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ABSTRACT
Aim: Post laser wound infection is a recurrent complication after hem-
orrhoidal surgery mainly because polymicrobial flora is colonized in the 
anorectal environment and the mucosal repair is impaired. This study 
aims to overcome the drawbacks of current therapeutic options and to 
provide a novel generation of prophylactic biomolecule with antimicrobi-
al activities, monitored to meet the specific conditions of the microenvi-
ronment of anorectal wound repair.
Material and Methods: To overcome this two-fold problem of infection 
and slow wound healing, a current study developed an in-silico bio-
engineering intervention to design and characterize a new antimicro-
bial-growth factor fusion protein fusing selected antimicrobial peptide 
(AMPs) with the fibroblast growth factor 10 (FGF10) domain. 
Results: The Antimicrobial Peptide Database was searched with four 
cationic AMPs, which included AP00608, AP02570, AP03795, and 
AP00952, and screened using AllerTOP v2.0 and ToxiPred, which con-
firmed their non-allergenicity and non-toxicity. The obtained engineered 
fusion construct possessed desirable physicochemical properties 
(32.84 kDa; pI 10.19; instability index 38.52; GRAVY -0.33; solubility 
0.48) which implies high stability and hydrophilicity. Secondary struc-
ture prediction showed 27.34% alpha-helices and 16.26% beta-strands, 
whereas AlphaFold probability and ERRAT (94.28% proved structur-
al accuracy). ClusPro 2.0 showed good binding affinities to FGFR2b 
(1NUN) and FGFR2 (1EV2) with energies of -1161.9 kcal mol -1 and 
-1144.4 kcal mol -1 respectively. Following 500 Desmond molecular dy-
namics simulations determined the thermodynamic stability, compact 
folding, and the maintenance of hydrogen bonds within the complexes. 
Conclusion: All these findings suggest that the proposed fusion con-
struct has a potential to serve as a dual-acting therapeutic - prevent-
ing microbial colonization and stimulating epithelial repair in post-laser 
hemorrhoidal wounds. This computational research therefore provides 
the basis of experimental validation and translational development of 
multifunctional wound-healing biologics in the future.
Keywords: Antimicrobial peptides, fibroblast growth factor 10, molecu-
lar docking, desmond simulation, in-silico fusion protein, wound healing, 
post-laser hemorrhoid infection

ÖZ
Amaç: Lazer sonrası yara enfeksiyonu, hemoroid cerrahisi sonrası 
tekrarlayan bir komplikasyondur, çünkü anorektal ortamda polimikrobi-
yal flora kolonize olur ve mukozal onarım bozulur. Bu çalışma, mevcut 
tedavi seçeneklerinin dezavantajlarını ortadan kaldırmayı ve anorektal 
yara onarımının mikroçevresinin özel koşullarını karşılamak üzere izle-
nen, antimikrobiyal aktiviteye sahip yeni nesil bir profilaktik biyomolekül 
sağlamayı amaçlamaktadır. 
Gereç ve Yöntemler: Enfeksiyon ve yavaş yara iyileşmesi gibi bu iki 
sorunu aşmak için, mevcut bir çalışmada, seçilen antimikrobiyal peptid-
leri (AMP'ler) fibroblast büyüme faktörü 10 (FGF10) alanıyla birleştiren 
yeni bir antimikrobiyal-büyüme faktörü füzyon proteini tasarlamak ve 
karakterize etmek için bir in-silico biyomühendislik müdahalesi gelişti-
rilmiştir.  
Bulgular: Antimikrobiyal Peptid Veritabanı, AP00608, AP02570, 
AP03795 ve AP00952 dahil olmak üzere dört katyonik AMP ile taran-
mış ve AllerTOP v2.0 ve ToxiPred kullanılarak taranarak alerjenik ve 
toksik olmadıkları doğrulanmıştır. Elde edilen mühendislik füzyon ya-
pısı, istenen fizikokimyasal özelliklere (32,84 kDa; pI 10,19; kararsızlık 
indeksi 38,52; GRAVY -0,33; çözünürlük 0,48) ve bu da yüksek stabilite 
ve hidrofiliklik anlamına gelmektedir. İkincil yapı tahmini %27,34 alfa 
sarmal ve %16,26 beta sarmal gösterirken, AlphaFold olasılığı ve ER-
RAT (%94,28 yapısal doğruluk kanıtladı). ClusPro 2.0, FGFR2b (1NUN) 
ve FGFR2 (1EV2) ile sırasıyla -1161,9 kcal mol -1 ve -1144,4 kcal mol 
-1 enerjilerle iyi bağlanma afiniteleri gösterdi. 500 ikonik Desmond mo-
leküler dinamik simülasyonu, termodinamik stabiliteyi, kompakt katlan-
mayı ve kompleksler içindeki hidrojen bağlarının korunmasını belirledi.  
Sonuç: Tüm bu bulgular, önerilen füzyon yapısının, lazer sonrası he-
moroidal yaralarda mikrobiyal kolonizasyonu önleyen ve epitel onarı-
mını uyaran çift etkili bir tedavi yöntemi olarak kullanılma potansiyeline 
sahip olduğunu göstermektedir. Bu hesaplamalı araştırma, bu nedenle 
gelecekte çok işlevli yara iyileştirici biyolojik ürünlerin deneysel olarak 
doğrulanması ve translasyonel geliştirilmesinin temelini oluşturmaktadır.
Anahtar Kelimeler: Antimikrobiyal peptitler, fibroblast büyüme faktörü 
10, moleküler kenetlenme, desmond simülasyonu, in-silico füzyon pro-
teini, yara iyileşmesi, lazer sonrası hemoroid enfeksiyonu
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INTRODUCTION 

Hemorrhoidal disease is a common anorectal disease, which 
may require surgical or minimally invasive procedures, after 
conservative treatment has failed. Wound infection is one 
of the clinical challenges of such procedures, particularly in 
Laser-based hemorrhoid procedures (1). Even though laser 
methods reduce tissue injury and post-operative pain, the 
ensuing ano-rectal wounds are prone to colonization with 
microbes as a result of a local impairment in the mucosal 
integrity, the presence of hematoma or the serum exudate 
and association with the high-bacterial-burden anal flora (2). 
Patients can also report on-procedure erythema, purulent 
discharge, delayed epithelialization, local pain and swelling 
and in more serious cases systemic manifestations of infec-
tion (3). These complications increase the healing period, 
contribute to high expenses, and make patients uncomfort-
able. As an example, the rates of the postoperative wound 
infection are still non-trivial even in minimally invasive meth-
ods which is why the researchers are urging to enhance 
prophylactic practices (4).

