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Introduction 

Dysregulation of Wnt signaling pathway often plays a crucial role in 
many human tumorogenesis, especially in the development of colo-
rectal cancer (CRC) [1]. The mutations of β-catenin, Adenomatous 
polyposis coli (APC) and glycogen synthase kinase 3β (GSK-3β) in 
CRC eventually exist as a key to delineate the activation of canoni-

cal Wnt pathway in majority of tumors [2]. 

Wnt/β-catenin signaling has diverse functions in cellular processes 
such as proliferation, differentiation, migration and the survival of 
cells. In certain, the non-canonical Wnt signaling protein controls 
the tissue polarity and its movement. While in the absence of Wnt, 
the Cytosolic β-catenin protein has degraded by destruction com-
plex, which composed of Axin, APC and GSK-3β through Ubiquitin 
mediated 26s proteasome degradation pathway. However, the Wnt 
ligand binds to its Frizzled (Fz) receptor and its co receptor of low 
density lipoprotein receptor -related protein 5/6 (LRP5/6) that forms 
a complex with an intracellular Disheveled (Dv1) protein. Yet, this 
complex phosphorylated and suppressed the GSK-3β from the 
phosphorylation event of β-catenin. The stabilized un-
phosphorylated β-catenin which accumulated in the cytoplasm fur-

ther translocate into the nucleus where it interacts with the T-cell 
factor/Lymphocyte enhancer factor (TCF/LEF) family of transcrip-
tion factors that activates the expression of downstream target 
genes such as c-Myc, c-Jun, fra1, urokinase-type plasminogen 
activator receptor (uPAR), matrysin, Cyclin D1,PPARδ and WISP [3

-9]. 

A serine/threonine protein kinase, GSK3β has regulated number of 
signaling pathways and various biological processes [10]. The GSK
-3β is the super family of mitogen-activated protein (MAP) kinases 
which encodes two genes of GSK-3α and GSK-3β that involved in 
various diseases like inflammation, Type II diabetes and cancer 
[11]. In Wnt signaling, the phosphorylated GSK-3β usually subdued 
the activity of its downstream targets by phosphorylating the β-
catenin [12]. The 420 amino acids (AA) length of GSK-3β carries 56 
to 347 amino acids of phosphokinase, ATP binding sites, substrate 
binding sites and also it might be a ‘‘tumor promoter” for certain 
types of Wnt pathway. For this cause, the inhibition of GSK3β has 
been proposed to be an attractive therapeutic approach for the 

treatment of CRC [13]. 

The mutated tumor suppressor gene, APC was originally identified 
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as a major causative genetic factor for developing numerous colo-
rectal polyps towards familial adenomatous polyposis coli (FAP) 
affected patients. It possessed 2843 AA with various binding do-
mains in its N and C-terminal regions. With this, the N-terminal re-
gion had oligomerization domain, 7 armadillo repeats followed by 
15 AA and 20 AA repeats in two β-catenin binding sites, located at 
the residues of 1020-1169 and 1342-2075 AA respectively. Among 
these two binding sites, the 20 AA repeat had high affinity upon 
phosphorylation whereas the functional significance of 15 AA resi-
dues is still obscure [14]. On the other hand, the C-terminal region 
holds basic domain, the binding site for end-binding protein-1 (EB1) 

and discs-large (DLG) protein [15]. 

The 781 AA of β-catenin is the chief role in cell-cell adhesion by 
interacting with cadherin family proteins. This protein 
(NP_001091679.1) was homologous to Armadillo repeats (ARM) 
and its x-ray crystallographic structure, depicted that β-catenin has 
435 AA in alpha helix at three different positions. The N-terminal 
region holded 130 AA, whereas in central region and C-terminal 
region had 550 AA and 100 AA approximately. As well, it acquitted 
37 AA in extended strands, 34 AA in beta turns and 275 AA in ran-
dom coils. Furthermore, the N-terminal region had a consensus 
phosphorylation sites for GSK-3β and there was transactivator func-
tion required to activate the target genes, present in C-terminal 
region [16]. Whereas, the central region contained 12 imperfect 
sequence repeats of 42 amino acids known as armadillo repeats 
really requisite to interact with various proteins including cadherins, 
APC and TCF/LEF [17]. It was interesting to note that the central 
region of APC also eased the repeats of Ser-Ala-Met-Pro (SAMP) 
motif which bound to Axin or conductin, essential for optimal regula-
tion in Wnt signaling pathway [18]. Most of the tumor-associated 
mutations in the APC gene have been mapped within the central 
region (residues 1286-1513) [19]. Thus APC mutations resulted in 
truncated proteins could have lack in all axin/conductin-binding 
motifs (SAMP) and in a few β-catenin-binding 20 AA repeats 
[20].Therefore, the identification of these regulatory proteins and its 
target sites offered an ample opportunity to develop a new therapy 
for CRC. Thus growing evidence supported that the bioactive com-
pounds identified from natural sources would exert a potential anti-
cancer activity and some of them were more specific to particular 

cellular targets. 

