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Introduction

Breast cancer (BC) is a prevalent illness that significantly 
impacts young women and is the leading cause of cancer-
related deaths among females, accounting for 22.9% of 
all cancer types in women. In 2019, more than 3.8 million 
women with BC histories lived in the United States. Over 
268,600 new cases of invasive BC were diagnosed among 
women living in the United States (DeSantis et al., 2019). 
From 2020 to 2030, the age-standardized incidence rate of 
breast cancer in women is expected to rise significantly, 
especially for those aged 45–49. In high-socio-demographic 
Index (SDI) regions, however, the incidence rate for women 
aged 40–49 is projected to decline. Death and disability-
adjusted life year rates due to breast cancer are also antici-
pated to increase in high-SDI and high–middle-SDI regions, 
particularly for those aged 40–49 and 45–49 (Zhang et al., 
2024). The incidence of breast cancer generally increases 
with age. Most cases are diagnosed in women aged 50 and 
older. Women aged 40–59 have the highest incidence rates 
of breast cancer. The risk continues to increase with age, 
peaking at around 70–74 years. In women under 40, breast 
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Abstract
Targeted delivery of therapeutic anticancer chimeric molecules enhances drug efficacy. Numerous studies have focused 
on developing novel treatments by employing cytokines, particularly interleukins, to inhibit the growth of cancer cells. In 
the present study, we fused interleukin 24 with the tumor-targeting peptide P20 through a rigid linker to selectively target 
cancer cells. The secondary structure, tertiary structure, and physicochemical characteristics of the constructed chimeric 
IL-24-P20 protein were predicted by using bioinformatics tools. In-silico analysis revealed that the fusion construct has a 
basic nature with 175 amino acids and a molecular weight of 20 kDa. By using the Rampage and ERRAT2 servers, the 
validity and quality of the fusion protein were evaluated. The results indicated that 93% of the chimeric proteins contained 
90.1% of the residues in the favoured region, resulting in a reliable structure. Finally, docking and simulation studies were 
conducted via ClusPro and Desmond Schrödinger, respectively. Our results indicate that the constructed fusion protein 
exhibits excellent quality, interaction capabilities, validity, and stability. These findings suggest that the fusion protein is 
a promising candidate for targeted cancer therapy.
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cancer is less common but often more aggressive and diag-
nosed at a later stage. (DeSantis et al., 2019; Sung et al., 
2021). Treatment options for breast cancer include chemo-
therapy, surgery, hormone therapy, and radiotherapy. Che-
motherapy remains the most effective method of treatment 
for advanced or metastatic cancer (Thun et al., 2010). Most 
chemotherapy drugs, however, affect normal cells in addi-
tion to cancer cells, resulting in significant side effects and 
remarkable resistance. New treatment strategies are required 
to selectively target cancer cells and reduce the chances of 
resistance developing in cancer cells.

Cytokines have anticancer properties, regulate immune 
function, and play an essential role in disease prevention. 
Multiple cytokines including interleukin-2, interleukin-15, 
and interleukin-24, have been well studied as promis-
ing anticancer drugs. These cytokines have a limited role 
in cancer therapy since substantial dosages are needed to 
increase immune activity against cancer cells. It is therefore 
critical that novel anticancer drugs with increased specific-
ity and selectivity be developed (Dong and Mumper 2010; 
Chakraborty and Rahman 2012). Human interleukin-24, 
also known as melanoma differentiation-associated gene-7/
interleukin-24, is a new tumor suppressor gene that was 
previously classified as a member of the IL-10 cytokine 
gene family. Interleukin-24 is a cytokine that stimulates the 
immune system and modulates the immune system, without 
adversely affecting normal cells (Menezes et al., 2015; Jiang 
et al., 1995). IL-24 has intriguing properties that model it 
as an effective and perfect tool for cancer therapy, such as 
inhibiting angiogenesis (Nishikawa et al., 2004), modu-
lating the immune system(Gao et al., 2008), serving as a 
monoclonal antibody, and serving as a chemotherapy agent 
(Emdad et al., 2006), and it has significant anticancer activ-
ity. IL-24 induces cancer cell death by binding to its recep-
tor and activating Janus kinase (JAK)/signal transducer and 
activator of transcription (STAT) pathway. This interaction 
triggers a series of events leading to cancer cell death (Sau-
ane et al., 2008). Previously, intracellular IL-24 was shown 
to induce stress in the endoplasmic reticulum (ER), which 
leads to mitochondrial apoptosis through the suppression of 
protein translation (Dent et al., 2010).