The use of laser hemorrhoidoplasty and other energy-based 
treatments has been growing globally due to an increase in 
patient tolerance, shorter hospitalization, and faster recov-
ery of normal functions. Still, regardless of the perceived 
merits of the procedure, the rates of postoperative compli-
cations, such as wound infection, remain high. Surgery-site 
infection (SSI) rates after hemorrhoidectomy have been 
reported as ranging between 3 -10 per cent in a modern 
series (5). This can be increased in environments with im-
paired host immunity, diabetes, or where the wound is in the 
area of the perianal zone exposed by laser ablation. In this 
case, these wounds pose a highly risk environment due to 
the thick colonization of the peri-anal area with Gram-nega-
tive, enteric organisms, as well as Gram-positive organisms 
of the skin (6). The combination of local tissue damage, mi-
crobial portal, and compromised repair milieu triggers the 
genesis and expansion of infection in a proportion of the 
patients, which may evolve to superficial contamination to 
delayed healing, abscesses, or re-operation (7). 

The topical antiseptics, wound hygiene, and standard 
operating surgical wound-care measures are the major 
current therapeutic interventions to be used in managing 
post-laser hemorrhoidal wounds. Although these modalities 
provide some protection, they are limited by a number of 
constraints, systemic antibiotics increase antimicrobial re-
sistance, topical antiseptics lack the ability to penetrate bio-
films or sufficiently regulate local immune responses and 
surgical drainage/debridement remains a reactive and not 
preventive activity (8). In addition, the use of growth-factor 
therapies, dressings in general wound care has not found 
much adaptation in anorectal surgical environment, in part 
because of the demanding conditions of fecal contamina-
tion, movement, and moisture. The following deficiencies 
demonstrate the need to develop a new prophylaxis strate-
gy that would help to combine the antimicrobial efficacy with 
the regenerative potential, namely the one that is aimed at 
laser-induced hemorrhoidal wounds in which the risk of in-
fection and tissue repair requirements are both higher (9). 

Antimicrobial peptides (AMPs) have been of particular inter-
est in this regard due to their broad-spectrum activity, ability 
to target the membrane quickly, and the ability to regulate 
reparative responses of the host (10). Recent studies show 
that AMPs not only suppress the growth of microbes and 
agglomeration of biofilm but also increase the growth of 
fibroblast and keratinocyte and endothelial cells, cytokine 
reactions, and the deposition of collagen a multifunctionality 
that is extremely sought after in wound environments (11). 

However, single AMP treatments are confronted by pro-
teolytic degradation problems, in vivo bad stability, and ab-
sence of specific disease repair receptor association. There-
fore, the combination of AMPs and growth-factor domains 
appears to be a bright approach, the AMP part provides 
a topical antimicrobial coating, whereas the growth-factor 
one regulates the healing and regeneration of the damaged 
anal mucosa/skin complex (12). Rational engineering of 
fusion proteins with dual functions and increased biocom-
patibility can be achieved by shortlisting of particular AMP 
sequences that are non-allergenic, non-toxic, cationic and 
amphipathic (13,14). 

Highlights
•	 A novel antimicrobial–growth factor fusion protein was engineered to prevent infection in post-laser hemorrhoidal 

wounds.
•	 Candidate antimicrobial peptides were screened for allergenicity and toxicity using AllerTOP and ToxiPred.
•	 The engineered construct exhibited favorable physicochemical properties indicating stability and hydrophilicity.
•	 Molecular docking demonstrated strong binding affinity between the fusion protein and FGFR2 receptors.
•	 Molecular dynamics simulations confirmed structural stability and therapeutic potential of the designed construct.
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In our current research, we thus attempted to logically plan 
and mathematically describe an antimicrobial/growth factor 
fusion protein that could be used in the scenario of post-la-
ser hemorrhoidal wounds, and the aim of this was to pre-
vent microbial colonisation and to stimulate tissue regener-
ation at the same time. With the tools provided in-silico, we 
have retrieved and filtered on selected antimicrobial peptide 
candidates based on biosafety, fused them with a growth 

-factor domain of clinical interest, and conducted structural 
modelling, docking to the correct fibroblast growth factor re-
ceptors, and molecular dynamics simulations to assess the 
stability of interactions, solubility, and structure integrity. Our 
strategy aims to overcome the drawbacks of current thera-
peutic options and to provide a novel generation of prophy-
lactic biomolecule with antimicrobial activities, monitored 
to meet the specific conditions of the microenvironment of 
anorectal wound repair.

MATERIAL and METHODS

The methodology of this study involves several different 
steps to perform analysis. An overview of this study is 
shown in Figure 1.

Peptide Retrieval

The sequences of antimicrobial peptides (AMP) were ob-
tained in the Antimicrobial Peptide Database (APD) (https://
aps.unmc.edu/home). The selection criteria were experi-
mentally validated human-compatible AMPs that were high-
ly active against Staphylococcus aureus and Pseudomonas 
aeruginosa, which represent potential post-laser wound 
pathogens. Physicochemical characteristics like peptide 
length (less than 50 amino acids), net charge, hydropho-
bicity, and boman index factors were taken into account to 
make certain that membrane interaction takes place. Look-
ing deep into literature some peptides were shortlisted for 
this study (15).

Biosafety Profile Evaluation

AllerTOP v2.0 (https://www.ddg-pharmfac.net/allertop_
test/) and ToxiPred (https://webs.iiitd.edu.in/raghava/toxin-
pred/) used to test the allergenicity and toxicity of the short-
listed AMPs. AllerTOP uses an auto-cross covariance (ASC) 
transformation and k-nearest neighbor (kNN) allergen clas-
sification method using physicochemical descriptors. Pre-
dicted non-allergenic peptides were proceeded (16). Tox-
icity was filtered through ToxiPred which uses quantitative 
descriptors of matrices and machine-learning classifiers to 
predict toxic motifs. Only peptides with probability scores 
greater than 0.90 were to be designed for fusion, which is 
very bio safely high in case of clinical translation (17).