In this series, Butea monosperma (Lam.) (Family Fabaceae) have 
been illustrated as a valuable medicinal plant with more than 45 
medicinal attributes. And it has broad spectrum of activity ascend 
with diverse type of pathogens, cancer and several diseases [21, 
22]. Concurrently, this extracts constitutes phytochemical com-
pounds/ flavonoids such as butrin, isobutrin [23], butein, butin, core-
opsin, isocoreopsin, monospermoside and isomonospermoside 
[24]. Amongst, Butrin/Isobutrin proposed to have a potential anti-
tumorogenic property in transgenic mouse and rodent models [25]. 
Therefore, in the present study, focused to target the binding inter-
action of these major eight compounds against with the three mutat-
ed Wnt signaling proteins, β-catenin, APC and GSK-3β, through in 

silico docking methods. 

Materials and Methods 

Homology Modeling 

The target sequences of β-catenin, APC and GSK-3β domains of 
Wnt Signaling proteins were incurred from UniProtKB protein 
knowledgebase (IDs: P35222, P25054 and P49841 respectively) 
and persuaded by using PSI-BLAST from NCBI to identify the tem-

plate sequences. Further, the three dimensional protein structures 
were built by using Swiss PDB Viewer (SPDBV) and the protein 
structure by Modeller 9.12 (http://salilab.org/modeller/about_model 
ler.html) [26-29]. The resultant 3D structure quietly underwent for 
quality analysis based on stereochemistry of residue by residue 
geometry and overall structural geometry using structure analysis 
and verification server (SAVS). Hence, this quality determination of 
modeled structure predicted WHATIF, ERRAT, PROCHECK [30-

33]. 

Active Site Prediction 

Using modeled 3D protein structure, the possible binding sites were 

searched using Q-site finder [34] to predict the ligand binding site 

and also whole protein structure assumed as binding sites. The 
active site amino acids has kneaded by binding hydrophobic probes 

to the protein and found the clusters of probes with the most favora-

ble binding energy [www.bioinformatics.leeds.ac.uk/qsitefinder]. 

The calculation of interaction energy between the protein and a 
simple Van-der-waals force has meant to locate energy depending 

binding sites. The energizing clustered templates with spatial prox-

imity and clusters were rated according to the sum of interaction 
energies within each cluster. Plausibly, the ligand binding pockets 

of modeled 3D protein structures were computed, accordance on 

geometric accuracy of RMSD and superimposition of target with 

respect to its native structure [35]. 

Ligand Preparation 

The characteristic of phytochemicals butrin, isobutrin, butein, butin, 

coreopsin, isocoreopsin (butin 7-glucoside), monospermoside 

(butein 3-e-D-glucoside) and Isomonospermoside compounds were 
retrieved from Pub chem Database (http://pubchem.ncbi.nlm.nih.go 

v/search/ search.cgi). The training sets of ligand molecules were 

generated through conformational search module and further imple-
mentation has been done by Hyperchem Professional 7.0. 

Molecular Docking 

Docking analysis of those 8 major ligands were docked with Wnt/β-

catenin signaling proteins by using AutoDockTools (ADT) v 1.5.4 
and AutoDock v 4.2 program; (Autodock, Autogrid, Autotors, Copy-

right-1991e2000) from the Scripps Research Institute, http://

www.scripps.edu/mb/olson/ doc/autodock. To run AutoDock, the 

autogrid was setted by creating grid maps of different grid points for 
keeping ligands to cover binding pockets, fully based on active site 

amino acids within the selected protein. Polar hydrogen was added 

to the ligand moieties along with Gasteiger-type were assigned and 
the nonpolar hydrogens were merged with the carbons and the 

