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Abstract 

In this insilico work, we aim to explore the anti-angiogenic potential of Cajanus cajan trypsin inhibitors with 

pro-cancerous integrin 𝛼VβIII receptor based on protein-protein interaction approach. The study design 
was optimized to predict the best lead trypsin inhibitor molecule from a list of 12 proteins from Cajanus 
cajan (CcTI-1 to CcTI-12) retrieved via NCBI database and structured using C-I-TASSER, Alpha fold, 
Raptor X, and Tr-Rosetta servers. The best ranked 3D-structures from Alpha Fold with C-score -1.1- to -
1.36 were validated using ramachandran plot >90% favored region, errat ~80%, and verify3D with ~86% 

score. Docking of CcTIs against integrin 𝛼VβIII (PDB ID: 3IJE) was carried out by ClusPro, PatchDock, 
ZDock, HDOCK, and HADDOCK servers.  The highest negative ΔiG and better interface interaction by 

PDBePISA suggested CcTI-11 x integrin 𝛼VβIII from PatchDock and CcTI-9 x integrin 𝛼VβIII from ZDock 
with ΔiG of -6.9 and -16.7 and interface energies of 2634.4 and 1735.9 as best two docked complexes. 
Docking stability analysis of CcTI-9 and CcTI-11 docked structures by simulations at 100ns resulted in 
rmsd, rmsf, and gyration values to be 0.833nm and 0.342nm, 0.186nm and 0.126nm, 4.2nm and 4.1nm. 
Conclusively, better structural stability, less fluctuation, high compactness, and a higher hydrogen bonding, 

predicted CcTI-11 protein (accession no. >trIAOA151QRM2) to have a stronger binding with integrin 𝛼VβIII, 
a possible down-regulator of the receptor. 

Keywords: Trypsin Inhibitor, Cajanus Cajan, Protein-Protein Docking, Integrin 𝛼vβiii, Molecular Dynamic 
Simulations. 

 
1. INTRODUCTION 

Structural insights into plant proteomics and molecular biology signify the importance of 
protein-protein interactions (PPIs) as the basis of different biological and physiological 
functions. There are ~650,000 or more PPI networks in humans involved in the signaling 
of bio-molecular, enzymatic, metabolic pathways, etc.  

This biological interaction among proteins and other peptides, receptors, biomolecules, 
etc. predetermines how a gene transcribes into mRNA and eventually expresses as a 
mature protein. In some instances, certain PPIs lead to cancers, found part of 
invadopodia formation, cell invasion, cell migration, cell proliferation, and tumor prognosis 
(Clara et al., 2020).  

This initial cellular identification is possible by computational analysis investigating the 
hidden cellular binding patterns, interface amino acid residues, and active pockets of the 
proteins (Cheng et al., 2020).  

https://www.nature.com/articles/s41571-019-0293-2#auth-Joseph_A_-Clara-Aff1
https://link.springer.com/article/10.1186/s13045-020-00850-0#auth-Sha_Sha-Cheng-Aff1
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Research in ethno-pharmacology has stated the high pharmacological impact of trypsin 
inhibitors (TIs) in therapeutics. These are defensive proteins with high binding affinity to 
cell adhesion molecules and receptors on cancer cells. Plant trypsin inhibitors harbor or 
hinder adhesion, migration and tumor invasion of cancerous cells activated via binding to 
different receptors like Src kinase, integrin, VEGFR, etc. (Abu-Darwish et al., 2018).  

Antagonistic to proteases, trypsin inhibitors harbor initiation as well as metastatic stages 
of cancer by negatively regulating angiogenesis. These enzymatic inhibitors have 
interaction affinity towards their pre-destined gene targets, translating their biological 
functions in vitro (Soreide et al., 2006; Rasouli et al., 2017).  

In this study, we determined the structural integrity, binding efficiency, and docking 
stability of Cajanus cajan trypsin inhibitor with integrin assuming the possible biological 
effect the protein might express in the cell upon interaction with the precancerous receptor 
(De Paula et al., 2012). 

Molecular and structural evaluation of the functional relationship of proteins holds quite a 
significance in therapeutics and plant pharmacology. Biological molecules like proteins 
have a pre-destined function to perform in the cell; this function is largely dependent upon 
their cellular structure and interaction with each other.  

If the structure of an unknown protein is available and analyzed for the intricate protein-
protein binding, the native biochemical function can be predicted by homology modeling 
before confirming it experimentally.  

Computational approaches are introducing new ways to deal with connect proteins with 
therapeutics. Sometimes, the preliminary sequence encoding the amino acids of a protein 
is enough to attain structural knowledge and predict the downstream functional properties 
through artificial learning methods. 