Formation of Fusion Protein Candidate

To develop a dual-action fusion construct, AMP sequenc-
es of interest were fused to a wound-healing growth factor 
domain - FGF10 (Fibroblast Growth Factor 10). The com-
bination was done through appropriate peptide linkers (e. g. 
SSL to give the structural rigidity and AAY to provide flex-
ible junctions) so that functional domains could fold inde-
pendently. Construct design was in the following way first of 
all we link the shortlisted peptide sequences than we add 
growth factor with it and in the end 6 histidine chain was 
attached. The entire sequence was added in FASTA format 
(18).

Physio-Chemical Properties Analysis

The physicochemical characterization of the engineered 
fusion protein was done using ExPasy ProtParam tool 
(https://web.expasy.org/protparam/) to determine the ba-
sic biochemical stability parameters. ProtParam calculates 
the molecular weight, theoretical isoelectric point (pI), total 
number of positive and negative charged residues, instabil-
ity index, aliphatic index and The Grand Average of Hydro-
pathicity (GRAVY). GRAVY values below zero meant that 
the compound was hydrophilic and could have been soluble 
whereas a GRAVY index below 40, indicated a stable con-
struct that could be expressed in vitro (19). Thermostability 
was determined by the aliphatic index, where high values 
indicate that it is more resistant to temperature-induced de-
naturation. To further confirm that it is possible to express 
the designed construct, the solubility of the construct was 
predicted with the help of the server Protein-Sol (https://
protein-sol.manchester.ac.uk/), which computes a solubility 
score of the construct against a large library of expressed 
proteins of Escherichia coli. Protein-Sol score greater than 
0.45 was taken to be a good sign of solubility at recombi-
nant expression conditions, meaning that the fusion con-
struct would be stable and functional throughout the biopro-
duction and downstream assays (20).

Figure 1: Overview of methodological framework.
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2D, 3D Structural Modeling, and 3D Structural Modeling 
validation

SOPMA (Self-Optimized Prediction Method with Align-
ment) (https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.
pl?page=/NPSA/npsa_sopma.html), calculates alpha-he-
lices, 2 to 3 strands, turns, and coils and thus was used 
to predict the secondary structure of the designed fusion 
protein (21). AlphaFold3 (https://alphafoldserver.com/) was 
used to conduct three-dimensional (3D) modeling to give 
structural predictions at the atomic level (22). The structural 
model was optimized and tested using SAVES v6.0 serv-
er (https://saves.mbi.ucla.edu/) which is a combination of 
PROCHECK and ERRAT. The quality of the Ramachandran 
plot was evaluated based on the overall stereochemical 
distribution of residues across favored and allowed regions, 
where values close to 80% favored are generally consid-
ered indicative of acceptable model quality, particularly for 
large fusion constructs containing flexible linkers. In addi-
tion, ERRAT scores (>75%) were used to assess satisfacto-
ry non-bonded interaction quality.

Target Receptor Retrieval

The receptor structures of interest in wound healing and 
fibroblast-based repair were obtained as complexes of Fi-
broblast Growth Factor Receptor 2 (FGFR2) and its natu-
ral ligands to achieve biological fidelity in docking into the 
Protien Data Bank (PDB) (https://www.rcsb.org/). In partic-
ular, FGFR2b ectodomain complexed with FGF10 (PDB 
ID: 1NUN) and FGFR2 ectodomain complexed with FGF2 
(PDB ID: 1EV2) were chosen as receptor templates, with 
crystallographic data being high-resolution (≤2.5 A) and 
having a well-characterized binding interface. The two re-
ceptors are important in regenerating epithelial cells in an-
giogenic signals in wound-healing microenvironment, and 
as a result, they are the best targets to evaluate the thera-
peutic capabilities of the antimicrobial-growth factor fusion 
construct. The targeted receptors were visualized and pu-
rified via Discovery studio visualizer for their better perfor-
mance in next steps (23).

Molecular Docking and Interaction Analysis

ClusPro 2.0 server (https://cluspro.org) was used in the 
process of molecular docking to forecast and examine the 
interactions of the receptor and the fusion protein binding. 

Docking has been done in the balanced energy coefficient 
mode including a van der Waals, electrostatic, and desolva-
tion energy contribution in order to optimize the formation of 
complexes. The ranked docked complexes were then sort-
ed by cluster-weighted and lowest-energy score (kcal/mol), 
which is the overall thermodynamic stability and quality of 
the predicted binding conformations (24). 

Visualization of the highest-scoring complexes was done in 
PyMOL (https://www.pymol.org/) and LigPlot+ (https://www.
ebi.ac.uk/thornton-srv/software/LigPlus/) was used to plot 
2D interaction maps of complexes which indicated hydro-
gen bonds, hydrophobic contacts and salt bridges. Inter-
action energy values (kcal/mol) as well as interface RMSD 
were used to infer complex stability (25,26).

Molecular Dynamics (MD) Simulations

The most stable docked complexes were subjected to 
Desmond v6.1 (Schrodinger LLC) (https://www.schroding-
er.com/platform/products/desmond/) 500 ns of molecular 
dynamics to determine the stability and flexibility of the 
complex. An explicit solvent model (TIP3P water) using the 
OPLS-2005 force field was optimized by the cubic box that 
is 10 A long of the protein surface. Root Mean Square De-
viation (RMSD), Radius of Gyration (Rg), equilibrated with 
counter-ions and NVT and NPT ensembles were used to 
analyze post-simulation trajectories to assess the stability 
of the system and persistence of interactions during the en-
tire simulation period (27).

