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HIGHLIGHTS

e Protein-protein interactions (PPIs) provide a basis for understanding the biological and molecular
processes within the cell

e MP2C is regulated in the response of various abiotic-stresses.

e In plants, the most significant signaling mechanism engaged in abiotic stress response is the
MAPK cascade, which transforms the environmental and growth signal into an intracellular
response.

o For the prediction of accurate and high-quality PPIs, high-throughput in silico techniques are use.

Abstract: A wide variety of cellular mechanisms such as cell division and metabolic processes are
maintained by protein-protein interactions (PPIs). The identification of PPI through laboratory techniques is
costly, time-consuming, difficult, and challenging. However, computational techniques were generated for
PPIs prediction. In alfalfa (Madicago sativa), PPl was predicted among 12 MsMAPKSs and 4 MsPP2Cs using
a docking approach. For homology modelling, the Swiss model was employed while PROCHECK, ERRAT,
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and Verify3D were used to validate 3D models. The Ramachandran plots were obtained from PROCHECK
which showed value more than 90% (nPP2C1, PP2C1, PP2C, and MSK-3 revealed 92.9%, 94.2%, 92.4%,
and 91.1% respectively) for high-quality structures. The HawkDock server and the BIPSPI server were used
to analyse protein docking and predict interaction sites, respectively. Our findings demonstrated that MsPP2C
docking sites play an important role in the identification and docking of MsMAPKSs. The binding free energy
ranged from -0.16Kcal/mol to -49.15Kcal/mol for all MsSMAPKs and MsPP2Cs, indicating that they interact.
Docking site analysis showed that there were 48 pairs of PPIs which indicated that MsPP2Cs can perform a
vital role in other signaling pathways. This study found that all MsPP2Cs have docking sites for MsMAPKs,
indicating that this method can accurately determine protein-protein interactions.

Keywords: Alfalfa; Homology Modeling; MSMAPKs; MsPP2Cs; Molecular Docking.

INTRODUCTION

To detect plant growth and development, plants have a signal transduction mechanism that activates
responses to hormones, nutrients, environmental signals, and stresses [1]. Proteins are phosphorylated and
dephosphorylated in plants which are the universal post-translational modifications. In the signaling pathway,
phosphorylation of protein is carried out by protein kinases (PKs) and phosphorylation of reversible protein
is accomplished by protein phosphatases (PPs). However, many proteins can target by reversible protein
phosphorylation along with protein kinases themselves [2].

In plants, the most significant signaling mechanism engaged in abiotic stress response is the Mitogen-
Activated Protein Kinase (MAPK) cascade, which transforms the environmental and growth signal into an
intracellular response [3]. The kinases involved in MAPKs are MAPKKKs, MAPKKs, and MAPKs [4]. These
MAPKSs are necessary for phosphorylation and activation of a MAPK cognate. Therefore, activation of MAPK
is phosphorylated by downstream substrates that contain transcriptional regulation [5]. While PP2Cs depend
on Mn*? and Mg*? ions and these proteins are monomeric enzymes [6]. Protein Phosphatase 2Cs (PP2Cs)
act as a negative regulator of MAPKs that activates during plant stresses. However, it is examined that PP2Cs
in Medicago sativa proceed in negative regulation during the signaling pathway of MAPK. MP2C is regulated
in the response of various stresses for example drought, salinity, and wound in alfalfa [7].

MAPKs are phosphorylated by transcriptional factors and particular activators such as MAPKKs and
MKKs which are activated by double phosphorylation on threonine and tyrosine [8]. While PP2Cs cause
inactivation of MAPKs by dephosphorylation of serine/threonine and tyrosine residues [9]. Protein-protein
interactions (PPIs) involve a wide range of biological processes, such as developmental regulation, metabolic
processes, or interactions between cells [10]. Therefore, PPIs provide a basis for understanding the biological
and molecular processes within the cell. Those amino acids that take part in stable PPIs induce mutational
variations during development. Therefore, interacting proteins have increased the likelihood of genes being
encoded that have the same physiology. However, genomic structure evaluation can provide understanding
about PPI [11].

