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Article Info Abstract
Document Type: The 40amino acidlong FaAMP1 peptide from buckwheaFégopyrum esculentuiioench)
Research Paper seed germ has previously been reported to exhibit potent antifungal and antibacterial
. The availability of the thredimensional structure of this peptide could be very useft
Received3(092025 investigating its antimicrobial function, btkte crystallographic information of this peptide
Received in revised form . . . )
021212025 not currentlyavailable. The aim of the present study was to determine thedimeasional
Accepted30/12/2025 structure of the FAMP1 peptide using a compretsve approach so that advanced model
tools such as AlphaFold, SwissModel, and-DASSERcould ke used tgredict and evaluate
Published 30/12/2025 The predicted models were compared using validation tools QMEAN, Verify3id,
WHATCHECK. The geometric position of amino acids in all three models was examin
Keywords: drawing Ramachandran plots. The distance of all three models from each other was cc
AlphaFold, using the RMSD index, and the number and position of atacoil folds, as well as the
AutoDock Vina, position of disulfide bondswvere also compared. Overall, the results showed that the m
D-I-TASSER, presented by the AlphaFold and SwissModel tools have high convergence with each otl
|\S/|0!ec;\1/:a(fj DIOCking, while the model presented by thel ETASSER tool also showed high siawiity with the other
WwisSiviode

two modelsjt did not show the necessary accuracy in the configuration of cysteine aminc
and the formation of expected disulfide bonds. In the second part of the article, the
docking tool was used to investigate the interaction between the model prégtiéiptiaFold
and chitin sourced fronthe fungal cell wal|] as a target ligand. The docking results w:
analyzed based on the position of amino acids involved in binding to the ligand ii
complexes run with the pepédnodel. The docking results showed that the model pres¢
by AlphaFold in the fourth run of the results presented by Swiss docking can be place
appropriate distance from each ottveith the amino acids related to the binding site in the
AMP1 peptide and the four amino acids famgqnhydrogen bonds with the NAG1 ado
monomers. In future studies, this prediction can be investigated by conducting adc
molecular dynamics (MD) simulations.

1. Introduction peptides of plant origin show a rapid inhibitory effect on a
wide range of microorganismsyith a low toxicity on
Antimicrobial proteins and peptides are one ofrifest animal cells anaho damage to the environment.
powerful toolsused byplants in combating pathogenic  These peptides can be grouped into thignitegensins,
microorganismsthey can be used in the production of Heveinlike peptides, knottiftype peptides, cyclotides,
transgenic plants resistant to pathogens @sdbe used snakins and lipid transfer proteins based on their amino
directly to inhibit the development of pathogens on plantsicid sequence, structyrand function (Bakareet al,
and their products (Kawmudht al, 2025; Ramesht al,  2022). Among them, Heveilike peptides carry a Hevein
2025; Wuet al, 2025). Antifungal peptides are small domain that is capable of binding to chitin (Kigt al,
cationic proteins that have been reported from differen2015). It is called the Heveinike domain because it was
plant, animal and microbial sources so far (Wat al, first identified in the rubber tre¢dgvea brasiliensis and
2025). its sequence is available in the UniProt protein database
Antimicrobial peptides can be grouped based on theiwith thefollowing accession humber P0281#. addition
structure or origin. Based on their structure, they can b their antifungal properties (Slavokhotosgal, 2017),
gr oup e d-helicah tCysteirigich, and Prolinerich  Heveinlike peptides also have antimicrobial properties
peptide groups, and based on their origin, they can b@ujimuraet al, 2003). This class of plant antimicrobial
grouped into plant, animahnd microorganism peptide peptides has been identified in various plants (Shetat
groups (Wu et al, 2025). Moreover antimicrobial al., 2025).
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Heveinlike peptides are distinguished from each otheffor modeling complex mukdomain structures and even
by the number of disulfide bonds (Nawrett al, 2014).  short peptides by considering coevolutionary information
The majority of them haveightcysteine amino acids and and structural analogies.
form four disulfide bonds, and a smaller number haie Considering the antimicrobial role of the -AMP1
cysteine amino acids and forthree disulfide bonds. A peptide andts repored interaction with chitin oligomers
much smaller number carrten cysteine amino acigs as ligands, the availability of a threémensional model of
which are able to forrfive disulfide bonds (Slavokhotova this peptidewill make it possible to investigate the
et al, 2017). p e p t birtiagiefficiency with chitin. Given the cost of