internal degrees of freedom and torsions were set. A set of La-

marckian genetic algorithm was substantially used for molecular 

docking simulations. The parameters such as population size of 
150, the mutation rate of 0.02 and crossover rate of 0.8 were fixed 

accordingly. Secondly, the Simulations were performed up to 2.5 

million energy and the evaluations were maximum at 27000 genera-

tions. Each simulation was carried about 10 times which ultimately 
yielded 10 docked conformations. From this, the lowest energy 

conformations were regarded as the best binding conformations. In 

the end, the reverse validation processes ensured the identified hits 
that fitted with generated pharmacophore models and active sites of 

both targets. Since all the parameters were required for molecular 

docking and Pharmacophore mapping were consequently fixed and 

used in regular process [36,37]. 
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Results and Discussion 

Homology Modeling 

The selected Wnt/β-catenin protein sequences were aligned and 
modeled using PSI-BLAST program. The scores were enlisted as 
descending order where the proteins most likely to bind with ligand, 
would be clustered at the top. Also, the scores generated were 
based on sequence similarity between target and template peptides 
of β-catenin, APC and GSK-3β [Table-1]. As a result, the β-catenin 
contained 32 templates; amongst all; the β-catenin of zebrafish 
showed 97% sequence similarity in an alignment of 1-781 amino 
acids. The APC protein contained 11 templates, among them; the β
-catenin of 20 AA repeat fragments showed 94% similarity with 
phosphorylated APC complex. When in GSK-3β, it was holded 
about 35% similarity to Apo CDK2 protein. Hence, the result of 
these uncharacterized templates sequences has shown significant 
similarity with target proteins and functional properties. Therefore, 
we designed these sequences as three dimensional homology 

models. 

Table 1- Sequence similarities of Wnt/ β-catenin signaling proteins 

The target and the template sequences (PDB ID: 2Z6G_A, 
1TH1_C, 3PXR_A) were aligned by using Swiss Model, the com-
parative protein modeler. The theoretical models were subjected to 
the model used in Swiss-PDB-viewer. Here, the obtained protein 
structures were superimposed in order to deduce the structural 
alignment. After completion of modeling, the 3D structures of β-
catenin [Fig-1](a), APC [Fig-1](b) and GSK-3β [Fig-1](c) were ex-
pressed 99%, 99.5% and 87.24% similarity. Thus, the geometric 
accuracy of the theoretical 3D modeled proteins was rectified to 
analyze the quality of proteins and the reliability of protein struc-
tures were validated by using SAVS. The structural statistical 
measures of modeled proteins were derived from X-ray crystallo-

graphic data. 

Table 2- Quality parameters of homology modeled Wnt proteins (3D 

structure) 

The resultant protein structures were used to predict the active site 
amino acids and to calculate the electrostatic and Van-der-Waals 
interactions between residues of complex proteins. The active site 

amino acids were predicted based on RMSD values [Table-2] and 
the resulting amino acids further used as active site amino acids. 
The sequence similarity was calculated using ClustalX. Yet rotamer 
analysis, ramachandran outliers and quality factor was measured 
by Molprobity server and SAVS server. Chimera 1.5.7 was used for 

Q-score, SDM and RMSD values. 

Fig. 1- The 3D modeled structure of Wnt Signaling proteins. (a) β-
catenin and 2Z6GA; (b) APC and 1th1c template; (c) GSK-3 β and 

3PxrA. 

Ligand Selection and Molecular Docking 

The ligand molecules were retrieved from Pubchem compound 
database and these compounds were introduced to pharmacophore 
analysis that analyzed by Hyperchem 7.5 Professional [Table-3] 
based on biological properties. The prevailed ligand molecules has 
done by molecular docking and the active site receptor proteins 
were performed using AutoDock program. This has been shown to 
reproduce experimentally observed binding modes in terms of low-
est docking energy successfully. The best possible binding modes 
of ligand molecules at three target protein active sites were dis-

played in [Fig-2](a), (b) & (c). 
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Target sequence Template Id % of Seq. Similarity Seq. coverage 