These are usually the potential gaps in the correlation between the structural designing 
and characterization of plant trypsin inhibitors with the peculiar biological action it plays 
within a cell (Rastija et al., 2021, Castrosanto et al., 2023). 

Plant trypsin inhibitors are reported to possess anti-proliferative properties. These trypsin 

enzymatic inhibitors exhibit interaction affinities towards integrin 𝛼VβIII, a receptor 
stimulating angiogenesis in the presence of proteases.  

The structural interaction between trypsin inhibitors and integrin is important to 
understand the hidden inhibitory mechanism of trypsin inhibitors to predict the underlying 
cellular behavior. Although insilico findings are preliminary steps for the identification of 
new medicinal drugs clinical approval requires validation by in vitro results.  

This broad spectrum analysis of proteins ranging from insilico to in vitro studies provides 
enough evidence to render it as a potential drug candidate for clinical studies against 
human diseases. In this study, we conducted insilico analysis on 12 different trypsin 
inhibitors from Cajanus cajan, ranging in size from 12-19kDa (Kumara et al., 2016, 
Shamsi et al., 2018, Shamsi et al., 2017).  

https://scholar.google.com/citations?user=Zavun9gAAAAJ&hl=en&oi=sra
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The retrieved sequences of trypsin inhibitors (CcTIs) were the templates for 3D-structure 

determination, structure validation, and docking with integrin 𝛼VβIII receptors, exploring 
their anti-cancer function on a molecular basis, later, assessed for stability by simulations.  

Such computational prediction of the biological role relying on the structural linkage of 
trypsin inhibitors and cell surface receptors (integrin) reveals the molecular inhibitory 
mechanisms of inhibitors in cancer therapies. Currently, the insilico conclusions are being 
investigated by the experimental tests to confirm whether the structural or functional 
results align or not.  
 
2. METHODOLOGY 

2.1 Retrieval of Cajanus cajan trypsin inhibitor (CcTIs) sequences  

The FASTA sequences of 12 different trypsin inhibitors from the Cajanus cajan plant 
(CcTIs) were retrieved from the NCBI (https://www.ncbi.nlm.nih.gov/) database. The 
accession number, protein size, and physiological properties of trypsin inhibitors were 
also recorded (Yousafi et al., 2019).  

2.2 Phylogenetic analysis and MSA by MEGA X 6.0 software 

To identify the phylogenetic analysis and multiple sequence alignment (MSA) of C. cajan 
trypsin inhibitors, MEGA X 6.0 software (Molecular evolutionary genetics analysis) was 
used. The conserved sequence and phylogeny relationship through tree construction 
connecting a link between the proteins were analyzed (Mahmoud et al., 2021). 

2.3 Physicochemical properties of CcTIs 

The physicochemical properties of trypsin inhibitors (CcTIs) were determined using 
Expasy, ProtParam server. Data involving molecular weight, no. of atoms, isoelectric 
point, total no. of positively and negatively charged amino acids, instability index, aliphatic 
index, grand average value of hydropathicity (GRAVY), extinction coefficient, estimated 
half-life, etc. were the traits retrieved (Afolabi et al., 2022; Hossain et al., 2012).  

SoluProt 1.0 server (https://loschmidt.chemi.muni.cz/soluprot/) was used to predict the 
possible cellular location of CcTIs protein expressions in E. coli host system based on 
solubility score (Shey et al., 2022). PredictProtein server (https://predictprotein.org/) was 
used for identifying the presence of disulfide bonds in CcTIs sequences along with the 
structural entities like alpha helices, beta strands, and loops (Zahid and Sarwar, 2023). 
Amino acid sequences of CcTIs were submitted as templates and parameters were 
computed. 

2.4 3D structure prediction  

The 3D structures of CcTIs were generated using structure predicting tools of C-I-Tasser 
(https://zhanggroup.org/C-I-TASSER/), Raptor X (http://raptorx.uchicago.edu/), Alpha 
Fold(https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFol
d2.ipynb) and Tr-Rosetta (https://yanglab.nankai.edu.cn/trRosetta/) with FASTA 

https://www.ncbi.nlm.nih.gov/
https://zhanggroup.org/C-I-TASSER/
http://raptorx.uchicago.edu/
https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb
https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb
https://yanglab.nankai.edu.cn/trRosetta/
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sequences of CcTIs submitted as templates. The 3D protein structures generated were 
visualized by Pymol (https://pymol.org/) (Madanagopal et al., 2022; Xu, 2019; 
Anishchenko et al., 2021). 