In general, the presence of cysteine amino acids with therystallographic and NMR experiments in determining the
pattern (CXnCXnCCXnCXnCXnCXnCXnC) can be binding of the peptide and ligand, computer simulation
observed in these peptides and play a role in the formationethods can be used for this purpose. In this regatte
of disulfide bonds. Disulfide bonds provide stability to thevarious methodghat can be used, molecular docking,
peptide against heat, pH changeg] anotease digestion homology-based modeling, and molecular dynamics (MD
(Tanet al, 2017). Simulation) areghe mostommon. Molecular docking has

FaAMP1 and FaAMP2 peptides have been identified been used as one of the most common and fastest
and reported in the seed coat of buckwhé&agppyrum computational methods in numerous studies. Several
esculentunMoench) (Fujimuraet al, 2003). They have commercial and free computational tools and algorithms
been identified with a molecular mass of about 3.8 to 3.8ave been developed for molecular docking. Among these
kDa (Fujimuraet al, 2003). These peptides are rich in programs, AutoDdc Vina, Glidg and AutoDock GOLD
cysteine and glycine amino acids, with isoelectric pointhave received the most attention (Hasanndjsidet al,
above 10, and have a structure similar to the plant defens®24; Mustafeaet al, 2022; Sinoliyaet al, 2025). In this
protein family (Fujimureet al, 2003). study, the predicted model ofelantimicrobial peptide Fa

The 50% inhibitory concentration (IC50) of these twoAMP was investigated inits interaction with chitin
peptides on the growth of fungal pathogemeluding oligomers with the chemical name Triacetylchitotriose,
Fusarium oxysporunand Geotrichum candidumGram  which is a trimer of MNacetylglucosamine (NAG)3.
positive bacterigincludingClavibacter michiganensend  Furthermore, along with predicting the thh@ienensional
Curtobacterium flaccumfaciens and Grarmegative  structure of the FAMP1 peptide, its interaction with the
bacteria such a$rwinia carotovora Agrobacterium chitin ligand was also investigated.
radiobacter and Agrobacterium rhizogeneshas been These data can provide the necessary prerequisites for
reported to be bet weeatall 1 coaduaing 3nsutagegesisn Istudies wnpdi intbeasang the
2003). interaction ability of this peptide with chitin oligomers.

The presence of special properties in Heddi@  The design of new derivatives of this peptide almobe
antimicrobial peptides, including stability againstinvestigated in laboratory experiments for additional
environmental pH changes, high temperature tolerancsynthesis and antimicrobial function.
stability against various proteases, and their antifungal and
antibacterial properties, has attratteuch attention for 2. Materials and Methods
the potential of using these peptides to produce cultivars

resistant to plant pathogens. 2.1.1dentification of Homologous Proteins
However, ahreedimensional model (3D model) of Fa

AMP1 and FaAMP2 peptides is not provided in the PDB 2 1 1 BLAST Search Against the UniProt Database
database. The only model predicted by AlphaFold is for
the FaAMP1 peptide. Given the importance of The available information about the-AMP1 peptide,
investigating the stability and function of antimicrobial including its function, protein family, complete taxonomic
pegides with the aim of transferring them to plants andnformation of the organism carrying it, functional
developing resistant cultivars, it is essential to h@@®  domains, and conserved motifs in the peptide sequence
structure of the peptide. Since performing crystallographiand their positions, as well as proiwith the same
experiments requires special and expensive laboratopercentage of similarity to the peptide sequence BLAST,
conditions, this study washerefore,conductedusinga was studied in the UniProt protein database at
multi-tool approach to predict the 3D model for the Fa (https://www.uniprot.ory
AMP1 peptide, and the models provided by different
prediction tools weresubsequentlcompared with each 2.1.2.Structural Homology Search in the CATH
other. Database