Conventional chemotherapy has substantial hazardous 
side effects due to its low selectivity towards cancer cells. 
An efficient alternative method of selectively delivering 
high doses of chemotherapeutic drugs to tumor areas while 
sparing healthy tissues involves the use of tumor-targeting 
peptides (Bidwell 2012). Peptides are promising candidates 
for drug design due to their low toxicity, good solubility, 
high selectivity, ability to penetrate tumors, versatility in 
being used alone or in combination with other chemothera-
peutics, and capacity to target various types of cancers. 
(Thundimadathil, Craik et al., 2013). The construction of 

chimeric proteins by fusing cytokines with tumor-targeting 
peptides has the potential to increase onsite delivery with 
the least amount of side effects. A notable bioactive peptide, 
P20 [-CSSRTMHHC-], identified through phage display, 
has demonstrated antitumour activity both in vivo and in 
vitro. It inhibited tumor growth in 60% of mice implanted 
with subcutaneous melanoma cells, demonstrating its ability 
to function as a therapeutic agent. Furthermore, this peptide 
significantly inhibited tumor cell invasion in vitro and in 
vivo, as well as cell-to-cell adhesion (Matsuo et al., 2010).

In the present study, a novel targeted anticancer fusion 
protein was constructed by fusing IL24 with P20 through 
a rigid linker to take advantage of targeted delivery and 
cytotoxicity against breast cancer cells. Short amino acid 
sequences known as linkers are used to join two different 
moieties into a single polypeptide chain. We utilized a rigid 
type of linker in our design, which offers several advan-
tages. Rigid linkers maintain a fixed distance between the 
functional domains, preventing them from interfering with 
each other and preserving their activities. This stability 
enhances the overall structural integrity and functionality of 
the fusion protein, leading to improved targeting and thera-
peutic efficacy. Current literature suggests that polyalanine 
linkers are known for their stability and resistance to proteo-
lytic degradation. Studies have shown that rigid linkers are 
less prone to cleavage by proteases, ensuring the integrity 
of the fusion protein in a biological environment. However, 
it is important to note that in vivo conditions can vary, and 
additional empirical studies could provide more definitive 
insights into the stability of the linker in a physiological 
context. (Muhammad Rehman et al., 2023; Ehsasatvatan 
and Baghban Kohnehrouz 2023; Huang et al., 2021)

First, a Bioinformatics approach was used to assess the 
structural and functional qualities of potential drug candi-
dates. In addition to understanding the macromolecular 
structure, molecular dynamics simulations are used to deter-
mine functional relationships (Muhammad Rehman et al., 
2023). An MD simulation enables us to investigate intrigu-
ing aspects, such as physical processes, molecular interac-
tions, and precise movements of atoms or molecules within 
a specific timeframe, as well as minimal protein geometries 
for drug-binding free energies (Aslam et al., 2023). Further-
more, this method can be used to assess and design fusion 
proteins by evaluating residue interactions, placement, 
wrapping, distance, and potential participation of harmful 
or desired moieties. (Karplus and Kuriyan 2005; Mahnam 
et al., 2014; Wadood et al., 2013). The primary aim of this 
study was to design a recombinant protein encoding inter-
leukin-24 and the antitumour inhibitory peptide P20 via a 
rigid linker, to analyse the chimeric proteins via a bioinfor-
matics approach and to evaluate the potential of this protein 
for treating breast cancer.
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Materials and methods

IL24-P20 chimeric protein construction

The Universal Protein Knowledge database (UniProtKB) 
(http://www.Uniprot.org) provided the amino acid sequence 
(Saif et al., 2022) for human interleukin-24 (NM_006850.3). 
The 3D crystal structure of the soluble heterodimer receptor 
for IL-24 (interleukin-22RA and interleukin-20RB, protein 
Database ID: 6DF3) was retrieved from the protein data-
bank (RCSB PDB: 6DF3) shown in Table 1. A reported P20 
peptide (Matsuo et al., 2010) was fused with IL24 through a 
rigid linker (PAPAPAPAP) (Ghavimi et al., 2020).

Prediction of the secondary structure of the 
chimeric protein

The GOR-IV online server was used to examine the sec-
ondary structure of the chimeric protein. (https://npsa-prabi) 
(McGuffin et al., 2000). This tool predicts several functional 
properties, including the locations of disulfide bridges, low-
complexity regions, coiled-coil domains, solvent-accessible 
surfaces, and segments lacking regular structures (Javaid et 
al., 2021).

