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Homology Modeling and Docking Studies
of Pfmc-2TM Maurer’s cleft two trans-
membrane protein -A Potential Drug
Target in Malaria

Supriya Srivastava* and Puniti Mathur**

Abstract : Malariaisanimportant disease of thedeveloping world. Around 1-3 million peopledie annually due
to the disease. Due to multi-drug resistance exhibited by the malarial parasite, Plasmodium falciparum, there
is an urgent need to explore new drug targets in malaria. Maurer’s clefts are parasite-derived structures found
in host cdl cytoplasm and function as compartments between the parasite and the erythrocyte membrane.
Pfmc-2TM, Maurer’s cleft two transmembrane protein, is present in the trans-membranous network of the
infected erythrocyte. The aim of the work is to determine 3D structure of Pfmc-2TM protein and to perform
docking studies with natural molecules. Sincethecrystal structure of Pfmc-2TM protein of P. falciparumis not
yet available, its three-dimensional structure was eucidated by homology modeling using different modeling
toolslike Schrodinger, Swiss modd and |-tasser softwares. The constructed model revealed appreciable measures
when validated. The validation of the protein was done using Procheck and Errat. After the development of the
model the structure was further subjected to virtual screening with thelibrary of natural compounds present in
the ZINC database. Asthe binding site of the target protein was not known, it was predicted using sitemap and
the entire library was screened against the target. From the entire library of compounds, 276784 compounds
were screened using HTV S for thefirst level of screening. The binding affinity of the compounds was studied
using XP (Extra Precision) algorithm of Glide Docking. On the basis of docking scores, 164 compounds were
sdlected for further analysis. The binding affinity was further calculated using MMGBSA. The interaction
studies using molecular docking and MM GBSA revealed appreciableresults. The high quality homology model
of Pfmc-2TM protein could be further exploited using structure based drug design techniques to impe the
search of new and efficient ligands.
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1. INTRODUCTION

Maariaismost commonly caused by the parasite Plasmodiumfal ciparumwhich obtains nutrientsfromthe
infected human erythrocyte and escapesthe host immune system. During infection, the parasite transfersmorethan
10% of itsproteinin to the host cytosol. Maurer’s clefts are the parasite derived membranous structure that
comprise of thisunfamiliar protein traflicking system. Maurer’scleftsareresultant structurethat are present inthe
host cell cytoplasm of the parasiteand itsfunctionisto categorize apartitionin the parasite and the membrane of
theerythrocyte.
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Plasmodiumfalciparummodifiestheinterior of thehost cdl after theincursion (1), formsaparastophorus
vacuolewhichispositioned beneath the infested erythrocyte membrane (2). Thesetype of structures, recognized
asMaurer’sclefts, contributein arrangement of proteinsmeant for distribution to theinfested erythrocyte membrane
and cytosol (4,5,7,8). Both vesicular transport and adjacent protein dispersion are used as aresource for the
protein transport (6,9,11,12). Maurer’sclefts have different morphological structuresand are dispersedinthe
infested erythrocyte cytoplasm. Cleftsare found in different positionsin cytoplasm and alied by stalks and tethers
with the membrane of the erythrocyte and and parasitophorus vacuole membrane (14). Maurer’s clefts are
evolutionarily conserved parasite-induced structuresininfected erythrocytes (15).

Maurer’scleftsare essentia for host transformation and work asintermediate of transport inthe erythrocyte
cytoplasmfor soluble proteinsand membrane proteins. Protein trafficking system involveslong-known parasite
derived membranous structuresin the host cell cytosol (16). The 130kD Pfmc-2TM protein is an important
component of theMaurer’sdeft and inhibiting it can beimportant step for designing the new possibleinhibitorsfor
the malaria. Inthe present work, ahomology mode of the protein and apotential natural compound showing
reasonable binding affinity to the binding ste has been proposed.

2. MATERIALAND METHODS
Homology M odelling and Validation of Pfmc-2TM

3D structureof Pfmc-2TM Maurer’s cleft two transmembrane protein was derived usng Prime (Schrodinger)
software. Protein 3D model predicted from molecular modeling may beinaccurate. So it isvery important to check
the overall quality of the model, The predicted model was validated on the basis of energetic, stereochemical
condderationsand tertiary structureanayss. The model wasvaidated usng Procheck and Errat (17,18).

