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Design of Casocidin-II Mutation Variants as Antibacterial 
Candidates against Helicobacter pylori using Bioinformatic 
Approaches

ABSTRACT: Helicobacter pylori infects about 50% of the global population, with high prevalence in 
Indonesia, particularly in East Nusa Tenggara (51.4%) and Papua (30.7%). If untreated, this infection 
can cause gastritis, ulcers, and even gastric cancer. Due to rising antibiotic resistance to this bacterium, 
alternative treatments are needed. Casocidin-II, an antimicrobial peptide from cows milk (Bos taurus), 
has antibacterial potential but it is unstable in acidic environments, making it ineffective against H. 
pylori, which colonizes in the stomach. This research aims to design and analyze Casocidin-II mutations 
using bioinformatic approaches to improve stability without reducing antibacterial activity. Mutations 
were conducted using I-Mutant 2.0, and structural modeling was done with PEP-FOLD4. Physicochemi-
cal properties were analyzed with ExPASy, and the binding affinity to H. pylori BabA receptor was eva–
luated using HADDOCK. Molecular interactions were visualized with ChimeraX. Eight stable Casocidin-
II mutants (CAS1–CAS8) were identified, with CAS3 and CAS5 showing the best stability, hydrophilicity, 
and aliphatic index. Docking results showed CAS3 and CAS7 had the highest binding affinities, -121.70 
kcal/mol and -123.24 kcal/mol, respectively. CAS3, with the sequence KTKLTVEEKNRLNFLKKISQRYQK-
FALPQYLKTVYQHQK, was the most effective in inhibiting H. pylori growth and is a strong candidate for 
further laboratory testing. Besides its high affinity and activity, CAS3’s amino acid profile enhaces target 
binding and membrane penetration. This research demonstrates that bioinformatics can be used in de-
signing mutation varians to enhance peptide stability and antibacterial properties. CAS3 is a promising 
alternative to conventional antibiotics for H. pylori treatment, pending further experimental validation.
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Design of Casocidin-II Mutation Variants as Antibacterial Candidates against Helicobacter pylori

1. Introduction 

Helicobacter pylori is a Gram-negative, oppor-
tunistic commensal bacterium that colonizes in 
the gastric mucosa of humans and is responsible 
for various gastrointestinal disorders, including 
gastritis, peptic ulcers, and gastric cancer [1]. It is 
estimated that approximately 50% of the global 
population is infected with H. pylori, making it a 
significant public health concern worldwide [2]. 
The prevalence of H. pylori infection is reported 
to be around 43.1%, with the highest infection 
rates observed among young individuals and in 
developing countries [3]. In Indonesia, the preva-
lence varies across regions, with rates of 51.4% 
in East Nusa Tenggara, 30.7% in Papua, 24.4% in 
Sumatra, 18% in Bali, 8.9% in Kalimantan, 7.4% 
in Java, and 4.5% in Maluku [4]. Standard treat-
ment for H. pylori infection involves a combina-
tion of one or two antibiotics with proton pump 
inhibitors (PPIs) [5]. However, if left untreated, 
H. pylori infection can lead to chronic gastritis, 
peptic ulcers, duodenal ulcers, and gastric cancer 
[6]. Additionally, the growing resistance of H. py-
lori to antibiotics has become a major challenge, 
reducing the effectiveness of combination thera-
pies [7]. Consequently, the development of new, 
more effective alternatives of antibacterial agents 
are crucial. Among these potential alternatives, 
antimicrobial peptides (AMPs) have emerged as 
promising candidates.

Antimicrobial peptides are bioactive molecu–
les with significant potential for therapeutic ap-
plications, including their role as novel antibac-
terial agents [8]. These peptides exhibit broad-
spectrum antibacterial activity with a lower like–
lihood of resistance development compared to 
conventional antibiotics [9]. One such peptide 
with substantial antibacterial potential is Casoci-
din-II, which is derived from the αS2-casein frag-
ment found in bovine milk. This peptide is gene–
rated through protein hydrolysis by trypsin and is 
structurally identical to Casocidin-I, except for an 
additional amino acid at the N-terminus and seven 
additional amino acids at the C-terminus, span-