2.5 Structure evaluation by Ramachandran plot and SAVES server 

The 3D structures predicted for CcTIs were validated by Ramachandran plot 
(https://zlab.umassmed.edu/bu/rama/) and SAVES server (https://saves.mbi.ucla.edu/). 
Structures were analyzed for non-bonded atomic interactions by errat, stereo-chemical 
quality by procheck and compatibility of predicted 3D structure with native structure by 
Verify3D (Hasan et al., 2021), further refined by energy minimization tool, YASARA 
(http://www.yasara.org/minimizationserver.html) (Saleem et al.,). 

2.6 Active site prediction 

For protein-protein docking, the interactive (active) residues for CcTIs proteins as ligands 

and integrin 𝛼VβIII receptor were obtained via CPORT 
(https://alcazar.science.uu.nl/CPORT), a plugin tool of HADDOCK (Singh et al., 2019). 

2.7 Molecular docking 

For docking studies, CcTIs were ligands and integrin αVβIII (PDB ID: 3IJE) was receptor 
retrieved from protein data bank (https://www.rcsb.org/). Different docking algorithm tools 

were utilized to predict the possible interactions between CcTIs and integrin 𝛼VβIII 
receptor to determine the efficiency of binding affinity of proteins with cells bearing integrin 
(Dong et al., 2019). For blind docking, no amino acids of ligands and receptors were 
specified, however, for focused docking active and passive residues were given (Aguiar, 
2021; Gaur et al., 2018). 

2.7.1 Protein-protein docking 

Five protein-protein docking tools of ClusPro (https://cluspro.bu.edu/), PatchDock 
(https://bioinfo3d.cs.tau.ac.il/PatchDock/), ZDOCK (https://zdock.umassmed.edu/), 
HDOCK  

(http://hdock.phys.hust.edu.cn/) and HADDOCK 
(https://wenmr.science.uu.nl/haddock2.4/) were used to study the 3D structural 

interaction between CcTIs and integrin 𝛼VβIII receptor, generating multiple docked 
structures with varied binding conformations and energy scores (Iqbal et al., 2021). 

The default programs of ClusPro, PatchDock, HDock, and ZDock docking servers were 
selected for blind docking (Uciechowska-Kaczmaryck et al., 2019; Roy and Menon, 2022; 
Yan et al., 2020), whereas, HADDOCK was used to carry out focused docking algorithm 
(Scafuri et al., 2021).  

Blind docking utilizes the default features of docking programs with PDB input files, 
assessed by CAPRI parameters (Rosell and Fernandez-Recio, 2020). For focused 
docking, it is necessary to define the active and passive residues of protein partners 
(Arya, 2021).  

https://pymol.org/
https://zlab.umassmed.edu/bu/rama/
https://saves.mbi.ucla.edu/
http://www.yasara.org/minimizationserver.html
https://alcazar.science.uu.nl/CPORT
https://www.rcsb.org/
https://cluspro.bu.edu/
https://bioinfo3d.cs.tau.ac.il/PatchDock/
https://zdock.umassmed.edu/
http://hdock.phys.hust.edu.cn/
https://wenmr.science.uu.nl/haddock2.4/
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2.8 PDBePISA and PDBsum Evaluation  

PDBePISA server, a docking evaluation algorithm ranking docked complexes on their 
solvation free energy gain (ΔiG) and interface interaction between ligands and receptor 
was used (Krissinel and Henrick, 2007). The top-ranked docking complexes from each 
server were templates for PDBePISA analysis, narrowing down the best protein-protein 
docked complexes (CcTIs x integrin) by negative delta G’ and highest residual interaction 
at the interface (Castrosanto et al., 2023). 

To identify the amino acid residues involved in chemical bonds (hydrogen bonds, non-
bonded contacts, and salt bridges) between docking structures, PDBsum server was 
used (Suganthi et al., 2024).  

2.9  Molecular dynamics simulation 

The stability of the CcTIs-integrin 𝛼VβIII docked complexes were analyzed by subjecting 
it to molecular dynamic simulations for 100ns via GROMACS v.2019.4 server (Das et al., 
2021). Before running simulations, energy minimization and equilibrium were adjusted 
throughout the system following 3 steps.  

Position restraints were applied for both ligands and receptors for each of the systems for 
100ns. NPT (no. of atoms, pressure, and temperature) ensemble at a constant pressure 
(1 bar) and temperature (300K) were applied as protein preparation wizards across the 
NPT equilibrium phase for refining the docking complex.  

