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Abstract: The receptor tyrosine kinase (EphB4), which produces erythropoietin, was identified as a 

molecular target for cancer. We identified six peptides as potential inhibitors of EphB4 using an 

integrated approach combining online bioinformatics tools. According to PeptideRanker, CSM-

peptides, SCMTHP, and AcPEP analysis, all peptides are effective against cancer, with the exception 

of LTAPGQATLPT and VEQNLVPGLK. Furthermore, Toxin-Pred predicts that none of the 

peptides are toxic, and that only VQLPGWRVFP and TMKGPPDTLQ are potentially allergenic 

using AllerTop server. PepSite2, HPEPDOCK, and MDockPeP servers were utilized to perform 

molecular docking, and PacDock was used to examine molecular interactions. The docking score 

(kcal/mol) range of six promising anticancer peptides against EphB4 was recorded as follows: 

VQLPGWRVFP (-240.72), FTKDDEWSCFPF (-201.74), SYLPPLSAEVTAK (-177.52), 

LTAPGQATLPT (-162.23), VEQNLVPGLK (-157.30), TMKGPPDTLQ (-149.67). The main bindings 

on the allosteric site to VQLPGWRVFP were with R706, S815, R819 and P843 on EphB4. Collectively, 

our results demonstrated that M. oleifera peptides ameliorate cancer by inhibiting EphB4, and they 

are promising candidates for the prevention and treatment of cancer.  

Keywords: Moringa oleifera; anticancer peptides; EphB4; Bioinformatics 

 

1. Introduction 

The Eph (erythropoietin-producing hepatocellular carcinoma) receptors represent the largest 

known family of receptor tyrosine kinases in mammals. Eph receptors are highly conserved proteins 

that are divided into two subfamilies of nine EphA and five EphB receptors based on sequence 

similarity [1,2].  The Eph (erythropoietin-producing hepatocellular carcinoma) B receptors are 

important in a variety of cellular processes through their roles in cell-to-cell contact and signaling; 

their up-regulation and down-regulation has been shown to have implications in a variety of cancers, 

and are implicated in a range of processes including angiogenesis, stem cell maintenance and 

metastasis. They are thus of great interest as targets for cancer therapy [3]. Eph receptors are 

transmembrane proteins with an extracellular domain capable of recognizing signals from the cells' 

environment. Ephrins are the ligands to Eph receptors and stimulate bi-directional signaling of the 

Eph/ephrin axis. Data suggest that Eph/ephrin signaling could play an important role in the 

development of novel inhibition strategies and cancer treatments to potentially target this receptor 

tyrosine kinase and/or its ligand [4]. 

Biopeptides (BPs) are used to kill cancer cells in anticancer peptide therapy, which is an 

emerging field. BPs can be easily designed using bioinformatics tools to target some protein of 

interest, including the amino acid sequence, structure, and interaction partners of various oncogenic 
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proteins. Anticancer therapy is effective depending on the stage and type of cancer, but it is expensive 

and extremely toxic to patients. As a result, there is an urgent need for new research on inexpensive 

and non-toxic anti-cancer treatments. In this context, anticancer peptides are an alternative to drugs 

(small molecules) traditionally used in cancer treatments. These fragments of proteins induce cell 

death through various mechanisms, such as apoptosis, disruption of the tubulin-microtubule 

balance, or inhibition of angiogenesis [5]. 

Moringa oleifera Lam. (Moringaceae) has been researched for its chemopreventive capabilities 

and has been demonstrated to suppress the development of numerous human cancer cells [6]. Many 

studies have found that M. oleifera leaves can protect organisms and cells against oxidative DNA 

damage, which is linked to cancer and degenerative illnesses [7]. The extract of M. oleifera leaves 

decreased the viability of acute myeloid leukemia, acute lymphoblastic leukemia, and hepatocellular 

carcinoma cells[8]. M. oleifera contains several bioactive chemicals that may be responsible for its anti-

cancer activities, including 4-(-l-rhamnosyloxy) benzyl isothiocyanate, niazimicin, and β-sitosterol-3-

O—d-glucopyranoside [9]. Moreover, Al-Asmari AK et al., (2015) also proposed that the M. 

oleifera extracts act as an anti-cancer agent by decreasing cell motility and colony formation in 

colorectal and breast cancer cell lines. Current research also indicated that the M. oleifera solvent 

fractions possess in vitro anticancer activity against HeLa cancer cell line [10,11]. 