 RESULTS

Peptide Retrieval

Four shortlisted antimicrobial candidates (AP00608, 
AP02570, AP03795 and AP00952) were obtained in the 
peptide retrieval step as the Antimicrobial Peptide Data-
base and each exhibits a strongly cationic profile and good 
physicochemical characteristics, which are characteristics 
of a membrane-targeting antimicrobial agent against wound 
pathogens. All peptides had the net positive charge of +5 to 
+10 with the content of hydrophobic residues in the range 
of 41-53 which supported the amphipathic nature needed to 
insert into negatively charged bacterial membrane without 
compromising its compatibility with host tissues, as shown 
in Table 1. Both the NMR-resolved AP00608 (KRIVQRIKD-

Table 1: Antimicrobial peptides retrieved from the Antimicrobial Peptide Database (APD) with corresponding physicochemical 
properties

APD ID Sequence Length Net charge Hydrophobic residues Boman index Method
AP00608 KRIVQRIKDFLR 12 5 41% 4.02 NMR
AP02570 GKIIKLKASLKLL 13 5 53% -0.51 CD
AP03795 FKRIVQRIKDFLR 13 5 46% 3.48 NMR
AP00952 GIGKFLKKAKKFGKAFVKILKK 22 10 45% 0.49 CD
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KRIVQRIKDFLR (AP00608), GKIIKLKASLKLL (AP02570), 
FKRIVQRIKDFLR (AP03795) and GIGKFLKKAKKFGKAF-
VKILKK (AP00952) at the N-terminal region to confer a 
broad-spectrum anti-microbial effect.

To ensure optimal spacing and steric interference, as well 
as retain the native conformational dynamics of both an-
timicrobial and growth factor segments, the SSL and AAY 
linkers (marked in green) between functional domains were 
used. These linkers gave it structural flexibility without al-
tering the electrostatic and hydrophobic balance of the pro-
tein. The regenerative core was the FGF10 domain (purple), 
which promoted the proliferation of the fibroblasts, their 
angiogenesis, and repair of the epithelial cells, and the 6x 
His tag (red) at the C-terminus was introduced to support 
purification and downstream recombinant expression. The 
resulting fusion protein was highly organized in the modular 
structure with a smooth junction and the potential to opti-
mize codon sequences to achieve high-level heterologous 
expression. The construct design is such that it enables 
synergistic activity- where antimicrobial protection and tis-
sue regeneration are possible and can be done simultane-
ously- hence it presents a potential therapeutic scaffold as a 
means of preventing post-laser hemorrhoidal wound infec-
tions and stimulating wound healing.

FLR) and AP03795 (FKRIVQRIKDFLR) demonstrated com-
pact lengths (12 -13 residues) and high values of Boman 
index (4.02 and 3.48) which means they have strong po-
tential to bind to proteins and can be incorporated into a 
fusion scaffold where stable receptor or membrane binding 
is required. 

AP02570 (GKIIKLKASLKLL) added a more hydrophobic 
profile (53%)- however, a negative Boman index (-0.51) 
was added, indicating that it predominantly exhibited a 
membrane-disruptive activity at a lower nonspecific protein 
binding and thus improved its bactericidal specificity. The 
22-residue highly cationic, (+10) peptide AP00952 (GIGK-
FLKKAKKFGKAFVKILKK) was a good candidate protein 
due to its broad-spectrum activity and high affinity of the 
protein to electrostatically interact with microbial enve-
lopes (balanced hydrophobicity, 45 per cent, and moderate 
Boman index, 0.49). Together, this panel provides a ratio-
nally chosen set of repertoire of short, cationic, amphipathic 
AMPs with variable binding potentials, which offers modular 
building blocks to design an antimicrobial-growth factor fu-
sion construct to prevent post-laser infection in hemorrhoid 
wounds, as well as provide building blocks to be used in 
silico.

Biosafety Profile Evaluation

To ensure the compatibility of AllerTOP v2.0 and ToxiPred 
servers to be used in developing the fusion construct and 
possible therapeutic use of the antimicrobial peptides, 
the biosafety of all four shortlisted antimicrobial peptides 
(AP00608, AP02570, AP03795, and AP00952) was as-
sessed using AllerTOP v2.0 and ToxiPred servers. It was 
established that the analysis was able to predict that all the 
peptides were not only non-toxic, but also non-allergenic, 
which ascertained their high biosafety and the possibility 
of application in biomedical applications. AllerTOP model of 
classifying the peptides according to physicochemical de-
scriptors and auto-cross covariance (ACC) transformation 
defined each peptide as non-allergen with high confidence 
scores which indicated that they posed low risk of induc-
ing hypersensitivity or immune overactivation in the host 
tissues. On the same note, ToxiPred analysis presented 
non-toxic results in all sequences with toxicity probabilities 
that were below the threshold values.

Formation of Fusion Protein Candidate

The resulting combination of the antimicrobials peptide 
(AMPs) of choice and Fibroblast Growth Factor 10 (FGF10) 
sequence (UniProt ID: O15520), was strategically designed 
to be an engineered multifunctional therapeutic able to stim-
ulate wound healing and prevent infection simultaneously 
(Figure 2). The antimicrobial activity was then sequential-
ly produced by inserting four antimicrobial peptides of the 

Figure 2: Schematic visualization of fusion protein candidate 
showin antimicrobial peptides (blue), linkers (green), growth 
factor (purple) and 6xHis chain (orange).
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residues), and 56.40% random coils (163 residues) (Figure 
3A,B). The prevalence of the random coil structures, which 
are interrupted by the alpha- helices and beta strands, sig-
nifies a flexible and functionally dynamic protein, which is 
capable of several interactions with domains, in line with its 
dual antimicrobial and regenerative functions. The antimi-
crobial domains play a role in the α-helical content, which 
gives the amphipathic structural stability, which is important 
in binding to membranes, and 2:1 strands and coils provide 
increased overall adaptability and solubility.

AlphaFold3 was used to produce the 3D model of the fu-
sion protein, where a low inter-residue confidence metric 
(ipTM) of 0.5 confidently indicated long-range domain ori-
entation and high accuracy in well-structured regions (Fig-
ure 3C). The overall quality factor in the ERRAT validation 
was 94.28% implying the existence of reliable atom-level 
non-bonded interaction profile. The Ramachandran plot 
that was produced by PROCHECK (Figure 3D) showed 
that a high proportion of 88.1 percent of the residues were 
found in the most preferred regions, 9.6 percent were found 
in the additional allowed regions and only 1.1 percent were 
found in the disallowed regions which has very high per-
centages relative to high-quality models. Such distribution 
affirms the stereochemical soundness and right backbone 
torsion of the construct being modeled. The favored-region 
percentage (88.1%) exceeds the commonly accepted 80% 
threshold for computationally modeled multi-domain fusion 
proteins and, together with the high ERRAT score (94.28%), 
supports the overall stereochemical validity and structural 
reliability of the modeled construct. All these structural out-
comes confirm the fact that the engineered fusion protein 
has been properly folded, has high conformational stabili-
ty, and an energetically favorable architecture that can be 
docked and analyzed by molecular dynamics.

