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Abstract
Lung cancer is a major public health concern due to its high prevalence and mortality, and it is also the
second leading cause of cancer death worldwide. Non-small cell lung cancer accounts for more than 80%
of lung cancers. In recent years, the use of bioactive peptides in cancer therapy has widened the
treatment regimen. They have been con�rmed to selectively target and destroy cancer cells while leaving
healthy cells unaffected. Furthermore, antimicrobial peptides can cause cytotoxic activity in human
cancer cells by binding to negatively charged phosphatidylserine moieties on the outer surface of cancer
cell plasma membranes. In the present study, we predicted the interactions of tryptophan, proline, and
arginine-rich peptides with EGFR kinase and evaluated the protein-peptide complex stability through
molecular dynamics simulations. From the computational study, we selected the potential peptides based
on the docking score, the number of hydrogen bonds formed between the protein-peptide complexes and
the stability. These results suggest that antimicrobial peptides show potential for application in lung
cancer therapies.

1. Introduction
Due to their clinical potential, antimicrobial peptides (AMPs) have piqued the interest of researchers,
health professionals, and pharmaceutical companies in recent years. These peptides have a low
molecular weight and exhibit a broad spectrum of antimicrobial and immunomodulatory activity against
gram-positive and negative bacteria, viruses, and fungi. Additionally, these peptides exhibit enhanced
e�cacy, increased speci�city, decreased drug interaction, low-level toxicity, direct attacking capabilities,
and biological diversity. As a result, pharmaceutical companies are conducting clinical trials to determine
the potential therapeutic value of these peptides [1]. By interacting with negatively charged phospholipids,
cationic AMPs can destabilize microbial cell membranes. Additionally, several peptides can cause
cytotoxicity in human cancer cells by binding to negatively charged phosphatidylserine moieties on the
outer surface of cancer cell plasma membranes [2]. AMPs are a new source of anticancer drugs that are
low in toxicity and have the potential to overcome tumor resistance to conventional chemotherapy [3].

Although the mechanism of action of host defense peptides is unknown, electrostatic attraction between
negatively charged cancer cell components and positively charged AMPs is required for e�cient binding
and degradation of cancer cell membranes [4]. Natural AMPs are found in a wide range of organisms, are
unstable with a short half-life, and have the potential to cause hemolysis. It is vital and essential to
produce synthetic and long-lasting AMP analogues that overcome the inherent limitations of their natural
peptides and also address potential issues for therapeutic candidates [5]. Reduced cholesterol levels in
cancer cells may result in increased membrane �uidity, which aids AMP-induced apoptosis [6]. AMPs
have obtained a lot of interest as anticancer drugs as they can selectively target cancer cells instead of
healthy cells [7, 8].

Antimicrobial peptides containing tryptophan have been shown to improve cytotoxicity against non-small
cell lung adenocarcinoma A549 cells [9]. Proline-rich AMPs (p1922) have been investigated in a primary
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gingival �broblast cell line and a squamous cancer cell line [10]. PR-39 is an antimicrobial peptide with a
high proline-arginine content derived from neutrophils. It is a curly antimicrobial peptide with an irregular
shape. It has a moderate inhibitory effect on tumour cells but a strong inhibitory effect on normal human
embryonic kidney 293T cells [11]. The tryptophan residue on cell-penetrating peptides is critical for their
entry into cancer cells, which involves an endocytic pathway and binding to the nuclear DNA's primary
groove [12]. The epidermal growth factor receptor (EGFR), a member of the ErbB receptor tyrosine kinase
(TK) family, plays an important role in the development and progression of non-small-cell lung cancer
(NSCLC). Tyrosine kinase inhibitors (TKIs) targeting the human EGFR has now have a standard treatment
regimen in the clinic for patients with advanced EGFR mutant NSCLC. Since EGFR-mutated tumors rely on
EGFR activity to stimulate downstream signalling pathways, there is a chance that such cancers can be
treated with peptide-based TKIs that block EGFR signalling [13]. We addressed signi�cant advancements
in the importance of tryptophan, proline, and arginine-rich AMPs as anticancer agents, as well as their
binding a�nity for the EGFR kinase and estimation of stable kinetics using molecular dynamics
simulations. In addition, we did bilayer dynamics between the screened peptide and 1-palmitoyl-2-oleoyl-
sn-glycero-3-phosphatidylserine (POPS) to �gure out stable conformations.

