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ABSTRACT

Objective: The objective of this research was to formulate the binding energies and interaction of amino acid residues in kaempferitrin with
different types of apoptotic and inflammatory proteins of colon cancer.

Methods: AutoDock Vina and MGL tool were used for docking calculations. Both programs require the pdbqt input files and allow for flexibility of
all the torsional bonds of small molecules. Discovery Studio Visualizer v3.5 was used for removal of water molecules and ligands and the pymol
program was used to do analysis of the docking with various apoptotic proteins BAX, Bcl-2, COX-2, Protein kinase B.

Results: In our study was developed binding energy scoring function of kaempferitrin docked with different types of inflammatory proteins and
apoptotic proteins. Binding score values for-6.9 (BAX),-7.2 (Bcl-2),-7.3 (caspase-3),-8.8 (Cox-2),-7.4 (Cytochrome P450),-6.7 (Proteinase kinase B),-
8.0 (TNF-a) and-7.2 (VEGF) kcal/mol, respectively. Amino acid interaction of kaempferitrin with proteins for ARG-25, LEU-52, ASN-54, PHE-55,
GLU-17, LYS-14, TRP-22, THR-21 GLY-16 (Protein Kinase B), ASP-102, ASN-48, GLN-52, ASP-104 (BAX), GLU-176, TRP-173, GLU-132, PHE-135 (Bcl-
2), SER-249, ASP-2, ASN-208, GLN-217, LEU-242 (Caspase 3), TYR-55, HIS-39, SER-49, GLU-322, GLY-326 (COX-2), SER-95, LEU-94, ARG-82, VAL-
123, ALA-96 (TNF-a), ASP-414, LYS-322, GLU-326, GLU-416, GLU-438, ALA-439, GLU-437 (Cytochrome P450) and LEU-47, GLN-46, CYS-61, CYS-60,
ASP-63, GLU-67, GLY-65, LEU-66 (VEGF) respectively.

Conclusion: The results obtained in this research work clearly indicated the docking scores of apoptotic and Inflammatory proteins imply that
kaempferitrin is an effective inhibitory compound for colon cancer.
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INTRODUCTION verticillate [9]. Kaempferitrin induces apoptosis through the

. sequential activation of caspase-8 and caspase-3 (fig. 1).
Amongst all cancers known to affect mankind, colorectal cancer

(CRC) is the third most cause of cancer deaths [1, 2]. There is

increasing necessity to find a source of pioneering chemo preventive

and chemotherapeutic agents for CRC. The American Cancer Society HO
has estimated the epidemiological data of colon cancer to be 95,270

new cases and 49,190 deaths in 2016. Colorectal cancer represents the

third most cancer frequently diagnosed malignancy in the world [3].

Colorectal cancer is the third foremost site of cancer in men and women

and is the second leading cause of cancer-related deaths. Although the

mortality of colorectal cancer has decreased by about 26% over the

decades, only 3% has been due to improved treatment strategies.

Suppression of apoptosis is often associated with increased expression

of anti-apoptotic proteins and decreased expression of pro-apoptotic

proteins [4]. For instance, anti-apoptotic protein Bcl-2 is over-expressed i
in various cancer cells, contributing to the inhibition of apoptosis. Colon H
cancers are relatively resistant to most conventional anti-tumor drugs
and this resistance is closely linked to loss of apoptosis signaling. One of
the important multi-domain pro-apoptotic Bcl-2 family proteins
essential for initiating apoptotic cell death is BAX and subsets of colon
cancers are found to be associated with BAX mutation [5].

Fig.1: Chemical structure of kaempferitrin (molecular weight:
578.523 g/mol)

The Akt signaling is a constitutively activated pathway in the
inherited colorectal cancer (FAP) and earn up to 80% of sporadic
colorectal cancers (CRC) due to inactivating mutations of the