The crucial steps were assigning bond orders, solvation by water molecules, introducing 
hydrogen atoms, and forming disulfide bonds. After completion of 100ns MD simulations, 
the trajectories were calculated for various dynamic analysis such as rmsd, rmsf, radius 
of gyration (Rg), no. of hydrogen bonds, and secondary structural analysis by the inbuilt 
feature scripts of GROMACS. The comparison of initial and final frames of simulations 
was observed by superimposition of docked structures (Suganthi et al., 2024, Majumder 
et al., 2022).  
 
3. RESULTS AND DISCUSSION 

Trypsin inhibitor is a potentially therapeutic protein, studied at structural, molecular, 
biochemical, and biological levels to explore the underlying facts about the biomolecule. 
The insilico findings emphasized how the enzymatic inhibitors (CcTIs) recognize, target, 
and react to their receptor substrate (integrin αVβIII), proving its possible anti-proliferative 
effect (Eleftheriou et al., 2020). 

3.1 Sequence retrieval of Cajanus cajan trypsin inhibitor (CcTIs)  

Cajanus cajan trypsin inhibitor shows sequential homology with soya bean Kunitz trypsin 
inhibitor, the first identified protease inhibitor. The FASTA sequences of 12 CcTIs are 
given in Table 1.  

 



Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN: 1673-064X 
E-Publication: Online Open Access 

Vol: 67 Issue 12 | 2024 
DOI: 10.5281/zenodo.14550712 

 

Dec 2024 | 60 

Table 1: Cajanus cajan trypsin inhibitors (CcTIs) 
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3.2 Phylogeny and MSA analysis by MEGA X software 

The N-terminal sequence of C. cajan trypsin inhibitor exhibits >70% homology with 
inhibitors from other legume plants like Glycine max, Vigna angularis, Vigna ungulate, 
Phaseolus vulgaris, etc. (Haq and Khan, 2003). Findings from MALDI/TOF partial 
sequencing of C. cajan protease inhibitors showed 100% homology with legume inhibitors 
(Swathi et al., 2014).  The phylogenetic tree by MEGA X software (Fig. 1a) indicated the 
ancestral relationship between 12 CcTI proteins with amino acid variants generated 
during the evolutionary timeline. CcTI-3 (>XP_020213133.1) was the root ancestor (Fig. 
1) exhibiting polytomy, a close phylogeny existing between different yet relatively similar 
proteins. CcTI-5 (>trIAOA151SZ51) and CcTI-10 (>trIAOA1515YZ4) while CcTI-9 
(>trIAOA15R16N6) and CcTI-12 (>trIAOA151SYZ1) sharing the same clade were 
paralogs to each other. All the CcTIs proteins were homolog partners, showing the 
evolution of new proteins from the same plant. 

In the case of multiple sequence alignment, amino acids of 12 CcTIs sequences were 
highly non-conserved. The conserved regions were in different stretches of CcTIs with 
maximum homology seen at amino acid positions of 1, 2, 15, 19, 21, 22, 27, 30, 34, 35, 
39-41, 43, 44, 46, 52-55, 60, 64, 66-73, 78, 80, 81, 83, 107, 113, 115, 122, 133, 139, 145, 
156, 172, 173, 183, 191, 194, and 196 (Fig. 1b). 
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Figure 1: (a) Phylogenetic tree and (b) Multiple sequence alignment of 12 CcTIs 
proteins sequences using MEGAX 6.0 server 

Table 2: Amino acids composition of CcTIs 
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3.3 Physiochemical properties of CcTIs 

Structural properties of proteins are reflected on the physical, chemical, and biological 
properties. The isoelectric coefficient (pI) for CcTIs ranged from 5-9.5 graphically depicted 
in Fig. 2. The total no. of positively and negatively charged amino acid residues (Fig. 3) 
suggested that CcTI no. 1, 2, 5, 7, 8, and 10 were positively charged, CcTI no. 3, 4, 6, 9, 
and 11 were negatively charged, while CcTI 12 was neutrally charged. 

 

Figure 2: Isoelectric coefficient of C. cajan trypsin inhibitors 

 

Figure 3: Total no. of +ive and -ive charged amino acids in C. cajan trypsin 
inhibitors 

Trypsin inhibitors with instability index <40 are regarded as stable while the ones >40 are 
all unstable. CcTIs no. 1, 2, 3, 7, 8, 10, and 11 were stable while 4, 5, 6, 9, and 12 were 
unstable with index values exceeding 40 (Fig. 4). On the other side, the aliphatic index is 
the relative volume occupied by aliphatic side chains i.e. alanine, valine, isoleucine, and 
leucine. The higher the index value, the higher the thermostability of the protein’s globular 
structure. Apart from trypsin inhibitors 4, 6 and 7, all other inhibitors were stable at high 
temperatures. 
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Figure 4: Instability index and aliphatic index of CcTIs 

GRAVY i.e. grand average of hydropathicity identifies the hydrophilic and hydrophobic 
nature of proteins. In Fig. 5, trypsin inhibitors no. 3, 4, 5, 7, 9, 11, and 12 showed relatively 
higher GRAVY values compared to trypsin inhibitors no. 1, 2, 6, 8, and 10, exhibiting 
hydrophobic nature.  