Based on the TASSERMTD protocol, the ITASSER
method predicts the 3Btructure of proteins and peptides The amino acid sequence of-AMP1 was used as a
using an advanced mukiep approach (Zhat al, 2022).  query to search th€ATH database (version 4.£5illitoe
It uses sequence alignment, domain boundary predictiogt al, 2021) a hierarchical classification of protein domain
and a deep neural network architecture calledgtructures.
DeepPotential to infer spatial constrajigluding atomic The search was performed using the binilsequence
distances, torsion angles, and hydrogen bond networks.gearch tools, CATHBLAST with default parameters, to
then generates structural models using iterative exchanggentify domains of significant structural similarity. Hits
Monte Carlo (REMC) simulations andTASSER force were ranked based on Expect {BJues, and domains
field optimization, and extracts the final model by with E-valuesp p 1 were considered for further
clustering the structures. This integrated approach allowanalysis.
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2.1.3.Functional Annotation and Family Assignment the Verify3D tool (Bowieet al, 1991; Lithyet al, 1992)
i o ) at (https://www.doembi.ucla.edu/verify3g!/

Functional similarity was inferred based on the CATH 1y position of ach amino acid and its involved bonds
Gene3D functional families (FunFams). Domainsyere first studied using the WHAT_CHECK tool
structurally homologous to FaMP1 were examined for (yooft et al, 1996) at Kttps:/swift.cmbi.umcn.nl/
their associated functional annotations within CATH-gv/whatcheck/index.html Then, a Ramachandran plot
Peptides sharing significant structural similarignd  \yas also drawn for the predicted models using
belonging to the same or closely related FunFam werge RamPlot tool (Kumar & Rathore, 2025) at

considered functional homologs. (https:/iwww.ramplot.in/index.php Next, a search for
. o peptide structures similar to the predicted models was
2.2.Protein Structure Prediction performed using the Structure Similarity Search option in
the PDB database atht{ps://www.rcsb.org/ search/
2.2.1.Template Selection and Model Generation advanced/structufe

Lastly, the interaction of the predicted three
dimensional model for the FAMP1 peptide sequence

httos://zhangaroun.ora/DTASSER] an wissModel with  the Uniprot accgssion number PODKH?
EV\BtexrjtZr/Louziseg? gﬁpz%fg? an?jsther{ So%piregswi(t)r?ethe (https://yyww.gnlprot.qrg/ umprotkb/ PODKH?/entr){) W'th
model provided by the AlphaFold tool, which presents éhe chitin trimer _ohgosaccharlde Trlacetylchltc_Jtrl_ose
pLDDT (predicted Local Distance Difference Test) (N-acetylglucosamin@mer) —and the  abbreviation
confidence measure (Flemirg al, 2025; Jumpeet al,  (CICNAC)3 with  PubChem identifier (CID:444514)
2021). The DI-TASSER tool used different algorithms (Nttps://pubchem.ncbi.nlm.nih.gov/compound/
and considered the percentage similarity indices of thwas investigated in the SwissDock online tool
amino acid sequence of the-AMP1 peptide and the (http;://www.;mssdock.ch/) with the Autodqck Vina
aligned part of the peptide sequence with the template IDdocking engine (Eberhardit al, 2021). In this tool,
(Sequence Identity in Aligned Regip the percentage hydrogen atoms ano! partial charges were added to the
similarity of the complete sequen@nd the complete Structure using the inteah preprocessing tools of the
sequence of the template peptide ID2 (Sequence |denti§wissDock server. A ligand structural file in M@format

for Whole Chain), the overlap of the peptide sequence witwas prepared in PyMOL (TM) 3.1.6.1 software and
the template sequence, and the normalizeddte index submitted to the docking tool. The docking step was
to identify a suitable template from among the sequenceierformed in the "Default” mode, and the docking region

The prediction of 3D models for the PdMP1 peptide
was performed using IDTASSER tools at

available h the PDB database. was automatically defined for the entire accessible surface
of the peptide (Blind Docking)o examine all potential
2.2.2.Comprehensive Model Evaluation binding sites.