ning residues 166-196 of the protein sequence 
[10]. Casocidin-II demonstrates broad-spectrum 
antimicrobial activity against both Gram-positive 
and Gram-negative bacteria. Its mechanism of 
action involves disrupting microbial cell mem-
branes, leading to leakage of intracellular com-
ponents and ultimately resulting in pathogen cell 
death. Studies have shown its efficacy in inhibi–
ting pathogenic microorganisms, including Esche–
richia coli, Staphylococcus aureus, and Candida 
albicans [11]. Further research has reported that 
Casocidin-II exhibits dose-dependent antibacte-
rial activity, with a minimum inhibitory concen-
tration (MIC) of 16.2 µM against Bacillus subtilis 
ATCC6051, E. coli ATCC25922, and E. coli NEB5α 
[10]. However, its effectiveness against H. pylori 
has not been previously explored, which is the 
primary focus of this study using bioinformatic 
approaches.

 Blood Group Antigen Binding Adhesin (BabA) 
is a crucial outer membrane protein in H. pylori 
that plays a significant role in host colonization 
and pathogenesis. BabA is an adhesin, meaning 
it facilitates bacterial attachment to host cells 
by specifically binding to Lewis b (Leb) antigens 
present on gastric epithelial cells [12]. This bin–
ding is essential for H. pylori to establish a persis-
tent infection in the harsh acidic environment of 
the stomach. BabA-mediated adhesion enhances 
bacterial survival, promotes gastric inflamma-
tion, and increases the risk of diseases such as 
gastritis, peptic ulcers, and gastric cancer [13]. 
Studies have shown that H. pylori strains expres–
sing high levels of BabA, have stronger adhesion 
capabilities and are often associated with more 
severe clinical outcomes. Due to its critical role 
in bacterial attachment and infection, BabA has 
been targeted in therapeutic strategies aimed at 
blocking H. pylori adhesion, preventing coloni-
zation, and reducing bacterial persistence in the 
stomach. Research on BabA inhibitors, vaccines, 
and antimicrobial peptides continues to explore 
new ways to combat H. pylori infections, particu-
larly in antibiotic-resistant strains [14].

One major reason why Casocidin-II has not 
been investigated for H. pylori treatment is its 
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susceptibility to degradation in acidic environ-
ments [15]. Since H. pylori colonizes the human 
stomach, in which the pH ranges from 1.5 to 3.5, 
any potential therapeutic peptide must exhibit 
acid stability. Therefore, bioinformatics-driven 
protein mutation design using I-Mutant 2.0 is es-
sential to assess the pH stability of this peptide 
in acidic conditions. Further molecular docking, 
dynamic simulations, and sequence optimization 
can help predict the structural and functional ef-
fects of specific mutations. This approach aims to 
enhance Casocidin-II’s binding affinity, stabi–
lity, and antibacterial activity against H. pylori in 
BabA, paving the way for the development of a 
novel antimicrobial peptide-based therapy. This 
research aims to design and analyze Casocidin-
II mutation variants using a bioinformatics ap-
proach as an antibacterial candidate against H. 
pylori infection. 

2. Materials and methods 

2.1. Protein sequence dataset
The Casocidin-II structure was downloaded 

in PDB format from the Protein Data Bank under 
the accession code 6FS5 (resolution of 2.96 Å). It 
was ensured that the peptide structure was com-
plete, including all necessary residues and atomic 
details required for the mutation process.

2.2. Stability analysis of mutations using I-Mutant 2.0
The I-Mutant 2.0 software was used to ana-

lyze the effects of mutations on protein stability 
[16]. The Casocidin-II structure in PDB format 
was loaded, and its sequence was examined. The 
I-Mutant 2.0 settings were adjusted to a pH of 2 
and a temperature of 37oC. Predictive simula-
tions were performed to evaluate the stability of 
mutations with relevant residue variations, and 
changes in Gibbs free energy (ΔG) were recorded 
to determine whether the mutations increased or 
decreased stability. Single-point mutations that re-
sulted in improved stability and a reliability index 
greater than 5 were selected for further analysis.

2.3. Structural modeling of mutated Casocidin-II 
using PEP-FOLD4

The modified Casocidin-II peptide sequences 
were submitted to PEP-FOLD4 for 3D structure 
prediction [17]. The pH was set to 2 to simulate 
the gastric environment. The most probable con-
formations of the mutated peptides were genera–
ted, and the best structural model was saved in 
PDB format for further analysis. The downloaded 
PDB files were then opened in ChimeraX, where 
water molecules were removed to optimize the 
structure for subsequent docking studies.

