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 The 40-amino acid-long Fa-AMP1 peptide from buckwheat (Fagopyrum esculentum Moench) 

seed germ has previously been reported to exhibit potent antifungal and antibacterial effects. 

The availability of the three-dimensional structure of this peptide could be very useful in 

investigating its antimicrobial function, but the crystallographic information of this peptide is 

not currently available. The aim of the present study was to determine the three-dimensional 

structure of the Fa-AMP1 peptide using a comprehensive approach so that advanced modeling 

tools such as AlphaFold, SwissModel, and D-I-TASSER could be used to predict and evaluate. 

The predicted models were compared using validation tools QMEAN, Verify3D, and 

WHATCHECK. The geometric position of amino acids in all three models was examined by 

drawing Ramachandran plots. The distance of all three models from each other was compared 

using the RMSD index, and the number and position of alpha-beta-coil folds, as well as the 

position of disulfide bonds, were also compared. Overall, the results showed that the models 

presented by the AlphaFold and SwissModel tools have high convergence with each other, and 

while the model presented by the D-I-TASSER tool also showed high similarity with the other 

two models, it did not show the necessary accuracy in the configuration of cysteine amino acids 

and the formation of expected disulfide bonds. In the second part of the article, the Swiss 

docking tool was used to investigate the interaction between the model predicted by AlphaFold 

and chitin, sourced from the fungal cell wall, as a target ligand. The docking results were 

analyzed based on the position of amino acids involved in binding to the ligand in five 

complexes run with the peptide model. The docking results showed that the model presented 

by AlphaFold in the fourth run of the results presented by Swiss docking can be placed at an 

appropriate distance from each other, with the amino acids related to the binding site in the Fa-

AMP1 peptide and the four amino acids forming hydrogen bonds with the NAG1 and two 

monomers. In future studies, this prediction can be investigated by conducting additional 

molecular dynamics (MD) simulations. 
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1. Introduction  

Antimicrobial proteins and peptides are one of the most 

powerful tools used by plants in combating pathogenic 

microorganisms; they can be used in the production of 

transgenic plants resistant to pathogens and also be used 

directly to inhibit the development of pathogens on plants 

and their products (Kawmudhi et al., 2025; Ramesh et al., 

2025; Wu et al., 2025). Antifungal peptides are small 

cationic proteins that have been reported from different 

plant, animal, and microbial sources so far (Wu et al., 

2025).  

Antimicrobial peptides can be grouped based on their 

structure or origin. Based on their structure, they can be 

grouped into Ŭ-helical, Cysteine-rich, and Proline-rich 

peptide groups, and based on their origin, they can be 

grouped into plant, animal, and microorganism peptide 

groups (Wu et al., 2025). Moreover, antimicrobial 

peptides of plant origin show a rapid inhibitory effect on a 

wide range of microorganisms, with a low toxicity on 

animal cells and no damage to the environment.  

These peptides can be grouped into thionins, defensins, 

Hevein-like peptides, knottin-type peptides, cyclotides, 

snakins, and lipid transfer proteins based on their amino 

acid sequence, structure, and function (Bakare et al., 

2022). Among them, Hevein-like peptides carry a Hevein 

domain that is capable of binding to chitin (Kini et al., 

2015). It is called the Hevein-Like domain because it was 

first identified in the rubber tree (Hevea brasiliensis), and 

its sequence is available in the UniProt protein database 

with the following accession number P02877. In addition 

to their antifungal properties (Slavokhotova et al., 2017), 

Hevein-like peptides also have antimicrobial properties 

(Fujimura et al., 2003). This class of plant antimicrobial 

peptides has been identified in various plants (Shirsat et 

al., 2025).  
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Hevein-like peptides are distinguished from each other 

by the number of disulfide bonds (Nawrot et al., 2014). 

The majority of them have eight cysteine amino acids and 

form four disulfide bonds, and a smaller number have six 

cysteine amino acids and form three disulfide bonds. A 

much smaller number carry ten cysteine amino acids, 

which are able to form five disulfide bonds (Slavokhotova 

et al., 2017).  

In general, the presence of cysteine amino acids with the 

pattern (CXnCXnCCXnCXnCXnCXnCXnC) can be 

observed in these peptides and play a role in the formation 

of disulfide bonds. Disulfide bonds provide stability to the 

peptide against heat, pH changes, and protease digestion 

(Tan et al., 2017). 