P35222 2z6gA 97 1-781 

β-catenin  

2z6hA 100 138-781 

2gl7A 99 138-781 

1jpwB 99 131-670 

P25054 2nmzA 99 326-736 

APC  

1m5iA 95 130-239 

1th1C 94 1468-1529 

1V18B 91 1485-1528 

P49841 3PxrA 35 55-346 

GSK-3β 3o96A 31 4-340 

The alignment of protein sequences were modeled and analyzed using PSI-BLAST  

Parameters β-catenin APC GSK-3β 

Poor Rotamers 0.00% 0.00% 0.00% 

Procheck 92.68% 94.80% 89.80% 

Overall Quality factor 93.922 98.817 87.278 

RMSD 0.0136 0.39 0.22 

Q-score 0.682 0.662 0.934 

Average Z-score -1.028 -1.273 -1.858 

SDM 8.90% 6.80% 16.00% 

Template 2Z6GA 1th1c 3PxrA 

b 

c 

a 
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Table 3- Properties of Bm derivatives based on data obtained from 

drug bank 

In this study, we have identified the phosphorylated sites of both 
upstream and downstream pathways of Wnt signaling proteins, β-
catenin, APC and GSK-3β, and their impact on CRC. These find-
ings implied the series of event such as loss of phosphorylation in 
GSK-3β at the position of 9(S—A) AA, prevention of phosphoryla-
tion in phosphate primed glycogen synthase at 96(R—A) AA, re-
duced activity towards AXIN 1 at 128(L—A) AA, the sequence con-
flicts in the region of 28(V—G) AA and 356(L—H) AA [38]. The GSK
-3β strongly interacts with phytochemicals of Bm floral extracts; the 
interaction energy and binding amino acids were listed in [Table-4]. 
In mutational sites, the amino acid Ser9, Arg96, Lys128, Val28 and 
Lys356 was interacted with butrin and isobutrin showed good inter-
action with inhibitory binding residues. Other residues includes 
Ser66, Asp133, Tyr134, Ile62, Asp200, Ser203, Ala20, Ala21, 
Ala39, Gln28, Leu31, Thr42 and Ala43 exhibited strong interaction 
with ligand molecules by forming 5 and 4 hydrogen bond linkages. 
However, the binding energy of butrin (-9.04 Kcal/mol) and Isobutrin 

(-8.24 Kcal/mol) were showed in [Fig-3](a) & (b). 

The putative APC phosphorylation sites SER-1385, THR-1388, 
SER-1389, SER-1391, SER-1501, SER-1504, SER-1505, SER-
1507 and SER-1510 were converted to alanine from GST-APC, 
make S—A mutants [39]. In APC protein, the butrin and isobutrin 
were strongly bound with the active sites of SER1503, TRP338, 
THR339, ALA295, ASN290, LYS335, LEU1511, LYS1518, and 
ARG1523 residues, based on 4 and 7 hydrogen bonds respectively. 
Besides, the binding energy of butrin (-7.38 Kcal/mol) and isobutrin
(-10.88 kcal/mol) were shown in [Fig-3](c) & (d). However, the other 
ligand molecules reported to have a weak interaction with APC 

active site amino acids [Table-5]. 

Fig. 2- Structural statistical measure of Wnt signaling proteins by 
using Ramachandran plot (a) β-catenin showed 97.48% ERRAT, 
93.92% Quality factor, outlier 0.03%; (b) APC domain showed 
94.8% ERRAT, Quality factor showed 98.817; (c) GSK-3β showed 

89.80% ERRAT, 87.278% Quality factor 
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Compound Name 
Pubchem 

ID  
Molecular 
Formula 

Mass 
(g/mol) 

Log P 

Butrin 164630 C27H32O15 596.53398 -1.8 

Isobutrin 5281256 C27H32O15 596.53398 -0.8 

Butein 5281222 C15H12O5 272.25278 2.8 

Butin 92775 C15H12O5 272.25278 1.8 

Coreopsin 25245366 C21H22O10 434.39338 1 

Isocoreopsin 193124 C21H22O10 434.39338 0 

Monospermoside 42607524 C21H22O10 434.39338 1 

Isomonospermoside 42607822 C21H22O10 434.39338 0 

b 

c 

a 

Table 4- Docking results of GSK-3β protein binds with BM extracted Phytochemicals  

Compounds H-bonds Binding Energy (Kcal/mol) Binding Amino Acids 

Butrin 5 -9.04 Ser66, Asp133, Tyr134, Ile62, Asp200, Ser203 

Isobutrin 4 -8.24 Ala20, Ala21, Ala39, Gln28, Leu31, Thr42, Ala43 

Butein 3 -7.36 Ala39, Gly38, Thr42, Leu31, Ile35 

Butin 2 -6.91 Ala39, Thr40, Thr42, Ala43  

Coreopsin 3 -3.19 Ala39, Thr42, Ala43 

Isocoreopsin 2 -3.34 Leu31, Asp32, Gly38, Ala39 

Monospermoside 2 -2.1 Gln27, Gln28 

Isomonospermoside 3 -4.02 His36, Gly38, Thr42 
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Table 5- Docking results of APC protein binds with BM extracted Phytochemicals 
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Compounds H-bonds Binding Energy (Kcal/mol) Binding Amino Acids 