Several laboratory methods for example yeast two-hybrid (Y2H) screens and high-throughput biological
techniques were performed for the identification of protein interactions [12]. These techniques were costly,
difficult, and time-taken and were not helpful for all types of plants [13]. Furthermore, experimental techniques
give false-positive outcomes [14] and could be explained as low throughput. These limitations provide a gap
for the detection of new PPIs through laboratory experiments [15]. For the prediction of accurate and high-
quality PPIs, high-throughput in silico techniques are used [16] which can easily detect protein-protein
interaction [13]. Therefore, in silico approaches have been proposed to deal with the challenges of the
identification of three-dimensional structures and PPIs prediction. In several docking methods, detailed data
that produce a broad range of structural modeling and identify the required docking locations with unique
characteristics can be identified [17]. Through laboratory techniques, the determination of the complex three-
dimensional structure of a protein is very challenging [18].

The aim of this study was the use of in silico docking approach for the prediction of PPIs regarding
MsPP2Cs and MsMAPKs which show novel docking site variants in M. sativa. The in silico technique is to
compensate for the difficulty in determining the network of PPIs. This work provides valuable insight into PPIs
which includes signal transduction and plays a major function in biological processes.
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MATERIALS AND METHODS

Retrieval of proteins sequences

In Medicago sativa L. 4 protein phosphates 2Cs (MsPP2Cs) and 12 Mitogen-activated protein kinases
(MsMAPKSs) have been discovered up till now. These 4 MsPP2Cs and 12 MsMAPKSs were used for protein-
protein interaction study. The sequences of MP2C, NPP2C1, PP2C1 and PP2C with accession numbers
024078, Q4LOF8, AOA4Y5UM19 and AOAOK2KO072 respectively and MAPK, MMK1, MMK2, MMK3, MMKA4,
TDY1, SIMKK, MEKK1, MSK-1, MSK-2, MSK-3 and PRK with accession numbers Q1ZZH6, Q07176,
Q40353, Q9zP91, 024077, Q9XF36, Q93WRS8, Q7XTK4, P51137, P51138, P51139 and Q93WR7
respectively were obtained from UniProt database https://www.uniprot.org/.

Homology Modeling

Homology modeling was performed with the help of the Swiss model. In comparative modeling, 3-D
structures of target sequences were built and experimental evidence relating to evolutionary knowledge on
protein structure was used as a template.

Analysis of three-dimensional models

The analysis and visualization of three-dimensional models of proteins were performed by UCSF
Chimera (https://lwww.cgl.ucsf.edu/chimera/) and PyMOL (https://pymol.org/2/).

Refinement, Evaluation, and Validation of the 3d Models

3Drefine was used for the refinement of all MSMAPKs and MsPP2Cs. PROCHECK, ERRAT, and
VERIFY 3D was used to evaluate and validate 3D models.

Docking Studies

For prediction and analysis of PPIs structures, the HawkDock server [19] was performed by applying the
docking algorithm ‘ATTRACT’ [20]. MM/GBSA [21] was performed for the role of scoring and analysis of the
free energy decomposition. MsMAPKSs 3D structures were deposit as receptors and MsPP2Cs as ligands in
form of PDB as input. To predict the complex structures of PPIs, the ATTRACT algorithm was used. For the
prediction of key residues, MM/GBSA was used and this is relay on force field (ffo2) and GBOBC1 which
provided the greatest binding energy prediction. The scores and energy in the lowest value lead to valuable
prediction in the HawkDock server [22].

Selection of Scores/Binding Energies as Criterion

A valuation criterion was selected to distinguish the interacting and non-interacting residues among
MsMAPKs and MsPP2Cs. It has been previously clarified for docking sites that MAPK phosphatase
interaction was only found in subgroup B protein phosphatases (PP2C) with different types of MPKs which
have been shown by experimental techniques [23]. The binding energies of the interacting proteins were
examined on basis of the concept that homologous genes play an identical function.