Moringa oleifera leaves and seeds have a high percentage of protein, as well as all the necessary 

amino acids, making them a potential source of functional protein isolate for use in the food and 

biomedical sectors [12]. Total hydrolysates (TH) and peptide fractions from Moringa seed protein 

isolates demonstrated that the fraction > 10 kDa of pepsin-trypsin digested for 5 h had higher 

Angiotensin Converting Enzyme (ACE) inhibitory activity, with an IC50 of 0.224 g/l. Also, 

antidiabetic efficacy was increased in pepsin-trypsin treatment with 5 hours of hydrolysis, with an 

IC50 of 0.123 g/L. Ultimately, the hydrolysates of Moringa seed proteins shown great in vitro 

nutraceutical potential [13]. In addition, eight unique antioxidant peptides of GY, PFE, YTR, FG, QY, 

IN, SF, SP, and three recognized antioxidant peptides of YFE, IY, and LY were extracted and 

characterized from M. oleifera seed protein hydrolysate. SF and QY demonstrated considerable 

protection from H2O2-induced Chang liver cells by boosting the activities of endogenous antioxidant 

enzymes (superoxide dismutase and catalase) and scavenging intracellular ROS. The findings 

suggested that SF and QY might be used as natural antioxidants in pharmaceutical or functional 

foods [14]. Also, it was reported that M. oleifera leaves peptides released by in vitro gastrointestinal 

digestion might be a potential resource for natural antioxidant and anti-inflammatory components 

[15]. However, there are no reports on anticancer peptides from M. oleifera. Therefore, the aim of this 

study is to determine if the previously reported peptides possess this therapeutic property. We have 

chosen six antioxidant peptides (Figure 1) derived from M. oleifera and compared their anticancer 

potency against EphB4 by molecular docking. 
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Figure 1. Chemical structures of the selected peptides previously reported [15]. 

2. Results 

QSAR/QSPR models have been utilized by hundreds of studies in recent years to aid in screening 

bioactive peptides and predicting their activity. Several of these models have been included in simple 

online programs that researchers may use as preliminary screening tools. Before conducting wet 

chemistry studies, researchers can obtain approximated BP profiles with expected bioactivities using 

servers and protein hydrolysis modeling tools. Researchers can benefit from it by choosing better 

enzyme-substrate combinations for BP synthesis and identification.  

In vitro gastrointestinal digestion of M. oleifera leaves resulted in the selection of peptides for 

this study. In Avilés-Gaxiola, S. et al., (2021) reported fourteen peptides of different sizes, but only 

the largest ones were taken into account [15]. Using the CSM-peptides server, Table 1 displays the 

potential therapeutic effects of six peptides from M. oleifera. All peptides can have multiple activities, 

with anticancer and anti-inflammatory activities standing out. There are only two peptides 

(TMKGPPDTLQ and VEQNLVPGLK) that have identical activity, and only the VQLPGWRVFP 

peptide had anti-viral activity. However, none of the peptides has anti-bacterial activity. Finally, it is 

interesting to mention that the TMKGPPDTLQ and VEQNLVPGLK peptides have very high quorum 

sensing activity (Table 1). 

Table 1. Therapeutic activity Prediction for M. oleifera peptides by CSM-peptides. 