The validity of the Threading models was evaluated by 2 3 Measurement of Key Interaction Distances in the
examining the class of folds of the models in the proteiocked Complex

structural classification database, CATH (Silliteeal,

2021) at https://www.cathdb.infg/ The DI-TASSER The best presentedocking runs were investigated
tool simulated a set of possible 3D structures for the Fébased on the 3D visualization and atomic interactions
AMPL1 peptide. In the next step, these simulated structur€such as hydrogen bondsydrophobic and electrostatic
are compared pairwise with the model structures producedteractions) among the amino acids responsible for the
by SPICKER (Zhang & Skolnick, 2004) and clustered.binding site with the ligand monomers using PyMOL(TM)
Finally, the five models were presented in descending3.1.6.1 software.

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

models predicted by IDTASSER was assessed by 3. Results and Discussion

comparing them with the structures available in the PDB

database using the Talign tool (Zhang & Skolnick, 3 1. Homology Search and Template Identification
2005).The SwissModel tool (Waterhouse al, 2018) at

(https:/swissmodel.expasy.oyg/was used to select 31 1 Bl AST Results from the UniProt Database

suitable templates from the structures available in the PDB

database (SMTL version 20Z%-30, PDB release 2025 The blast results of the FAMP1 peptide sequence in
07-25) using BLAST (Camachet al, 2009) and HHblits the UniProt protein database showed that this peptide was
(Steineggeret al, 2019), and then presented the modelkegistered with the identification nhumber PODKH7 with
based on the targ&mplate alignment using ProMod3 the biological function ofan antimicrobial peptide. The
(Studeret al, 2021). Model Quality Estimation for the protein family of this peptide was registered in the allergen
models predicted by SwissModel was performed as thdatabase with accession numbers 12014 and 12015 as Fag
global and peresidue using the QMEAN scoring formula e4 and Fage4.0101, respectively.

(Studeret al, 2021). All three models were examined in  The features show that the mature peptide consists of a
terms of the QMEAN index using the QMEAN chain of 40 amino acids.

(Qualitative Model Energy Analysis) tool (Benkettal, The crystallographic structure of this peptide is not
2011), and the QMEANDIsCo Global and QMEANDIsCo provided in the UniProt database, and tmdy structure
local indices were estimated for all three models.prediction was performed using the AlphaFold tediich
Validation of the predicted models was performed usings available with the accession number-RODKH7-F1.
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The peptide has only one chiinding typel domain TASSER tool identified the number of suitable templates
located at sequence positions 1 to 40. The set of domaifar predicting the tertiary structure of the FeAMP peptide
identified on the sequence of this peptide is provided in thbased on the homology of the FaAMP peptide sequence
UniParc database with the accession numbewith the sequences available in the PDB database. The
UPIO00060338D from different databas@fie complete percentage similarity index of ttemino acid sequence of
sequence of the FAMP1 peptide corresponds to two the FaAMP1 peptide and thaligned part of the ID1
groups of Chitiabinding, type | and Endochitinadige  template peptide sequence (Sequence ldentity in Aligned
superfamily, indicating the function of this peptide in Region) was determined to be the highest similawith
binding to chitin.In this database, similar peptides with 70% with the 4mpiB template peptide. Also, the
90% amino acid ideity (PODKH8) and 50% amino acid percentage similarity index of the FaMP1 sequence and
identity (P81859) have been registered. The PODKH8he complete sequence of the ID2 template peptide
peptide is the FAMP2 peptide reported from buckwheat, (Sequence Identity for Whole Chain) was obseretle
and the P81859 peptide is a homodimer, each monomer % with the 4mpiB template peptide. In terms of the
which is 49 amino acids long and contains a cHitmding  overlap index, the highest percentage (19.39%) was
lectin domain and binds to dJdcetylglucosamine observed between the aMP1 peptide and the 4mpiB
oligomers. In this database, information about the 3Demplate pptide. The SwissModel tool for model
structure of the PODKH7 and PODKHS8 peptides is noprediction initially presented 50 models from the
provided, and only three peptides named Q8GUD7structures available in the PDB database (SMTL version
Q949H3, and Q7DNAL, with lengths of 295, 314, and 34@®02507-30, PDB release 202%/-25) using BLAST and
aminoacids, respectively, were identified as having a 3CHHblits, ranked based on the GMQE index. The GMQE
structure. Throughout the FAMP1 peptide sequence, (Global Model Quaty Estimate) index expresses the
eight cysteine amino acids form four disulfide bondsquality of the alignment of the FAMP1 peptide structure
(Figure 1). The disulfide bonds are predicted between thand the model peptide and is used in the SwissModel tool
cysteine amino acid pairs Cy€3/s18, CyslZXys24, to evaluate the quality of the predicted models. This index
Cys1#Cys31, and Cys3Bys39, respectively. varies between zero and one, and theaiitheindexis to

