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ABSTRACT: 
 
Rice false smut disease, caused by the fungus Ustilaginoidea virens, is an increasing concern for rice researchers 
and producers, because of a unique pathological system to enrich the molecular mechanism of plant-microbe 
interaction. Researches are being done in designing effective fungicides which are effective but they are toxic in 
nature and reduces yield. Recently, adopting new strategies for designing bio-fungicides based on the concept of 
comparative genomics and drug discovery docking approach, gives a set of bioactive compounds that are likely to 
effect the MAT 1-2-1 mating type gene protein which play an  essential role in sexual propagation of  U. virens. 
MAT 1-2-1 protein can be major cause of infection in the host. Podophyllin, a bioactive compound secreated by 
medicinal plant is known to have biological activity such as anti-fungal, anti-viral and anti-mitotic. For this 
purpose, number of ligands and their analogues related to Podophyllin were prepared and docked on the receptor 
MAT 1-2-1 whose structure was obtained through a request from EBI-Swiss model with PDB id as 2lefA and 
favourable binding site was represented by Ramachandran plot. Out of the entire bioactive molecules docked, one 
specific analogue showed great results with energy of -5.60 KJ/mol and good binding capacity. So, this analogue 
bioactive compound might further aid in designing effective bio-fungicides against U. virens. 
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[I] INTRODUCTION: 
 
Rice (Oryza sativa L.) is an important cereal crop 
and staple food of India. Its demand is increasing 
day by day with the increase in human population. 
Recently, false smut caused by Ustilaginoidea 

virens is becoming importance in rice cultivation. 
This also attacks Digitaria marginata, a common 
rice weed, which occurs in 85 % of the rice fields 
[1]. The recent discovery of ustilotoxin, a 
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mycotoxin, produced by U. virens on diseased 
tissues suggested that the fungus might be of 
concern as a contaminant of rice products 
consumed by livestock and humans [2]. Recently, 
Villosiclava virens was proposed as the new name 
for the teleomorph of the false smut fungus [3]. V. 
virens, produces ascospores in sexual propagation, 
which could be one of the primary infection 
sources of the disease. mat1-1-1 and mat1-2-1 
mating-type genes of V. viren were found to be 
existed in the alternative type of strains upon 
initial study of  its life cycle in sexual propagation 
[4]. Research on resistance source is still in 
preliminary stage [5]. Copper fungicides are 
known for controlling false smut but showing 
phytotoxicity and reducing grain yields [6, 7]. The 
concept of in-silico homology modeling of protein 
in systems biology plays an important part in drug 
designing which is recently being implemented for 
designing of effective bio-fungicides against 
various pathogens based on differential biological 
host pathogen interaction processes. In-silico 
methods can help in identifying drug targets via 
bioinformatics tools. They can also be used to 
analyze the target structures for possible 
binding/active sites, generate noble candidate 
bioactive molecules, dock these molecules with 
the target, rank them according to their binding 
affinities and further optimize the molecules to 
improve binding characteristics [8, 9]. The present 
study was oriented to develop a homologous 
structure of the target protein (MAT 1-2-1) 
mating-type genes present in nucleus of 
Villosiclava virens and to develop a better bio-
active compound for the same through docking 
studies which will help, resulting in design of 
future effective bio-fungicides against 
Ustilaginoidea virens. 
 
[II] MATERIALS AND METHODS: 
The sequence of (MAT 1-2-1) mating-type genes 
with accession ID N_ Q75VR6 submitted (2004) 