Fa-AMP1 and Fa-AMP2 peptides have been identified 

and reported in the seed coat of buckwheat (Fagopyrum 

esculentum Moench) (Fujimura et al., 2003). They have 

been identified with a molecular mass of about 3.8 to 3.9 

kDa (Fujimura et al., 2003). These peptides are rich in 

cysteine and glycine amino acids, with isoelectric points 

above 10, and have a structure similar to the plant defensin 

protein family (Fujimura et al., 2003).  

The 50% inhibitory concentration (IC50) of these two 

peptides on the growth of fungal pathogens, including 

Fusarium oxysporum and Geotrichum candidum; Gram-

positive bacteria, including Clavibacter michiganensis and 

Curtobacterium flaccumfaciens; and Gram-negative 

bacteria such as Erwinia carotovora, Agrobacterium 

radiobacter, and Agrobacterium rhizogenes, has been 

reported to be between 11 and 36 ɛg/mL (Fujimura et al., 

2003).  

The presence of special properties in Hevein-like 

antimicrobial peptides, including stability against 

environmental pH changes, high temperature tolerance, 

stability against various proteases, and their antifungal and 

antibacterial properties, has attracted much attention for 

the potential of using these peptides to produce cultivars 

resistant to plant pathogens.  

However, a three-dimensional model (3D model) of Fa-

AMP1 and Fa-AMP2 peptides is not provided in the PDB 

database. The only model predicted by AlphaFold is for 

the Fa-AMP1 peptide. Given the importance of 

investigating the stability and function of antimicrobial 

peptides with the aim of transferring them to plants and 

developing resistant cultivars, it is essential to have a 3D 

structure of the peptide. Since performing crystallographic 

experiments requires special and expensive laboratory 

conditions, this study was, therefore, conducted using a 

multi-tool approach to predict the 3D model for the Fa-

AMP1 peptide, and the models provided by different 

prediction tools were subsequently compared with each 

other. 

Based on the I-TASSER-MTD protocol, the I-TASSER 

method predicts the 3D-structure of proteins and peptides 

using an advanced multi-step approach (Zhou et al., 2022). 

It uses sequence alignment, domain boundary prediction, 

and a deep neural network architecture called 

DeepPotential to infer spatial constraints, including atomic 

distances, torsion angles, and hydrogen bond networks. It 

then generates structural models using iterative exchange 

Monte Carlo (REMC) simulations and I-TASSER force 

field optimization, and extracts the final model by 

clustering the structures. This integrated approach allows 

for modeling complex multi-domain structures and even 

short peptides by considering coevolutionary information 

and structural analogies.  

Considering the antimicrobial role of the Fa-AMP1 

peptide and its reported interaction with chitin oligomers 

as ligands, the availability of a three-dimensional model of 

this peptide will make it possible to investigate the 

peptideôs binding efficiency with chitin. Given the cost of 

crystallographic and NMR experiments in determining the 

binding of the peptide and ligand, computer simulation 

methods can be used for this purpose. In this regard, of the 

various methods that can be used, molecular docking, 

homology-based modeling, and molecular dynamics (MD 

Simulation) are the most common. Molecular docking has 

been used as one of the most common and fastest 

computational methods in numerous studies. Several 

commercial and free computational tools and algorithms 

have been developed for molecular docking. Among these 

programs, AutoDock Vina, Glide, and AutoDock GOLD 

have received the most attention (Hasannejad-Asl et al., 

2024; Mustafa et al., 2022; Sinoliya et al., 2025). In this 

study, the predicted model of the antimicrobial peptide Fa-

AMP was investigated in its interaction with chitin 

oligomers with the chemical name Triacetylchitotriose, 

which is a trimer of N-acetylglucosamine (NAG)3. 

Furthermore, along with predicting the three-dimensional 

structure of the Fa-AMP1 peptide, its interaction with the 

chitin ligand was also investigated.  

These data can provide the necessary prerequisites for 

conducting mutagenesis studies and increasing the 

interaction ability of this peptide with chitin oligomers. 

The design of new derivatives of this peptide can also be 

investigated in laboratory experiments for additional 

synthesis and antimicrobial function. 