2.4. Physicochemical analysis using ExPASy Prot-
Param

The qualitative identification of Casocidin-II 
sequences began with preparing the protein se-
quence data in FASTA format. The ExPASy web-
site (https://www.expasy.org/) was accessed to 
perform relevant protein sequence analyses using 
ProtParam [18]. The Casocidin-II sequence was 
either directly input into the tool or uploaded if a 
compatible file format was available. ProtParam 
was used to analyze physicochemical proper-
ties, including molecular weight, isoelectric point 
(pI), protein stability, and hydrophobicity index. 
These results provided an initial assessment of 
the stability and activity potential of the mutated 
peptides. The ProtParam analysis results were 
reviewed to understand the qualitative charac-
teristics of Casocidin-II and their compatibility 
with the designed mutations. All data were re-
corded for further evaluation and to support fu-
ture experimental validation of protein activity.

2.5. Molecular docking with BabA (4Z7H) using 
HADDOCK

The 3D structure of BabA (PDB ID: 4Z7H) was 
downloaded from the Protein Data Bank. Both 
BabA and peptide models were cleaned in Chi-
meraX by removing solvent molecules and cor-
recting missing atoms. Active residues on BabA 
were selected based on published interaction sites 
related to gastric mucin adhesion, while peptide 
active residues were derived from structural ex-

https://www.expasy.org/
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posure analysis. Protein–peptide docking was 
performed using HADDOCK 2.4 with default pa-
rameters [19]. Docking scores, van der Waals 
energy, electrostatic energy, and buried surface 
area (BSA) were used for ranking.

2.6. Visualization of docking results using ChimeraX
The visualization of docking results was car-

ried out using ChimeraX to examine residue inter-
actions, including hydrogen bonds, electrostatic 
interactions, and hydrophobic contacts [20]. The 
most stable protein-peptide complex was se-
lected for further analysis, and key interacting 
residues were marked. The effects of mutations 
on binding affinity were evaluated by comparing 
interactions with the wild-type Casocidin-II. This 
simulation was used to identify the most promi–
sing Casocidin-II mutant with optimal binding af-
finity and antibacterial potential against H. pylori. 
Final docking results were saved and visualized 
for documentation and advanced analysis. By 
applying this method, PyMOL-assisted docking 
simulations provided a detailed evaluation of the 
most potent peptide mutations, facilitating the 
identification of optimal antibacterial candidates 
against H. pylori.

2.7. Molecular dynamics simulation using Galaxy–
RefineMD 

Molecular dynamics (MD) simulations were 
performed to validate the structural stability of 
the most promising mutant, CAS3. The three-di-
mensional structure generated using PEP-FOLD4 
was used as the initial model and submitted to the 
GalaxyRefineMD server (https://galaxy.seoklab.
org/). The peptide structure was placed in an 
explicit TIP3P water environment using a cubic 
simulation box with a 10 Å buffer distance, and 
the CHARMM36 force field was applied through-
out the simulation. Prior to the production run, 
the system underwent 5,000 steps of energy mi–
nimization followed by equilibration under NVT 
conditions for 100 ps and NPT conditions for 200 
ps to ensure temperature and pressure stabiliza-
tion at 310 K. A 10-ns production simulation was 

subsequently conducted to assess the dynamic 
behavior of CAS3 under physiologically relevant 
conditions. The resulting trajectories were ana-
lyzed to evaluate root-mean-square deviation 
(RMSD), root-mean-square fluctuation (RMSF), 
radius of gyration (Rg), solvent-accessible sur-
face area (SASA), and intramolecular hydrogen 
bonding patterns. These parameters collectively 
provided insight into the conformational stabi–
lity, structural compactness, and dynamic flexi–
bility of CAS3 along the simulation timeline.

3. Results and discussion 

3.1. Stability of Casocidin-II mutations
The results of Casocidin-II mutations using 

I-Mutant 2.0 (Table 1) against BabA identified 
eight mutation variants designed to optimize 
interactions with the target protein BabA (PDB 
ID: 4ZH0). Each mutation involved substituting 
a wild-type (WT) residue with a new residue 
(NEW) at a specific position, with varying rele–
vance index (RI) values. A mutation at position 
1 (K → V), the substitution of lysine with valine 
produced an RI value of 8, indicating enhanced 
interaction potential due to hydrophobic effects. 
At position 3 (K → P), the substitution of lysine with 
proline resulted in an RI value of 7, suggesting re-
duced flexibility due to proline’s rigid structure. 
A mutation at position 6 (E → V) had an RI of 6, 
suggesting that substituting glutamic acid with 
valine produced a minor effect. At position 10, 
the substitution of asparagine with either valine 
(N → V) or isoleucine (N → I) yielded an RI of 9 
and 8, respectively, indicated a significant role in 
BabA interaction.