Target Receptor Retrieval 

Two fibroblast growth factor receptor structures of the Pro-
tein Data Bank (PDB) were used to study receptor-spe-
cific interactions of the designed fusion protein: FGFR2b 
ectodomain complexed with FGF10 (PDB ID: 1NUN) and 
FGFR2 ectodomain complexed with FGF2 (PDB ID: 1EV2) 
(Figure 33A-D). The two receptors were chosen due to their 
pivotal role in fibroblast growth, epithelial repair and angio-
genic communication, which are vital in effective post-laser 
wound healing. The 1NUN is the canonical FGF102b-FG-
FR2b complex, which promotes paracrine signaling and ep-
ithelial cell differentiation, and 1EV2 is the FGF22-FGFR 2 
complex, which is majorly engaged in stromal and vascular 
remodeling. Moreover, the targeted receptors were puri-
fied by using discovery studio visualizer. All the unwanted 
ligands, hetatm and water molecules were deleted from the 
structure and the purified version of receptors were used in 
further analysis, as shown in Figure 4.

Physio-Chemical Properties Analysis

The designed antimicrobial growth factor fusion construct 
contained 289 amino acids which have a calculated mo-
lecular weight of 32.84 kDa, in an ideal size range to suc-
cessfully undergo recombinant expression, purification and 
topical or local delivery (Table 2). Theoretical pI of 10.19 
suggests a highly basic protein, which is in line with cat-
ionic AMPs incorporation and the electrostatic interaction 
with the negatively charged bacterial membranes, which 
are found in post-laser hemorrhoidal wounds. The in vitro 
half-life of 1.3 hours in mammalian reticulocytes predicted 
indicates a reasonable turnover and minimizes the accumu-
lation of the systemic systems over time, which is ideal in a 
local therapeutic. The extinction coefficient of 37, 400 M -1 
cm -1 facilitates easy spectrophotometric determination in 
the process of expression and purification procedures. The 
construct was found to be stable with an instability index 
of 38.52 (<40) and aliphatic index of 80.97 meaning that 
the protein is likely to be held together at physiological and 
slightly higher temperatures of inflamed tissue. The nega-
tive GRAVY score (-0.330) along with the Protein-Sol solu-
bility score of 0.48 (exceeding the solubility threshold) all in-
dicate a very hydrophilic and soluble construct, which would 
minimize the risk of aggregation and would promote a good 
fold and bioavailability. In general, all these parameters in-
dicate that the designed fusion protein is structurally sound, 
soluble, and biophysically viable to serve its purposes as a 
dual-fuctional therapeutic in relation to infection control and 
wound regeneration.

2D, 3D Structural Modeling, and 3D Structural Modeling 
Validation

The secondary and tertiary structural characterization of the 
antimicrobial-growth factor fusion construct designed was 
done in order to determine its conformational stability and 
folding accuracy. The SOPMA secondary structure analysis 
demonstrated that the construct was made up of 27.34% 
α-helices (79 residues), 16.26% extended β-strands (47 

Table 2: Physiochemical properties analysis of fusion protein 
construct

Parameters Score
Molecular weight 32835.44
Theoretical pI 10.19
Estimated half-life
(mammalian reticulocytes, in vitro) 1.3 hours

Extinction coefficients 37400 M-1 cm-1

Instability index 38.52
Aliphatic index  80.97
GRAVY -0.330
Solubility 0.48
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tributions to compute the global binding energy landscape. 
These resulting complexes exhibited good and energetically 
favorable interactions in both receptor systems, which con-
firmed the dual compatibility of the construct with FGFR2 
family receptors (Figure 5A,B).

In the case of the 1NUN complex, the V-chain is of the fu-
sion protein interacted with the B-chain of the receptor with 
the lowest energy score of -1161.9 and a cluster center en-

Molecular Docking Analysis 

The proposed antimicrobial-growth factor fusion protein 
was the target of molecular docking with ClusPro 2.0 serv-
er which predicts the binding affinity to the target receptor 
in FGFR2b (PDB ID: 1NUN) and FGFR2 (PDB ID: 1EV2). 
Docking protocol was carried out under balanced coeffi-
cient parameter, which made use of van der Waals (Evdw), 
electrostatic (Eelec) and desolvation (EDARS) energy con-

A

B

C

D

Figure 3: Structural evaluation and validation of fusion construct. A,B) Secondary structure illustrations by SOMPA. C) 3D 
structure modelling. D) Ramachandran plot of 3D structure.

Figure 4: 3D structure of targeted receptors. A) FGFR2b ectodomain complexed with FGF10 (PDB ID: 1NUN). B) FGFR2 
ectodomain complexed with FGF2 (PDB ID: 1EV2).

A B
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identified, as these established a variety of hydrogen bonds 
with polar residues of the fusion protein, and thus ensured 
good anchoring in the receptor pocket. Also, Hydrophobic 
contacts with Leu148 and Val179 stabilized the binding po-
sition, towards the overall docking energy of -1161.9 kcal/
mol, which is a sign of a high-affinity receptor-ligand match.

Strong binding properties were observed in the 1EV2 com-
plex (FGFR2 H-chain with vaccine V-chain) with a lowest 
energy value of -1144. 4 kcal/mol. The interface also con-
tained essential receptor residues, such as Glu290, His286 
and Thr284 which interacted with the protein of interest by 
robust hydrogen bonding and charge-charge interactions. 
Val309, Ile310 and Phe314 were involved in hydrophobic 
stabilization, guaranteeing that the conformational integrity 
of the bound complex was intact. All of these interactions 
recapitulate the patterns of native FGF-FGFR recognition 
and thus demonstrate that the engineered construct cor-
rectly folds biologically relevant recognition motifs used to 
activate receptors.