Preparation of protein

Pfmc-2TM protein was prepared by using multistep protein preparation tool inMaestro. H- atomswere
added and al water moleculeswereremoved fromthe model usng Maestro. Energy minimizationwas done upto
5000 stepsusing OPL S 2005 forcefield (19).

Ligand preparation

Zinc databaseis afreely available database of commercially available compoundsthat can be used for virtua
screening. A library of biogenic compoundsof 1,89466 compoundswas chosen. Bond order was assigned to each
structure using Ligprep. Different tautomeric forms were produced from all input structures. All possible
gerecisomersfor each ligand were generated by the program. With the help of Ligprep, alow energy conformation
for each structure was produced. Molecular mechanicsenergy minimization wasdonefor all thestructuresusing
Impact .Usng 2005 OPL Sforcefield al the structureswere optimized which werefurther used for Glide docking.

M olecular docking

At the centroid of Pfmc-2TM, binding site receptor grid filewas generated using Glide. For Pfmc-2TM, a
box of size10 A x 10 A x 10 A was defined in the center of binding site for the binding of docked ligand. To
occupy all the atoms of the docked poses one moreenclosing box of 10A x 10 A x 10 A wasalso defined. Using
Glide XP (extraprecision) all the prepared ligandswere docked and then evaluated using Glide X P Scoring.

3. RESULTSAND DISCUSSION
Homology modeling of Pfmc-2TM

Asthex-ray crystal structure of Pfmec-2TM - wasnot available, it was generated using homology modelling.
The constructed model of Pfmc-2TM was prepared using PRIME module of Schrodinger suits (Figure1). The
crystal structureof sugar phosphateisomerase/epimerase(3L23_A) with 1.7 A resolution was used asthetemplate
for homology modelling. Using homology building method, the missng amino acids werefilled inthe template
dructure.
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Fig. 1. Homology model of Pfmc-2TM .

Validation of the predicted model

By usng PROCHECK and ERRAT thevalidation of the predicted model was carried out. The PROCHECK
resultsrepresent 85.5% amino acidsinalowed regions. Ramachandran plot showed 0.6 resdueinthe disallowed
region, 12.1% resduesin additionaly alowed regionsand 1.8 % resduesin generoudy allowed regionsasshown
infigure2. TheERRAT scorewas92.121% (asshowninfigure3). Thusthe overal quality of the Pfmc-2TM model
generated by homology modelling was very good.
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Residues in most favoured regions [A,B,L]

Residues in additional allowed regions [a.b,Lp]
Residues in generously allowed regions [~a,~b,~L~p]
Residues in disallowed regions

Number of non-glycine and non-proline residues

85.5%
12.1%
1.8%
0.6%

100.0%

Number of end-residues (excl. Gly and Pro) 2
Number of glycine residues (shown as triangles) 6
Number of proline residues 1

Total number of residues 174
Based onan analysis of 118 structures of resolution of at least 2.0 Angstroms

and R-factor o greater than 20%, a good quality model would be expected
to have over 90% in the most favoured regions.

Fig. 2. Ramachandran plot for the validation of modelled Pfmc-2TM protein
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*On the error axis. two lines are drawn to indicate the confidence with
which it is possible to reject regions that exceed that error value.

**Expressed as the percentage of the protein for which the calculated
error value falls below the 95% rejection limit. Good high resolution
structures generally produce values around 85% or higher. For lower
resolutions (2.5 to 3A) the average overall quality factor is around 1%

Fig. 3. ERRAT graph for the validation of modelled Pfmc-2TM protein
Bindingsiteprediction

Thebinding site of the Pfmc-2TM proteinwas predicted using Sitemap, based on severa physico-chemical
properties. Sitel withthe best sitemap score was selected. The resduespredicted by Sitemap are PHE-42, MET-
44, LY S-60, ASN-61, THR-62, LEU-63, LEU-64, ASN-68, ASN-94, GLU-95, GLU-96. These residues
were present inthe binding site of the Pfmc-2TM.
Binding affinity of Pfmc-2TM protein

The binding Stewas studied for interaction with the entirelibrary of compounds present in ZINC database of
natural compoundsusing Glide X P docking. Thewhole library was screened against thetarget. Fromthe entire
library of compounds, 276784 compoundswere screened using HTV Sfor thefirst level of screening. The binding
affinity of the compoundswasfurther sudied using X P (ExtraPrecison) algorithm of Glide Docking. Onthebasis
of docking scores, 164 compounds were selected for further analyss. Theinteraction studiesusing molecular
docking revealed appreciable docking scores The 10 best compounds showing promising leadswith appreciable
docking scoresintherange of -7.561t0 -5.328 asshownin Table 1.