The mutation at position 19 (S → F) gave RI of 
7 showing that replacing the hydrophilic serine 
with hydrophobic phenylalanine had a moderate 
impact on interaction. At position 24, the substi-
tution of lysine with valine (K → V), the highest 
RI value of 9 was observed, suggesting that this 
residue played a crucial role in interaction, likely 
due to its change from positively charged to hy-
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drophobic. Finally, the mutation at position 30 
resulted in RI of 6, suggesting that substituting 
tyrosine with phenylalanine (Y → F) had a rela-
tively minor effect.

Overall, mutations at positions 10 and 24 with 
the highest RI values presented the greatest po-
tential for enhancing Casocidin-II interactions 
with BabA. The change in RI values also indicated 
that converting hydrophilic or charged residues 
into hydrophobic ones could strengthen inter-
actions. These findings provide a foundation for 
further docking simulations and future experi-

mental validation, focusing on mutations with the 
highest antibacterial potential against H. pylori.

3.2. Structural modeling of Casocidin-II mutations
The three-dimensional (3D) structure predic-

tions of the Casocidin-II mutants (CAS1 to CAS8) 
using PEP-FOLD4 (Figure 1) revealed conforma-
tional variations depending on specific residue 
substitutions. These structures were represented 
as ribbon models, with gradient coloring indica–
ting secondary structure elements such as stable 
α-helices (red/orange) and flexible loops (blue). 

Yulianto Ade Prasetya, and Tjie Kok

Table 1. Casocidin-II mutation results at pH 2 and 37°C using I-Mutant 2.0

CAS1 CAS2 CAS3 CAS4 

 

 

  
CAS5 CAS6 CAS7 CAS8 

Figure 1. The three-dimensional (3D) structural prediction of the mutant Casocidin-II peptides (CAS1- 
CAS8) generated using PEP-FOLD4

Code Position WT NEW RI Mutated sequence 

CAS1 1 K V 8 VTKLTEEEKNRLNFLKKISQRYQKFALPQYLKTVYQHQK 
CAS2 3 K P 7 KTPLTEEKNRLNFLKKISQRYQKFALPQYLKTVYQHQK 
CAS3 6 E V 6 KTKLTVEEKNRLNFLKKISQRYQKFALPQYLKTVYQHQK 
CAS4 10 N V 9 KTKLTEEEKVRLNFLKKISQRYQKFALPQYLKTVYQHQK 
CAS5 10 N I 8 KTKLTEEEKIRLNFLKKISQRYQKFALPQYLKTVYQHQK 
CAS6 19 S F 7 KTKLTEEEKNRLNFLKKIFQRYQKFALPQYLKTVYQHQK 
CAS7 24 K V 9 KTKLTEEEKNRLNFLKKISQRYQVFALPQYLKTVYQHQK 
CAS8 30 Y F 6 KTKLTEEEKNRLNFLKKISQRYQKFALPQYLKTVFQHQK 
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CAS1, the wild-type (WT) Casocidin-II, exhibited 
a dominant α-helix structure, with flexible loops 
at the N-terminal and C-terminal ends, serving 
as a reference for comparison with the mutated 
variants. CAS2 and CAS3 mutations maintained 
α-helix stability, indicating that these mutations 
did not significantly impact structural integrity. 
However, CAS4 and CAS5 exhibited minor disrup–
tions in the central α-helix, while CAS6, CAS7 and 
CAS8 displayed greater conformational varia-
tions with increased loop flexibility, potentially 
influencing interactions with the target protein. 
Red and orange regions in the structure indicated 
highly stable α-helices, essential for protein-pep-
tide interactions, while blue regions denoted high 
flexibility, commonly found in loops or terminal 
ends, allowing adaptability to binding targets. 
CAS2 and CAS3, which retained an intact α-helix 
structure, showed high potential for optimal in-
teraction with BabA, whereas the higher flexibi–
lity in CAS6 to CAS8 might provide advantages in 
binding adaptation but reduce overall stability.