PPIs sites prediction

xgBoost interface prediction of specific partner interaction (BIPSPI)
(http://bipspi.cnb.csic.es/xgbPredApp/) server was used for the prediction of PPIs sites. The precision
threshold was set (0.450) for MsMAPKSs (receptors) and MsPP2Cs (ligands).

Interolog Based PPIs prediction and Comparison of MAPKs Docking Sites

To analyze the protein-protein interaction among MsMAPKs and MsPP2Cs, 3D structures of proteins
were used. The comparison was performed between Simkk, AAIMMK2, DMEK, AtMMK5, AtMMK4, mek3, and
mek1 of plants, yeast, and human.
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RESULTS

Model Building

In alfalfa, 12 MsMAPKSs and 4 MsPP2Cs were analyzed and 3D models of these proteins were obtained
by using Swiss model. All MsPP2Cs and MsMAPKSs results of the Swiss model in the form of GMQE, oligo-
state, and QMEAN Z-score were obtained. However, the Swiss model relay on ProMod3 [24]. UCSF chimera
was used for visualization of 4 MsPP2Cs and 12 MsMAPKs models. The residues in the hydrophobic region
are indicated in yellow colour and residues having a negative charge in green (Figure 1).

Figure 1. 3-D models of MsMAPKs and MsPP2Cs obtained through ‘Swiss model’ and visualized by UCSF
chimera. The yellow colour indicated residues in the hydrophobic region and negatively charged in green.

3-D model Refinement, Evaluation, and Validation

3D refine tool was used for refinement of three-dimensional models of 12 MsMAPKs and 4 MsPP2Cs
which revealed score, Mol Probity, and RW Plus. The 3D refine scores for MMK1, MMK2, MMK3, MMK4,
TDY1, MAPK, PRK, SIMKK, MEKK1, MSK-1, MAK-2 and MSK-3 were 22541.4, 23464.3, 22398.0, 23470.2,
23988.2, 22145.8, 17330.0, 19858.4, 29913.6, 24621.8, 23516.1, 22161.5 respectively and for NPP2C1,
PP2C1, PP2C and MP2C were 19143.3, 14040.3, 14652.0 and 14245.2 respectively. Validation of refined
models was checked through Ramachandran plots in the ‘PROCHECK’ tool which indicated the amino acid
percentage of both MsMAPKs and MsPP2Cs. According to PROCHECK [25] the percentage of residues in
most favored region should be 90% for good quality model and better stereo-chemical property in the core
region of Ramachandran plots. These Ramachandran plots showed the most favored, additional allowed,
generously allowed, and disallowed region residue in red, yellow, light yellow, and white respectively. The
percentages of residues in most favored region for NPP2C1, PP2C1, PP2C and MP2C were shown 92.9%,
94.2%, 92.4% and 91.1% respectively and for MMK1, MMK2, MMK3, MMK4, TDY1, MAPK, PRK, SIMKK,
MEKK1, MSK-1, MAK-2 and MSK-3 were 90.2%, 94.5%, 90.8%, 91.1%, 96.5%, 93.7%, 92.5%, 90.3, 94.4%,
90.1%, 95.5% and 91.1% respectively. The ERRAT and Verify 3D was used for further study and differentiate
the regions that are correctly and incorrectly generated that depend on features of atomic interactions [26].
The overall quality factor in ERRAT analysis for MP2C, nPP2C1, PP2C1 and PP2C was 91.566, 91.054,
91.154 and 94.224) and for MMK1, MMK2, MMK3, MMK4, TDY1, MAPK, PRK, simkk, mekkl, MSK-1, MAK-
2 and MSK-3 was 93.660, 90.616, 94.169, 90.173, 92.121, 96.428, 86.940, 85.062, 79.587, 96.429, 91.290
and 94.986 respectively. In VERIFY 3D, residues with an average 3D/1D score were maximum in MAPK and
MSK-1 that was 97.03% and the graph values of MsMAPKs and MsPP2Cs models were 0.6 to 0.8.
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Docking Study of MsMAPKs and MsPP2Cs