Peptide 

sequence 

Activity Prediction 

Anti-

angiogenic 

Anti-

Bacterial 

Anti-

cancer 

Anti-

inflammatory 

Anti-

viral 

Quorum 

Sensing 

VQLPGWRVFP ---------- --------- 0.72 0.64 0.52 -------- 

LTAPGQATLPT ---------- --------- 0.52 -------- --------- -------- 

TMKGPPDTLQ 0.51 --------- 0.57 0.71 --------- 0.92 

FTKDDEWSCFPF ---------- --------- 0.54 0.54 --------- -------- 

SYLPPLSAEVTAK ---------- --------- 0.53 0.53 --------- -------- 

VEQNLVPGLK 0.57 --------- 0.79 0.77 --------- 0.97 

Tumor homing peptides (THPs), which consist of 3 to 15 amino acids, have specialized 

recognition and binding to tumor cells or tumor vasculature. To confirm that anticancer activity is 
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present in all peptides and which of them are THPS, we used other online servers (SCMTHP, ACPred, 

TumorHPD, and Neptune). The ACPred server only detected the VQLPGWRVFP peptide with a high 

score for its anti-tancer activity, however, the other peptides were not considered due to their lack of 

this activity (Table 2). SCMTHP and tumorHPD validated that the VQLPGWRVFP peptide belongs 

to THP. In addition, FTKDDEWSCFPF and SYLPPLSAEVTAK were the other THP peptides that 

corresponded to two employed servers. It is important to mention that the LTAPGQATLPT peptide 

was the only peptide that did not exhibit anticancer activity (Table 2). On the other hand, the peptides 

VQLPGWRVFP and FTKDDEWSCFPF were the only active peptides according to PeptideRanker. 

While the ToxinPred server proposes that no peptide is toxic to cells. Finally, the AllerTop2 server 

suggests that the peptides VQLPGWRVFP and TMKGPPDTLQ could probably be allergens (Table 

2). 

Table 2. Tumor homing peptides, toxicity and allergenic characteristics for M. oleifera peptides. 

Peptide 

sequence 

Multiple peptide servers 

SCMTH

P 

ACPre

d 

TumorHP

D 

Neptun

e 
PR* 

ToxinPre

d 

AllerTo

p 

VQLPGWRVFP 
THP 

(392.9) 

ACP 

(0.91) 
THP (0.33) 

NON-

THP 

(0.283) 

0.7

2 
Non-toxin Allergen 

LTAPGQATLPT 

NON-

THP 

(277.0) 

NON-

ACP 

(0.932) 

NON-THP 

(-0.86) 

NON-

THP 

(0.097) 

0.1

8 
Non-toxin 

Non- 

Allergen 

TMKGPPDTLQ 
THP 

(392.9) 

NON-

ACP 

(0.977) 

NON-THP 

(-0.86) 

NON-

THP 

(0.368) 

0.1

4 
Non-toxin Allergen 

FTKDDEWSCFPF 
THP 

(392.9) 

NON-

ACP 

(0.901) 

THP (0.89) 

NON-

THP 

(0.063) 

0.8

0 
Non-toxin 

Non- 

Allergen 

SYLPPLSAEVTA

K 

THP 

(392.9) 

NON-

ACP 

(0.973) 

NON-THP 

(-0.69) 

THP 

(0.935) 

0.3

4 
Non-toxin 

Non- 

Allergen 

VEQNLVPGLK 

NON-

THP 

(209.3) 

NON-

ACP 

(0.986) 

NON-THP 

(-0.1) 

NON-

THP 

(0.053) 

0.2

7 
Non-toxin 

Non- 

Allergen 

*PR, PeptideRanker. 

To identify which type of cancer and the therapeutic concentrations for each peptide, we use the 

AcPEP server. Table 3 shows that the VQLPGWRVFP peptide presented a dose of 74.75 μM for skin 
cancer, but a high dose of 478 μM for prostate cancer. The LTAPGQATLPT peptide presented the 

highest tentative doses compared to the other peptides and these data confirm the results of the 

previous tables. The TMKGPPDTLQ peptide presented a dose of 163.37 μM for cervical cancer, but 
a high dose of 551.05 μM for breast cancer. The FTKDDEWSCFPF peptide presented the best dose of 

64.49 μM for skin cancer and the lowest dose for lung cancer (Table 3). The SYLPPLSAEVTAK 
peptide presented the best tentative dose of 83.60 μM for prostate cancer and presented a low dose 
(267.4 μM) for breast cancer. It is important to mention that three peptides presented doses close to 
110 μM for cervical cancer (Table 3). 