2. Materials and Methods 

2.1. Identification of Homologous Proteins 

2.1.1. BLAST Search Against the UniProt Database 

The available information about the Fa-AMP1 peptide, 

including its function, protein family, complete taxonomic 

information of the organism carrying it, functional 

domains, and conserved motifs in the peptide sequence 

and their positions, as well as proteins with the same 

percentage of similarity to the peptide sequence BLAST, 

was studied in the UniProt protein database at 

(https://www.uniprot.org). 

2.1.2. Structural Homology Search in the CATH 

Database 

The amino acid sequence of Fa-AMP1 was used as a 

query to search the CATH database (version 4.4) (Sillitoe 

et al., 2021), a hierarchical classification of protein domain 

structures.  

The search was performed using the built-in sequence 

search tools, CATH-BLAST with default parameters, to 

identify domains of significant structural similarity. Hits 

were ranked based on Expect (E)-values, and domains 

with E-values ρ ρπ were considered for further 

analysis.  

https://www.uniprot.org/
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2.1.3. Functional Annotation and Family Assignment 

Functional similarity was inferred based on the CATH-

Gene3D functional families (FunFams). Domains 

structurally homologous to Fa-AMP1 were examined for 

their associated functional annotations within CATH. 

Peptides sharing significant structural similarity and 

belonging to the same or closely related FunFam were 

considered functional homologs.  

2.2. Protein Structure Prediction 

2.2.1. Template Selection and Model Generation 

The prediction of 3D models for the Fa-AMP1 peptide 

was performed using D-I-TASSER tools at 

(https://zhanggroup.org/D-I-TASSER/) and SwissModel 

(Waterhouse et al., 2018), and then compared with the 

model provided by the AlphaFold tool, which presents a 

pLDDT (predicted Local Distance Difference Test) 

confidence measure (Fleming et al., 2025; Jumper et al., 

2021). The D-I-TASSER tool used different algorithms 

and considered the percentage similarity indices of the 

amino acid sequence of the Fa-AMP1 peptide and the 

aligned part of the peptide sequence with the template ID1 

(Sequence Identity in Aligned Region), the percentage 

similarity of the complete sequence and the complete 

sequence of the template peptide ID2 (Sequence Identity 

for Whole Chain), the overlap of the peptide sequence with 

the template sequence, and the normalized Z-score index 

to identify a suitable template from among the sequences 

available in the PDB database.  

2.2.2. Comprehensive Model Evaluation 

The validity of the Threading models was evaluated by 

examining the class of folds of the models in the protein 

structural classification database, CATH (Sillitoe et al., 

2021) at (https://www.cathdb.info/). The D-I-TASSER 

tool simulated a set of possible 3D structures for the Fa-

AMP1 peptide. In the next step, these simulated structures 

are compared pairwise with the model structures produced 

by SPICKER (Zhang & Skolnick, 2004) and clustered. 

Finally, the five models were presented in descending 

order based on the size of the clusters. The quality of the 

models predicted by D-I-TASSER was assessed by 

comparing them with the structures available in the PDB 

database using the TM-align tool (Zhang & Skolnick, 

2005). The SwissModel tool (Waterhouse et al., 2018) at 

(https://swissmodel.expasy.org/) was used to select 

suitable templates from the structures available in the PDB 

database (SMTL version 2025-07-30, PDB release 2025-

07-25) using BLAST (Camacho et al., 2009) and HHblits 

(Steinegger et al., 2019), and then presented the model 

based on the target-template alignment using ProMod3 

(Studer et al., 2021). Model Quality Estimation for the 

models predicted by SwissModel was performed as the 

global and per-residue using the QMEAN scoring formula 

(Studer et al., 2021). All three models were examined in 

terms of the QMEAN index using the QMEAN 

(Qualitative Model Energy Analysis) tool (Benkert et al., 

2011), and the QMEANDisCo Global and QMEANDisCo 

local indices were estimated for all three models. 

Validation of the predicted models was performed using 

the Verify3D tool (Bowie et al., 1991; Lüthy et al., 1992) 

at (https://www.doe-mbi.ucla.edu/verify3d/). 