Tertiary structure analysis of the chimeric protein

The I-TASSER (version 5.2) online program was used to 
construct the three-dimensional structure of the fusion pro-
teins (https://zhanggroup.org/I-TASSER/) (Zhang 2008). 
I-TASSER uses iterative template fragment assembly simu-
lations and multiple-threading alignments to model protein 
structures. The quality and structure validation of the mod-
eled chimeric protein was assessed using the online SAVES 
v6.1 toolkit. This comprehensive toolkit offers access to 
various online programs for detailed quality assessment 
and validation. Specifically, ERRAT2 and Verify 3D were 
employed for quality assessment, ensuring the reliability 
and accuracy of the protein model. Additionally, the Ram-
page server was used to generate the Ramachandran plot, 
providing structural validation of the modeled chimeric 
protein (Hafiz Muhammad et al., 2024). The overall qual-
ity factor was examined using the ERRAT2 server (version 
2.0) (https://saves.mbi.ucla.edu/results?job=1033540&p=e
rrat), and the compliance of the amino acid sequence with 
the three-dimensional atomic model was assessed using 
the Verify3D server (http://services.mbi.ucla.edu/Verify 
3D) (Bowie et al., 1991). The percentage of amino acids 
in the most favorable regions of the chimeric protein was 
predicted using the Rampage server (version 1.0) (http://
mordred.bioc.cam.ac.ukrapper/rampage.php) (Pourhadi et 
al., 2019).

Refinement of the 3D structure of the chimeric 
protein

To refine the complete protein model, the most appropriate 
model created through I-TASSER was eventually submitted 
to the Galaxy Refine software (version 2.0) (https://galaxy.
seoklab.org/cgibin/submit.cgi?type=REFINE) (Heo et al., 
2013). This method minimizes the energy of the modelled 
protein to improve its structural geometry and resolves 
major steric conflicts that occur during protein modelling 
(Alshehri et al., 2024).

Prediction of the physical and chemical 
characteristics of the chimeric protein

Several physical and chemical properties of chimeric pro-
teins were investigated using the online program ProtParam 
(https://web.expasy.org/program/) (Gasteiger et al., 2005) 
The parameters investigated included in vivo or in vitro 
half-life, instability index, amino acid composition, theo-
retical isoelectric point, GRAVY, hydropathicity, extinc-
tion coefficient, aliphatic index, and molecular weight. The 
solubilities of the chimeric proteins were determined with 
the Soluprot online program (https://protein-sol.manchester.
ac.uk/) (Hebditch et al., 2017).

Evaluation of the allergenicity and Antigenicity of 
the Fusion protein

The AllerTOP 2.0 server was used to evaluate the allerge-
nicity of the fusion protein (http://www.pharmfac.net/aller-
top/).AllerTOP 2.0 provides in-silico allergen evaluation by 
analysing the physical and chemical properties of proteins 
(Dimitrov et al., 2013). To assess the antigenicity of the pro-
teins, the VaxiJen v2.0 server was used. (http://www.ddg-
pharmfac.net/vaxijen/VaxiJen/VaxiJen.html). This server 
classifies antigens based on their physio-chemical properties 
without requiring sequence alignment. A threshold value of 
0.5 was used to differentiate antigenic proteins from non-
antigenic proteins (Rehman et al., 2023).

Molecular docking and interaction studies

IL-24 triggers apoptosis upon binding to its receptor. Using 
the ClusPro server (https://cluspro.bu.edu/login.php), dock-
ing studies of the fusion protein and the IL22RA-IL20RB 
receptor were carried out to investigate the potential of these 
interactions. Analysis of the interactions and binding pat-
terns between the modelled protein and its particular recep-
tor was performed. Based on their docking scores, the top 
10 docked complexes were selected, and PyMOL (https://
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Protein Nucleotide 
sequence