 

Figure 5: GRAVY values of C. cajan trypsin inhibitors 
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Table 3: Physiochemical properties of trypsin inhibitors (CcTIs) 

 

The solubility of CcTIs proteins in bacterial host predicted by SoluProt 1.0 server against 
the threshold value of < 0.5 suggested that apart from CcTI-3, CcTI-9, and CcTI-11, all 
other inhibitors showed insoluble expression in E. coli.  

Table 4: Solubility prediction by SOLUPROT 1.0 server 
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The structural stability of proteins is markedly defined by the presence of the disulfide 
bond. PredictProtein server identified disulfide bonds in CcTI-4, CcTI-7, CcTI-8, and CcTI-
12 proteins with a high frequency of beta strands and loops compared to helices. 

Table 5: Disulfide bonds and parts of CcTIs tertiary structures by PredictProtein 
server 

 

3.4 Tertiary structure prediction of Cajanus cajan trypsin inhibitors (CcTIs) 

Early protein identification as well as functional prediction of biomolecules has become 
quite easy and convenient using bioinformatics tools. In therapeutics, trypsin inhibitors as 
a chemopreventive or anti-inflammatory agent impede different stages of carcinogenesis.  

The anti-tumor trypsin inhibitors reduce the growth incidence of tumorous cells by 
targeting G0-G1 phases or causing the arrest of S and G2 phases affecting cell viability.  

Previous insilico findings on computational identification of the possible biological 
potential of trypsin inhibitors hint that the active site of trypsin inhibitors have binding 
affinity to different substrates (Cid-Gallegos et al., 2022).  

The tertiary structures for 12 trypsin inhibitor proteins obtained from four structure 
prediction tools i.e. C-I-Tasser, Alpha Fold, T-Rosetta, and Raptor X showed different 
structural poses with differently ranked energy scorings. The 3D protein models from C-
I-Tasser and alpha fold had better C-score function (~-1.1- to -1.36) than T-Rosetta and 
Raptor X.   
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Figure 6: 3D structures of CcTIs proteins predicted by Alpha Fold server 

On average, trypsin inhibitor structures were low in 𝛼-helixes (1-2 or no alpha-helix) and 
high on β-sheets (~10-12 β-sheets). Alpha helixes were formed between amino acid 
positions 5-15, 75-85, and 115-125 while β-strands were scattered in the trypsin inhibitor 
sequences. Alpha fold predicted 3D structures of 12 CcTIs proteins shown in Figure_6. 
A 2017 study on a 19kDa proteinase inhibitor from C. cajan focused on structure 
determination by C-I-Tasser and structural annotations of helixes, β-sheet, coils, and 
bond identifications (Shamsi et al., 2017).  

In computational analysis, the Alpha fold server is the current gold standard in accurate 
structure prediction and is cited as number one in the most challenging and Critical 
Assessment of techniques for Protein Structure Prediction (CASP) experiments 
(Leppkes, 2022, Jumper et al., 2021).  The insilico findings of Alpha Fold predicted protein 
structures were ranked as best models on energy scores, atomic placement, minimum 
outliers, and structural errors (Fig. 6). 

3.5 Model validation and refinement 

The 3D CcTIs structures with the highest %age of residues in the outlier of 
Ramachandran plot and poor quality by SAVES server were improved for atomic 
positioning, energy, and stoichiometry. A 3D structure of Tamarind trypsin inhibitor 
developed by Modeller resulted in high stability and less steric impediment using 
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Ramachandran plot and SAVES (de Medeiros et al, 2021). The graphical evaluation by 
Ramachandran plot of CcTIs structures with >85% of residues in favored and 0-2% amino 
acid in disallowed region (Supporting info Figure S1). On average, errat score was ~80% 
and verify3D with ~86% of residues having 3D-ID-score > 0.1, rendering 3D CcTI protein 
models acceptable. A lower outlier indicate a better and more refined model compared to 
the native. The data from SAVES server is in Table 4. 