Flavonoids have a C6-C3-C6 three-ring skeleton (the rings are
termed the A-, B-, and C-rings) and can be divided into several

classes in terms of structure; these are the flavonols, flavones,
flavanones, anthocyanidins, and isoflavonoids. Flavonoids, the most
common polyphenolic compounds of edible plants, exhibit a wide
range of biological and pharmacological activities, including anti-
inflammatory, antioxidant, and anticancer effects [6]. Several
structures-activity relationship studies have revealed that the
presence of a 2’-hydroxyl group on the B-ring is important in terms
of enhancement of antitumor activity [7, 8]. Kaempferitrin is a
chemical compound. It can be isolated from the leaves of Hedyotis

adenomatous polyposis coli (APC) tumor suppressor gene. APC is a
component of the -catenin degradation complex whose mutations
are indeed now clearly recognized as early and sufficient events to
promote intestinal tumor development. Many chemotherapeutic
drugs causing nucleolar stress will function independently from
tumor suppressor protein p53 and still lead to cell cycle arrest and
or apoptosis. Since it is known that most cancers lack functional p53,
it is with great interest to explore these molecular mechanisms. It is
known that more than 50% of human cancers lack functional p53.
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Consequently, drugs triggering cell death in p53-null cells may have
great potential in the treatment of many cancers [10].

A number of molecular abnormalities have been associated with
CRC, including mutations in k-ras oncogenes; the inactivation of the
tumor suppressor genes APC, p53 and DCC; mutations in the DNA
mismatch repair regulators mutL-homolog 1and mutS alpha or mutS
beta; and the dysregulation of DNA methylation, microsatellite
stability, and non-coding RNAs [11]. In silico docking study
performed here demonstrates the rationale for the different binding
activities of kaempferitrin.

MATERIALS AND METHODS
Docking

In the present work two of the best docking programs, AutoDock Vina
and MGL tool were used for docking calculations. Both programs require
the pdbqt input files and allow for flexibility of all the torsional bonds of
small molecules. For AutoDock program, the implemented empirical free
energy function and the lamarckian genetic algorithm were used.
Gastiger charges and hydrogen atoms were added to small molecules
and protein structures. For all docking calculations, the amount of
docking runs was set to 250 with 5,000,000 energy evaluations for each
run. The size of the box that defines the search space was set at 1 A
around the small molecules. For each 2,5-DKP derivative, the first result
(the lowest energy conformation) of Vina and AutoDock were selected as
the docking result. Finally, the pymol program was used to do analysis of
the docking results.

Preparation of receptors structures for docking

3D crystallographic structures of proteins were obtained from protein
data bank (PDB) (http://www. pdb. rcsb. org), and those of small
molecules were retrieved from PubChem compound database
(http://www.ncbi.nlm.nih.gov/search). The structure of kaempferitrin
was taken from chemspider (Chemspider code: 4588900) [20]. The
3D structures of proteins were retrieved as follows: BAX (Pdb:
4S00), Bcl-2, (Pdb: 4MAN), Caspase-3 (Pdb: 5I9B), Cox-2 (Pdb:
1CX2), Cytochrome p450 (Pdb: 4NZ2), Protein Kinase B (Pdb:
1UNR), TNFa (Pdb: 4TWT) and VEGF (2C7W). Initially, DNA, ligand,
and crystallographic water molecules were removed in the 3D
structure using Discovery Studio Visualizer; AutoDock Tools
assigned polar hydrogen, Kollman United atom charges, salvation
parameters, and fragmental volumes to the protein. AutoDock saved
the prepared protein file in PDBQT format.
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Grid generation and molecular docking

The auto grid was used for the preparation of the grid map using a
grid box. Points on a 3D grid were placed to cover the complete
inner cavity of the receptor that constitutes the ligand. The grid size
was set to 40x40x40 xyz points with grid spacing of 1 A and grid
center was designed at dimensions (x, y, and z): 23.844,-3.449, and
16.98 (Pdb: 4S00),-26.06,-7.878 and-6.86 (Pdb: 4MAN),-2.946,-
16.98 and-11.857 (Pdb: 5I9B), 35.926, 26.777 and 21.803 (Pdb:
1CX2), 21.748, 36.254 and-7.358 (Pdb: 4NZ2), 13.016,-0.696 and
3.25 (Pdb: 1UNR),-2.141, 89.766, 241.23 (Pdb: 4TWT) and-41.2,-
23.19 and 0.366 respectively.