Amino acid sequence No of 
Amino 
acid

Refer-
ences

Interleukin-24 ​C​A​A​G​A​A​T​T​
C​C​A​C​T​T​T​G​G​
G​C​C​C​T​G​C​C​
A​A​G​T​G​A​A​G​
G​G​G​G​T​T​G​T​
T​C​C​C​C​A​G​A​
A​A​C​T​G​T​G​G​
G​A​A​G​C​C​T​T​
C​T​G​G​G​C​T​G​
T​G​A​A​A​G​A​C​
A​C​T​A​T​G​C​A​A​
G​C​T​C​A​G​G​A​
T​A​A​C​A​T​C​A​C​
G​A​G​T​G​C​C​C​
G​G​C​T​G​C​T​G​
C​A​G​C​A​G​G​A​
G​G​T​T​C​T​G​C​
A​G​A​A​C​G​T​C​
T​C​G​G​A​T​G​C​T​
G​A​G​A​G​C​T​G​
T​T​A​C​C​T​T​G​T​
C​C​A​C​A​C​C​C​
T​G​C​T​G​G​A​G​
T​T​C​T​A​C​T​T​G​
A​A​A​A​C​T​G​T​
T​T​T​C​A​A​A​A​
A​C​T​A​C​C​A​C​
A​A​T​A​G​A​A​C​
A​G​T​T​G​A​A​G​
T​C​A​G​G​A​C​T​
C​T​G​A​A​G​T​C​
A​T​T​C​T​C​T​A​C​
T​C​T​G​G​C​C​A​
A​C​A​A​C​T​T​T​
G​T​T​C​T​C​A​T​C​
G​T​G​T​C​A​C​A​
A​C​T​G​C​A​A​C​
C​C​A​G​T​C​A​A​
G​A​A​A​A​T​G​A​
G​A​T​G​T​T​T​T​C​
C​A​T​C​A​G​A​G​
A​C​A​G​T​G​C​A​
C​A​C​A​G​G​C​G​
G​T​T​T​C​T​G​C​T​
A​T​T​C​C​G​G​A​
G​A​G​C​A​T​T​C​
A​A​A​C​A​G​T​T​
G​G​A​C​G​T​A​G​
A​A​G​C​A​G​C​T​
C​T​G​A​C​C​A​A​
A​G​C​C​C​T​T​G​
G​G​G​A​A​G​T​G​
G​A​C​A​T​T​C​T​T​
C​T​G​A​C​C​T​G​
G​A​T​G​C​A​G​A​
A​A​T​T​C​T​A​C​A​
A​G​C​T​C

QEFHFGPCQVKGVVPQKLWEAFWAVKDTMQAQDNITSARLLQQEVLQNVS-
DAESCYLVHTLLEFYLKTVFKNYHNRTVEVRTLKSFSTLANNFVLIVSQLQP-
SQENEMFSIRDSAHRRFLLFRRAFKQLDVEAALTKALGEVDILLTWMQKFYKL

155 acces-
sion 
Q13007
(Uni-
ProtKB)

Table 1  Primary sequence of peptides used for constructing fusion protein
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clone it within an appropriate vector for invitro expression 
analysis.

Prediction of the secondary structure of the fusion 
protein

GOR IV predicts the secondary structure, which is defined 
as the protein’s alpha helix or beta sheets. The chimeric pro-
tein contained 50.29% alpha helices (88 residues), 9.71% 
beta sheets (17 residues), and 40.00% random coils (70 
residues) (Fig.  2). The larger the fraction of α-helices is, 
the greater the structural integrity of the molecule (Muham-
mad Rehman et al., 2023). The coil-shaped stiff linker was 
expected to separate interleukin 24 and P20 molecules and 
ensure functional viability.

Estimating the tertiary structure of the fusion 
protein IL24-P20

The tertiary structure of the chimeric protein was gener-
ated through homology modelling via the I-TASSER server, 
which produced the five top models (Fig. 3). The C-score 
served as a guide for selecting an appropriate model based 
on quality and validation tests (Zheng et al., 2021). The con-
fidence score typically ranges from 2 to 5, with higher values 
indicating greater confidence (Atapour et al., 2019). With 
a C-score of -0.11, a predicted RMSD (Root Mean Square 
Deviation) of 5.33, and a predictable TM-score of 0.700, 
the selected I-TASSER model was considered acceptable 
for further refinement (Table 2).

pymol.org/2/), was used to further evaluate the interactions 
of the complex with the lowest energy (DeLano 2002).

Molecular dynamic simulation

The protein-antigen complex was subjected to MD (Molec-
ular dynamic) Simulation using VMD and NAMD (Phillips 
et al., 2020). The input files were generated using Amber-
tools 21 (Case et al., 2021), which also added the missing 
hydrogens using the LeaP program (Case et al., 2005). The 
complex was solvated using a 10 Å solvation box containing 
TIP3P water molecules (Jorgensen et al., 1983). To neutral-
ize the system, Na + and Cl- counterions were also added. 
The system was minimized using the f14SB forcefield 
(Duan et al., 2003) to prevent any collisions. The solvation 
systems underwent three more temperature equilibrations 
at 200, 250, and 300 K to further stabilize them. Follow-
ing that, the complex was simulated for 100 ns, saving MD 
trajectories every 2 ps. Lastly, the R program was used to 
analyze the trajectory (Grant et al., 2021).