2. Materials And Methods

2.1 Peptides and Protein preparation
Previously, antimicrobial peptides with high tryptophan, proline, and arginine residues were collected and
their three-dimensional structures evaluated. For this study, we used those three-dimensional peptide
structures [14]. The crystal structure of the EGFR kinase domain protein was used as the target protein
(PDB ID: 6ZJ0). The structure of the target protein was obtained from the Protein Data Bank
(https://www.rcsb.org/).

2.2 Peptide-protein docking and simulations
The native structure of the EGFR kinase, with a resolution of 2.86, was obtained from the PDB. Before
docking, the protein and peptide structures were prepared by removing water molecules and adding
hydrogen atoms. For protein-peptide docking, the CASTp server is used to determine the target protein's
binding sites [15]. Docking was performed using the ClusPro server [16, 17, 18, 19]. The LIGPLOT was
used to visualize the hydrogen bond interaction between the protein and peptide [20]. Additionally,
molecular dynamics calculations were performed using GROMACS [21]. A molecular dynamics
simulation of the docked complex was performed for a time period of 50 ns using the CHARMM force
�eld. Energy minimization was performed for 50K steps. Subsequently, 100 ps NVT and 100 ps NPT MD
simulations at a temperature of 300 K were performed. XMGRACE software was used to make the RMSD,
RMS �uctuation, and radius of gyration plots [22].

2.3 Peptide-lipid bilayer simulations
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A coarse-grained molecular simulation was performed to evaluate the peptide-lipid interaction. In this
study, we used POPS as a lipid model. The modelled peptides in the lipid bilayer are constructed using the
CHARMM-GUI input generator [23, 24]. For coarse-grained molecular simulations, the MARTINI force �eld
was used. VMD was used to visualise the molecular dynamics production run [25].

3. Result And Discussion

3.1 Interactions between the docked complexes
To evaluate peptide-protein interactions, we docked 41 antimicrobial peptides with the EGFR kinase to
determine which peptides have a high a�nity for binding and interaction with the EGFR kinase. The EGFR
kinase binding sites are found between the residue numbers (716–876). Figure 1. Represent the EGFR
kinase's binding pocket (orange colour). The binding score of the EGFR kinase against 41 antimicrobial
peptides was predicted through docking studies in order to �nd a potent peptide molecule. The peptides
Tet009, Retrocyclin3, Tet033 showing abundant hydrogen bond interactions with the target protein and
the binding residues of the target protein with the potent peptides (Tet009, Retrocyclin3 and Tet033) were
tabulated in Table 1.
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Table 1
Scoring of docked models based on rank of EGFR kinase with selected peptides

Antimicrobial peptides Sequence ClusPro Scoring System with EGFR kinase

Center Lowest

Apidaecin IA GNNRPVYIPQPRPPHPRI -1253 -1276.7

Apidaecin IB GNNRPVYIPQPRPPHPRL -884.7 -1059.9

Apidaecin II GNNRPIYIPQPRPPHPRL -1058.4 -1227.2

Astacidin 2 RPRPNYRPRPIYRP -846.3 -1045.1

Combi2 FRWWHR -1018.7 -1227.3

Bradykinin RPPGFSPFR -757.2 -805.2

Bucath4lc RIRFPWPWRWPWWRRVRG -1088.8 -1222.3

Combi1 RRWWRF -1059.8 -1211

cyclic_dodecadopeptide RICRIIFLRVCR -908.3 -1018.1

Idr-1010 IRWRIRVWVRRI -1144.2 -1281.9

hlf GRRRRSVQWCA -786 -895.2

Formaecin1 GRPNPVNNKPTPHPRL -815 -898.5

Formaecin2 GRPNPVNTKPTPYPRL -891.1 -1160.4

inverso CKRWWKWIRW -944.7 -1084

metalkowinIIA VDKPDYRPRPWPRPN -684.5 -860.1

metalkowinIII VDKPDYRPRPWPRPNM -684.5 -860.1

Paf26 RKKWFW -885.6 -1007.2

Retrocyclin3 RICRCICGRRICRCICGR -1237.6 -1569.9

tet003 RLARIVPIRVAR -917.2 -1107.1

Tet008 RRWRIVVIRVRR -1053.5 -1355.6

Tet009 RRWKIVVIRWRR -945.2 -1062.2

Rlid12.1 TPPQS -484.2 -484.2

Rtd2 GVCRCLCRRGVCRCLCRR -1051.7 -1321.8

Tet013 VRFRIRVAVIRA -839.9 -963.1

Tet024 RRRWIVVIWRRR -1292 -1524

Tet032 RRWRRWWRRWRR -1064.4 -1160.2
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Antimicrobial peptides Sequence ClusPro Scoring System with EGFR kinase