The conformational prediction for the eight 
mutant variants of Casocidin-II (CAS1 to CAS8) 
generated using PEP-FOLD4 was represented by 
the heatmap (Figure 2). The colors on the heat-
map indicate the probability of residue-residue 
interactions within the peptide structure. Green 
regions (high probability, 0.8–1.0) indicate strong 
residue interactions, typically associated with 
structurally stable α-helices. Blue regions (mode–
rate probability, 0.4–0.8) represent moderate in-
teractions, often related to residue flexibility. Red 
regions (low probability, 0.0–0.4) indicate areas 
with high flexibility or weak interactions, which 
are usually found at the N-terminal or C-terminal 
ends and flexible loops.

CAS1 (wild type) predominantly exhibits green 
regions in the central part, indicating high stabi–
lity in the main α-helix structure, while the N-ter-
minal and C-terminal ends appear red, showing 
high flexibility, which is typical for terminal resi-
dues. CAS2 and CAS3, which underwent muta-
tions, maintain an interaction pattern like CAS1, 
suggesting that these mutations did not signifi-

cantly alter the stability of the primary structure. 
In CAS4 and CAS5, a slight reduction in green 
areas in the central region indicates that muta-
tions moderately affected α-helix stability. CAS6 
to CAS8 show an increase in red areas, especially 
at the terminal and loop regions, suggesting that 
these mutations introduced higher flexibility, 
which could influence the peptides interaction 
potential with the target protein.

3.3. Qualitative sequence analysis of Casocidin-II 
mutants

The physicochemical properties of Casocidin-
II mutants (CAS1–CAS8) were analyzed, inclu–
ding molecular weight, theoretical isoelectric 
point (pI), instability index, aliphatic index, and 
grand average of hydropathicity (GRAVY) (Table 
2). The molecular weight of the mutants ranged 
from 4709.52 to 4929.79 Da, reflecting slight 
mass variations due to residue substitutions. 
CAS6 had the highest molecular weight (4929.79 
Da), likely due to larger side-chain residues. The 
isoelectric point (pI) ranged between 10.00 and 
10.24, indicating that all variants were basic pep-
tides, with positively charged residues facilita–
ting interactions in acidic gastric environments 
(pH ~2). CAS3 (pI = 10.24) and CAS8 (pI = 10.17) 
exhibited slightly higher values, contributing to 
enhanced stability in acidic conditions.

The instability index, predicting protein sta-
bility in solution, showed that CAS3 was the 
most stable with an instability index of 14.56, 
while CAS8 had the highest instability index of 
29.79 but remained within the stable range. The 
aliphatic index, reflecting thermal stability, was 
highest in CAS5 (80.00), suggesting better sta-
bility at varying temperatures. CAS6 and CAS8 
had the lowest values (70.00), indicating poten-
tially lower thermal stability. The GRAVY score, 
indicating hydrophilicity, was negative for all 
variants (-1.118 to -1.233), confirming that all 
peptides were hydrophilic. CAS6 had the lowest 
GRAVY score of -1.233, meaning it was the most 
hydrophilic, enhancing solubility in aqueous en-
vironments, crucial for interaction with BabA in 
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Figure 2. Heatmap of the conformational predictions for the eight mutant variants of Casocidin-II 
(CAS1–CAS8) generated using PEP-FOLD4

the stomach. Overall, CAS3 and CAS5 exhibited 
the most optimal physicochemical properties, 
including high stability, high aliphatic index, and 
strong hydrophilicity, making them strong candi-
dates for antibacterial testing against H. pylori.

3.4. Identification of Casocidin-II mutant interac-
tions with BabA

The docking analysis of Casocidin-II mutations 
(CAS1–CAS8) revealed differences in key para–
meters, including RMSD, van der Waals energy, 

  
CAS1 CAS2 

 

  
CAS3 CAS4 

 

  
CAS 5 CAS6 

 

  
CAS7 CAS8 
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buried surface area, and Z-score (Table 3). CAS1 
had an RMSD of 0.3 ± 0.2 Å, indicating minimal 
structural deviation and high structural stability. 
Its van der Waals energy was -61.5 ± 2.7 kcal/
mol, suggesting moderate interaction with BabA, 
while the buried surface area (BSA) of 1912.7 ± 
132.1 Å² reflected extensive ligand-protein con-
tact. Its Z-score of -1.9 indicated good overall sta-
bility of the complex.