To determine the interaction between subgroups of MsMAPK and MsPP2Cs, protein-protein docking
was performed. PP2C has an enzyme that acts as a ligand for MAPK and relay on Mg?/Mn?* [27]. The
models of MsPP2Cs showed Mg?'/Mn?* ions and their connection with residues. For the docking study,
MsPP2Cs were kept as the ligand, and MsMAPKs were taken as a receptor which revealed the best and
lowest score in HawkDock and MM-GBSA study. The lowest energy was obtained in MP2C-MSK2 (-49.15
Kcal/mol) and the lowest score was shown in MP2C-simkk (-7341.86) (Table 1). The stable models and
highest binding interactions were demonstrated by low (negative) energy and the low score value. The energy
range was -0.16 to -49.15 and the score range was -4788.55 to -7341.86 for all docking pairs. The results of
docking were visualized through pymol (Figure 2). The predicted results in this study indicated the highest
interaction between binding proteins. The MsPP2Cs i.e. PP2C, PP2C1, MP2C, and nPP2C1 were highlighted
in limon, cyan, green, and yellow-orange color respectively, and MSMAPKs i.e. MAPK, MMK1, MSK-1, MSK-
2, MSK-3, TDY1, Simkk, MMK2, MMK3, MMK4, mekk1, and PRK were in violet, multi-color, grey, pink, light
blue, purple, light pink and cyan color respectively.

PR2CI-MMK2 MP2C-MME2

) :
PP2C1-MSX3 MP2C-MSK3 NPP2C1-MSK3 PP2C-MMK4

<3

PP2CMERK]

4 S 223
PP2C-TOYL PP2CI-TDY1 MP2C-TDY1 NPP2CI-TDYL MP2C-PRX NPP2C1-PRK

Figure 2. Docking of M. sativa PP2Cs and MAPKs. MSPP2Cs (PP2C, PP2C1, MP2C, and nPP2C1) are
shown in limon, cyan, green and yellow-orange color respectively. While MsMAPKs (MAPK, MMK1, MSK-1,
MSK-2, MSK-3, TDY1, Simkk, MMK2, MMK3, MMK4, mekkl1, and PRK) shown in violet, multi-color, grey,
pink, light blue, purple, light pink, and cyan color respectively.
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Table 1. Docking scores and binding energies of MsMAPKs and MsPP2Cs obtained from HawkDock server.