Table 3. Anticancer prediction for M. oleifera peptides by AcPEP server. 

Peptide 

sequence 

Activity Prediction 

Breast 

(μM) 
Cervix 

(μM) 
Colon 

(μM) 
Lung 

(μM) 
Prostate 

(μM) 
Skin (μM) 

VQLPGWRVFP 309.61 110.02 412.54 277.14 478.23 74.75 
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LTAPGQATLPT 551.05 408.95 490.98 822.35 301.11 503.92 

TMKGPPDTLQ 520.78 163.37 617.55 684.13 386.68 372.89 

FTKDDEWSCFPF 180.87 291.62 368.83 126.08 479.94 64.497 

SYLPPLSAEVTAK 267.4 114.22 244.69 588.18 83.60 299.26 

VEQNLVPGLK 474.14 109.63 557.37 457.76 315.45 297.65 

After discovering anticancer peptides that are favorable, it is crucial to comprehend the 

mechanism by which they exhibit bioactivities. Molecular docking is an in silico approach to explain 

the interaction between ligands (BPs) and receptors (target proteins) at the atom level [16].  Based on 

anticancer prediction, toxicity prediction and allergenic prediction, we performed a molecular 

docking analysis of peptides using servers (PePSite2, MDockPeP and HPEPDOCK 2.0). According to 

the Pepsite2 server, all peptides bind to the receptor, but TMKGPPDTLQ has the best probability 

(Table 4). In contrast, MDockPeP and HPEPDOCK 2.0 use bioactivity analysis to predict bioactivity 

and take into account the binding energy between the peptides and the receptor. MdockpEP suggests 

that the FTKDDEWSCFPF peptide presents the best binding energy, while HPEPDOCK 2.0 indicates 

that the VQLPGWRVFP peptide is the most affinity to the receptor and the second option is 

FTKDDEWSCFPF (Table 4). 

Table 4. Molecular docking between EPHRIN TYPE B receptor 4 and Moringa oleifera leaves peptides. 

Peptide sequence PepSite2 p-value ITScorePeP HPEPDOCK 2.0 

VQLPGWRVFP 0.0196 -165.2 -240.72 

LTAPGQATLPT 0.0673 -109.8 -162.23 

TMKGPPDTLQ 0.0078 -120.2 -149.67 

FTKDDEWSCFPF 0.0720 -217.1 -201.74 

SYLPPLSAEVTAK 0.0862 -151.9 -177.52 

VEQNLVPGLK 0.0760 -121.6 -157.30 

In the course of cancer, the development of tumors, invasiveness, resistance, and angiogenesis 

are facilitated by EphB4/ephrinB2 signaling [17,18]. In colorectal cancer, EphB4 has been shown to 

not only promote tumor growth, but also tumor-associated angiogenesis [19]. In ovarian cancer 

research, it has been found that EphB4 expression is associated with lower survival, and the use of 

EphB4 targeting has shown promising preclinical activity [20]. Epidermal growth factor receptor 

(EGFR) signaling partially regulates EphB4 overexpression in bladder cancer and allows for cancer 

survival through anti-apoptosis signaling [21].  The EphB4 gene appears to be amplified in 

esophageal tumors and plays a role in tumor cell survival and migration [22].  The EphB4 gene 

appears to be amplified in esophageal tumors and plays a role in tumor cell survival and migration 

[23].  In an EphB4 knockdown screen of prostate cancer, EphB4 was shown to regulate integrin β8, a 

key determinant of prostate cancer invasiveness [24].  Overexpression of the EphB4 ligand ephrinB2 

has also been correlated with poor outcome in several tumors. Targeting EphB4/ephrinB2 with 

specific antibodies was found to be effective in animal models of solid tumors [25].  Epithelial 

cancers, such as lung cancer, have been found to have EphB4 mutations, while almost one-third of 

head and neck cancers have EphB4 gene amplification [26]. 