Table 6: SAVES evaluation of 3D CcTI structures 
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3.6 Active site prediction 

Docking hugely rely on interacting (active) and non-interacting (passive) residues of 

ligands and receptors. The amino acid residues of CcTIs and integrin 𝛼VβIII were 
identified using CPORT server, given in table 4.7, figure 4.8 and 4.9. 

Table 7: Positions of interacting amino acids of CcTIs structures by CPORT 
server 
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Figure 7: Interacting amino acids of CcTIs 

 

Figure 8: (a) Integrin 𝛼VβIII receptor (b) Interacting amino acids of integrin 𝛼VβIII 

3.7 Protein-protein docking 

Integrin biomarkers are overexpressed on cancerous cells, exhibiting the modified cell 
behavior through gene expression profile, and the relation between tissue-resident cells 
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and extracellular matrix (ECM). Cancer cells release proteases that have binding potential 
towards integrin, leading to cellular pathogenesis. To deal with such non-ideal cell 
conditions, disruption of ligand binding site by competitive binding of protease inhibitors 
to precancerous integrin in place of protease enzymes is a thought-provoking idea (Weis 
and Cheresh, 2011). Findings from protein-protein docking showed CcTIs proteins have 
binding affinity to both chains of integrin receptor (A and B), targeting the cleft binding 

sites. Beatrice S. Ludwig in 2021 docked integrin 𝛼Vβ6 with sunflower trypsin inhibitor, 
harboring the elevated expression of receptor in breast and lung cancer metastasis, 
targeting a peptide domain to selectively induce anti-angiogenesis (Ludwig et al., 2021). 

This inhibitory nature of Cucumis melo TI with integrin 𝛼VβIII, speculates TI binding to the 
cleft of integrin receptor, down-regulating tumorogenesis (Mahnam, 2016). Inhibitors 
compete with proteases to bind the mobile domain of integrin, up-regulating expression 
of tumor suppressing genes and inactivating matrix metalloproteases, involved in 
invasion, migration, and invadopodia in cancers (Cid-Gallegos et al., 2022). 

Table 8: Energy scores of top docked complexes (CcTIs x integrin 𝛼VβIII) from 5 
docking algorithms 

 

3.7 PDBePISA and PDBsum evaluation 

To study protein-protein interactions, Nielsen in 2022 identified the covalent networking 
of protease inhibitors by PDBePISA with interface surface area of 1380Å and ΔiG P-value 

of 0.18 (Nielsen et al., 2022). The docking complexes (integrin 𝛼VβIII i.e. A and B chains 
and trypsin inhibitor i.e. C chain) were analyzed on the highest interface interaction and 
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greater negative ΔiG value by PDBePISA server (Castrosanto et al., 2023) ranking top 2 
docking models for molecular dynamic simulations. Our PDBePISA findings concluded 
that CcTI-11 x integrin complex from Patch dock with an interface surface area (avg. 
1460Å) is better than CcTI-9 x integrin (avg. 942Å) from ClusPro. On the other hand, 

CcTI-11 x integrin 𝛼VβIII docked complex had a relatively lower ΔiG value (solvation 
energy) i.e. -6.9 and 0.2 compared to CcTI-9 x integrin 𝛼VβIII complex (Table 6), the 3D 
conformation given in Fig. 7.  

 

 

Figure 9: 3D-conformation of top 2 complexes with P-P interactions between the 
receptor (chain A and B) and ligand (chain C) by PDBsum server 

Reports states that intermolecular interactions between different plant trypsin inhibitors 
were low in salt bridges and high in hydrogen bonds with Arg and Lys (Gartia et al., 2020). 

PDBsum server predicted that ClusPro docked CcTI-9 x integrin 𝛼VβIII was rich in 
hydrogen bonds while the PatchDock docked CcTI-11 x integrin 𝛼VβIII model had a high 
frequency of salt bridges (Table 6), thus, the frequency of H-bonds > salt bridges.  

Arg, Ser, Tyr, and Lys residues of CcTIs and Arg and Glu of integrin receptor were 
involved in hydrogen bonding. Moreover, His, Glu, Leu, and Arg residues of CcTIs along 

with Lys and Cys of integrin 𝛼VβIII receptor were predominant in non-bonded contacts 
(Table 7). 
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Table 9: PDBePISA and PDBsum predicted ΔiG, Å2, H-bonds, and salt bridges in 
docked complexes 

 

Table 10: Protein-protein interactions within trypsin inhibitor (chain C) and 

integrin 𝛼VβIII (chain A and B) docked complexes 
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3.8 Molecular dynamic simulations 

PatchDock and ClusPro generated CcTI-11 and CcTI-9 docked complexes with integrin 

𝛼VβIII receptor were chosen for simulations based on PDBePISA docking analysis. To 
address the stability concerns and changes in the structural conformations, the 

unbounded CcTIs proteins and their bound targets (CcTI x integrin 𝛼VβIII) were subjected 
to 100ns molecular simulations and appraised by parameters of rmsd, rmsf, no. of 
hydrogen bonds, and radius of gyration (Rg) (Castrosanto et al., 2023). 