The number and pattern of presence of cysteine aminmne the higherthe quality and accuracy. This score is
acids have been similarly reported as a feature in th&milar to the TMscore in the BI-TASSER tool. Among
antimicrobial peptides Hevein, FAMP1, PRAMP2, Fa  the models selected by the SwissModel tool, the 4mpiB
AMP1 and FaAMP2 (Fujimuraet al, 2003). peptide was ranked first with a GMQE index of 0.69, an

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

3.1.2.Structural Homologs Identified in the CATH
Database 3.2.2.Evaluation of the template used by the

. - SwissModel and DI-TASSER tools
Suitable patterns for predicting the structure of the Fa

AMP1 peptide were identified in the CATH database of The structure of the 4mpi peptide consists of two
structurally and functionally similar peptides. The resultsnversely symmetric chains, each chain having an Alpha
showed that the structural domains in the A chain of 4mpBeta structure (Figure 2). The 4mpi peptide is related to
and 1ulkAO1 proteins with vg significant Evalues are the HbCLP2 protein and consists of two inversely
similar, respectively, which are identical to the patternsymmetric chains, chain A and chain B. Aligent of the
used by DBI-TASSER and are considered strongpatterns selected by both SwissModel anttEATTER
confirmation for the selected models. The results of th&ools with the 4mpi peptide sequence in PyMol software
CATH database analysis showed tiaterms of function, showed that chain B was used as a template for building
the FAAMP1 peptide is significantly similar to peptides the model. More investigation on the 4mpi peptide in the
such as Agglutinin isolectin 1 (1ehdA), which is a chitin CATH database showed tttais peptide is in the CATCH
binding lectin, and Basic endochitinase peptide (2dkvA)classification class of peptides with an AlpBata
which is a chitindegrading enzyme, and are placed in sStructure, a dayer sandwich architecturand a topology
functional family. These results inite that the FAMP1 ~ Similar to domain 1 in the Isolectin2 protgints
peptide has a similar biological roke this group of homologues superfamily is Endochitindge.
peptidesThese results are consistent with the functiona] The AlphaBeta class of the -fayer (Top) CATH
reports of the FAMP1 peptide as a member of tHevein hierarchy is consistent W|th the structure_observed in many
-like antimicrobial peptide, and Waantifungal properties Plant antimicrobial - peptides (AMPs)like Defensin
through binding to chitin present in the fungal cell wall(ch ar act er i H&d f by d plike piptides i n

(Fujimuraet al, 2003). (do mi nat estieetd yut nfay include small helical
’ segments)and Knottinsini x ed U/ b f ol ds
3.2.Predicted 3D Models of FaAMP1 di sul fide Istandsdominatehough b

However, none of the structures of the Hevér
peptides such as PnAMP1, PnAMP2, EBP, and
WAMP1 (Koo et al, 1998; Looet al, 2021) have been
prioritized as higkpriority templates in the studied tools.