Center Lowest

Tet033 RRRWWWRRWWRR -957 -1044.2

Tet037 IVRVAVALRRIR -796.3 -999.9

Tet052 RRAAVVLIVIRR -964.8 -1010.7

Tet091 ILKWKWPWWPWRR -1136 -1309.5

Tet092 FIKWKFRWWKWRK -1013.5 -1072.6

Tet099 FIRWRFRWWRWRR -1212.3 -1377.6

Bactenin RLCRIVVIRVCR -1026.9 -1288.1

PP30 YVPPVQKPHPNGPKFPTFP -881.5 -1054.2

Pac-525 KWRRWVRWI -874.1 -921.8

Tet110 RWRWWRWRR -992 -1149.1

Tet112 KWKWWKWKK -784.7 -890.3

Tet124 KLWWMIRRW -942.7 -998.6

Tet127 KRWWKWWRR -901.5 -1010.8

Tet213 KRWWKWWRRC -970.2 -1059.3

TetraF2K-RK WWWLRKIW -809.4 -938.3

Computational protein-peptide docking studies identify the top scored binding of the given antimicrobial
peptides with EGFR kinase. The protein-peptides (Tet009, Retrocyclin3 and Tet033) complex got the
highest docking score, which shown in Table 1. Figure 2. Three potent antimicrobial peptides against
EGFR kinase. After docking, the EGFR kinase protein shows 17 hydrogen bonds with Tet009, Retrocyclin3
and 16 hydrogen bonds with Tet033. Figure 3.A shows the hydrogen bond interactions with bond length
between the EGFR kinase- Tet009, Fig. 3.B shows the hydrogen bond interactions with bond length
between the EGFR kinase- Retrocyclin3, Fig. 3.C shows the hydrogen bond interactions with bond length
between the EGFR kinase- Tet033. In summary, the docking results concluded that the three potent
peptides (Tet009, Retrocyclin3 and Tet033) shows good binding with EGFR kinase protein. Based on the
binding sites, we found Rectrocyclin3 and Tet033 is perfectly binds with the target protein.

3.2 Stable conformation of docked complexes
The stability of the docked peptide (Tet009, Retrocyclin3 and Tet033) - EGFR kinase complexes was
further investigated by performing molecular dynamics (MD) simulations of the complexes in an explicit
water box at 300 K for a period of 50 nanoseconds. Exploration on RMSD parameters produces complete
structural information in understanding the conformational stability of protein-peptide complexes. The



Page 7/15

root mean square deviation of the complex structures shows the range from 0.1 to 1.5 Å. To examine the
stability of the docked complexes, Fig. 4.A shows the root mean square deviation of the docked
complexes, black colour RMSD indicates the plain structure. Green colour denotes the EGFR kinase-
tet009, red colour denotes the EGFR kinase- Retrocyclin3 and navy blue denotes the EGFR kinase- tet033.
Based on the RMSD plot, EGFR kinase- Retrocyclin3 is more stable than EGFR kinase- tet009 and EGFR
kinase- tet033. At the time of the simulation, from 15ns parallel deviations was observed between the
EGFR kinase- Retrocyclin3 and EGFR kinase- tet033 complexes. Higher RMSD value of EGFR kinase-
tet009 shows the unstable structure throughout the simulations. As the further step to conform the
backbone stability, RMS �uctuation and compactness analysis was carried out.