Molecular Dynamic Simulations

The RMSD profile of the two receptor-fusion protein com-
plexes (above 500 ns) supported the overall conforma-
tional stability of both complexes (Figure 7A,B). Complex 
A (1NUN B-chain-V-chain) A rapid increase in RMSD was 
observed at the beginning of the first 2030 ns and thereafter 
maintained at the same level at a distance of 1214 A, show-
ing that equilibration of the protein-A receptor (blue) was 
achieved without significant structural distortion. The fusion 
construct (Protein-B, red) presented milder adjustment pe-
riod but greater oscillations but soon moved to a consistent 
area of about 15-18 A, which indicates the flexible but re-

ergy of -971.8, in 32 conformational members. These val-
ues demonstrate a highly stable and strongly bound com-
plex that is indicative of a strong level of electrostatic com-
plementarity of the growth factor domain of the construct 
with the FGFR2b ectodomain. Comparatively, the 1EV2 
complex (with the H-chain of FGFR2 and the V-chain of the 
fusion protein) had a lowest energy score of -1144.4 and a 
cluster center energy of -1096.7, in 40 members, indicating 
an equally strong and thermodynamically stable pattern of 
interaction.

The unfavorable binding specificities of the two systems 
highlight the strong affinity and conformational complement 
of the engineered construct with the native growth factor 
receptor architecture, indicating that the engineered pro-
tein may efficiently replicate the physiological processes of 
FGF-FGFR recognition. That the different but similar dock-
ing energies of FGFR2b and FGFR2 are supportive of the 
construct being bimodal in its binding affinity supports the 
ability of the construct to both activate regenerative signal-
ing and preserve antimicrobial stability.

Interaction Analysis Studies

The analysis of the docked complexes in detailed interac-
tion profiles was conducted via LigPlot+ and PyMOL, which 
allowed the visualization of the patterns of hydrogen bonds 
and hydrophobic contacts between the designed fusion pro-
tein (vaccine chain) and the receptor domain of FGFR2 (Fig-
ure 6A,B). What we have seen is that the 1NUN complex 
(FGFR2b B-chain V-chain) had a vast network of hydrogen 
bonds and electrostatic complementarity which indicated a 
stable and functionally competent interface. Connectivity 
to residues like Glu213, Ser217, Asp274, and Lys209 was 

Figure 5: Docked complexes illustration. A) FGFR2b B chain with fusion protein. B) FGFR2 H chain with fusion protein.

A B
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mains of each region remaining stable with average devi-
ations of 3-4A.

In Complex B (Figure 7D), RMSF noise was generally lower, 
ranging 1.5-9.0 A, which indicates the existence of high lo-
cal stability. Significant motion (less than 4 A) was observed 
at the active binding interface, which indicates that there 
was tight, enduring receptor-ligand interaction during the 
simulation. Minor peaks were obtained at positions 280-
310, the location of solvent-exposed loops and presumably 
undergo brief flexibility in equilibrium. This loss in mobility 
of the interacting residues in both systems highlights the 
stability and stability of the binding interface and the fusion 
construct exhibits a capability to support anchorage despite 
its modular character.

To determine the compactness and structural rigidity of the 
receptor-fusion protein complexes, the Radius of Gyration 
(Rg) was calculated on the 500 ns Desmond protein-pro-
tein simulations. In Complex A (Figure 7E), the Rg profile 
showed oscillations of 3234 A in the first 50nm which is the 
relaxation phase of the complex as it became accustomed 
to the solvent environment. In the next step, the Rg stabi-
lized slowly with time around 28 29 A, and the values took 
a steady direction till the trajectory concluded. These tran-
sient spikes that occur between 200 250 ns are momentary 
conformational breathing, but soon stabilized, meaning that 
a compact tertiary fold was maintained in the entire simu-
lation.

stricted movements that could be feasible to accommodate 
maintaining receptor interactions. 

Complex B (1EV2 H-chain V-chain) had a slightly elevated 
and well-defined plateau in both partners: the receptor sta-
bilized at the 16-18 A, and the fusion construct stabilized at 
RMSD values of 21-24 A with no continuous drift observed 
after the initial 40-50ns. The increased RMSD of the fusion 
chain in the two systems is in line with its modular, multi-do-
main structure and solvent-exposed antimicrobial sequenc-
es, but not indicative of instability. The overall plateauing 
pattern of the RMSD in both complexes upon dynamic con-
ditions indicate the structural integrity of the engineered fu-
sion protein according to long-term binding to FGFR2 vari-
ants and the strength of the interactions designed between 
the two proteins.

Root Mean Square Fluctuation (RMSF) analysis presented 
residue-scale data of the local flexibility and dynamic stabil-
ity of both of the receptor-fusion protein complexes through-
out the 500am protein-protein MD simulations in Desmond 
(Figure 7C,D). Complex A (Figure 7C) RMSF values were 
in the range of 2.0-20.0 A with most residues having their 
movements less than 5.0 A, which is a sign of well-con-
strained structural movement. The increased variations in 
the N-terminal region (residues 1- 50) are associated with 
loop and coils of the receptor interface and flexible linker 
domains of the fusion protein- as would be anticipated- 
binding flexibility. Both the receptor and the growth factor 
regions are strongly hydrogen bonded with the core do-

Figure 6: Interaction analysis visual rpresentation. A) FGFR2b B chain with fusion protein. B) FGFR2 H chain with fusion protein.

B

A
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findings of the RMSD and SASA analyses indicating a sta-
ble binding.

Equally, in Complex B (Figure 7J), there was a consistent 
range of 7-18 bonds with an equilibrium average of 11-14 
H-bonds, which represents moderately flexible but per-
sistent interactions. Its stabilization trend was clearly evi-
dent after approximately 80 ns, which was the compaction 
phase in both Rg profile and SASA profile. This pattern of 
hydrogen bonding all along the trajectory indicates that the 
fusion construct develops long-lived polar interactions and 
interface complementarity with the FGFR2, in which the dy-
namic equilibrium is balanced but not heavily dissociated.