Butrin 4 -7.38 Ser1503, Trp338, Thr339, Ala295 

Isobutrin 7 -10.88 Asn290, Lys335, Leu1511, Lys1518, Arg1523 

Butein 3 -8.05 His219, Arg1523, Gln1517, Glu1513, Ile1516, Leu1511, Pro1514, Phe1515, Ile1516 

Butin 3 -5.82 Arg612, Glu571 

Coreopsin 3 -4.17 His223, Ile1516, Pro1526, Ile1522 

Isocoreopsin 2 -4.50 Gln1517, Ile1516 

Monospermoside 2 -3.18 Ala1485, Asp1484 

Isomonospermoside 1 -2.49 Ile1516, Gln1517 

In β-catenin the phosphorylated amino acids Ser23, Ser29, Ser33, 
Ser37, Thr41 and Ser45 was located at GSK-3β [40].The other 
amino acids includes Phe253, His260, Lys292, Lys312, Lys345, 
Trp383, Asn426, Lys435, Arg469, His470, Lys508 and Phe654 
present in armadillo repeats recorded strong interaction with butrin 

and isobutrin ligand molecules. The interaction energy of butrin and 
isobutrin was -8.08 Kcal/mol and -6.71kcal/mol that formed 4 and 8 
hydrogen bonds respectively [Fig-3](e) & (f). The clustering of dock-

ing results was predicted in [Table-6]. 

Fig. 3- Docking results of Wnt signaling proteins (green dotes denoted strong hydrogen bonds); Interaction of GSK-3β with butrin (a) and isobu-

trin (b); Interaction of APC with butrin (c) and isobutrin (d); Interaction of β-catenin with butrin (e) and isobutrin (f). 

a 

f e 

d c 

b 
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Table 6- Docking results of β-catenin protein binds with BM extracted Phytochemicals 
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Compounds H-bonds Binding Energy (Kcal/mol) Binding Amino Acids 

Butrin 4 -8.08 Asn279, Arg322, Glu415 

Isobutrin 8 -6.71 Ala395, Arg418, Glu424, Gly425, Trp357, Val364 

Butein 3 -4.38 Arg322, Asn279, Cys319, Glu315, Glu415, His323,  

Butin 3 -3.60 Glu420, Glu421, Gly425,  

Coreopsin 3 -2.11 Arg368, Arg418, Arg465, Glu421, Thr507 

Isocoreopsin 3 -2.08 Gln411, Phe413, Glu421, Lys361 

Monospermoside 2 -1.55 Arg322, Lys361, Gly416, Glu415 

Isomonospermoside 3 -2.65 Arg322, Ser278, Asn279, Pro316, Glu315 

The interaction between flavonoids and membrane was constructed 
by formation of hydrogen bond between charged lipid head group 
and uncharged flavonoids through entry of hydrophilicity [41]. The 
interaction depends on chemical structure of flavonoids and its par-
tition of hydrophobic reaction by micellar structure in the membrane 
layer. As a result, the hydrogen bond interaction aided to stabilize 
the complex of ligand molecules and target site protein.Though 
there were several Wnt target chemotherapeutic compounds for 
CRC treatment such as indomethacin [42-44], Sulindac [45], Aspirin 
[46], Glive compound [47] and Endostatin [48]. Our insilico model 
investigation strongly revealed that the compounds of butrin and 
isobutrin were potentially inhibited Wnt related downstream targeted 

proteins of CRC. 

Conclusion 

Altogether our investigation concluded that the ligands from Bm 
derivatives such as butrin and isobutrin were docked well with tar-
gets of GSK3β, APC and β-catenin proteins related to CRC. Ulti-
mately, this result strongly hints that the butrin and isobutrin would 
be considered as potent inhibitor against Wnt/β-Catenin associated 
cancers. Moreover, this study takes a stairs to undergo further sub-
type specific drug toxicity against CRC by using in vitro and in vivo 

models. 
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