Based on the above information, we decided to use the crystallographic structure of EphB4 (PDB 

ID: 3ZEW) to determine if the peptides with anticancer property could interact with this receptor. To 

gain more insight into how EphB4 interferes with VQLPGWRVFP and FTKDDEWSCFPF, molecular 

docking was applied to elucidate interactions between the peptide and receptor. The EphB4 showed 

the greatest peptide binding affinity of -240.72 kcal/mol (Table 4). In the Figure 2, the molecular 

docking results showed that two peptides could bind EphB4 tightly by hydrogen bonding and 

hydrophobic interactions. Figure 2B shows that the VQLPGWRVFP peptide binds at the same 

binding site as staurosporine. While the FTKDDEWSCFPF peptide binds at a more distant site to the 

pocket occupied by stauroporine (Figure 2D). As shown in Figure 2C, our molecular docking analysis 

revealed that the binding model suggested that binding between EphB4 and VQLPGWRVFP 
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occurred via hydrogen bonds involving D702 and R744 in the binding pocket, five hydrophobic 

contacts were observed between the residues F695, V629, D702 and R819. The VQLPGWRVFP also 

interacted with D702 residue via ionic interaction. The molecular interactions of the peptide 

FTKDDEWSCFPF with EphB4 showed bonding interactions with the R706, S815, R819, and P843 

amino acid residues (Figure 2F). 

 

Figure 2. The conformations with the lowest docking energy were selected for demonstration. The 

protein is shown in ribbon representation (A and D), whereas peptides are shown as mesh 

representation: B) VQLPGWRVFP (blue), E) FTKDDEWSCFPF (pink). Figure 2C and 2F were 

obtained with PacDOCK web server. 

3. Discussion 

M. oleifera is one such tree having tremendous nutritional and medicinal benefits. It is rich in 

macro- and micronutrients and other bioactive compounds which are important for normal 

functioning of the body and prevention of certain diseases [27]. Leaves, flowers, seeds, and almost all 

parts of this tree are edible and have immense therapeutic properties including antidiabetic, 

anticancer, antiulcer, antimicrobial, and antioxidant [28]. For this reason, there is a great interest in 

the therapeutic potential of Moringa protein hydrolysates and their subsequent incorporation to 

functional foods.  

The bioactive peptides are encrypted in proteins but can be released by modifications or 

cleavage from original protein by means of enzymes during gastrointestinal transit or processes as 

fermentation, germination, heating, and pressure. BPs derived from food proteins have enormous 

promise as functional foods and nutraceuticals. Bioactive peptides have numerous important 

activities in the living body, including antioxidative, anti-inflammatory, anticancer, antibacterial, 

immunomodulatory, and antihypertensive properties [29]. The analysis of the main peptides of the 

M. oleifera leaves protein hydrolysate using the BIOPEP-UWM database (Minkiewicz, P. et al., 2022) 

showed the presence of angiotensin I-converting enzyme and dipeptidyl peptidase IV inhibitory 

peptide sequences [15,30]. These peptides could be further evaluated for their preventive potential 

against chronic diseases.  

Eph/Ephrin signalling plays an important role in tumorigenesis, neovascularization, and 

vasculogenesis. The EphB receptors play important roles in cell shape, adhesion, migration, and 

invasion, and their abnormal activity has been associated to the genesis and progression of a variety 

of tumor forms. Its opposing expression patterns in cancer tissues, together with their high sequence 

and structural similarity, provide intriguing hurdles to those attempting to design selective 

therapeutic agents targeting this vast receptor family. All Eph receptors have a highly conserved 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 1 December 2023                   doi:10.20944/preprints202312.0088.v1

https://doi.org/10.20944/preprints202312.0088.v1


 7 

 

overall structure with EphA and EphB receptors sharing the same structural features and domains. 

