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Abstract
The fungus Magnaportheoryzae (Phylum: Ascomycota; order: Magnoporthales; family: Magnaporthaceae) is the
causative agent of rice blast disease in Oryza sativa. The infection is initiated by a structure called appressorium
produced by the mycelia of M. oryzae in its incubation periods. The earlier studies indicates that the enzymes
Adenylate cyclase (MAC1) and catalytic sub unit of CAMP dependent protein kinase A (CPKA) were very essential for
development of appressorium and parthenogenesis. So these proteins can be considered as target proteins for the
development of drug to control the rice blast disease. In this study, docking analysis is carried out to investigate the
atomic interaction and molecular mechanism between seven chemical compounds namely Balanol, Genistein, H8,
H88, H89, Isoquinoline and Staurosporine and CPKA protein of Magnaportheoryzae. It was undertaken in three 1
different components. a. Modeling of CPKA protein structure using phyre 2 server, Energy minimization and protein
structure refinement by ModRefiner algorithm i.e., finding the molecular interaction between CPKA protein of M.
oryzae and different ligands of the above said seven chemical compounds, using AutoDock 4.2 tool.
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Background
The
fungus
Magnaportheoryzae
(Phylum:
Ascomycota; order: Magnoporthales;
family:
Magnaporthaceae) is the causative agent of rice
blast disease in Oryza sativa. The infection is
initiated by a structure called appressorium
produced by the mycelia of M. oryzae in its
incubation periods. Appersorium is the structure
that penetrates into the host plant cells and
initiate infection. After entering into the host
cells, this structure releases numerous effectors
into the host plant tissues, which suppresses the
plant immunity (1).
When conidia of the above mentioned species of

50

NeuroQuantology2022; 20(11):50-54

fungus is attached to a rice blade, a germ tube
arise initially from the
conidia. The polar
elongation of germ tube will be stopped
subsequently, the tip of the germ tube will be
swollen to form an appressorium, surrounded by
a thick melanized cell wall (2). Turgor pressure
will be developed inside the
appressorium,
passing the swollen bulb like tip into the plant
tissue. This is followed by an invasive growth of
the mycelia of fungus inside the plant tissue (3,
4).The mitogen activated protein kinase (MAPK)
and the c-AMP - dependent signaling pathways
(5,6) governs
the
pathogenicity
and
appressorium development of M. oryzae.
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The enzyme PMK1 involve in the formation of
appressorium and MPS1 is required at the time of
penetration into the host plant tissue (7,8).The
mitogen activated protein kinases such as PMK1
of M. oryzae is a homolog of FUS3/KSS1 proteins
of Saccharomyces cerevisiae and the MPS1 of M.
oryzae is the homolog of SLT2 of S. cerevisiae
(7,8).
The enzyme Adenylate Cyclase (MAC1) is
responsible for release of ATP from CAMP which
activates the CAMP – dependent protein kinase A
(CPKA), which is essential for appressorium
formation in M. oryzae. The enzyme CPKA in M.
oryzae exists as an inactive tetramer consists of
two monomers as catalytic subunits and two
monomers as regulatory subunits. The catalytic
submit of CPKA is released upon binding of CAMP
to the regulatory subunits (9) and thus activates
the formation of the appressorium in M. oryzae.
The CPKA gene is of 1894 bp length and contains
three short introns at nucleotides 963 to 1044,
1299 to 1410 and 1786 to 1866. This structure of
CPKA allows a potential protein of 539 amino
acids with a predicted molecular mass of 60.7 kD
to be encoded (10). The catalytic core region was
identified between the amino acids 228 and 483.
81% of this catalytic core region is homologous
to the TPK1, TPK2 and TPK3 proteins of S.
cerevisiae. The N- terminal region of CPKA
contains large number of glutamine residues. The
glutamines in CPKA were present as strings
alternating Proline or Serine residues.
In CPKA, the ATP binding motif starts at position
236 Gly – Thr – Gly – Ser – Phe – Gly – Arg – Val –
(16 residues) – Lys; a catalytic loop motif starts
at position 350 Arg – Asp – Leu – Lys – Pro – Glu –
Asn; a magnesium ion chelating loop starts at
position 368 Asp – phe – Gly – Phe and residues
such as Glutamine at position 263, Asparginine at
405 position & Arginine at 466 position, which are
important in protein folding (12).