In complex A (Figure 7K) the overall energy stopped at 
between -8000 and -10,000 kcal/mol after an initial sharp 
relaxation phase of the first 10-20ns which is attributed to 
solvent and side-chain adjustment. Energy fluctuation was 
very steady during the rest of the 480-ns period with only 
low-amplitude fluctuations common with equilibrated bio-
molecular systems. Such a steady state in energy indicates 
that the FGFR2b -fusion construct complex was stabilized 
in a thermodynamic equilibrium that verified good intermo-
lecular packing and solvent compatibility.

Similarly, complex B (Figure 7L) also exhibited a similar 
kind of stabilization tendency, where the total energy values 
varied between -8500 and -11000 kcal/mol following an ini-
tial minimization. The lack of gradual energy drift and high 
concentration of the data points through time point on the 
trajectory illustrates energetic convergence and structural 
equilibrium in the whole trajectory. The negative total en-
ergies were always negative, which is a characteristic of 
productive associations between receptors and ligands.

 DISCUSSION

Hemorrhoidal disease is an important health issue of the 
world, and postoperative infection is another common and 
usual complication even when the use of minimum invasive 
and laser-aided surgical methods is growing. The delicate 
vascular and mucosal structure of the anal canal combined 
with the large inherent microbial load provides the favor-
able environment in which the colonization of the bacteria 
occurs after tissue destruction (28). Traditional postopera-
tive care including systemic antibiotic administration, local 
antiseptic solution use and wound care offer minimal pro-
tection against readmission; microbial recolonization and 
prolonged epithelialization is common particularly in im-
munocompromised patients or diabetic patients (29). The 
current study aimed at overcoming these clinical limitations 
by designing an antimicrobial-growth factor fusion protein 
that can inhibit proliferation of microbes and promote tissue 
regeneration in post-laser hemorrhoidal wounds and, thus, 
overcome the two challenges of preventing infections and 
enhancing wound healing (30). 

Complex B (Figure 7F) on the contrary showed more ex-
ponential Rg drop between 41 A to 30 A in the initial 75ns, 
and long term stability at 29 ± 1 A indicating rapid compac-
tion and domain cohesiveness. The fact that the large-scale 
deviations were absent once the equilibration was reached 
indicates that the receptor fusion complex has attained a 
stable, tightly packed conformation at the beginning of the 
simulation and maintained the organization throughout the 
rest.

Analysis of the Solvent Accessible Surface Area (SASA) 
over the 500 ns Desmond simulations was done to under-
stand how the receptor-fusion protein complexes are ex-
posed to the solvent and to deduce the compactness of the 
folding as well as the burial of the interfaces (Figure 7G,H). 
The SASA values in Complex A (Figure 7G) first increased 
to 30,00032,000 A 2 but then gradually decreased and sta-
bilized to a range of 25,50027,000 A 2 throughout most of 
the trajectory. This decrease in the number of solvent-ex-
poses sites suggests a progressive tightening and wrapping 
of interfacial residues, which plays in favor of the establish-
ment of a stable binding interface between FGFR2b and the 
fusion construct. Periodic transient spikes are associated 
with small-scale surface rearrangements but do not cause 
significant changes to the overall compact state, which is in 
line with the steady Rg and RMSD trends.

A more noticeable and faster SASA reduction was seen in 
Complex B (Figure 7H), whereby the starting SASA value of 
a profile decreased to values of about 24000-25000-25500 
AA 2 in the initial 75-100nm time frame, and then the pat-
tern saw little further changes. This initial and long-lasting 
compaction is indicative of effective shielding of hydropho-
bic and interface residues, indicating a densely packed and 
chemically favourable assembly. The persistently reduced 
SASA value during the equilibrium stage of both complexes 
implies that the receptor interaction with the fusion protein 
facilitates the maximized solvent exclusion at the binding 
surface which is characteristic of a strong and specific 
protein protein interaction. The SASA trends, coupled with 
Rg and RMSD data, support the fact that the engineered 
constructs undergo stable, compact and dynamically stable 
complexes with FGFR2 isoforms.

The hydrogen bond number in Complex A (Figure 7I) varied 
between 8 and 19 throughout the period of 500 ns simu-
lation with an average of about 13-15 H-bonds through-
out the equilibrium phase. The initial structural relaxation 
and solvent reorganization are associated with short-term 
changes in the initial course (less than 100 ns), leading to 
the complex stabilizing, which continued to maintain multi-
ple inter-chain interactions. The fact that a high number of 
H-bonds remains indicates that there is a high electrostatic 
binding between the FGFR2b receptor and growth factor 
domain of the fusion construct, which further supports the 
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Figure 7: A,B) RMSD analysis of docked complex. A) RMSD graph of FGFR2b B-chain and fusion protein candidate. B) RMSD 
graph of FGFR2 H-chain and fusion protein candidate.
C,D) RMSF analysis of docked complex. C) RMSF graph of FGFR2b B-chain and fusion protein candidate. D) RMSF graph of 
FGFR2 H-chain and fusion protein candidate.
E,F) Radius of gyration (Rog) analysis of docked complex. E) Rog graph of FGFR2b B-chain and fusion protein candidate. F) Rog 
graph of FGFR2 H-chain and fusion protein candidate.
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It was found that the retrieval and screening of antimicrobi-
al peptides (AMPs) in the Antimicrobial Peptide Database 
yielded candidates with strong physicochemical properties, 

such as a strong cationic charge, amphipathicity, and an 
ideal hydrophobic balance, which are associated with the 
broad-spectrum antimicrobial activity (31,32). The chosen 
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Figure 7: G,H) Solvent Accessible Surface Area (SASA) analysis of docked complex. G) SASA graph of FGFR2b B-chain and 
fusion protein candidate. H) SASA graph of FGFR2 H-chain and fusion protein candidate.
I,J) Hydrogen bond analysis of docked complex. I) H-Bonds graph of FGFR2b B-chain and fusion protein candidate. J) H-Bonds 
graph of FGFR2 H-chain and fusion protein candidate.
K,L) Total energy analysis of docked complex. K) Total energy graph of FGFR2b B-chain and fusion protein candidate. L) Total 
energy graph of FGFR2 H-chain and fusion protein candidate.
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AMPs (AP00608, AP02570, AP03795, AP00952) had high 
Boman indices, and their hydrophobic residue composi-
tion guarantees the active interaction with the negatively 
charged bacterial membranes without harming host cell 
compatibility (33). Notably, the entire family of peptides 
were found to be non-allergenic and non-toxic based on 

AllerTOP and ToxiPred, which is consistent with the mod-
ern findings which support the use of biosafe AMPs as an 
alternative to regular antibiotics in wound-healing situations. 
The addition of these peptides to the FGF10 domain, which 
is a critical mediator of angiogenesis and epithelial prolifer-
ation, created a solid framework of an all-purpose therapy 
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mal disruptions (28). However, comparative benchmarking 
against native FGF10-FGFR complexes and FGF10-alone 
controls will be required in future computational and exper-
imental studies to quantitatively determine whether fusion 
engineering alters receptor-binding performance relative to 
the native ligand.