Both tools selected the 4mpiB peptide as the first HbCLP2 is a chitinaséke protein belonging to the
priority template for predicting the model for the FaAMP glycosylhydrolase 19 family and the class | chitinase
peptide based on the examined indices among thgubfamily, which has been reported from the rubber tree

3.2.1.Template Selection and Evaluation for
Homology Modeling

st

structures available in the PDB database. Thé-D ( Hevea brasil i ensédta,)2014)Mar ti ne
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Figure 1. Position of four disulfide bonds among cysteine amino acids on the mature sequence oANelHzeptide (PODKH7),
(UniProt database).
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Figure 223 D structure of 4mpi bel ongi ng tebal, 2014) coAdisihg & 2wo pversdlye i n
symmetric chains (A), the result of structural alignment of the selected templates by the SwissModel (rebJTASSER (blue)
tools on the B chain of the 3D structure of the 4mpi peptide.

HbCLP2 binds chitin and chitotriose (GIcNAc)3 with by the estimated Thcore (eTMscore) index between
high affinity, and its affinity for chitotriose has been shownzero and one. It is calculated based on the significance of
to be even higher. Crystallographic model analysis anthe alignment of the model with the template, the contact
docking experiments of this peptide with the map satisfaction rate, the mean absolute error between the
oligosaccharide chitohexose (GIcNAc)6 haalso been distance of the model and the templa@nd the
performed ( Maetalj20le)z Thi€ prdteinl Fogviergence of the simulations. The clabere TM-score
has been shown to be highly thermostable and to hav@dexis to ong the higherthe confidence of the predicted
antifungal activity against the fungiédternaria alternata  model. Therefore, providing a model with an e-Bkbre
( Mar t i ne zetal2W4)| These features suggestequal to 0.92 indicates extremely high validity and
that the functioal selection of this protein as a template€Xceptional accuracy of the predicted modgltthe 3D
could be very similar to the function reported for thestructure of the FAMP1 peptideThe SwissModel tool
FeAMP peptide. The function of this component as #rovided the model based on the tasgenplate alignment
chitin-binding domain isentirdy consistent with the Using ProMod3. The model is built based on the
function reported for the mature #MP1 peptide replacement of the coo_rdmates of the aligned amino acids
(Fujimura et al, 2003). Therefore, this template is from the FaAMP1 peptide and the template peptided

expected to be suitable for predicting the model for th&1enthe geometric position of the amino acids and their
FeAMP peptide. side chains is determined. The GMQE index of the

provided model is equal to 0.68. This index describes the
3.2.3.Models Generated by SwissModel, D-TASSER, quqlity of_the model bet_vveen zero a_nd one, and the closer
and AlphaFold theindexis to one the higherthe quality and acaracy of

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

Simulation results using the-BTASSER toolto create  score (0.92) in the ID-TASSER tool. The SwisModel

a set of conformational structures (Decoys) ahdn tool calculated the QMEANDIsCo Global indices (0.69 *
cluster themfinally provided models based on the largest 0.12) for the provided modeThe global QMEANDIsCo
clusters created. The-BTASSER tool provided only one index is calculated based on the average score of the local
model with a confidence level of 0.92 for the-&A8IP1 ~ QMEANDiIsCo index (for each amino acid). The local
peptide. In this tool, the validity of the model is quantifiedQMEANDisCo index is calculated based on the
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comparison of the position of each amino acid with théndex showed that amino acids in three regi@ms
positions of the amino acids in the higésolution model predicted with a lower confidence index than other
structures and varies between zero and one. The rangesitions. The first region includes GIn5, GlghdGly7,
between 0.8 and 1.0 indicates a very higiality model and the index of this region in the model presented by
that is quite reliable. The modslstructurally very similar SwissModel is lower thathat of the other two models.
to the highresolution experimental structures. The rangeThe second region includes GIn19, Trpa@AdTrp22, and
between 0.6 and 0.8 indicates that the presented nisodelin this region the model presented by SwissModel has a
of good quality ands publishable. In the range below 0.6, higher accuracy than the other two models. The third
the model is considered structurally weak. Thebglo region includes Thr26, Pro2@ndLys28, and this region
QMEANDIsCo index for the model provided by in the model presented by-BTASSER has a lower
SwissModel is estimated to be 0.69 + 0.12, which falls irconfidence indexhan the other two models. In the model
the range of 0.6 to 0.8 and can be considered of goqutesented by B-TASSER, the fourth region includes
quality and publishable. Gly31, Ala32,andGly33, and is also predicted with less

