is based
on TPSA vs. log p, shows the white region is the physico-
chemical space of molecules with highest probability of being
absorbed by the gastrointestinal tract and the yellowregion
(yolk) is the physico-chemical space of molecules with highest
probability to permeate to the brain. Among the 10 ligands,
L4 and L9 were out of the bioavailability zones [57], whereas
L6 and L7 crossed the BBB hence are not suitable for the
non-CNS category drugs. While rest of the ligands viz. L1,
L2,L3,L5, L8, L10 are hydrophilic and suitable for oral inhi-
bitor category of the drugs. Substrates of P-glycoprotein (PGA)
are susceptible to changes in pharmacokinetics due to drug
interactions with P-gp inhibitors or inducers PGA over expres-
sion is one of the main mechanisms behind decreased intra-
cellular drug accumulation in various cancers [58]. Except for
L3 ligand, other ligands (L1, L2, L3, L5, L8, L10) are PGA +,
indicating the ligands are PGA inducing drug like mole-cules.
The mentioned ADME properties include the Jorgensen
Lipinski law (as most anti-cancer agents demonstrate cardio-
vascular toxicity) [59]. The pharmacokinetic properties included
in the study, demonstrate the quality of new chemical structures are
allowable ADME properties and lower toxicity of the various scaffolds.
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Fig. 11. BOILED-Egg predictive model

ADMET assessment before a pre-clinical trial is a critical
stage of the drug development process. The ADME is evaluated
based on physico-chemical properties for the established L1-
L10 ligands that show affinity to KLLK-12. Lipophilicity (log p)
is a measure of efficient drug transport and high lipophilicity
(0.09 to 5.5) and the ability to pass passively through the
transcellular route are present in all ligands in this study. Inade-
quate levels of a drug that passes through the blood-brain barrier
(BBB) can lead to central nervous system (CNS) adverse effects
[60]. For the determination of the BBB values, the polar surface
area is a critical parameter. Polar surface area values are within
an acceptable range for all known ligands, i.e. ~ 120 (A) and
have strong overall ADME properties. As a result, the drug-like
properties reported from virtual screening have been improved
by L6 and L7 ligands, have synthetic viability compared to
existing drugs and can therefore be considered for the design
of new KLK-12 protein inhibitors and serve as a candidate
drug for cancer pathogenic angiogenesis.

Conclusion

The 3D structure of KLK-12 protein, generated is a good
quality model and comparable to the NMR resolved protein
structures. Protein-protein docking of KLLK-12 with CYR61
gave an insight into the residues of binding at the active site of
KLK-12 protein. Virtual screening results identified the new
ligand molecules with a permissible range of pharmacokinetic
properties, have functional groups carboxamide, isoindole and
quinazoline amines as common pharmacophore moieties. The

TABLE-6
PREDICTED ADME PROPERTIES OF THE DOCKED MOLECULES
Ligand No. Energy Is lead like HBA HBD log P MW TPSA
L1 -10.2 Y 4 3 5.70 409.404 68.74
L2 -10.2 Y 7 1 4.62 454.401 77.75
L3 -10.1 Y 4 1 5.02 409.357 59.31
L4 -10.1 Y 2 1 5.64 407.428 29.10
L5 -10.1 Y 5 1 5.68 437.513 92.35
L6 -10 Y 6 1 4.09 413.859 72.18
L7 -10 Y 3 2 5.95 386.509 70.19
L8 -10 Y 8 1 1.79 392.408 109.33
L9 -9.9 Y 5 1 5.80 457.450 63.59
L10 -9.9 Y 3 1 4.93 402.433 60.58

The permissible ADME values are as follows: MW < 500, HBD < 5, HBA <10, log P < 5.6, TPSA < 120 A.
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new lead molecules (L1 to L.10) were prioritized based on the
binding energy and physio-chemical properties. Ligands identi-
fied in the virtual screening studies are derivatives of substituted
carboxamide (L1, L5, L2, L3, L7, L10) or pthalazin methyl
benzamide (L6) or isoindole propanamide derivative (LL.8) or
quinazoline amine derivative (L9). The amino acid residues
Trp35, GIn36, Gly38, Trp82, His107 of KLK-12 protein have
putative binding interactions with these ligand molecules.
Among 10 new scaffolds, L3 (isochromene carboxamide) have
stronger hydrogen bond interaction behave as potent antiangio-
genic ligands by inhibiting the protein KLK-12 and acted as
antagonists for pathological angiogenesis in cancer.
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