Figure 4.B portrays the RMS �uctuation of atomic position. As observed, the peak values lies between 0.1
to 3.0 nm. Similarly, RMS �uctuation of atom positions shows that EGFR kinase- Retrocyclin3 and EGFR
kinase- tet033 lesser �uctuations pattern than EGFR kinase- tet009. Both RMSD and RMSF results,
indicate EGFR kinase- Retrocyclin3 and EGFR kinase- tet033 complexes were stable throughout the
simulations. The radius of gyration (Rg) represents the compactness of the protein and protein-peptide
complexes. Comparative analysis between the protein and protein-peptide complexes was performed to
elucidate the compactness, for the period of 50ns. Figure 4.C shows the radius of gyration between the
complexes. EGFR kinase- Retrocyclin3 and EGFR kinase were found similar deviation pattern in the radius
of gyration plot. From the plot, we interpreted EGFR kinase- Retrocyclin3 shows the least Rg value from
2.2nm and decrease to the lesser value of 2.05 nm. From the results of RMSD, RMS �uctuations and Rg
clearly interpret that EGFR kinase- Retrocyclin3, EGFR kinase- Tet033 is more stable over the simulation.
Figure 4.D shows the hydrogen bonds plot formed during the 50ns simulations, in comparison of EGFR
kinase-peptide complexes, EGFR kinase- Tet033 and EGFR kinase- Retrocyclin3 has the highest number
of hydrogen bonds formed. This study shows retrocyclin3 and tet033 as a potent anticancer drug for
further investigation.

3.3 Stable peptides on lipid bilayers
The coarse-grained dynamics simulations explained the peptide aggregation and stability in the lipid
bilayer environment. The three peptides (Tet009, Retrocyclin3 and Tet033) was placed over the POPS lipid
bilayer along Z axis 6 angstrom using CHARMM-GUI server. Both peptide-lipid bilayer system was ionized
with a suitable amount of 0.15 M of NaCl buffer. Distance ions replacing method was used to faster the
ions placement. The �nal coarse-grained models of POPS lipid bilayer containing different peptide-lipid
were subjected to at least 500 ns of CG MD simulations at 310 K. The total simulation time is up to
500ns, the snapshot was saved every 100 ns for the follow-up analysis. In this section, we compared the
results found for Tet009, Retrocyclin3 and Tet033 peptides in their interaction with POPC lipid structure.
In each of simulations, the peptides started to interact with the POPS bilayers at 100s. After 100ns of
martini coarse grained simulations, we have observed the peptides anchoring to the bilayers and
internalization of peptide starts from 300ns.

In addition, the Arginine residues are shown in red colour, Proline residues shown in black colour and
Tryptophan residues show in pink colour. Cysteine and isoleucine indicate the yellow and green colour
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respectively in Fig. 5. In this study, we found that the peptides (Tet009, Retrocyclin3 and Tet033) were
showing stable conformations with the bilayers till 500ns. In summary, peptides (Retrocyclin3 and
Tet03300) show it preference to stable internalization with the POPS bilayer from 200ns onwards.

4. Conclusion
For this study, we chose 41 previously published antimicrobial peptide structures. The 41 antimicrobial
peptides docked with EGFR kinase and the interaction, stability of the protein-peptide complex were
determined using molecular docking and dynamics simulations. In addition, we used coarse-grained
molecular dynamics simulation to predict the molecular interactions of three antimicrobial peptides with
POPS lipid structures. Based on the docking score system, the number of hydrogen bonds formed
between the protein-peptide complexes, and the protein-peptide stability, we chose three peptides (Tet033,
Tet009, Rectrocyclin 3) from the computational docking and molecular dynamics studies. It is worth
noting that molecular dynamics simulation studies show that EGFR kinase-Rectrocyclin 3 and EGFR
kinase-Tet033 complexes have good stability. These �ndings suggest that Rectrocyclin 3 and Tet033
have the potential to be used in lung cancer therapies.
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Figure 1

Binding pocket of the EGFR kinase
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Figure 2

Potent AMP structure against EGFR kinase
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Figure 3

A Hydrogen bond interactions between the EGFR kinase- Tet009, B Hydrogen bond interactions between
the EGFR kinase- Retrocyclin3, C Hydrogen bond interactions between the EGFR kinase- Tet033.
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Figure 4

A. Root mean square deviation plot of EGFR kinase-peptide complexes, B. Root mean square �uctuation
plot of EGFR kinase-peptide complexes, C. Radius of gyration of EGFR kinase- peptide complexes.
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Figure 5

Snapshots of side views of peptide structure anchoring to the POPS bilayer during the simulations at 100
ns intervals.
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