by Yokoyama,E., Yamagishi,K. and Hara,A .was 
selected for the in-silico analysis and it was 
retrieved from NCBI data base. 
Structure Analysis 
The primary analysis of the sequence was done 
using ProtParam [10] and Sosui server [11] 
followed by the secondary analysis by SOPMA 
[12]. Since the tertiary structure was unavailable in 
PDB, it was generated by using Swiss Model 
(Automated mode) and a PDB-ID was assigned in 
EBI (personal workspace) [13]. The generated 
structure (Entity-1) is validated using ProCheck 
and What If [14, 15] by generating a 
Ramachandran Plot [16].  
Structure Visualisation 
Structure visualization was performed and figure 
representations were generated with YASARA 
[17] and Maestro [18]. The structure was imported 
in Maestro which is Schrödinger’s powerful, 
unified, multi-platform graphical user interface 
(GUI). 
 Active Site Prediction 
Active site prediction of the generated PDB 
structure (Entity-2) was carried out by Q-Site 
Finder. Podophyllum hexandrum Royle is an 
important medicinal plant known for valuable 
drug podophylotoxin   which   is   effective against 
various diseases [19]. The plant contains 
podophyllin, which has an an t i fu nga l  an d  
antimiotic effect (it interferes with cell division 
and can thus prevent the growth of cells [20]. 
Podophyllin and their analogous structures were 
searched from the Pub Chem compound database 
for evaluating their antagonistic effect on our 
target receptor protein (MAT 1-2-1) of 
Villosiclava virens . 
Identification of Particular Receptor and 
Ligand 
Five analogues of Podophyllin related compounds 
and their structures were downloaded in 2D SDF 
format from Pub Chem and imported to 
Schrodinger Maestro. The ligands were redesigned 
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by the LigPrep application. Docking of the PDB 
structure (Receptor) and the ligand (Bioactive 
compound) was done using the GLIDE tool of 
Schrodinger. Their Interaction image was also 
obtained for better understanding. 
 
RESULT AND DISCUSSION: 
In present study, target protein sequences (MAT 1-
2-1) of Villosiclava virens retrieved from NCBI, a 
public domain database, in FASTA format. 
Primary analysis was done using Expasy’s 
ProtParam tool through which it was deduced that 
the protein is hydrophilic and interactive in nature 
as GRAVY score came to be -1.187 and the 
instability index computed was to be 36.55 
classifying the protein as stable represented in 
Table 1. For knowing the nature of protein 
sequence that whether it is transmembrane or 
soluble SOSUI [21] was used indicating soluble 
nature of peptide represented in Table 2. As a part 
of structural analysis, SOPMA was used for 
secondary prediction of alpha helix and beta 
sheets, resulting into alpha helix holding 64.15% 
and random coil 26.42% of total amino acids as 
shown in Table 3.The three dimensional PDB 
structure was needed which was not available, so a 
request was sent to EBI- Swiss Model [22, 23, 24] 
for its generation. Structure was generated using 
Template as 2lefA with sequence identity of 33%. 
The generated structure had a Q Mean Score of 
0.65 stating that the structure is 65% reliable and Z 
score of -0.31. The final modeled structures were 
visualized by YASARA (Figure 1). The stereo 
chemical quality of the predicted models and 
accuracy of the protein model was evaluated after 
the refinement process using Procheck What If 
and  Ramachandran Map calculations computed 
with the RAMPAGE server program represented 
in Table 4 and Table 5. The results of 
Ramachandran  plot of (MAT 1-2-1) protein is 
shown in (Figure 2). 

