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ABSTRACT: In this study, some of the azole derivatives were randomly selected and subjected to Molecular
Docking analysis in order to test their anti-fungal activity. For this purpose, the crystal structure of CYP51 was
selected and the downloaded from protein data bank whose pdb id is 3LD6. After Docking procedure, it was
found that the molecule 1,3-diphenylpyrazole-4-propionic acid (DPPA) possess good binding affinity and low
inhibitory constant. So the protein — ligand interactions of DPPA with 3LD6 were analyzed and their
intermolecular interactions were presented. It was concluded that DPPA can serve better for anti-fungal
activity and hence it can be used after doing necessary biological examinations.
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l. INTRODUCTION

Heterocyclic azole molecules are well known for their pharmacological activities such as anti-cancer,
hypoglycemia [1], analgesic [2], anti-inflammatory [3], anti-fungal [4-5], anti-microbial, anti-convulsant [6],
anti-bacterial and HIV inhibitory activities. Omar H.EL-Garhy [7] reported in detail the antifungal activities of
azoles likely the management of invasive mycoses. The azole anti-fungal drugs focus on the fungal CYP51
(Sterol 14a-demethylase) and they selectively inhibit the yeast and fungal CYP51 on the plant and human
counterparts [8]. Even though a number of azole derivatives have been developed as potent antifungal agents,
the number of disease causing fungi has also increased simultaneously due to modern medical practices, natural
diseases, mobile population, etc., which urges the need of anti-fungal reagents. In the present study, the anti-
fungal activity of some azole derivatives such as 3,5-dimethylisoxazole (DMI); 4-chloromethyl-3,5-Dimethyl
iosxazole (CDMI); 1-(2,5-Dichloro-4-sulfophenyl)-3-methyl-5-pyrazolone (DSMP); 1,3-diphenylpyrazole-4-
propionic acid (DPPA) and 5-(4-Chlorophenyl)Oxazole-2-Propionic acid (COPA) were tested for their anti-
fungal activity under Molecular docking analysis and the results were reported.

1. MATERIALS AND METHODS
The azole derivatives DMI, CDMI, DSMP, DPPA and COPA were selected and optimized using
Gaussian 09 [9] and Gauss View [10] software packages. The crystal structure of CYP51 in complex with
ketoconazole was obtained from the protein data bank (pdb: 3LD6) and the docking analysis was performed
with the aid of Auto dock tools version 1.5.6 software package [11]. All the ligand protein interactions were
visualized and presented using pymol [12], Ligplot+ [13] and Discovery studio visualization [14] terminals.

1. RESULTS AND DISCUSSION

The ligands for docking were prepared by optimizing the molecular structure of DMI, CDMI, DSMP,
DPPA and COPA at ground state minimum energy level. The protein was prepared by removing the co crystal
ligands, water and co-factors from the downloaded crystal structure. The Autodock tools graphical interface was
used to calculate the Kollman charges and to add polar hydrogens. Torsion and rotatable bonds were also
defined. The active site of the enzyme was defined to include in the preferred grid size of 80A x 80A x 80A.
The docking analysis of the compounds were carried out using Lamarckian Genetic Algorithm (LGA) available
in auto dock tools based on the steps described in the literature [15]. After docking, the binding energy and
inhibitory constants were found out using Autodock program and the findings were tabulated in Tablel. The
ligand enzyme interactions were visualized using pymol and Discovery studio Visualizer. The ligand binds at
the active sites of the target by weak non-covalent interactions such as H-bonding, alkyl, alkyl-r, n- &, -
interactions. From the table 1, it can be found that the DPPA molecule exhibits a good binding affinity of -9.8k
cal/mol whose corresponding inhibitory constant is 128.52nM. The table 2 shows all the docked complex poses
of the best conformers. The DPPA molecule possess a good conventional bond of length 1.92 and 2.73 A.
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Table 1: The Binding energy and Inhibitory constant of various azole molecules docked with 3LD6

Con DMI CDMI COPA DPPA DSAP

for “BE K BE K BE K BE K BE K
mEer

T 337 655 M 383 28838uM 06 6.3uM B8 330.05mM 300 LispM
2 437 62280uM 484  28431pM 702 7.09pM 237 135.870M 798 140pM
3 437 62130uM 473 34161uM 593 4463uM 866 447.60nM 762 262uM
4 440 59137pM 483 28878uM 09 639uM £24  168370M 805 127pM
5 437 621.71pM 484 28330uM 704 690pM 932 147.72M 792 158uM
6 437 62276uM 515 168.92uM 728 458uM 936 137270M 61 264uM
7 437 632.78uM 484 28555uM 719 538uM 040 128.520M 733 302uM
8 443 566.90 M 484 282.44uM 715 574pM 9236 162.470M 801 134uM
9 455 464.10pM 502 21047pM 722 512pM 882 34374nM 8352 56328nM
10 454  466.10pM 484 285.00uM 708 642uM 887 317.48nM 828 847.65nM

B.E-Binding Energy (kcal/mcl)

Ki- Inhibitory constant

Table 2: The Optimized structures and Docked complexes of corresponding Azole derivatives

Molecule Optimized structure Docked complex
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Figure 1: The protein ligand interactions of DPPA molecule with 3LD6
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Figure 2: Ligplot representation and Ramachandran plot of the possible interactions of DPPA with 3LD6
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The distances of other interactions and the surface view of DPPA protein- ligand interactions can be
observed from the Fig 1.The ligplot presented in Fig 2 shows the important interactions of the ligand DPPA with
the protein. The residues 11e450, Arg448 and Lys156 interact well with the ligand showing the conventional
bond length of 2.73, 2.66 and 2.87A respectively. The Ramachandran plot of DPPA molecule has also been
constructed with 3LD6. In the figure, the green colour triangle shows the residues with acceptable angles and
red colour triangles indicate angles which are not acceptable. From the figure it can be observed that there are
very few red triangles which indicate that the interaction between the protein and ligand DPPA is quite
acceptable. However biological tests need to be carried out to validate the computational predictions.