PPIs Score Binding Energy of Complex (Kcal/mol)
MP2C-MAPK -5573.51 -9.53
MP2C-MEKK1 -6632.78 -14.22
MP2C-MMK1 -6000.49 -43.63
MP2C-MMK2 -6603.67 -33.64
MP2C-MMK3 -5814.63 -8.65
MP2C-MMK4 -6535.95 -39.49
MP2C-TDY1 -6075.63 -23.46
MP2C-SIMKK -7341.86 -42.59
MP2C-MSK1 -5573.51 -10.06
MP2C-MSK2 -6024.78 -49.15
MP2C-MSK3 -5749.20 -8.31
MP2C-PRK -5807.86 -3.37
PP2C-MAPK -5617.76 -4.99
PP2C-MEKK1 -56217.63 -5.6
PP2C-MMK1 -5147.52 -0.16
PP2C-MMK2 -5521.08 -8.95
PP2C-MMK3 -4892.35 -20.27
PP2C-MMK4 -4788.55 -24.73
PP2C-TDY1 -5832.47 -18.04
PP2C-SIMKK -6409.73 -36.37
PP2C-MSK1 -5617.76 -0.72
PP2C-MSK2 -4834.07 -12.22
PP2C-MSK3 -5033.79 -32.32
PP2C-PRK -5434.70 -18.26
PP2C1-MAPK -5845.77 -7.53
PP2C1-MEKK1 -6982.31 -19.66
PP2C1-MMK1 -6160.70 -22.89
PP2C1-MMK2 -5569.71 -27.26
PP2C1-MMK3 -5921.18 -35.98
PP2C1-MMK4 -5427.77 -11.7
PP2C1-TDY1 -6374.08 -22.22
PP2C1-SIMKK -56856.44 -34.99
PP2C1-MSK1 -5845.77 -9.67
PP2C1-MSK2 -5562.28 -35.27
PP2C1-MSK3 -5860.94 -31.15
PP2C1-PRK -4934.05 -18.29
NPP2C1-MAPK -5532.41 -11.41
NPP2C1-MEKK1 -6318.35 -10.22
NPP2C1-MMK1 -56872.84 -19.46
NPP2C1-MMK2 -6040.60 -25.86
NPP2C1-MMK3 6125.20 -22.49
NPP2C1-MMK4 -6211.05 -18.42
NPP2C1-TDY1 -5783.76 -4.84
NPP2C1-SIMKK -5869.84 -20.86
NPP2C1-MSK1 -56532.41 -13.86
NPP2C1-MSK2 -56215.38 -36.02
NPP2C1-MSK3 -6549.31 -34.25
NPP2C1-PRK -6188.98 -3.94

Identification of Putative Docking Sites for MsMAPKs on MsPP2Cs

BIPSPI server was used for the prediction of docking sites. For MsMAPKSs, the relation among the
docking sites was analyzed by MsPP2Cs sequence characteristics, such as the position of docking sites. A
list of potential docking sites was obtained through the docking approach which showed PPI among 4
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MsPP2Cs and 12 MsMAPKSs. The prediction from BIPSPI was MsMAPKs and MsPP2Cs novel docking sites
were obtained from protein sequence that demonstrated several potential sites. Maximum novel docking sites
were predicted in NPP2C1, PP2C, MAPK, and MSK-2 (Table 2). The novel docking sites were highlighted in
green colour in the models of MsMAPKs and MsPP2Cs (Figure 3).

MP2C MPP2C1

Figure 3. Visualization and prediction of binding sites obtained from 3D models of MsMAPKs and MsPP2Cc
shown in green colour.

Table 2. List of binding sites obtained from BIPSPI server

Dock!ng Docking site Residues

proteins

MP2C DGHGDCRRSDG 161,162,163,234,235, 236,237, 288,321, 322,323

npp2cl FDGHGPYFDSDESR 99,100,101,102,103,104,105,2003,226,227,375,469,472,473
PP2C1 YDGHGGDRSDG 90,91,92,93,94,175,176,228,262,263

PP2C RYDGHGRSDGLWDN 27,135,136,137,138,139,278,311,312,313,314,315,374,375
Mekk1 IKFWMWSL 443,444,480,481,482,501,502,503

MAPK RERKNEWMAPEYSF 121,143,190,193,196,231,232,233,234,235,236,250,251,252
MSK-1 QDKRYKNRESRYR 107,108,109,110,111,112,113,114,115,237,238,239,279
MSK-2 LOQDKRYKNREMRYS 105,106,107,108,109,110,111,112,113,114,165,237,238,278
MSK-3 QDKRYKNRERYES 106,107,108,109,110,111,112,113,114,237,238,277,278
PRK MDRDLKPSYMRS 147,148,190,191,192,193,194,195,232,233,243,253

MMK1 LREYTRWYRA 99,100,101,214,217,218,219,220,221,222

MMK?2 REDYTRWYRAN 82,83,180,196,199,200,201,202,203,204,268

MMK3 YLREEYTRWYRA 50,84,85,86,198,199,202,203,204,205,206,207

MMK4 RYTRWYRA 84,198,201,202,203,204,205,206

Simkk RKPYMINDYWS 201,204,205,243,244,253,254,255,258,266,267

TDY1 RYTRWYRA 70,188,191,192,193,194,195,196
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Comparison of MAPKs Putative Docking Sites