Unlike earlier computational studies involving independent 
computational studies of individual functional AMPs or inde-
pendent growth factors, the current study combines antimi-
crobial defense and regenerative signaling into a single bio-
molecule (42). Although cathelicidin-derived peptides have 
the potential to be used to speed up the repair of the epi-
thelia, they are somehow structurally unstable in enzymatic 
environments, recombinant FGF2 can also repair it but this 
poses an infection risk because it lacks any antimicrobial 
coverage. Instead, our dual-functional construct, however, 
exhibits enhanced predicted stability, affinity to receptors 
and biosafety, which echoes new tendencies in next-gener-
ation biologics where the concept of multifunctional fusion 
proteins continues gaining momentum (43). 

This study provides a detailed computational model of a 
dual-action fusion protein with the potential of preventing 
post-laser hemorrhoidal wound infection. The construct has 
good structural integrity, good receptor-binding energies, 
dynamic stability, and high biosafety profiles, which makes 
it an attractive therapeutic prototype that can be further vali-
dated empirically (44,45). Although the data available in sili-
co are very promising, further in vitro expression and in vivo 
testing are required to determine biocompatibility, immuno-
genicity, antimicrobial activity, and wound -healing efficacy 
under controlled experimental settings. Future translational 
research will consider its possibility as a back-up therapeu-
tic or adjunctive preventive during laser-based anorectal 
surgeries, and thus this may help fill the current gap be-
tween infection control and tissue repair.

Limitations 

Although the computational results presented in this study 
indicate favorable predicted structural stability, solubili-
ty, and receptor interaction patterns, the proposed fusion 
construct remains an in-silico candidate and its therapeu-
tic potential must be interpreted as hypothesis-generating. 
Molecular docking and molecular dynamics simulations 
provide predictive evidence of structural compatibility and 
interaction stability; however, they do not confirm biological 
activity, clinical efficacy, or therapeutic adequacy.

Importantly, the predicted outcomes cannot validate real 
antimicrobial performance against clinically relevant patho-
gens, nor can they confirm stimulation of epithelial repair, 
fibroblast proliferation, angiogenesis, or activation of down-
stream FGFR signaling pathways. In addition, computation-
al biosafety screening tools such as AllerTOP and ToxiPred 

construct capable of meeting the needs of antimicrobial and 
regenerative function in complex wounds (34). 

Physicochemical data demonstrated that the designed fu-
sion protein (32.84 kDa, pI 10.19) has the desirable prop-
erty of stability, solubility and thermotolerability - essential 
in expressing the protein of interest in vitro and in precise 
delivery of the protein to its therapeutic site. These charac-
teristics are similar to other AMP-growth factor conjugates, 
like those of lysozyme, VEGFA-AMP fusions, and reporters, 
which have been shown to show greater thermal stability 
and bioavailability compared to parent molecules (35). The 
positive GRAVY score and aliphatic index also indicate 
structural stability in conditions which are similar to other 
studies where rational linker engineering maintained do-
main independence and functionality. As a result, the con-
struct does not only display the theoretical biocompatibility 
but also fulfills the physicochemical criteria that are support-
ed by modern bioengineering sources (36). 

The applied construct was also effective as supported by 
docking and interaction analyses. ClusPro 2.0 docking pro-
duced very good interaction energies (−1161.9 kcal mol -1 
in 1NUN; -1144.4 kcal mol -1 in 1EV2) with FGFR2 isoforms, 
which are similar or better than those of native FGF FGFR 
complexes. Critical residues, such as Glu213, Ser217 and 
Asp274, played a significant role in hydrogen-bonding, 
which was in line with previously known FGFR2 contact 
residues in formed growth factor complexes (37,38). These 
observations validate that the construct of fusion serves 
as a powerful receptor recognition in a physiological con-
text but still has antimicrobial segments, which is a major 
breakthrough compared to the previous AMPs that lacked 
receptor specificity. The binding stability that is observed is 
especially relevant to the environment of anorectal wounds 
where mechanical stress and moisture require strong inter-
action and long-lasting bioactivity (39,40). 

Extensive molecular dynamics (MD) simulations during 500 
nanoseconds revealed a better understanding of the struc-
tures behavior of the complexes. Balance was also main-
tained between the receptor and the fused protein since 
there were little variations and the energy profile remained 
steady through the course of the trajectory. The observation 
of RMSD plateaus (1218 -3.5 -2 for FGFR2b; 1624 -2 for 
FGFR2), maintained counts of counts of hydrogen-bonds 
(1115) signify long-term conformation stability and binding 
affinity (41). These results correspond to previous MD stud-
ies of other engineered protein-based therapeutics, where it 
is normally possible to reach equilibrium within 100 ns, indi-
cating excellent structural stability. The gradual decrease in 
SASA and replenishing radius of gyration pathways further 
affirm a compact, energetically preferable fold conformation, 
which confirms that the construct is properly folded and 
firmly bound to FGFR2 variants despite solvent and ther-
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docking and extended (500 0ns) molecular dynamics simu-
lations and, thus, can support its potential as a stable, bio-
logically viable therapeutic candidate. In comparison to the 
traditional monotherapeutic approaches, this engineered 
molecule has two functionality synergy: the antimicrobial 
peptides inhibit bacterial invasion, and the growth factor do-
main promotes the epithelial repair and angiogenesis. As 
a result, the proposed construct is a future-generation bio-
engineered therapeutic that can be used to treat infections, 
and heal wounds, at the same time. Its translational poten-
tial in clinical use in anorectal surgery will be further defined 
by future experimental validation, expression profiling and 
in vivo analyses.
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