A scoring grid was computed using the ligand structure to reduce
the computation time. Docking was carried out using AutoDock Vina
with protein and ligand data together with the grid box properties in
the configuration file. It uses iterated local search global optimizer
with the AMBER force field. Throughout the docking studies, the
protein molecule was kept as rigid and ligand molecules as flexible.
The results<1.0A in positional RMSD were grouped together, and the
outcome with the most favorable free energy of binding was used for
representation. The pose with lowest binding energy or binding
affinity was used for subsequent analysis.

RESULTS AND DISCUSSION
Binding energy

The scoring function used in Vina was derived using the PDB bind
data set, and the performance of Vina has been compared to that of
AutoDock 4.0.1 on a set of 190 protein-ligand complexes that had
been used as a training set for the AutoDock scoring function.
Previous studies were proved the binding strength and interaction
of amino acids using natural bio active flavonoids [12]. In that way,
our study was developed binding energy scoring function of
kaempferitrin docked with different types of inflammatory proteins
and apoptotic proteins. The computational analysis of this drug was
the first time to understand the mechanism of interaction [13]
between kaempferitrin and apoptotic proteins.

Table 1 shows the values for-6.9 (BAX),-7.2 (Bcl-2),-7.3 (caspase-3),-
8.8 (COX-2),-7.4 (Cytochrome p450),-6.7 (Proteinase kinase B),-8.0
(TNF-a) and-7.2 (VEGF) kcal/mol, respectively. All the proteins were
having high affinity and strongly bonded with polar contacts (fig. 2).
Most of these compounds tend to form H-bond and the residues and
their binding energy showed in table 1.

Table 1: The binding energies of protein kinase B, BAX, Bcl-2, caspase-3, COX-2, TNF-a cytochrome P450 and VEGF with the known small
molecule kaempferitrin

S. No. Ligand Target proteins gscore (kcal/mol)

Protein kinase B BAX Bcl-2

Caspase-3 COX-2 TNF-a

Cytochrome P450 VEGF

1. Kaempferitrin -6.7 -6.9 -7.2

-8.8 -8.0 -7.4 -7.2

BAX: Bcl-2-associated X protein, Bcl-2: B-cell lymphoma-2, COX-2: Cyclooxygenase-2, TNF-a: tumor necrosis factor alpha, VEGF: Vascular

endothelial growth factor

Table 2: Apoptotic proteins with their residues

S. No. Ligand Macromolecules Amino acid residues
BAX ASP-102, ASN-48, GLN-52, ASP-104
1. Kaepmferitrin Bcl-2 GLU-176, TRP-173, GLU-132, PHE-135
Caspase-3 SER-249, ASP-2, ASN-208, GLN-217, LEU-242
COX-2 TYR-55, HIS-39, SER-49, GLU-322, GLY-326
Cytochrome p450 ASP-414, LYS-322, GLU-326, GLU-416, GLU-438, ALA-439, GLU-437
Protein kinase B ARG-25, LEU-52, ASN-54, PHE-55, GLU-17, LYS-14, TRP-22, THR-21 GLY-16
TNF-a SER-95, LEU-94, ARG-82, VAL-123, ALA-96
VEGF LEU-47, GLN-46, CYS-61, CYS-60, ASP-63, GLU-67, GLY-65, LEU-66

BAX: Bcl-2-associated X protein, Bcl-2: B-cell lymphoma-2, COX: Cyclooxygenase-2, TNF-a: tumor necrosis factor alpha, VEGF: Vascular endothelial growth

factor

Docked results with protein kinase B, BAX, Bcl-2 and caspase 3

To elucidate possible interaction between kaempferitrin and Protein
Kinase B, BAX, Bcl-2, and Caspase 3 was carried out. Kaempferitrin

docked well into protein kinase B and the docking score was-6.7
kcal/mol (fig. 2(A)). Nine residues residing in the binding site of
protein kinase B ligand had hydrophobic interactions with
kaempferitrin ARG-25, LEU-52, ASN-54, PHE-55, GLU-17, LYS-14,
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TRP-22, THR-21 and GLY-16. The first evidence that Akt plays a
major role in oncogenesis was produced by the isolation of the
transforming retrovirus from an AKR mouse T-cell lymphoma [14],
which was subsequently shown to contain transduced sequences of
cellular origin [15]. The PI3K/Akt or Protein Kinase B pathway plays
a main role in regulating censorious cellular survival, including cell
division, apoptosis and metabolism [16].