The position of each amino acid and its involved bonds 

were first studied using the WHAT_CHECK tool  

(Hooft et al., 1996) at (https://swift.cmbi.umcn.nl/ 

gv/whatcheck/index.html). Then, a Ramachandran plot 

was also drawn for the predicted models using  

the RamPlot tool (Kumar & Rathore, 2025) at 

(https://www.ramplot.in/index.php). Next, a search for 

peptide structures similar to the predicted models was 

performed using the Structure Similarity Search option in 

the PDB database at (https://www.rcsb.org/ search/ 

advanced/structure).  

Lastly, the interaction of the predicted three-

dimensional model for the Fa-AMP1 peptide sequence 

with the Uniprot accession number P0DKH7 

(https://www.uniprot.org/uniprotkb/P0DKH7/entry) with 

the chitin trimer oligosaccharide Triacetylchitotriose 

 (N-acetylglucosamine-3mer) and the abbreviation 

(GlcNAc)3 with PubChem identifier (CID:444514) 

(https:/ /pubchem.ncbi.n lm.nih.gov/compound/) 

was investigated in the SwissDock online tool 

(https://www.swissdock.ch/) with the Autodock Vina 

docking engine (Eberhardt et al., 2021). In this tool, 

hydrogen atoms and partial charges were added to the 

structure using the internal preprocessing tools of the 

SwissDock server. A ligand structural file in MOL2 format 

was prepared in PyMOL (TM) 3.1.6.1 software and 

submitted to the docking tool. The docking step was 

performed in the "Default" mode, and the docking region 

was automatically defined for the entire accessible surface 

of the peptide (Blind Docking) to examine all potential 

binding sites. 

2.2.3. Measurement of Key Interaction Distances in the 

Docked Complex 

The best presented docking runs were investigated 

based on the 3D visualization and atomic interactions 

(such as hydrogen bonds, hydrophobic, and electrostatic 

interactions) among the amino acids responsible for the 

binding site with the ligand monomers using PyMOL(TM) 

3.1.6.1 software. 

3. Results and Discussion  

3.1. Homology Search and Template Identification 

3.1.1. BLAST Results from the UniProt Database 

The blast results of the Fa-AMP1 peptide sequence in 

the UniProt protein database showed that this peptide was 

registered with the identification number P0DKH7 with 

the biological function of an antimicrobial peptide. The 

protein family of this peptide was registered in the allergen 

database with accession numbers 12014 and 12015 as Fag 

e4 and Fage4.0101, respectively.  

The features show that the mature peptide consists of a 

chain of 40 amino acids.  

The crystallographic structure of this peptide is not 

provided in the UniProt database, and the only structure 

prediction was performed using the AlphaFold tool, which 

is available with the accession number AF-PODKH7-F1. 

https://zhanggroup.org/D-I-TASSER/
https://www.cathdb.info/
https://swissmodel.expasy.org/
https://www.doe-mbi.ucla.edu/verify3d/
https://swift.cmbi.umcn.nl/%20gv/whatcheck/index.html
https://swift.cmbi.umcn.nl/%20gv/whatcheck/index.html
https://www.ramplot.in/index.php
https://www.rcsb.org/%20search/%20advanced/structure
https://www.rcsb.org/%20search/%20advanced/structure
https://pubchem.ncbi.nlm.nih.gov/compound/
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The peptide has only one chitin-binding type-1 domain 

located at sequence positions 1 to 40. The set of domains 

identified on the sequence of this peptide is provided in the 

UniParc database with the accession number 

UPI000060338D from different databases. The complete 

sequence of the Fa-AMP1 peptide corresponds to two 

groups of Chitin-binding, type I and Endochitinase-like 

superfamily, indicating the function of this peptide in 

binding to chitin. In this database, similar peptides with 

90% amino acid identity (P0DKH8) and 50% amino acid 

identity (P81859) have been registered. The P0DKH8 

peptide is the Fa-AMP2 peptide reported from buckwheat, 

and the P81859 peptide is a homodimer, each monomer of 

which is 49 amino acids long and contains a chitin-binding 

lectin domain and binds to N-acetylglucosamine 

oligomers. In this database, information about the 3D 

structure of the P0DKH7 and P0DKH8 peptides is not 

provided, and only three peptides named Q8GUD7, 

Q949H3, and Q7DNA1, with lengths of 295, 314, and 340 

amino acids, respectively, were identified as having a 3D 

structure. Throughout the Fa-AMP1 peptide sequence, 

eight cysteine amino acids form four disulfide bonds 

(Figure 1). The disulfide bonds are predicted between the 

cysteine amino acid pairs Cys3-Cys18, Cys12-Cys24, 

Cys17-Cys31, and Cys35-Cys39, respectively.  