The primary sequence differences between EphA and EphB receptors reside in a region of the ligand 

binding domain determined to be a low affinity ephrin binding site which is likely involved in 

determining ephrin subclass binding specificity [31]. EphB4 protein was more highly expressed in 

colorectal cancer tissues compared with adjacent normal mucosae (P<0.05), while EphrinB2 levels 

were unchanged. EphB4 acts as a tumour promoter associated with proliferation, invasion, and 

angiogenesis, and may be used as a potential CRC therapeutic target (Lv J et al., 2016). It is important 

to mention that the peptides from M. oleifera are specific for EphB4 (PDB ID: 3ZEW) and present very 

low interaction with EphB3 (PDB ID: 3ZFY), the VQLPGWRVFP peptide was the only one that 

presented a positive value (0.1746) for PepSite2. While there is no interaction with the EphA (PDB ID: 

3CKH).  

Moreover, these peptides bind in the cavity of the stauroporine binding site. Staurosporine is an 

anti-cancer cell permeable alkaloid isolated from Streptomyces staurosporeus. Staurosporine inhibits 

protein kinases, including protein kinase C, in a non-selective manner. This chemical causes 

apoptosis through an unknown mechanism. As a result, these findings are exceedingly promising as 

anticancer peptides, which can exert anti-tumor activity via several key mechanisms: (a) Apoptosis 

induction, which involves an energy-dependent cascade mediated via specific proteases or caspases; 

strategies to overcome tumor resistance to apoptotic pathways include activation of pro-apoptotic 

receptors, restoration of p53 activity, caspase modulation, and proteasome inhibition [32]. (b) 

Blockade of intermediate tumor generation by regulating cellular mechanisms associated with cell 

proliferation and survival, or biosynthetic pathways that control cell growth [33]. (c) Regulation of 

immune system function by increasing the expression of tumor-associated antigens (antigenicity) in 

cancer cells, by triggering tumor cells to release danger signals that stimulate immune responses 

(immunogenicity), or by increasing the predisposition of tumor cells to be recognized and killed by 

the immune system (susceptibility) [34]. 

It is important to note that the peptides used in this study can present multiple activities that 

must be studied in depth. For example, TMKGPPDTLQ and VEQNLVPGLK peptides present very 

high anti-quorum sensing activity (Table 1). The quorum sensing peptides are mainly secreted by 

Gram-positive bacteria and can "communicate" with human cells. Some sensing peptides have shown 

to promote angiogenesis, tumor cell invasion and metastasis of colon cancer as well as of breast cancer 

cells. On the other hand, quorum sensing cyclodipeptides produced by bacteria and fungi have 

shown significant antitumor activities [35].   

On the other hand, five peptides also possess anti-inflammatory activity. Inflammation is often 

associated with the development and progression of cancer (Table 1). The cells responsible for cancer-

associated inflammation are genetically stable and thus are not subjected to rapid emergence of drug 

resistance; therefore, the targeting of inflammation represents an attractive strategy both for cancer 

prevention and for cancer therapy. Tumor-extrinsic inflammation is caused by many factors, 

including bacterial and viral infections, autoimmune diseases, obesity, tobacco smoking, asbestos 

exposure, and excessive alcohol consumption, all of which increase cancer risk and stimulate 

malignant progression. In contrast, cancer-intrinsic or cancer-elicited inflammation can be triggered 

by cancer-initiating mutations and can contribute to malignant progression through the recruitment 

and activation of inflammatory cells. Both extrinsic and intrinsic inflammations can result in 

immunosuppression, thereby providing a preferred background for tumor development [36]. 

Finally, the results in Table 3 suggest that the peptides could be more effective for skin or cervical 

cancer. However, studies are required with different cancer cell lines such as A-431, HT-3, HeLa, 

MCF-7 and A-549 for validating cancer targets and for defining drug efficacy.  These results correlate 

with the findings reported by Al-Asmari AK et al., (2015) who reported that both the leaf and bark 

extracts of Moringa collected from the Saudi Arabian region possess anti-cancer activity against 

MDA-MB-231 and HCT-8 cancer cell lines and that can be used to develop new drugs for treatment 

of breast and colorectal cancers [11]. Moreover, The Moringa oleifera bioactive compounds have been 

effective in the suppression of cancers, making them the therapeutic agents of choice for the current 
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investigation to treat Melanoma-associated gene expression antigens presented in non-small cell lung 

cancer [37].  