The earlier studies indicates that the enzymes
Adenylate cyclase (MAC1) and catalytic sub unit
of CAMP dependent protein kinase A (CPKA)
were very
essential
for development
of
appressorium and parthenogenesis. So these
proteins can be considered as target proteins for
the development of drug to control the rice blast
disease. A variety of chemical compounds have
been used as fungicides to control rice blast
disease in Oryza sativa, but their exact made of
functioning on the mycelia of M. oryzae was not
fully understood. It is essential to explore the
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interaction profile of those chemicals with the
proteins of M. oryzae for proposing novel drugs of
chemical derivation that could be effective in
preventing or controlling the blast disease without
harmful effects to the animals standing in the
higher trophic levels of the food chain.
Variety of fungicide chemicals have been used to
reduce the infection caused by Magnaporthe,
inhibiting the function of catalytic subunit of
CPKA protein.
Among all those, chemical
compounds such as balanol, genistein, H8, H88,
H89, isoquinoline, staurosporine have been
reported to impair the functioning of CAMP –
dependent protein Kinase A (CPKA) of M. oryzae.
In this study, docking analysis is carried out to
investigate the atomic interaction and molecular
mechanism between seven chemical compounds
namely
Balanol, Genistein, H8,
H88, H89,
Isoquinoline and
Staurosporine and
CPKA
protein of Magnaportheoryzae.
This study was undertaken in three different
components. a. Modeling of CPKA protein
structure using
phyre 2 server, b. Energy
minimization and protein structure refinement
by ModRefiner
algorithm i.e., finding the
2
molecular interaction between CPKA protein of
M. oryzae and different ligands of the above said 51
seven chemical compounds, using AutoDock 4.2
tool.
Methods
CAMP – dependent protein kinase A (CPKA)
CPKA protein of Magnaportheoryzae was chosen
as drug target. The sequence information of the
protein of M. oryzae CPKA (Identifier: Q01143)
was extacted and downloaded from UniPort KB
(https://www.uniport.org/help/uniportkb).
Molecular modeling and structure validation of
target protein
Tertiary structure of CPKA protein of M. oryzae
was predicted by using Phyre2 Server, Modeler
9.17 and Swiss model. These structures were
further validated by proSA – web [13], proQ [14],
PROcheck [15] and ERRAT2[16]. For energy
minimization and protein structure refinement of
the predicted model, ModRefiner algorithm was
adapted.
Owing to the unavailability of experimentally
determined structure of selected 539 amino acid
long CPKA protein of M. oryzae, the 30 structure
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was forecasted using the Phyre2 online tool
following standard protocol, followed by
refinement of the structure and minimization of
energy was undertaken subjecting the predicted
structure to the ModRefiner algorithm.
The Z score value of CPKA protein was evaluated
using proSA – Web evaluation. The 3D model of
M. oryzae CPKA protein was obtained by proQ
tool.
Preparing the Ligand for molecular docking
The seven chemical compounds (Table.....)
reported to act against M. oryzae CPKA protein
were searched and downloaded from the
PubChem
database
(https://pubchem.
ncbi.nim.nih.gov/)
and CASc Ds (Chemical
Abstract Service (ds)). The 2-D structures were
prepared with the help of ACD/chemsketch
(http://www.acdlabs.com/). The 2-D structures
thus obtained were converted to 3-D structures
by using OpenBabel
Program (19).
The
generated structures were then subjected to
energy minimization by UCSF chimera tool.
Table 2 shows the chemical ligands used against
Magnoportheoryzae.
Binding Site Analysis
Identification of protein – ligand binding site is
the principal task in the drug designing and
docking algorithm. In the past two decades, many
approaches have been developed to identify the
protein – ligand binding site in the process of
drug designing.
In this study, CASTP
(http://cast.engr.uic.edu) web server was used
to predict the protein –ligand binding site of
CPKA protein of M. oryzae (20). These binding
sites were also referred as activesites. For
further virtual screening and docking studies,
selection was made out of these activesite
residues.
Both ligands and receptor molecules were
prepared for docking analysis using AutoDock
4.2
program (22). Docking studies were
performed adapting standard methodology for
protein – ligand docking (23). The docking
analysis results for the structures was confirmed
basing on the binding energy. The lowest binding
energy conformation was selected. ADT tool and
LigPlot were employed for the visualization of
structure files and to prepare schematic diagram
of protein ligand interactions (24).
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Results and Discussion
CAMP – dependent protein kinase A (CPKA)
The protein sequence of M. oryzae protein CPKA
with 1d Q01143 was retrieved from uniprotKB
is having an amino acid sequence length 539 and
60.756 D of unprocessed protein mass. The
relative arrangement of atoms of the refined
model of CPKA using ProCheck analysis (Figure
1c) shows that 91.5% residues were located in
the most allowed or favorable region, 6.9%
residues in additional allowed regions, 0.4%
residues were in the generously allowed region
and 1.2% residues fell in the disallowed region
of the Ramachandran Plot (Fig. 1c). ProSA – web
evaluation revealed a compatiable Z score value of
-8.07 (Fig. 1b) which is within the range of
native conformation of crystal structures.