The number and pattern of presence of cysteine amino 

acids have been similarly reported as a feature in the 

antimicrobial peptides Hevein, Pn-AMP1, Pn-AMP2, Fa-

AMP1 and Fa-AMP2 (Fujimura et al., 2003). 

3.1.2. Structural Homologs Identified in the CATH 

Database 

Suitable patterns for predicting the structure of the Fa-

AMP1 peptide were identified in the CATH database of 

structurally and functionally similar peptides. The results 

showed that the structural domains in the A chain of 4mpi 

and 1ulkA01 proteins with very significant E-values are 

similar, respectively, which are identical to the patterns 

used by D-I-TASSER and are considered strong 

confirmation for the selected models. The results of the 

CATH database analysis showed that, in terms of function, 

the Fa-AMP1 peptide is significantly similar to peptides 

such as Agglutinin isolectin 1 (1ehdA), which is a chitin-

binding lectin, and Basic endochitinase peptide (2dkvA), 

which is a chitin-degrading enzyme, and are placed in a 

functional family. These results indicate that the Fa-AMP1 

peptide has a similar biological role to this group of 

peptides. These results are consistent with the functional 

reports of the Fa-AMP1 peptide as a member of the Hevein 

-like antimicrobial peptide, and have antifungal properties 

through binding to chitin present in the fungal cell wall 

(Fujimura et al., 2003). 

3.2. Predicted 3D Models of Fa-AMP1 

3.2.1. Template Selection and Evaluation for 

Homology Modeling 

Both tools selected the 4mpiB peptide as the first 

priority template for predicting the model for the FaAMP 

peptide based on the examined indices among the 

structures available in the PDB database. The D-I-

TASSER tool identified the number of suitable templates 

for predicting the tertiary structure of the FeAMP peptide 

based on the homology of the FaAMP peptide sequence 

with the sequences available in the PDB database. The 

percentage similarity index of the amino acid sequence of 

the Fa-AMP1 peptide and the aligned part of the ID1 

template peptide sequence (Sequence Identity in Aligned 

Region) was determined to be the highest similarity, with 

70% with the 4mpiB template peptide. Also, the 

percentage similarity index of the Fa-AMP1 sequence and 

the complete sequence of the ID2 template peptide 

(Sequence Identity for Whole Chain) was observed to be 

68% with the 4mpiB template peptide. In terms of the 

overlap index, the highest percentage (19.39%) was 

observed between the Fa-AMP1 peptide and the 4mpiB 

template peptide. The SwissModel tool for model 

prediction initially presented 50 models from the 

structures available in the PDB database (SMTL version 

2025-07-30, PDB release 2025-07-25) using BLAST and 

HHblits, ranked based on the GMQE index. The GMQE 

(Global Model Quality Estimate) index expresses the 

quality of the alignment of the Fa-AMP1 peptide structure 

and the model peptide and is used in the SwissModel tool 

to evaluate the quality of the predicted models. This index 

varies between zero and one, and the closer the index is to 

one, the higher the quality and accuracy. This score is 

similar to the TM-score in the D-I-TASSER tool. Among 

the models selected by the SwissModel tool, the 4mpiB 

peptide was ranked first with a GMQE index of 0.69, an 

overlap of 95%, and an identity of more than 71%. 

3.2.2. Evaluation of the template used by the 

SwissModel and D-I -TASSER tools 

The structure of the 4mpi peptide consists of two 

inversely symmetric chains, each chain having an Alpha-

Beta structure (Figure 2). The 4mpi peptide is related to 

the HbCLP2 protein and consists of two inversely 

symmetric chains, chain A and chain B. Alignment of the 

patterns selected by both SwissModel and D-I-SATTER 

tools with the 4mpi peptide sequence in PyMol software 

showed that chain B was used as a template for building 

the model. More investigation on the 4mpi peptide in the 

CATH database showed that this peptide is in the CATCH 

classification class of peptides with an Alpha-Beta 

structure, a 2-layer sandwich architecture, and a topology 

similar to domain 1 in the Isolectin2 protein; its 

homologues superfamily is Endochitinase-like. 