The CcTIs X integrin 𝛼VβIII complexes remained intact during simulation periods with 
minor structural changes in binding pose (Fig. 10a1 and 10a2 indicating CcTI-9 x integrin 

𝛼VβIII at 0ns and 100ns while Fig. 10b1 and 10b2 indicating CcTI-11 x integrin 𝛼VβIII at 
0ns and 100ns). The binding energies via simulations of CcTI-9 and CcTI-11 complexes 

with integrin receptor (TI x Integrin 𝛼VβIII) were -69.7 and -95.3 kcal/mol. The high -ive 
value represents stable binding free energy scores depicting equilibrated structural 
conformations of the protein-docked structures. The binding energetics of CcTI-9 with 
receptor was lower than that of CcTI-11, thus, reduced energy levels indicated a high 
binding affinity. 

 

Figure 10: Superimposition of CcTI-9 x integrin 𝛼VβIII and CcTI-11 x integrin 𝛼VβIII 
before (a1 and b1) and after (a2 and b2) molecular simulations (blue and green 

representing chains of integrin while green indicate CcTIs ligands) 
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The statistics from the simulation trajectory revealed the avg. rmsd values for unbounded 

CcTI-9 and CcTI-11 were 0.789nm and 0.359nm while integrin 𝛼VβIII receptor had rmsd 
of 0.441nm. The avg. rmsd values of the bounded CcTI-9 x integrin 𝛼VβIII and CcTI-11 x 
integrin 𝛼VβIII complexes were 0.833nm and 0.342nm (Fig. 11a1 and 11b1). 
Superimposition of rmsd spectra of native and docked CcTI-9, CcTI-11 and integrin 
receptor predicted CcTI-9 to have a greater variation, forming a relatively unstable 
composite with integrin. Interestingly, a lowered rmsd and slight deviation of CcTI-11 
docked complex (Fig. 11b1) indicated stable and consistent complex with integrin.  

 

Figure 11: Superimposition of rmsd spectra of native CcTI -9, CcTI-11 and integrin 

𝛼VβIII receptor with spectra of docked complexes (CcTI-9 x integrin 𝛼VβIII and 
CcTI-11 x integrin 𝛼VβIII) versus time (Fig. 9a1 and 9b1), Superimposition of rmsf 

spectra of native CcTI -9, CcTI-11 and integrin 𝛼VβIII receptor with spectra of 
docked complexes versus time (Fig. 9a2 and 9b2), Superimposition of spectra of 

average value of radius of gyration (Rg) native CcTI -9, CcTI-11 and integrin 𝛼VβIII 
receptor with spectra of docked complexes versus the atomic residues of 

proteins (Fig. 9a3 and 9b3), and superimposition of the spectra indicating average 

no. of hydrogen bonds of native CcTI -9, CcTI-11 and integrin 𝛼VβIII receptor with 
spectra of docked complexes versus time (Fig. 9a4 and 9b4) 
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The fluctuations in binding residues of the ligand and receptor are analyzed to determine 
the variation in the protein’s active site. The avg. rmsf values of unbounded CcTI-9, CcTI-

11, and integrin 𝛼VβIII receptor were 0.177, 0.112, and 0.183.  

However, the avg. rmsf values for CcTI-9 x integrin 𝛼VβIII and CcTI-11 x integrin 𝛼VβIII 
docked complexes were 0.186 and 0.126 (Fig. 11a2 and 11b2). A significant fluctuation 
at 150-170 amino acid residual positions at the C-terminal of CcTI-9 was observed as a 
distinct variable peak (Fig. 11a2), however, CcTI-11 had a continuous display with only a 
slight noticeable flexibility in the plot (Fig. 11b2). 

To study the compactness and conformational stability of protein before and after 
docking, radius of gyration predicted no significant increase or decrease in CcTI-9 and 
CcTI-11 complexes with integrin (Fig. 11a3 and 11b3). The unbounded CcTI-9 had an 
avg. Rg value of 3.057nm is slightly higher than the 3.64 value of free CcTI-11. However, 
the docked complex of CcTI-9 showed an avg. Rg value of 4.2, whereas, the CcTI-11 
docked complex had a gyration of 4.1.  