Comparison of novel docking sites of MAPKs was performed. MAPK interacting protein has a particular
docking region at the N-terminus indicated the CD sites of MAPKs binding (Figure 4a). Those amino acids
having positive charge found in the external region of the catalytic domains (Figure 4b) Comparison of
docking sites of SIMKK with AtIMMK2, AtMMK4, AtMMK5, DMEK, MEK1, MEK3 and Ste7 [28]. The potential
residues of specific sub-motifs (+ + +) are shown in yellow while red colour indicated hydrophobic sub-motifs
(-x-) (Figure 4c).

A
Scatlolds C
++ oXg
MAPKKs SIMKK QR RRKDHLT- LPL PQ
vSte7 LQ RRNLKG-- LNL NL
HsMEK] MP KKKPTP-- QL NP
OsMKK6é RG KKPHKE-- LKL SV
AIMMK2 M. KKGGFSNN LKL Al
Kinate domain CD sites AtMMK4 RP RRRPDLT- LPL PQ
AtMMKS RL RKRPDLS- LPL PH
HsMEK3 KS KRKKD--~ LRI SC
DMEK MS KNKLN--- LVL PP
Spacer Ste? LQ RRNLKG-- LNL NL
HINKK! QG KRKA---- LKL NF
Dockiag site Consensus: (KR)a(x)1.6(9-XN-9)
Basic Hvdronhobic Phosphatases AtMKP!  PS RRCPA--- APL TP
) S HsMKP! IV RRRAKGA- MGL EH
B HsMKP2 IV RRRAKGS- VSL EQ
HsMKP3 ML RRLQKGN- LPV RA
- HePTP QE RRGSNVA- LML DV
MAPK interacting proteins PTP-SL QE RRGDNVS- LTL DM
OsMKP! QG RKDQ---- IAF FD
HsPTPN7 QE RRGSNVA- LML DV
Substrates vDigl SL KRGRVPAP LNL SD
Yfarl MS KRGNIPKP- LNL SK

HsNet PP KAKKPKG- LEI SA
HsSAP-1 SS RSKKPKG- LGL AP
ELK1 PQ KGRKPRD- LEL PL
11 4] TY RPKRPTT-- LNL FP

Figure 4. Interaction of MAPKs with docking sites on substrates and regulators. (a) MAPKs docking sites
and different classes of MAPKs interacting proteins (b) The complex of potential proteins having interaction
with MAPKSs. (c) Comparison of MAPKs docking sites found in yeast, human and plants. Residues having
basic sub-maotifs (+ + +) highlighted in yellow colour while hydrophobic sub-motifs (-x-) shown in red colour.

DISCUSSION

MAPKSs proteins are expressed mainly in roots and stems of alfalfa [29]. MsPP2Cs caused to
dephosphorylate the MsMAPKs. PP2Cs act as negative regulators of MAPKSs that activate in plants during
stress. It is studied that MsPP2Cs (PP2Cs in M. sativa) function in negative regulation of MAPKs [30].

The MsMAPKs and MsPP2Cs three-dimensional structures give useful knowledge about the role of the
molecular bases of the proteins [31]. Therefore, three-dimensional models of proteins with high-resolution
are major factor which helps to understand the molecular and biochemical functions [32]. The experimental
detection of protein structure was difficult, time-consuming, expensive, and unsuccessful [33]. Therefore,
homology modeling becomes an effective approach that helps to reduce the gap between known protein
sequence and protein structure obtained through experiments. By choosing templates and target-template
sequence alignment, the Swiss model generates an automated protein structure [34]. Homology modeling is
known to be the highly accurate and precise technique of computational prediction of three-dimensional
models [35]. In the prediction of main residues, the potential residues that perform an essential function in
PPI could be identified. Therefore, HawDock is an efficient server for the prediction of binding structures and
PPI residues [19].