Further for docking studies Maestro, a GUI for 
Schrodinger was used where the receptor [MAT 1-
2-1] was imported, energy analysis was done with 
the conversion of PDB structure to maestro format 
was auto generated. The structures of bioactive 
compounds were searched namely Podophyllin 
and their analogues show anti-fungal, anti-mitotic 
properties based on literature survey. Structures 
were taken from Pub Chem Database and were 
built by ligprep in all possible conformations to 
dock on the Receptor [MAT 1-2-1] using Glide as 
shown in Table 6. 
Interesting results were obtained out of all, the 
bioactive compound with CID No- 
60069363((5S,5aR,8aR,9R)-9-[3-[6-[5-
[(5S,5aR,8aR,9R)-5-hydroxy-8-oxo-5a,6,8a,9-
tetrahydro-5H-isobenzofuro[6,5-
f][1,3]benzodioxol-9-yl]-2-hydroxy-3-methoxy-
phenoxy]hexoxy]-4-hydroxy-5-methoxy-phenyl]-
5-hydroxy-5) similar to Podophyllin compounds 
with maximum negative energy (-5.60 KJ/mol) 
showed good binding energy  against the receptor 
[MAT 1-2-1] followed by bioactive compound 
CID-44820206(bis[(5R,5aR,8aR,9R)-8-oxo-9-
(3,4,5-trimethoxyphenyl)-5a,6,8a,9-etrahydro-5H-
[2]benzofuro[5,6-f][1,3]benzodioxol-5-yl] 
hexanedioate)  with (-5.45 KJ/mol) as shown in 
(Figure 3). CID No- 60069363 has more potential 
of inhibiting MAT 1-2-1 protein receptor and can 
be used as one of the lead antifungal compound. 
 
CONCLUSION: 
In the present study, the structure of MAT 1-2-1, 
mating-type genes responsible in sexual 
propagation of U. virens is studied. A concise 
study has been done for identification of sequence 
through BLAST. Homology modeling has been 
done for prediction of MAT 1-2-1 structure and 
model was also evaluated for comparative study 
by WHAT If and Ramachandran plot .The 3D 
structure prediction of protein is important 
technique in bioinformatics research as it has 
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wider application in fields like drug design and 
plant pathological disease prediction. The 3D 
protein model determination of target protein can 
be used for designing of effective bio active 
compounds and their role in designing effective 
bio-fungicides.  
Computational approaches like docking can be 
used for identification of inhibitors, which can 
bind to the targets with experimental or modeled 
structure. For docking approaches, ligand and 
receptor protein are necessary. Therefore, this 
project was aimed at designing the structure of 
MAT 1-2-1 protein and studying the binding of 
various bio active compounds similar to 
podophyllin which has antifungal properties with 
this protein through docking techniques. The 
molecule of compound CID No- 60069363 
showed to have best binding energy and can be 
used as one of the active compound in designing 
of bio fungicides. Hence, research work can 
further be initiated towards validating and 
standardizing this result through experimental 
studies. 
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Figures and Tables:  

 
Fig. 1 Structure of MAT 1-2-1 proteins modeled by SWISS MODEL and the ball & stick structure was visualized by YASARA. 
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Fig. 2  Ramachandran plot validation for MAT 1-2-1 protein 

 

Fig.3. Docking of CID 60069363 molecule with MAT 1-2-1 protein receptor( Light blue surmace molecule with active red blue 

and green). 
 

Table1. Parameters computed using Expasy Protpram tool 

PROTEINS ACCESSION NO. MOL. WT. II PI EC -R +R AI GRAVY 

MAT 1-2-1 Q75VR6 6227.0 36.55 9.31 6990 8 10 77.36 -1.187 

 
Table 2. Transmembrane regions identified by SOUSI server 
 

PROTEINS ACCESSION NUMBER NO. OF TRANS MEMBRANE STRUCTURE LENGTH TYPE OF PROTEIN 

MAT  1-2-1 Q75VR6 0 53 Soluble 
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Table 3. Calculated secondary structure elements by SOPMA 

 

 

 

 

 

 

Table 4. Ramachandran plot calculation and comparative analysis of the models from SWISS-MODEL computed with the 

RAMPAGE- Server  program  
Server Proteins MAT 1-2-1 

Swiss Model 

Residues in the most favoured regions 94.1% 

Residues in additional allowed regions 5.9% 

Residues in outliner regions 0.0% 

 
Table 5. RMS Z- Score for bond angles of modeled protein structure using What If. 
 