Results

Construction of the Interleukin24-P20 chimeric 
protein

Amino acid sequences of P20 and interleukin-24 were 
retrieved from NCBI and fused with rigid linkers to create 
a single peptide of 175 amino acids (Fig. 1). The separation 
of functional peptides is assured by rigid linkers, which also 
prevent the formation of disulfide bonds. A restriction site 
was added to the C and N termini of the fusion construct to 

Fig. 1  Diagrammatic illustration of the interleukin 24-P20 recombinant protein

 

Protein Nucleotide 
sequence

Amino acid sequence No of 
Amino 
acid

Refer-
ences

Linker ​C​C​G​G​C​G​C​C​
G​G​C​G​C​C​G​
G​C​G​C​C​G​G​C​
G​C​C​G​G​C​G​
C​C​G

PAPAPAPAPAP 11 [24]

P20 ​T​G​C​A​G​C​A​G​
C​C​G​C​A​C​C​A​
T​G​C​A​T​C​A​T​
T​G​C

CSSRTMHHC 09 [18]

Table 1  (continued) 
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Validation analysis, quality assurance, and selection 
of three-dimensional structures

The Galaxy Refine server (version 2.0) was used to refine 
the top 3D model (Table 3).

Table 2  Top five final models predicted by I-TASSER
Models Model 1 Model 2 Model 3 Model 4 Model 5
C-score -0.11 -1.09 -1.29 -2.54 -3.57

Fig. 3  A schematic representation of primary or secondary structure estimation via the GOR IV

 

Fig. 2  The chimeric molecule’s primary sequence, which is distinguished by a particular color, highlights the expected secondary structure
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for each amino acid residue, demonstrating the structural 
correctness, accuracy, and dependability of the method. A 
higher proportion of amino acids in the favored zone and a 
lower percentage in the additionally allowed region indicate 
a good model (Wang et al., 2019). Based on the Ramachan-
dran plot, the selected fusion construct contained 8.1% of its 
residues in additional allowed regions and 90.1% in favored 
regions. (Fig. 4).

The Verify 3D program was utilized for additional vali-
dation. A three-dimensional layout was generated by eval-
uating the compatibility of the modelled protein with its 
original amino acid sequence.(Vangone and Bonvin 2015). 
At least 80% of the amino acid residues with an average 
3D-1D score greater than 0.2 were considered suitable for 
further investigation. According to the improved chimeric 
protein model, 90.86% of the residues had a 3D-1D score 
greater than 0.2 (Fig. 5).

The ERRAT2 algorithm was used to assess the overall 
quality of the fusion protein structure. The results showed 
that the predicted error for the chimeric protein was 
93.4132% or lower, indicating an acceptable high-resolu-
tion structure (Fig. 6).

The SAVES server was used to validate the best can-
didate model among the modified tertiary structures. The 
Ramachandran plot illustrates the distribution of phi and psi 

Table 3  Refined 3D structures predicted by glaxy refine tool
Models GDT-HA RMSD MolProbity Clash score Poor

rotamers
Rama favored

Initial 1.0000 0.000 2.691 3.8 10.3 78.6
MODEL 1 0.9586 0.421 2.023 11.7 1.9 96.5
MODEL 2 0.9586 0.417 1.729 11.3 0.6 97.1
MODEL 3 0.9557 0.426 1.672 12.4 0.6 97.7
MODEL 4 0.9543 0.425 1.614 10.7 0.6 97.7
MODEL 5 0.9586 0.423 1.944 13.4 1.3 96.5

Fig. 5  A Ramachandran plot of the IL24-p20 fusion protein

 

Fig. 4  The tertiary structure of the chimeric protein
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10 min in yeast (in vivo), 0.8 h in mammalian reticulocytes 
(in vitro), and 10 h in Escherichia coli (in vivo). Strategies 
such as PEGylation, fusion to albumin or Fc fragments, 
and encapsulation in nanoparticles could be considered to 
extend the half-life and reduce dosing frequency. With an 
aliphatic index of 85.83 and GRAVY values of -0.178, the 
fusion protein is hydrophilic and stable over a broad tem-
perature range. Additionally, ProtParam identified Leu as 
the most abundant amino acid, constituting 11.4% of the 
protein.