CAS2 had an RMSD of 0.4 ± 0.3 Å, slightly higher 
than CAS1 but still within a stable structural 
range. Its van der Waals energy of -67.5 ± 11.7 
kcal/mol was lower than CAS1, indicating stro–
nger interaction. However, its BSA of 1797.1 ± 
103.2 Å² was slightly lower than CAS1, and the Z-
score of -2.3 suggested moderate stability. CAS3 
emerged as the best candidate with an RMSD of 
0.6 ± 0.4 Å, which, while higher than CAS1 and 
CAS2, remained within acceptable stability li–
mits. Its van der Waals energy of -70.3 ± 6.1 kcal/
mol was the lowest (most negative), indicating 

the strongest van der Waals interactions among 
all mutations. Additionally, its BSA of 1920.7 ± 
106.9 Å² was the largest, confirming optimal 
ligand-protein contact, while its Z-score of -2.3 
reinforced the overall stability. Conversely, CAS4 
exhibited a very high RMSD of 8.9 ± 0.2 Å, sug-
gesting structural instability. Its van der Waals 
energy of -65.6 ± 5.0 kcal/mol was decent but 
not as optimal as CAS3, while its BSA of 1851.7 ± 
117.9 Å² was at a moderate level. The Z-score of 
-2.4 indicated low stability.

Similarly, CAS5 had a high RMSD of 8.7 ± 0.1 
Å, indicating significant structural instability. Its 
van der Waals energy of -66.9 ± 3.6 kcal/mol re-
flected moderate interaction strength, while its 
BSA of 1853.0 ± 80.1 Å² was in the mid-range. 
The Z-score of -1.7 was the highest among all 
mutations, but it did not indicate optimal inter-
action stability. CAS6 displayed an RMSD of 1.4 
± 0.8 Å, signifying better stability than CAS4 and 
CAS5. However, its van der Waals energy of -60.7 
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Table 2. Physicochemical properties of Casocidin-II mutants (CAS1–CAS8) using ProtParam
Code Molecular 

weight (Da) 
Theoretical pI Instability 

index 
Aliphatic 
index 

GRAVY 

CAS1 4840.65 10.00 25.68 77.44 -1.118 
CAS2 4709.52 10.17 21.98 71.84 -1.208 
CAS3 4839.71 10.24 14.56 77.44 -1.128 
CAS4 4854.72 10.08 25.68 77.44 -1.128 
CAS5 4868.75 10.08 25.68 80.00 -1.121 
CAS6 4929.79 10.08 22.92 70.00 -1.233 
CAS7 4840.65 10.00 25.92 77.44 -1.118 
CAS8 4853.69 10.17 29.79 70.00 -1.221 

Table 3. Docking results between the mutant Casocidin-II peptide and H. pylori BabA

Characteristics Mutant code 
CAS1 CAS 2 CAS 3 CAS 4 CAS 5 CAS 6 CAS 7 CAS 8 

RMSD from the overall 
lowest-energy 
structure (Å) 

0.3 ± 0.2 0.4 ± 0.3 0.6 ± 0.4 8.9 ± 0.2 8.7 ± 0.1 1.4 ± 0.8 2.4 ± 0.1 9.0 ± 0.1 

Van der Walls energy 
(kcal/mol) 

-61.5 ± 
2.7 

-67.5 ± 
11.7 

-70.3 ± 
6.0 

-65.6 ± 
5.0 

-66.9 ± 
3.6 

-60.7 ± 
10.0 

-67.5 ± 
4.2 

-67.1 ± 
4.2 

Burried surface area 
(BSA) (Å²) 