Previous studies [17,18] proved that Akt docked with different types
of compounds which could be interacted with amino acids as well. In
our present study, proved that kaempferitrin interacted with
various amino acid residues and having more binding energies.

BAX, Bcl-2 and Caspase 3 docked well into kaempferitrin and their
docking scores were-6.9,-7.2, and-7.3 kcal/mol respectively. The
docking score analysis of BAX interaction with kaempferitrin
showed in fig. 2(B) and their residues were ASP-102, ASN-48, GLN-
52, ASP-104. Fig. 2 (C) shows kaempferitrin docked with Bcl-2,
docking score-7.2 kcal/mol and their residues were GLU-176, TRP-
173, GLU-132, PHE-135. Whereas, Caspase-3 docked with
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kaempferitrin the binding residues were SER-249, ASP-2, ASN-208,
GLN-217, and LEU-242 (fig. 2 (D). The intrinsic pathway is activated
by the members of the Bcl-2 family proteins, including anti-
apoptotic proteins, such as Bcl-2, pro-apoptotic proteins (BAX), and
downstream mitochondrial signals [19]. Importantly, this cavity
consists of amino acids essential for interaction with the BAX
carboxyl-terminal transmembrane region [20]. By using this
information, ~11 million small molecules were screened for binding to
the pocket identified in the BAX hydrophobic groove. Bcl-2 family
proteins are important integral membrane proteins located mainly on
the outer membrane of mitochondria, which play a critical role in
regulating and executing apoptosis [21]. Caspase-3 is an effector
protein for the apoptosis, and it plays a role in both the intrinsic and
extrinsic apoptosis pathway [22]. Caspase-3 gene sequences have
been identified in common carp [23]. From the present study, it can be
suggested that kaempferitrin interacted with apoptotic and anti-
apoptotic proteins of BAX, Bcl-2, and Caspase 3. The binding energy
and interaction of amino acid residues were showed in table 1 and

table 2 respectively.

Fig. 2: Structural based docking of identifying compounds of kaempferitrin with proteins. Kaempferitrin docked with different types of
proteins such as protein kinase B (A), BAX (B), Bcl-2 (C) and caspase 3 (D)

Docked results with COX-2 and TNF-a

Analysis of the docking results suggests that COX-2 and TNF-a has a
binding affinity with kaempferitrin through the formation of one
non-polar hydrogen bond with binding energies of-8.8 and-8.0
keal/mol and hydrogen bond lengths of 1 A. The interaction of
amino acid residues of kaempferitrin with proteins were shown in
fig. 3 and table 2. The docked interaction results and residues
involved in van der waals forces are described in Supplementary
table 2. Kaempferitrin exhibited more binding affinity or hydrogen
bond formation with COX-2 and TNF-c.

These interaction results show that COX-2 and TNF-a interacts more
highly with kaempferitrin. Cyclooxygenase (COX), known as
prostaglandin (PG) H2 synthase, is the rate limiting enzyme in the
conversion of arachidonic acid into PGs. Over expression of COX-2
has been frequently observed in colon tumors and COX-2 plays a
major role in colon carcinogenesis. Many studies have revealed that
PGE2, the metabolite of COX-2 enzyme reaction is an effective
mitogen, which contributes to the development of colon cancer [24,
25]. Targeting COX-2 is one of the recent therapeutic methods for
the treatment of colon cancer [26, 27]. Previous findings were
demonstrated that natural products computationally inhibited the
expression of COX-2 [28]. Based on the previous findings, our
present docking studies proved that COX-2 has high binding affinity
with their compounds. Kaempferitrin binds with COX-2 and have
good binding score compared to the previous studies [29]. Tumor

necrosis factor-alpha (TNF-a) is a central regulator of inflammation,
and TNF-a antagonists may be effective in treating inflammatory
disorders in which TNF-a plays an important pathogenetic role [30].
TNF-a also interacted with different types of chemo preventive
compounds. In that way, our study demonstrated that kaempferitrin
indicated more binding affinity with TNF-a.