The online program Soluprot was utilized to predict the 
solubility of a protein in E. coli by analysing a single amino 
acid FASTA sequence. An expression is considered soluble 
if the solubility score is greater than 0.5, and insoluble if it 
is less than 0.5. The fusion protein had received a solubility 
index of 0.591, indicating that it is likely soluble in Esch-
erichia coli.

Immunoinformatics assessment

Evaluation of antigenicity and allergenicity

The chimeric protein was estimated to be non-antigenic at a 
0.5 set threshold using Vaxijen, with a bacterial model anti-
genicity score of 0.444. The allergenicity of the chimeric 
construct was assessed using AllerTOP 1.0, and the findings 
indicated that the protein is typically non-allergic (Atapour 
et al., 2019).

Physicochemical parameter analysis of chimeric 
proteins

As indicated in Table  4, the ProtParam web service was 
used to determine the physicochemical characteristics 
of the chimeric proteins. With more basic amino acid 
residues (Arg + Lys = 19) compared to acidic residues 
(Asp + Glu = 16), the analysis showed that the chimeric 
protein is actually basic. The 1.094 extinction coefficient 
of the modelled proteins indicated that these proteins may 
be involved in protein-protein interactions. The molecu-
lar weight was estimated to be 20  kDa, and the theoreti-
cal isoelectric point was 8.72. The estimated half-lives are 

Table 4  Different physicochemical properties of chimeric protein
Physiochemical properties Analytical values
Amino acids number 175
Theoretical pI 8.72
Molecular weight 20144.2
Total number of -ve charged 
residues

(Glu + Asp): 16

Total number of + ve charged 
residues

(Lys + Arg): 19

Number of atoms overall 2835
Estimated half life 10 h (Escherichia coli, in-vivo).

0.8 h (mammalian reticulo-
cytes, in-vitro).
10 min (yeast, in-vivo).

Aliphatic index 85.83
GRAVY -0.178

Fig. 6  Verification of the 3D structure of the chimeric protein
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Interactions of the IL24-p20 fusion protein with the 
IL22RA-IL20RB receptor

Using the PDBSum web service, the interactions between 
the receptor and the chimeric protein were examined. In 
this analysis, the IL24-p20 fusion protein is represented by 
chain A, and the IL24 receptor chains are denoted by chains 
L and H. Ten hydrogen bonds, 158 nonbonded contacts, and 
one salt bridge between chains A and L were found in the 
results. Additionally, there were 1 salt bridge, 6 hydrogen 
bonds, and 37 nonbonded contacts among chains H and L. 
Four hydrogen bonds, forty-five nonbonded contacts, and 
two salt bridges were found between chains A and H (refer 
to Fig. 8). Figure 9 shows the interactions between residues 
in chains A-L, H-L, and A-H.

MD simulation

Several analyses were carried out to assess the stability and 
dynamics of the fusion protein complex throughout the 100 
ns molecular dynamics simulation. The stability of the com-
plex over time was evaluated by calculating the root mean 
square deviation (RMSD) of backbone atoms. The complex 
was found to have reached equilibrium with an RMSD value 
of approximately 3 Å at 15 ns. Following equilibration, the 
RMSD increased somewhat toward the conclusion of the 
simulation but otherwise was largely constant between 2 and 
3 Å (see Fig. 10). It appears from the constant RMSD trajec-
tory that fusion protein remained stable during simulation.

Fusion protein docking analysis

The ClusPro server was used to conduct docking studies 
to investigate the mechanics of the interaction between the 
chimeric protein and its receptor. The top docking models 
were downloaded in PDB format for further evaluation. 
The interaction between the IL24-P20 fusion protein and its 
receptor was strong, as evidenced by the extremely negative 
energy score (-910.8) for the molecular docking data from 
ClusPro 2.0 (Fig. 7).

Fig. 8  ClusPro-generated docked model complex among the ligand 
(IL24-P20) and receptor

 

Fig. 7  Prediction of the quality 
error for each amino acid in the 
Interleukin 24-P20 fusion protein 
via the ERRAT2 program
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Å, the complex was shown to remain compact during the 
simulation.

Protein residue flexibility was evaluated using the com-
putation of root mean square fluctuations (RMSFs). Greater 
flexibility is indicated by higher RMSF values, while stiff-
ness is suggested by lower values, especially in secondary 
structures. With a maximum RMSF value of 7 Å, RMSF 
analysis showed that residues 390 to 400 were more flexible. 