Table 1. Table showing Glide energy and Docking scoreand MM GBSA score.

S. No. ZINC ID GLIDE energy Docking Score MMGBSA
1 ZINC12503216 -43.937 -5.581 -81.06
2. ZINC64220137 -36.907 -5.122 -76.913
3. ZINC12496233 -35.241 -7.427 -71.645
4, ZINC12496087 -43.708 -5.547 -73.639
5. ZINC02566274 -47.18 -7.561 -72.61
6. ZINC04096987 -34.835 -6.461 -70.852
7. ZINC64220136 -34.502 -6.02 -76.416
8. ZINC77257360 -33.881 -6.53 -66.951
0. ZINC33955230 -37.125 -6.095 -79.038

10. ZINC15111008 -33.255 -5.328 -77.526
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Binding affinity calculation

Thehbinding affinity wasfurther calculated usng MM GBSA. Theinteraction Sudiesusing molecular docking
and MM GB SA revealed appreciable docking scoresand AGbmd. The 10 best compoundsdemonstrated gppreciable
AGbind scorefrom-81.06 to -77.526 kcal/mol. Anaysisof the binding mode of Pfmc-2TM showed changein H-
bond patternin the binding pocket of all ligands. H-bond has been observed betweenthe ZINC12503216 and
ASN-94, ARG-43 and GLY-39 inthe binding pocket of Pfmc-2TM as showninfigure4 a,b.
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Fig. 4. Ligand interaction with Pfmc-2TM protein (a) 2-Dimensional (b) 3-Dimensional ligand interaction.

Per residueenergy contribution

For further studies about the interaction of Pfmc-2TM with ZINC12503216 ligand, per residue energy
contribution van der waals (E, ) and electrostatic (E ) energy was calculated. Active site residues showed
significant contributionto the E, 4, aswell asE__energy inligands asshownin Table 2 Specificaly MET-44,
PHE42 and A SN-94 amino acids have an appreciable E, , energy contribution and ARG-43, ARG-40and LY S
65 amino acids have an E 4 energy contribution as showninfig 5 (a), (b). The specificity of Pfmc-2TM with
different ligandswas demonstrated by binding affinity and interaction pattern of Pfmc-2TM.

Table2. Tableshowing per residue energy contribution for van der waals (E, 4,) and electrogtatic
(Eye) within 12 A of docked ligands.

Residues E ,, (kcal/Mol) Residues E . (kcal/Mol)
ASN94 -2.273 LY S100 -5.574
ASN68 -0.537 LYS69 -11.787
ASN61 -1.233 LYS65 -13.486
MET44 -3.446 LYS60 -10.931
PHEA2 -2.765 ARG43 -53.361

ARG44 -1.974 ARG40 -17.932
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Fig. 5. Table showing per residue energy (a) Evdw and (b) Eele

5.CONCLUSION

Inthisstudy, the 3D structureof Pfimc-2TM proteinwasducidated using various homology modelling software.
Homology modd wasvaidated to ensurethe quality by Procheck and Errat, both of which reported ahigh qudity
modédl. Virtua screening of the biogenic compounds of ZINC databasewas performed. Extraprecisondocking of
afew selected compoundsyielded appreciable docking score and binding affinity. Theinteraction sudies using
molecular docking and MM GBSA revealed appreciable docking scoresand AG bing- 1 Ne per residue van der
Wedls(E, ) and electrogtatic (E,) energy contribution of the binding site residues depicted important interactions
between Asn 94, Met 44, Phe 42 and Arg 43 of the protein and various positionson theligand. Our datathus show
compelling indication that the purposed ligandshold considerable potential for further experimental evauation.
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