Software used for model generation Swiss Model 

RMS Z-score for bond angles 0.987 

 

Table 6:  Binding energy values of best docked bio- active compounds. 
Pub Chem 

CID 
IUPAC Names SMILES Structures Binding Energy 

(KJ/mol) 

60069363 

(5S,5aR,8aR,9R)-9-[3-[6-[5-
[(5S,5aR,8aR,9R)-5-oxidanyl-8-

oxidanylidene-5a,6,8a,9-tetrahydro-5H-
[2]benzofuro[6,5-f][1,3]benzodioxol-9-

yl]-3-methoxy-2-oxidanyl-
phenoxy]hexoxy]-5-methoxy-4-

oxidanyl-phenyl 
 

COC1=C(C(=CC(=C1)C2C3C(CO
C3=O)C(C4=CC5=C(C=C24)OCO
5)O)OCCCCCCOC6=CC(=CC(=C
6O)OC)C7C8C(COC8=O)C(C9=C

C1=C(C=C79)OCO1)O)O 

 

 
 

-5.60 

 

44820206 

 

(bis[(5R,5aR,8aR,9R)-8-oxo-9-(3,4,5-
trimethoxyphenyl)-5a,6,8a,9-

tetrahydro-5H-[2]benzofuro[5,6-
f][1,3]benzodioxol-5-yl] hexanedioate) 

 

COC1=CC(=CC(=C1OC)OC)C2C
3C(COC3=O)C(C4=CC5=C(C=C2
4)OCO5)OC(=O)CCCCC(=O)OC6
C7COC(=O)C7C(C8=CC9=C(C=C
68)OCO9)C1=CC(=C(C(=C1)OC)

OC)OC 

 

 
 

-5.45 

PROTEINS MAT 1-2-1 

Alpha helix 64.15% 

310  helix 0.00% 

Beta bridge 0.00% 

Extended strand 5.56% 

Beta turn 3.77% 

Bend region 0.00% 

Random coil 26.42% 

Ambigous states 0.00% 

Other states 0.00% 
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44478269 

 

bis[(5R,8aR,9R)-8-oxo-9-(3,4,5-
trimethoxyphenyl)-5a,6,8a,9-

tetrahydro-5H-[2]benzofuro[5,6-
f][1,3]benzodioxol-5-yl] butanedioate 

COC1=CC(=CC(=C1OC)OC)C2C
3C(COC3=O)C(C4=CC5=C(C=C2
4)OCO5)OC(=O)CCC(=O)OC6C7
COC(=O)C7C(C8=CC9=C(C=C68
)OCO9)C1=CC(=C(C(=C1)OC)O

C)OC  

 

-3.90 

69909177 

 

(5R,5aR,8aS,9R)-5-hydroxy-9-(3,4,5-
trimethoxyphenyl)-5a,6,8a,9-

tetrahydro-5H-[2]benzofuro[5,6-
f][1,3]benzodioxol-8-

one;(5R,5aR,8aR)-5-(3,4,5-
trimethoxyphenyl)-5a,8,8a,9-

tetrahydro-5H-[2]benzofuro[5,6-f] 
 

COC1=CC(=CC(=C1OC)OC)C2C
3C(CC4=CC5=C(C=C24)OCO5)C
OC3=O.COC1=CC(=CC(=C1OC)
OC)C2C3C(COC3=O)C(C4=CC5=

C(C=C24)OCO5)O 

 

 

 
 
 

-3.03 

67235310 

 

(5R,5aR,8aR,9R)-5-hydroxy-9-(3,4,5-
trimethoxyphenyl)-5a,6,8a,9-

tetrahydro-5H-isobenzofuro[5,6-
f][1,3]benzodioxol-8-one;(2,3-

dimethyl-4-phenylbutyl)benzene 

CC(CC1=CC=CC=C1)C(C)CC2=
CC=CC=C2.COC1=CC(=CC(=C1
OC)OC)C2C3C(COC3=O)C(C4=C

C5=C(C=C24)OCO5)O 

 

 
 

-3.03 

 

 
 