Further research is needed to ensure appropriate preclinical and clinical evidence to meet the 

criterion of safe and effective treatment. However, M. oleifera is a valuable species that provides a 

significant but still poorly studied source of anticancer peptides. 

4. Materials and Methods 

In silico analysis can aid in the prediction of a wide variety of factors used to derive BPs and 

assess biological activity. Moreover, utilizing the web tools, the basic characteristics of the peptides 

may be examined. To predict the activity of target molecules, quantitative structure-activity 

relationship (QSAR) and molecular docking are utilized. AllerTOP2, for example, is the first 

alignment-free server for in silico allergy prediction based on the basic physicochemical features of 

proteins [38]. TumorHPD is a website that predicts and designs tumor homing peptides [39]. The 

overall bioactivity of the in silico released peptides was estimated using tools available in 

PeptideRanker (provider: University College Dublin, 

Ireland; http://distilldeep.ucd.ie/PeptideRanker/) [40]. The PeptideRanker tool can sort a set of 

peptides and award scores ranging from 0 to 1 based on their function-structure models. The greatest 

score indicates the most active peptides, while the lowest indicates the least active. Peptides for which 

the PeptideRanker Score was higher than 0.5 were analyzed using Pepsite2 (provider: University of 

Heidelberg, Germany; http://pepsite2.russelllab.org.) [41], which allows computing the potential 

interaction (p-value) between the peptide and target enzymes (PDB—Protein Data Bank; provider: 

Research Collaboratory for Structural Bioinformatics; http://www.rcsb.org/pdb/). CSM-peptides, a 

novel machine learning method for rapid identification of eight different types of therapeutic 

peptides: anti-angiogenic, anti-bacterial, anti-cancer, anti-inflammatory, anti-viral, cell-penetrating, 

quorum sensing, and surface binding; https://biosig.lab.uq.edu.au/csm_peptides/ [42]. AcPEP is a 

server of sequence-based machine learning methods for anticancer peptide (ACP) prediction. This 

server accepts peptide amino acid sequences in FASTA format. Firstly, it predicts if the sequences are 

ACPs, and then it predicts their biological activities against 6 different cancer types: breast, cervix, 

colon, lung, prostate, and skin; https://app.cbbio.online/acpep/home/ [43]. The PepSite 2 web server 

was used to predict peptide-binding sites in EphB4; http://pepsite2.russelllab.org/ [41]. Receptor 

grids were generated for the prepared protein structures so that peptides bind within the predicted 

active site. Receptor grids were generated with default values for van der Waals scaling factor (1.00) 

and charge cutoff (0.25). A cubic search space, centered on the centroid of the active site residues 

predicted by PepSite 2, was generated for each receptor. The EphB4 model was obtained from the 

deposited X-ray structure PDB ID 3ZEW. The SMILES format were obtained from the amino acid 

sequence using the server the Novoprolabs tools (https://www.novoprolabs.com/tools/convert-

peptide-to-smiles-string) accessed on 05 January 2023. The conformational search was performed 

using the Cheminformatic tools and databases for Pharmacology (https://chemoinfo.ipmc.cnrs.fr/) 

accessed on 06 January 2023, and the most stable conformers were chosen and optimized [44]. 

PacDock is a novel web service for fully automated detection and visualization of relevant non-

covalent protein-ligand contacts in 3D structures, freely available at 

https://pegasus.lbic.unibo.it/pacdock/PacVIEW_Receptor_Ligand_Interactions.html [45].  

5. Conclusions 

It can be concluded that both VQLPGWRVFP and FTKDDEWSCFPF are the best peptides with 

EphB4 inhibitory activity in silico. To our knowledge, this is the first time that anti-cancer biopeptides 

of M. oleifera are reported and thereby contributing new insights into the nutraceutical properties of 

this medicinal plant. We report the molecular docking analysis of anticancer peptides 

VQLPGWRVFP and FTKDDEWSCFPF with the target EphB4 receptor. Both peptides can be used for 

treatment of cancer, mainly cervix and skin cancer, although it would be necessary to perform 

bioavailability and clinical studies to demonstrate their efficiency in vitro and in vivo models. 
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