A comparative continuous pattern was seen in Rg values with nearly 4.1nm, whereas, the 
unbounded CcTI-9 and CcTI-11 had quite a low Rg value of 1.8nm than the bound ones 
(Fig. 11a3 and 11b3). This stability in the docked CcTI-9 and CcTI-11 suggested accurate 

binding of ligands with integrin 𝛼VβIII receptor. The no. of hydrogen bonding was higher 
in CcTI-11 x integrin 𝛼VβIII (i.e. >30) compared to CcTI-9 x integrin 𝛼VβIII (<20). Thus, 
CcTI-11 was proposed to exhibit better inter and intra-molecular interactions.  

The no. of hydrogen bonding was higher in CcTI-11 x integrin 𝛼VβIII in comparison to 

CcTI-9 x integrin 𝛼VβIII. The hydrogen bond interaction (Table 7) distances were 
monitored and plotted versus time (Fig. 11a4 and 11b4) (Gogoi et al., 2021). The 
numerical data of simulation parameters is given in the supporting information attached.  

Table 11: Simulations data for rmsd, rmsf, Rg value, and no. of hydrogen bonds 

FOR CcTI-9, CcTI-9 x integrin 𝛼VβIII, CcTI-11, and CcTI-11 x integrin 𝛼VβIII 

Simulations parameters CcTI-9 
CcTI-9 x 

integrin 𝛼VβIII 
CcTI-11 

CcTI-11 x 

integrin 𝛼VβIII 

Rmsd (nm) 0.789nm 0.833nm 0.359nm 0.342nm 

Rmsf (nm) 0.177nm 0.186nm 0.112nm 0.126nm 

Radius of gyration (Rg) 3.057nm 4.2nm 3.64nm 4.1nm 

Hydrogen bonds >20 <20 ~30 >30 

Based on a series of insilico analysis homology modeling, protein-protein docking, 
PDBePISA evaluation, and stability graphics of molecular dynamic simulations, we 
propose CcTI-11 (accession no. >trIAOA151QRM2: 
MFTLFLLCALTSAIADAMVTDRDGDALRNGGTYHILPLFGVKDGGIELATTGNESCPLS
VVQSPSGATFRGLPIRISSPYRVAYISEGLILSLAFASAPSCAPSPPKWTVVKGLPEGEA
VKLPGYRSTVSGWFKIEKSSFEYLYKVVFCARGSDTCGDVGVSVDGGGVSRLVVTDD

EGIFVEFMKGNSVDA) as a potential inhibitor of pro-cancerous integrin 𝛼VβIII receptor 
from a list of 12 different Cajanus cajan trypsin inhibitor proteins. 
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As it is clearly known that the designing and development of novel therapeutic drugs is 
quite a lengthy, time-consuming, and expensive process, so, a combination of 
computational screening methodologies like structure prediction, protein-protein docking, 
simulation studies, and binding energy calculations are the earliest approaches to 
contribute in identifying potential drug candidates from compound libraries and databases 
(Ahmad et al., 2022). Such insilico predictions needs validation and support by invitro 
experiments of molecular cloning and biological assays confirming the therapeutic role of 
proteins as proposed by bioinformatics tools. 
 
4. CONCLUSION AND FUTURE PROSPECT 

Therapeutics and drug designing are practical fields with a constant hunt for new drug 
alternatives is highly supportive of carrying out the initial insilico investigative trials on the 
structural and biological properties of different biomolecules. The same approach was 
applied to 12 Cajanus cajan trypsin inhibitors (CcTIs).  

The current bioinformatics knowledge of the molecular and cellular roles of trypsin 
inhibitors with different cell surface receptors gives researchers the drive to explore the 
potential interactions between inhibitors and adhesion molecules.  

Overexpression of certain cell surface receptors under carcinogenesis hints towards their 
involvement as precancerous entities. From our study, we can conclude that trypsin 
inhibitors from C. cajan are promising anti-cancer drug targets against a variety of cancer 
cells bearing tumor prognostic receptors like integrin.  

The molecular signaling pathway of trypsin inhibitors with integrin receptor gives insights 
that the inhibitor drug mimics the same behavior intracellular as depicted computationally. 
Thus, insilico analysis carried out on plant proteins, such as trypsin inhibitors leads to the 
early prediction of their in vitro protein function. 

The full potential of any biological molecule cannot be determined purely on insilico basis, 
the computational findings need to be validated by invitro studies. This relative importance 
and balance of insilico and in vitro results is crucial to clinically address the biological 
nature of any newly identified plant-derived therapeutic agent. Thus, the role of structural 
biology always facilitates the investigations of functional biology of different biological 
macromolecules like proteins. 
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