The model provided by the AlphaFold tool presentecconfidence compared to the other two modéelte
with a pLDDT (predicted Local Distance Difference Test)confidence index of these regions in the predicted
confidence measure of 96.61. This index indicates thstructures in the modelas well as the functional role of
level of confidence in the prediction of the local structurethe active sites of the peptide of particular importance.
for each amino acid and variesairangefrom 0 to 100. The second region (including GIn19, Trp2thd Trp22)
Parts of the model that are estimated with a pLDDT indekas been shown to play an important role in the interaction
above 90 can be accepted with high confidence and trusteflthe FeAMP1 peptide withhitin in previous laboratory
in structural analyses. A score of 96.61 indicates a vergtudies (Fujimuraet al, 2003), so estimating the precise
high quality for the model provided by AlphaFold. position of these amino acids can have a great imgact

It can be concluded that the overall score provided foinvestigating their interaction with ligands.
the model by BI-TASSER with an eTMscore of 0.92 Given the importance of disulfide bonds, a comparison
and a pLDDT confidence index of 96.61 for the Alphaof theaccuracy of th@rediction of the position of cysteine
Fold mode] is very reliable, and the model provided by amino acids was performed in all three models. As can be
Swiss Modelwith QMEANDIsCo Global indices of 0.69 seen in Figure 3, the position of cysteine amino acids is
+ 0.12 rankssecondas good and acceptable. For furthermarked with an asterisk. The prediction of the position of
evaluation, the presented modelsre also examined in  cysteines Cys&ys18 in all three modelsas higher than

terms of other indices. the average, although in the model presented by Swiss
) _ ) Model and Alpha Fold, respectively, the QMEANDIisCo
3.3.Comparative Evaluation of Predicted Structures local index was higher than the [BTASSER model. This

i index for Cys12Cys24 was also higher than the average
3.3.1.Global Model Quality Scores (QMEAN) in the model presented by all three tools, although in the
All three models were examined in terms of theD-I-TASSER model, the position of cysteine 24 was
QMEAN index using the QMEAN (Qualitative Model predicted with a higher index compared to the other two

Energy Analysis) tool, and the QMEANDisCo Global andmodels. The two cysteine amino acids CysCys31,
QMEANDIsCo local indices were estimated for all threewhich play a role in the formation of the third disulfide
models (Figure 3). The results showed that théond, are predicted to be similar between the Mmha
QMEANDiIsCo Global indexor all three models is above Fold and Swiss models, although their indices are slightly
0.7, which indicates the acceptability of the Alpha Foldlower than the average, while the position of Cys31 in the
mode| although the presented model showed a highenodel presentelly the BI-TASSER is at a lower index
index than the other two modelhe QMEANDiIsCo local compared to the other two models.

QMEANDIsCo  Global local

Alpha Fold 0.76 +0.12

Swiss Model 0.74 £0.12

D-I-TASSER 0.74£0.12

e
QCGAQGGGATCPGGLCOCCSOQWGEWCGSTPKYCGAGCOSNCEK
Residues position

Figure 3. Global QMEANDIsCo and local QMEANDiIsCo indices calculated by QMEAN for three models provided-BABSER,
SwissModel and AlphaFold tools for the-BdMP1 peptide. The positions of the cysteine amino acids forming disulfide bonds are
marked with asterisksThe positions of the amino acids corresponding to the chitin ligand binding site are also marked with a plus
sign.