V. CONCLUSION

The molecules 3,5-dimethylisoxazole; 4-chloromethyl-3,5-Dimethyl isoxazole; 1-(2,5-Dichloro-4-
sulfophenyl)-3-methyl-5-pyrazolone; 1,3-diphenylpyrazole-4-propionic acid; 5-(4-Chlorophenyl) Oxazole-2-
Propionic acid after minimum energy structure optimization were subjected to Molecular docking analysis with
the protein 3LD6 for predicting their anti-fungal activity. From the observed results, the molecule DPPA was
found to exhibit good binding affinity and low inhibition constant. The docked complex poses of DPPA with
3LD6 were presented. It can be revealed that DPPA may be used as an anti-fungal agent after making necessary
biological tests.

REFERENCES
[1] G.Mariappan, B.P.Saha, L.Sutharson and A.Haldar, Synthesis and bioactivity evaluation of pyrazolone derivatives, Indian Journal
of Chemistry 49B (12), 2010, 1671-1674.
[2] R.N.Brogden, Pyrazolone derivatives, Drugs, 32(4), 1986, 60-70.

[3] J.P.Soni, D.J.Sen and K.M.Modh, Structure activity relationship studies of synthesised pyrazolone derivatives of imidazole,
benzimidazole and benztriazole moiety for anti-inflammatory activity, Journal of Applied Pharmaceutical Science 01 (04), 2011,
115-120.

[4] R.A.Fromtling, Overview of medically important antifungal azole derivatives, Clinical Microbiology Reviews, 1(2), 1988, 187-217.

[5] D.l1.Zonios, J.E.Bennett, Update on azole antifungals, Seminars in respiratory and critical care medicine, 29(2), 2008, 198-210.

[6] S.A.F.Rostom, H.M.A.Ashour, H.A.Abd EI Razik, A. E. F. H. Abd. El. Fatttah, N.N.EI-Din, Azole antimicrobial pharmacophore-
based tetrazoles: Synthesis and biological evaluation as potential antimicrobial and anticonvulsant agents, Bioorganic & Medicinal
Chemistry, 17(6), 2009, 2410-2422.

[7] O.H.EL-Garhy, An Overview Of The Azoles Of Interest, International Journal of Current Pharmaceutical Research, 7(1) 2015 1-6.

[8] Larrisa M.Podust, Thomas L.Poulos and Micheal R.Waterman, Crystal structure of cytochrome P450 14a-sterol demethylase
(CYP51) from Mycobacterium tuberculosis in complex with azole inhibitors, Proc Natl Acad Sci, 98(6), 2001, 3068-3073.

[9] Gaussian 09, Revision B.01, Frisch M.J, Trucks GW, Schlegel H B, Scuseria G E, Robb M A, Cheeseman J A, Calmani G, Barone
V, Mennucci B, Petersson G A, Nakatsuji H, Caricato M, Li X, Hratchian, lzmaylov A F, Bloino J, Zheng G, Sonnenberg J L, Hada
M, Ehara M, Toyota K, Fukuda R, Hasegawa J, Ishida M, Nakajima T, Honda Y, Kitao O, Nakai H, Vreven T, Montgomery J A, Jr
Peralta JE, Ogliaro F, Bearpark M, Heyd J J, Brothers E, Kudin K N, Staroverov V N, Keith T, Kobayashi R, Normand J,
Raghavachari K, Rendell A, Burant J C, lyengar S S, Tomasi J, Cossi M, Rega N, Millam J M, Klene M, Knox J E, Cross J B,
Bakken V, Adamo C, Jaramillo J, Gomperts R, Stratmann R E, Yazyev O, Austin A J, Cammi R, Pomelli C, Ochterski J W, Martin
R L, Morokuma K, Zakrzewski V G, Voth G A, Salvador P, Dannenberg J J, Dapprich S, Daniels A D, Farkas O, Foresman J B,
Ortiz J V, Cioslowski J and Fox D J, Gaussian, Inc., Wallingford CT, 2010.

[10]  E. Frisch, H. P. Hratchian, R. D. Dennington I, et al., Gaussview, Version 5.0.8, Gaussian, Inc., 235 Wallingford, C.T, 2009

[11] G. M. Morris, R.Huey, W.Lindstrom, M. F.Sanner, R. K.Belew, D. S.Goodsell and A. J. Olson, Autodock4 and AutoDockTools4:
automated docking with selective receptor flexibility, J. Comput. Chem, 30(16), (2009) 2785-2791.

[12]  The PyMOL Molecular Graphics System, Version 1.8 Schrédinger, LLC

[13] R.A.Laskowski, M.B.Swindells, LigPlot+: multiple ligand-protein interaction diagrams for drug discovery, J Chem Inf Model,
51(10):2778-86 Epub 2011.

[14]  Dassault Systemes BIOVIA, Discovery Studio 2016, DS2016Client32, San Diego: Dassault Systémes, 2016.

[15]  Syed Mohd. Danish Rizvi, Shazi Shakil, Mohd.Haneef, A Simple Click By Click Protocol To Perform Docking: Autodock 4.2
Made Easy For Non-Bioinformaticians, EXCLI Journal 12 (2013) 831-857.

International Conference on Advances in Functional Materials (ICAFM-2017) 75 | Page