1912.7 1797.1 1920.7 1851.7 1853.0 ± 
80.1 

1877.8 1849.5 1869.4 

Z-score -1.9 -2.3 -2.3 -2.4 -1.7 -2.1 -1.9 -2.7 
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± 10.0 kcal/mol was the weakest, making it the 
least favorable interaction among the mutations. 
The BSA of 1877.8 ± 98.5 Å² was moderate, while 
the Z-score of -2.1 reflected fair overall stabi–
lity. CAS7 had an RMSD of 2.4 ± 0.1 Å, which was 
higher than CAS1–CAS3 but remained within an 
accep–table stability range. Its van der Waals 
energy of -67.5 ± 4.2 kcal/mol indicated strong 
interactions, while its BSA of 1849.5 ± 78.3 Å² 
was mode–rate. The Z-score of -1.9 suggested 
good overall stability. CAS8 exhibited the highest 
RMSD of 9.0 ± 0.1 Å, indicating significant struc-
tural instabi–lity. Its van der Waals energy of 
-67.1 ± 4.2 kcal/mol was strong but not optimal, 
while its BSA of 1869.4 ± 120.2 Å² was mode–
rate. The Z-score of -2.7 was the lowest, indicating 
poor overall stability.

Based on this analysis, CAS3 emerged as the 
best mutation due to its lowest van der Waals 
energy of -70.3 ± 6.1 kcal/mol, largest buried 
surface area of 1920.7 ± 106.9 Å², and a stable 
Z-score of -2.3. The strong van der Waals inter-
actions and extensive ligand-protein contact sug-
gest that CAS3 has the highest affinity and most 
stable interaction with BabA, making it the most 
promising candidate for further validation and 
antibacterial testing against H. pylori [15].

3.5. Visualization of Casocidin-II mutant docking 
(CAS1–CAS8) with H. pylori BabA

The docking visualization of Casocidin-II mu-
tants (CAS1–CAS8) with BabA protein revealed 
differences in ligand positioning and molecular 
interactions at the binding site (Figure 3). CAS1 
and CAS8 exhibited the strongest interactions, 
forming a significant number of hydrogen bonds, 
indicating high stability within the binding pocket. 
CAS1 demonstrated a stable ligand position with 
strong hydrogen bonding at key residues, while 
CAS8 formed the highest number of hydrogen 
bonds, making it a strong potential candidate for 
BabA interaction. CAS3 and CAS7 showed opti-
mal aromatic ring orientation for hydrophobic 
interactions, though they formed fewer hydrogen 
bonds, which could impact long-term interaction 

stability. CAS5 displayed high ligand flexibility but 
weaker interactions compared to the other muta-
tions. Based on this analysis, CAS1 and CAS8 were 
identified as the best candidates for further in-
vestigation due to their strong hydrogen bonding 
interactions and stable ligand orientation, alig–
ning with high-affinity criteria for ligand binding 
in protein-peptide docking studies.The docking 
results for Casocidin-II mutations (CAS1–CAS8) 
with BabA protein demonstrated variations in 
binding affinity scores, solvation energy, and inte–
racting residues (Table 4). CAS1 had a binding af-
finity score of -107.07 kcal/mol and a solvation 
energy of -6.229 kcal/mol, with interactions at 
L-15 (Leucine), a hydrophobic residue contribu–
ting to interaction stability. CAS2 showed a bin–
ding affinity of -107.65 kcal/mol and a solvation 
energy of -6.222 kcal/mol, interacting with S-53 
(Serine) and K-51 (Lysine), which are polar and 
positively charged residues, providing mode–
rate stability. CAS3 exhibited a binding affinity 
of -121.70 kcal/mol, one of the strongest interac-
tions, with N-369 (Asparagine), a polar residue, 
although its solvation energy of -6.155 kcal/mol 
was slightly higher than other mutations. CAS4 
had the lowest binding affinity of -102.15 kcal/
mol and a solvation energy of -5.856 kcal/mol, 
interacting with N-509 (Asparagine), suggesting 
weak interaction stability.

CAS5 recorded a binding affinity of -109.34 
kcal/mol and the best solvation energy of -6.461 
kcal/mol among all mutations, interacting with 
E-469 (Glutamate), a negatively charged resi-
due, indicating high stability in hydrated envi-
ronments. CAS6 had a binding affinity of -105.00 
kcal/mol and a solvation energy of -6.274 kcal/
mol, interacting with I-50 (Isoleucine), a hydro-
phobic residue, although its interaction strength 
was lower than CAS3 and CAS7. CAS7 emerged as 
the best mutation, with the most negative binding 
affinity of -123.24 kcal/mol and a solvation ener–
gy of -6.166 kcal/mol, interacting with Q-451 
(Glutamine), a polar residue. This indicates that 
CAS7 exhibits the strongest and most stable in-
teraction within the BabA active site.
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Figure 3. Visualization results of CAS1–CAS8 mutant docking with BabA