The Alpha-Beta class of the 4-layer (Top) CATH 

hierarchy is consistent with the structure observed in many 

Plant antimicrobial peptides (AMPs), like Defensin 

(characterized by an Ŭ-ɓ-Ŭ fold), Hevein-like peptides 

(dominated by ɓ-sheets but may include small helical 

segments), and Knottins (mixed Ŭ/ɓ folds stabilized by 

disulfide knots, though ɓ-strands dominate). 

However, none of the structures of the Hevein-like 

peptides, such as PnAMP1, PnAMP2, Ee-CBP, and 

WAMP1 (Koo et al., 1998; Loo et al., 2021), have been 

prioritized as high-priority templates in the studied tools. 

HbCLP2 is a chitinase-like protein belonging to the 

glycosylhydrolase 19 family and the class I chitinase 

subfamily, which has been reported from the rubber tree 

(Hevea brasiliensis) (Martinez Caballero et al., 2014). 
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Figure 1. Position of four disulfide bonds among cysteine amino acids on the mature sequence of the Fa-AMP1 peptide (P0DKH7), 

(UniProt database). 

 

Figure 2. 3D structure of 4mpi belonging to the HbCLP2 protein (Martinez Caballero et al., 2014) consisting of two inversely 

symmetric chains (A), the result of structural alignment of the selected templates by the SwissModel (red) and D-I-TASSER (blue) 

tools on the B chain of the 3D structure of the 4mpi peptide. 

HbCLP2 binds chitin and chitotriose (GlcNAc)3 with 

high affinity, and its affinity for chitotriose has been shown 

to be even higher. Crystallographic model analysis and 

docking experiments of this peptide with the 

oligosaccharide chitohexose (GlcNAc)6 have also been 

performed (Martinez Caballero et al., 2014). This protein 

has been shown to be highly thermostable and to have 

antifungal activity against the fungus Alternaria alternata 

(Martinez Caballero et al., 2014). These features suggest 

that the functional selection of this protein as a template 

could be very similar to the function reported for the 

FeAMP peptide. The function of this component as a 

chitin-binding domain is entirely consistent with the 

function reported for the mature Fa-AMP1 peptide 

(Fujimura et al., 2003). Therefore, this template is 

expected to be suitable for predicting the model for the 

FeAMP peptide. 

3.2.3. Models Generated by SwissModel, D-I -TASSER, 

and AlphaFold 

Simulation results using the D-I-TASSER tool to create 

a set of conformational structures (Decoys) and then 

cluster them, finally provided models based on the largest 

clusters created. The D-I-TASSER tool provided only one 

model with a confidence level of 0.92 for the Fa-AMP1 

peptide. In this tool, the validity of the model is quantified 

by the estimated TM-score (eTM-score) index between 

zero and one. It is calculated based on the significance of 

the alignment of the model with the template, the contact 

map satisfaction rate, the mean absolute error between the 

distance of the model and the template, and the 

convergence of the simulations. The closer the eTM-score 

index is to one, the higher the confidence of the predicted 

model. Therefore, providing a model with an eTM-score 

equal to 0.92 indicates extremely high validity and 

exceptional accuracy of the predicted model of the 3D 

structure of the Fa-AMP1 peptide. The Swiss-Model tool 

provided the model based on the target-template alignment 

using ProMod3. The model is built based on the 

replacement of the coordinates of the aligned amino acids 

from the Fa-AMP1 peptide and the template peptide, and 

then the geometric position of the amino acids and their 

side chains is determined. The GMQE index of the 

provided model is equal to 0.68. This index describes the 

quality of the model between zero and one, and the closer 

the index is to one, the higher the quality and accuracy of 

the provided model. This index is the average of the TM-

score (0.92) in the D-I-TASSER tool. The Swiss-Model 

tool calculated the QMEANDisCo Global indices (0.69 ± 

0.12) for the provided model. The global QMEANDisCo 

index is calculated based on the average score of the local 

QMEANDisCo index (for each amino acid). The local 

QMEANDisCo index is calculated based on the 
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comparison of the position of each amino acid with the 

positions of the amino acids in the high-resolution model 

structures and varies between zero and one. The range 

between 0.8 and 1.0 indicates a very high-quality model 

that is quite reliable. The model is structurally very similar 

to the high-resolution experimental structures. The range 

between 0.6 and 0.8 indicates that the presented model is 

of good quality and is publishable. In the range below 0.6, 

the model is considered structurally weak. The global 

QMEANDisCo index for the model provided by 

SwissModel is estimated to be 0.69 ± 0.12, which falls in 

the range of 0.6 to 0.8 and can be considered of good 

quality and publishable. 