Molecular modeling and structure validation
The 3D model of CPKA protein of M. oryzae
showed a LG (Lovitt – Gerstein) score 5.448 and
MAXUS 0.539 as given
by Protein Quality
Predictor (proQ. tool) which implies a high
accuracy of the predicted structure. To rate a
model as extremely good model, proQ LG score
>4 is necessary (18). An overall quality for CPKA
protein was found to be 61.232 as achieved
using the ERRAT2 plot (Fig.1d). All the above
results recommended that the predicted model
of CPKA is reliable. The query coverage and
validation results obtained revealed that Phyre2
server gave a reliable result when compared to
the Modeler 9.17 and Swiss model.
Ligand preparation and molecular docking
The results of the current study revealed that the
structure demonstrates different conformations
with different binding energy. The least binding
energy conformation was chosen.
Docking
studies on ligands of the 7 different chemical
compounds revealed that Staurosporine showed
the lowest binding energy (i.e., -10.59 units) with
constant of inhibition 17.21 µM for the protein
CPKA – ligand complex. The interaction of
Staurosporine with 236th amino acid residue
Threonine and 308th amino acid Valine forming 2
hydrogen bonds is depicted in the figure 3g.
Staurosporine was first reported to be a microbial
alkaloid produced by Streptomyces species. It
contains an indol [2, 3-a] carbazole chromophore.
The molecular formula of Staurosporine is C28 H26
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N4 O3 and molecular weight is 466.541g/mol. This
compound show low solubility in water and
soluble in dimethyl sulphoxide (DMSO) or
dimethyl formamide (DMF) [25].
Staurosporine inhibits the catalytic domain of.
Staurosporine is the most potent inhibitor
against the release of CPKA
protein of
Magnoportheoryzae which is responsible for the
formation of appressorium.
The second compound was H89 (N-[2-(Pbromocynnamylamino) ethyl] -5-isoquinoline
sulphonamide) which exhibited low binding
energy next to Staurosporine i.e., -10.3 units with
an constant for Inhibition of 28.37 µM. The
interaction of H89 protein kinase A with amino
acid Asp306 and Glu312 is depicted in figure
2c. H89 compound is a derivative of H8 which is
a specific
inhibitor
of cyclic
nucleotide
dependent protein kinase. H89 is thirty times
more potent than H8 in inhibiting the activity of
CPKA protein of M. oryzae with ATP (26).
The binding energy of CPKA protein of M.
oryzae and liquid complex was examined to be 9.37 units and the constant for inhibition is
135.93 µM. It forms five hydrogen bonds with
amino acid residues namely hys257, Thr368,
Ser238, Asp369 and Asn 356 of CPKA (Fig. 3a).
The other four chemical compounds like H88,
Isoquinolin, H8, Genistein also have a strong
inhibiting activity towards M. oryzae CPKA protein
with considerable binding energies -8.1, -6.62, 8.06 and -7.3 Kcal/mol respectively (Table 2).
The results of present In Silico studies shows that
all the selected compounds inhibited CPKA protein
of M. oryzae with considerable binding energies
(Table 2). Thus
the interaction between the
chemical compound and the mycelia of M. oryzae
might prevent CPKA activity for appressorium
formation, which is the reason for using these
chemicals to prevent or control the effect of M.
oryzae fungus on rice plants without undesirable
effect on human beings.
Binding Site Analysis:
34 active sites were identifies in the target protein
CPKA of M.oryzae. These active site-residues of
the receptor are 234Leu, 235gly, 236 Thre,
237Gly, 238ser, 239phe, 240gly, 241arg, 242val,
255ala, 257lys, 259leu, 269gln, 272his, 237thr,
276glu, 287ile, 305meth, 306asp, 308val, 311gly,
312glu, 351asp, 371gly, 372ph and 385gly. These
active sites were selected for virtual screening and
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docking studies.
The Computational approach of docking employed
in the present study reveals the molecular
interaction of these chemicals against CPKA
protein. Attention may perhaps be given to CPKA
protein in proposeing novel drugs from different
chemical resources towards M. oryzae fungal
infection. The current docking study suggests that
Staurosporine being docked with significant and
minimum binding energy (-10.59 Kcal/mol),
forming 5 hydrogen bonds with amino acid
residues. Threonine236 and valine308 residues of
the receptor chemical can be reckoned for both invitro and in-vivo authentication.
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