Table 4. Docking analysis results of CAS1-CAS8 mutant with BabA

  
CAS 1 

 
CAS 2 

  
CAS 3 

 
CAS 4 

  
CAS 5 

 
CAS 6 

  
CAS 7 CAS 8 

Characteristics Mutant code 

CAS1 CAS2 CAS3 CAS4 CAS5 CAS6 CAS7 CAS8 

Binding affinity (kcal/mol) -107.07 -107.65 -121.70 -102.15 -109.34 -105.00 -123.24 -119.20 
Solvation energy (kcal/mol) -6.229 -6.222 -6.155 -5.856 -6.461 -6.274 -6.166 -5.831 
Ligan-receptor interaction 
residues 

L-15 S53 and 
K51 

N-369 N-509 E-469 I-50 Q-451 A-54 
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Although CAS8 had the second-best binding 
affinity of -119.20 kcal/mol, its solvation energy 
(-5.831 kcal/mol) was higher and it interacted 
with A-54 (Alanine), a nonpolar residue. Based 
on this analysis, CAS7 was identified as the most 
promising candidate, as it exhibited the lowest 
(most negative) binding affinity of -123.24 kcal/
mol, strong interaction with the key polar residue 
Q-451, and solvation energy that supports stabi–
lity in biological environments [15].

Hydrogen bond interaction were also confir–
med at the residual level. CAS1 formed hydro-
gen bonds with residues L15 and nearby polar 
residues, while CAS8 demonstrated multiple hy-
drogen bonds involving backbone interactions 
within the BabA binding pocket. In CAS3, hydro-
gen bonding with N369 contributed to its high 
binding affinity. These residue-level interaction 

clarify the molecular basis of mutant peptide sta-
bility within the active site.

 
3.6. Molecular dynamics simulation

The structural refinement analysis produced 
by GalaxyRefine (Figure 4) demonstrated sub-
stantial improvements in stereochemical quality 
and stability across the predicted peptide mo–
dels. Compared with the initial structure—which 
exhibited a high MolProbity score, severe steric 
clashes, and extremely unfavorable energy—
the refined models showed markedly enhanced 
backbone geometry, zero rotamer outliers, and 
near-complete Ramachandran favored distribu-
tions, consistent with high-quality peptide con-
formations as recommended in modern structu–
ral validation standards (Table 5). The structure 
was characterized by a low RMSD (0.644 Å), op-
timal MolProbity score (0.500), absence of ste-

 
Figure 4. Final MD-equilibrated conformation of the Casocidin-II mutant, showing a stable α-helical 

structure

Table 5. Structural validation molecular dynamics of CAS-3 by GalaxyRefine

Parameter Refined structure  

RMSD (Å) 0.644 
MolProbity 0.633 
Clash score (per 100 atoms) 0.0 
Poor rotamers (%) 0.0 
Rama favored (%) 100.0 
Galaxy energy (arbitrary units) -1068.53 
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ric clashes, 100% Rama–chandran favored resi-
dues, and a substantially improved energy state, 
making it the most reliable structure for down-
stream computational analyses. These findings 
align with recent studies demonstrating that 
refinement-driven side-chain repacking and local 
relaxation—such as those implemented in Ga–
laxyRefine—significantly enhance peptide model 
accuracy and reduce structural artifacts [21,22]. 
Despite the comprehensive in silico studies, fur-
ther in vitro and in vivo validation is needed to 
confirm the biological activity, stability, and anti 
H. pylori potential of CAS3.

4. Conclusions 

Based on the results, eight optimal mutant 
variants (CAS1–CAS8) were identified, exhibi–
ting enhanced stability with reliability indices 
ranging from 6 to 9. CAS3 and CAS5 demonstra–
ted the most optimal physicochemical properties, 
including high stability (low instability index), a 
high aliphatic index, and strong hydrophilicity, 
as determined through ExPASy analysis. Docking 
results using HADDOCK showed that CAS3 and 
CAS7 had the highest binding affinity of -121.70 
kcal/mol and -123.24 kcal/mol, respectively. 
Altogether, CAS3 emerged as the most effective 
mutant in inhibiting the growth of H. pylori. Ex-
perimental assays including minimum inhibitory 
concentration (MIC) testing, adhesion inhibition, 
and animal model studies are essential to sup-
port its translational feasibility. 
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