PPl on a large-scale have been found by experimentally in past but these laboratory techniques were
difficult for new target organism. Due to this reason, in silico techniques were generated to detect protein-
protein interaction [36]. Docking study is used for prediction of PPl among MAPKs and PP2Cs which are
linked together to develop highly stable complex structures with the lowest energies and greater chance of
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interaction. Therefore, docking is a requirement for enzymatic reaction and identification of the interaction of
molecular protein [37].

Our findings showed that computational techniques such as docking could effectively predict PPI
between MsMAPKs and MsPP2Cs which was cheaper, easy, and effective as compared to laboratory
methods. Such findings recommended the linkage of PP2Cs with many other cellular processes [38]. The
predicted results demonstrated that the prediction of PPIs has structural support for mutual recognition and
also demonstrating the interactions among MsMAPKs with MsPP2Cs. It has been reported that PP2Cs act
in the negative regulation of MAP kinases [39]. The understanding of the interaction between MAPKs and
PP2Cs is very important. In the N-terminus region, MAPK interacting protein usually has sites of docking that
can display MAPKs binding CD domains [40].

There are hydrophobic grooves (-X- grove) that have three side chains docking pockets at the putative
docking sites of MAPKs. The CD sites combine to essential residues at the docking motif’s N-terminal
region. Alfalfa SIMKK has potential residues that are preserved in MAPKK, phosphatase, and transcription
factor at N-terminal (Figure 4a, b, c) [28]. The area of MAPK interacting motif was recognized as PP2Cs in
subgroup B [41]. PP2Cs have been recognized in another type of potential site with motifs named DEF has
FXFP in plants, yeast, and human [42]. Through gene expression, MAPKs were regulated by transcription
between receptor and cell response [43]. MAPKs are important protein phosphorylation components that
deliver a signal for plant protection [44]. This study predicted that MsSMAPKSs show interaction with MsPP2Cs
disclose the signaling pathway for a disease that uses the docking method.

The study on the functions of MAPKSs signaling, especially their role as a negative regulator with PP2Cs
is extremely limited. It has been explored that MP2C acts as a negative regulator of SAMK that is activated
by stresses [45]. A large number of computational tools have been generated to accurately and precisely
predict PPIs [38]. The first stage in the systematic study of the specific plant is the development of a network
of proteins that not only provides knowledge related to signaling pathways but also gives an understanding
of protein’s functions [46]. PPIs have been discovered in Arabidopsis thaliana [47], Saccharomyces
cerevisiae [48], Triticum aestivum, and Oryza sativa [49]. In A. thaliana, the signaling pathway of MAPKSs has
been discovered which helps in the understanding of cellular mechanisms [47]. In S. cerevisiae, PPl was
discovered between 1730 proteins which revealed 7714 interacting pairs [48]. The study of PPI in wheat and
rice revealed 83% interaction of proteins of rice with wheat which was important for the investigation of
potential interacting proteins in wheat [49]. In B. distachyon, PPIs were predicted in 16 BAMAPKs and 86
BdPP2Cs through docking approach which revealed 96 interacting pairs [13].

CONCLUSION

For PPI prediction among 12 MsMAPKs and 4 MsPP2Cs, the computational ‘Docking approach’ was
used in this study. Docking studies show 48 interaction pairs suggested that MsPP2Cs could engage in many
cellular mechanisms. Furthermore, mostly MsPP2Cs have potential residues that are docked with MsMAPKs
suggested that sites of docking perform an important role in the binding of MsPP2Cs and MsMAPKSs. These
findings provide knowledge about the interaction of docking proteins in the MAPKSs signaling pathway. It must
be linked with the identification of new MAPK substrates and regulators by in silico techniques. However,
MsPP2Cs and MsMAPKs were preferred for PPIs prediction. This study suggested that protein-protein
interaction among MsMAPKSs and MsPP2Cs has structural support evidence.
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