The model provided by the AlphaFold tool presented 

with a pLDDT (predicted Local Distance Difference Test) 

confidence measure of 96.61. This index indicates the 

level of confidence in the prediction of the local structure 

for each amino acid and varies ina range from 0 to 100. 

Parts of the model that are estimated with a pLDDT index 

above 90 can be accepted with high confidence and trusted 

in structural analyses. A score of 96.61 indicates a very 

high quality for the model provided by AlphaFold. 

It can be concluded that the overall score provided for 

the model by D-I-TASSER, with an eTM-score of 0.92 

and a pLDDT confidence index of 96.61 for the Alpha 

Fold model, is very reliable, and the model provided by 

Swiss Model, with QMEANDisCo Global indices of 0.69 

± 0.12, ranks second, as good and acceptable. For further 

evaluation, the presented models were also examined in 

terms of other indices.  

3.3. Comparative Evaluation of Predicted Structures 

3.3.1. Global Model Quality Scores (QMEAN) 

All three models were examined in terms of the 

QMEAN index, using the QMEAN (Qualitative Model 

Energy Analysis) tool, and the QMEANDisCo Global and 

QMEANDisCo local indices were estimated for all three 

models (Figure 3). The results showed that the 

QMEANDisCo Global index for all three models is above 

0.7, which indicates the acceptability of the Alpha Fold 

model, although the presented model showed a higher 

index than the other two models. The QMEANDisCo local 

index showed that amino acids in three regions are 

predicted with a lower confidence index than other 

positions. The first region includes Gln5, Gly6, and Gly7, 

and the index of this region in the model presented by 

SwissModel is lower than that of the other two models. 

The second region includes Gln19, Trp20, and Trp22, and 

in this region, the model presented by SwissModel has a 

higher accuracy than the other two models. The third 

region includes Thr26, Pro27, and Lys28, and this region 

in the model presented by D-I-TASSER has a lower 

confidence index than the other two models. In the model 

presented by D-I-TASSER, the fourth region includes 

Gly31, Ala32, and Gly33, and is also predicted with less 

confidence compared to the other two models. The 

confidence index of these regions in the predicted 

structures in the models, as well as the functional role of 

the active sites of the peptide, is of particular importance. 

The second region (including Gln19, Trp20, and Trp22) 

has been shown to play an important role in the interaction 

of the FeAMP1 peptide with chitin in previous laboratory 

studies (Fujimura et al., 2003), so estimating the precise 

position of these amino acids can have a great impact on 

investigating their interaction with ligands. 

Given the importance of disulfide bonds, a comparison 

of the accuracy of the prediction of the position of cysteine 

amino acids was performed in all three models. As can be 

seen in Figure 3, the position of cysteine amino acids is 

marked with an asterisk. The prediction of the position of 

cysteines Cys3-Cys18 in all three models was higher than 

the average, although in the model presented by Swiss 

Model and Alpha Fold, respectively, the QMEANDisCo 

local index was higher than the D-I-TASSER model. This 

index for Cys12-Cys24 was also higher than the average 

in the model presented by all three tools, although in the 

D-I-TASSER model, the position of cysteine 24 was 

predicted with a higher index compared to the other two 

models. The two cysteine amino acids Cys17-Cys31, 

which play a role in the formation of the third disulfide 

bond, are predicted to be similar between the two Alpha 

Fold and Swiss models, although their indices are slightly 

lower than the average, while the position of Cys31 in the 

model presented by the D-I-TASSER is at a lower index 

compared to the other two models.

 

Figure 3. Global QMEANDisCo and local QMEANDisCo indices calculated by QMEAN for three models provided by D-I-TASSER, 

SwissModel and AlphaFold tools for the Fa-AMP1 peptide. The positions of the cysteine amino acids forming disulfide bonds are 

marked with asterisks. The positions of the amino acids corresponding to the chitin ligand binding site are also marked with a plus 

sign. 