By determining the chimeric protein’s radius of gyra-
tion (Rg), which provides information about the protein’s 
overall size and structural integrity, the compactness of the 
complex was examined. The Rg was approximately 29.2 Å.

at equilibrium, increased to a maximum of 29.4 Å at 25 
ns, and then continued to increase to an average of 29 Å 
(see Fig. 10). With an overall Rg fluctuation of less than 0.6 

Fig. 10  Types of interactions between residues

 

Fig. 9  Coloured lines link interacting chains. H-bonds (blue lines), salt bridges (red lines), and nonbonded contacts (orange tick marks) are all 
shown in the key
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minimize systemic toxicity while improving therapeutic 
efficacy. Fusion proteins are designed by combining differ-
ent protein domains or peptides to create novel molecules 
capable of specifically targeting and destroying cancer cells. 
This approach holds the potential to create innovative treat-
ments for breast cancer and other malignancies, offering 
a pathway to enhance therapeutic efficacy while reducing 
harmful side effects on healthy tissues. Previous successes 
in interleukin-peptide fusion proteins initially analyzed 
through computational analysis and subsequently validated 
through in-vitro expression and purification, demonstrate a 
streamlined and effective approach to protein engineering. 
Notable achievements include the evaluation of interleukin 
24-p28 peptide against breast cancer (Jahanian-Najafabadi 
et al., 2020), interleukin 24-BR2 peptide against MCF-7 
cells (Pourhadi et al., 2019), interleukin 24-RGD peptide 
against MCF-7 cancer cells (Xiao et al., 2009), interleukin 
24-p28 peptide against breast cancer (Jahanian-Najafabadi 
et al., 2020), TAT-interleukin 24-KDEL peptide in inducing 
tumor apoptosis, and interleukin 24-NRC peptide against 
breast cancer (Soleimani et al., 2016). A fusion protein 
consisting of IL-24 and P20 kills cancerous cells by acting 
as a toxic moiety while P20 facilitates IL-24’s penetration 
within the membrane of cancer cells. In silico techniques 
are used to assess a novel drug candidate’s structural and 
functional properties. In the current study, the IL-24 protein 
was computationally fused with the P20 peptide to design 
a fusion protein and assess its anti-cancer potential using 
an in silico approach. A rigid linker was inserted between 

This is probably because this region of the protein contains 
many loop areas (see Fig.  10). Nevertheless, the majority 
of the protein residues were rather stiff, with RMSF val-
ues not exceeding 2 Å. Overall, RMSF analysis showed that 
throughout the simulation, the fusion protein maintained 
stable conformations.

All analyses showed that during the 100 ns molecular 
dynamics simulation, the chimeric protein complex stayed 
compact, stable, and structurally stiff and had only slight 
fluctuations noticed within some protein areas Fig. 11.

Discussion

Cancer pharmacotherapy aims to target and eliminate 
cancer cells while minimizing damage to healthy tissues. 
The monotherapeutic treatment selection regarding cancer 
includes surgery, hormonal therapy, radiotherapy, and che-
motherapy. These monotherapies’ success is largely limited 
due to their adverse side effects and remarkable increase in 
resistance. (Zahreddine and Borden 2013). Conventional 
therapies often face issues such as non-specific targeting, 
severe side effects, and the development of resistance. 
Additionally, they have the potential to cause secondary 
malignancies and are unable to eradicate cancer cells that 
are slow-growing and drug-resistant (Chabner and Rob-
erts Jr 2005). Our fusion protein approach is designed to 
address these problems by targeting cancer cell receptors 
more precisely, which can reduce off-target effects and 

Fig. 11  (a) RMSD of the 
backbone atoms of the chimeric 
protein during the 100-ns simula-
tion. (b) The system compactness 
was evaluated using a chimeric 
protein Rg analysis. (c) Analysis 
of the fluctuation of the residual 
fluctuation of chimeric protein
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PDBsum. The examination revealed a total of 10 hydrogen 
bonds, 158 unbonded contacts, and 1 salt bridge. between 
chain A and L there were, while 1 salt bridge, 6 hydrogen 
bonds 37 un bonded contacts between chain H and L, and 
between chain A and H there were 4 hydrogen bonds, 45 
unbonded contacts, and 2 salt bridge (Fig. 8). The stability, 
compactness, and flexibility of a chimeric protein complex 
were evaluated over a 100 ns molecular dynamics simula-
tion. The root mean square deviation (RMSD) of backbone 
atoms showed the complex reached equilibrium around 15 
ns with an RMSD of approximately 3 Å, maintaining sta-
bility between 2 and 3 Å until the end. The radius of gyra-
tion (Rg) analysis indicated the complex remained compact, 
with an Rg value around 29 Å. Root mean square fluctua-
tions (RMSF) revealed that most residues were rigid, except 
for residues 390–400, which were more flexible due to large 
loop regions.