Docked results with cytochrome P450

The docked results showed (Supplementary table 1) that
kaempferitrin compounds found to have good binding affinity and
the interaction of amino acid residues showed in table 2. fig 4 shows
that kaempferitrin interacted with Cytochrome P450 and the amino
acid residues of ASP-414, LYS-322, GLU-326, GLU-416, GLU-438,
ALA-439, GLU-437. The cytochromes P450 (CYPs) constitute the
major enzyme family capable of catalyzing the oxidative
biotransformation of most drugs and other lipophilic xenobiotics
and are therefore of particular relevance for clinical pharmacology
[31-33]. Previous study showed that drug-drug interaction of
Cytochrome P450 and their compounds [34]. Our results
demonstrated that amino acid residues of Cytochrome P450 binds
with kaempferitrin have high binding energy.

Docked results with VEGF

The docking results are ranked according to the binding energies
with kaempferitrin. The docking binding energy of VEGF to
kaempferitrin score was -7.2 and their residues were LEU-47, GLN-
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46, CYS-61, CYS-60, ASP-63, GLU-67, GLY-65, LEU-66 (fig. 5). In table
1 and table 2, the binding affinity and the interaction of amino acid
residues were showed clearly. Vascular endothelial growth factor is
one of the most important factors for de novo-formation of new
blood vessels [35]. Besides endothelial cells, it is also produced by a

Int ] Pharm Pharm Sci, Vol 9, Issue 9, 199-204

range of other cell types such as fibroblasts [36], neutrophils [37]
and macrophages [38]. Previous study [39] screened the docking
binding activity of the designed molecule of VEGF was to optimize the
maximum binding efficiency. Similarly, our results confirmed that the
kaempferitrin bind with VEGF and having maximum binding scores.

Fig. 5: Illustration of interaction of amino acid residues with kaempferitrin and VEGF
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RMSD calculations

RMSD was used for the assessment of docking accuracy of the fraction
of protein-ligand contacts [40] and the successful prediction of
RMSD<1A [41]. The RMSD prediction was evaluated from the lower
and upper binding energies of proteins with kaempferitrin. Fig. 6
shows the calculation of RMSD for target proteins of Protein Kinase B,
BAX, Bcl-2, Caspase-3, COX-2, TNF-a Cytochrome P450 and VEGF, with

Binding Strength
w
o

LB

RMSD
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the lower binding energy of 14.898, 2.522, 40.654, 16.349, 46.168,
2.247, 34.964 and 2.597 and upper binding energies of 20.342, 3.266,
40.490, 20.388, 50.208, 10.878, 38.421 and 18.0, respectively.

In AutoDock Vina, we measured 3D structure by RMSD in optimal
rigid body superposition. The quantitative comparison between
protein and ligand was performed; the predicted structure of folded
protein and ligand was also calculated.

B Bcl-2

B Caspase 3

Cox-2

H CYP450

Protein Kinase B
8 TNFa

B VEGF

uB

Fig. 6: Root mean square deviation difference from lower binding and upper binding energies of kaempferitrin with protein kinase B,
BAX, Bcl-2, caspase-3, COX-2, TNF-a cytochrome P450 and VEGF. Data are presented as the mean*SD of each group. a-f P<0.05 the values
not sharing a common superscript letter

CONCLUSION

The molecular docking simulations performed for the selected active
genes BAX, Bcl-2, Cas-3, COX-2, Cyt p450, Protein kinase B, TNF-q,
and VEGF revealed that kaempferitrin could occupy the active sites
through hydrophobic and H-bonding interactions. Among those
Protein Kinase B has binding affinity-6.7 kcal/mol with following
lower binding energy 14.898 and upper binding energy 20.342. The
kaempferitrin displayed H-bond interactions with such residues as,
which were suggested to be essential for inhibitory activity.
Altogether, molecular docking studies imply that kaempferitrin is an
effective inhibitory compound for colon cancer. In conclusion, PI3K
is a promising target for anticancer drug design. In our effort to
develop novel PI3K inhibitors, we recruited structure-based design
and molecular docking to optimize the lead PI3K an inhibitor.
Additionally, kaempferitrin showed pronounced broad-spectrum
antimicrobial, analgesic and anti-inflammatory, and antidepressant
activity. Our future goal is to optimize this scaffold to enhance the
antitumor activity and selectivity against colon cancer.
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