Despite many advantages of fusion peptides, there are 
inherent limitations in relying solely on in silico studies, 
including the lack of empirical validation and the possi-
bility of discrepancies between computational predictions 
and actual biological behavior. To address these limita-
tions, future work will involve comprehensive in vitro 
studies, such as protein arrays, X-ray crystallography, and 
NMR spectroscopy, to validate the computational findings 
and assess the practical efficacy and stability of the fusion 
protein. These experimental approaches will provide cru-
cial insights into the protein’s functionality and support its 
development as a viable therapeutic option.

Conclusion

A computational approach to designing antitumour fusion 
proteins can considerably reduce both the time and cost, as 
well as eliminate the ethical issues of in vivo experiments. 
In this paper, we present a novel interleukin 24-P20 fusion 
protein construct that exhibits increased activity against 
breast cancer. Several parameters including, solubility, 
interaction studies, physical and chemical properties, and 
molecular dynamics simulations were used to determine the 
quality, validation, accuracy, and validity of the chimeric 
protein. The chimeric protein has shown a specific binding 
affinity for the IL22RA/IL20RB receptor on breast cancer 
cells. Due to the nonallergenic nature of the chimeric pro-
teins, they could be used as stable antitumour drugs, making 
them a promising candidate for targeted cancer therapy. Our 
in vitro studies in the future will have the opportunity to 
reveal improved insights into the anticancer activity of the 
theoretical model presented here.

the IL24-P20 (as rigid linkers being the most efficient for 
constructing fusion proteins) and I-TASSER was utilized 
to achieve a more reliable and accurate structure. Follow-
ing that, quality and validity of currently generated models 
were assessed using various software tools. ERRAT2 server 
was used to examine the overall quality factor (Awais et al., 
2023). To evaluate the compatibility of amino acid sequence 
with a three-dimensional atomic model Verify3D server was 
employed. To predict amino acid percentage in the most 
favorable region of chimeric protein Rampage server was 
used. The selected model underwent structural refinement to 
enhance its quality and underwent reassessments for valida-
tion. The best model generated by I-TASSER was uploaded 
on Galaxy Refine Software. I-TASSER generated five top 
models & best model was chosen for quality and validation 
testing based on C-score. For each amino acid residue, the 
distribution of phi and psi is provided by the Ramachandran 
plot, which imply structural validity, accuracy, and reliabil-
ity. Higher % of amino acids are in preferred zone, and a 
lower percentage are in the additionally allowed region.
(Wang et al., 2019). Based on chemical validation and qual-
ity score, a trustworthy hit from predicted model was cho-
sen. The chosen modeled fusion construct has 90.1% of its 
residues in favored regions & 8.1% in additionally allowed 
region of the Ramachandran plot. The results underscore the 
efficacy of structural refinement in achieving a validated pro-
tein structure before in-depth analyses. Figure 11 represents 
the predicted secondary structure composition of the fusion 
protein. Notably, a significant portion of amino acids adopt 
a stable and well-structured alpha helix conformation, com-
prising 50.29% of the secondary structure. This dominance 
of the alpha helix suggests the formation of rigid, coiled 
structures, which play crucial roles in protein functions, 
such as facilitating protein-protein interactions (Xie et al., 
2023). Furthermore, the substantial presence of alpha heli-
ces in the protein’s secondary structure indicates potential 
stability and resistance to conformational changes. 9.71% of 
the secondary structure consists of extended strands, or beta 
sheets, implying regions with sheet-like structures that may 
contribute to structural stability or binding interactions with 
receptors. The fusion protein also exhibited a notable per-
centage (40.00%) of random coils, representing flexible and 
disordered regions lacking a specific secondary structure. 
These regions may undergo conformational changes or con-
tribute to the protein’s intrinsic flexibility, adding a dynamic 
aspect to its structural characteristics. ClusPro 2.0 server 
was used for docking that explain mechanism of fusion pro-
tein and its receptor interaction. The stability of a multichain 
complex is influenced by amino acid interactions and the 
interface area. The top-ranked “zero number” model was 
selected for detailed molecular interaction analysis using 
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