Molecular Docking studies of plant derived Antifungal compounds as selective inhibitor of Isocitrate lyase (Candida albicans).

By

RAMYA, M.

(REG. NO. 09PBF06)
A THESIS SUBMITTED TO 

AVINASHILINGAM DEEMED UNIVERSITY FOR WOMEN, 

COIMBATORE – 641043,

IN PARTIAL FULFILMENT OF THE REQUIREMENT FOR THE DEGREE OF 

MASTER OF SCIENCE IN BIOINFORMATICS

APRIL-2011

Certificate


[image: image77.png]



Acknowledgement



ACKNOWLEDGEMENT

First and Foremost the author records her whole hearted thanks to Lord Almighty for this grace and abundant blessings that helped her to carry out the study successfully and dedicate this work to her beloved parents and respected teachers.
I wish to place on record my sincere gratitude to Dr. T.S.K. Meenakshi Sundaram, Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for giving me an opportunity to carry out this  project.  

I record my respectful and sincere thanks to Dr. Sheela Ramachandran, Vice Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for extending all possible help towards the completion of the study.

I extend my heartfelt thanks to Dr. Gowri Ramakrishnan, Registrar, Avinashilingam Deemed University for Women, Coimbatore, for providing the adequate help to carry out the study.

I express my sincere thanks to Hony. Col. Dr. Saroja Prabhakaran, Former Vice Chancellor and Director, Hall of Residence, Avinashilingam Deemed University for Women, Coimbatore, for providing the opportunity to carry out this piece of work.

I record my respectful and heartfelt thanks to Dr. R. Parvatham, Dean, Faculty of Sciences, Professor and Head Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore for her encouragement and constant motivation in eliciting this project in a simplistic manner.

I place my sincerely thanks  Dr. N. Santhi,  Assistant Professor,  Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore, for her importunate encouragement, judicious and amicable suggestions.

Words would not be sufficient to express my gratitude and humble respect to my guide, Ms. R. Sangeetha, Lecturer, Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore, for my constructive guidance, invaluable suggestions, keen interest, valuable advice, constant encouragement, support and timely suggestions till the completion of work.

I extend my gratitude to Mrs. K. Vallikkannu, Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore, for her constant support and valuable suggestions. 

I express my sincere thanks to all the Staff members of the Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore, for their help and cooperation.

Last but not least I wish to express a deep sense of gratitude and love to my friends, my beloved parents and my brother for their moral support and strength  rendered by them throughout the project

I owe my indebtness to unseen hands who helped and supported me to complete my project with grant success.









Ramya, M.
Contents



CONTENTS

	CHAPTER NO.
	TITLE
	PAGE NO.

	
	LIST OF TABLES
	

	
	LIST OF FIGURES
	

	1
	INTRODUCTION
	1

	2
	REVIEW OF LITERATURE
	6

	3
	MATERIALS AND METHODS
	19

	4
	RESULTS AND DISCUSSION
	30

	5
	SUMMARY AND CONCLUSION
	59

	
	BIBLIOGRAPHY
	60


LIST OF TABLES

	TABLE NO
	TITLE OF THE TABLE
	PAGE NO

	4.1
	RESULTS OF MODELING TARGET PROTEIN
	32

	4.2
	THE SELECTED LIGANDS AND THEIR PROPERTIES
	36

	4.3
	THE STRUCTURE OF LIGANDS
	38

	4.4
	DOCKING SCORE AND INTERACTIONS OF ISOCITRATE LYASE
	49

	4.5
	DOCKING SCOREAND INTERACTIONS OF MALATE SYNTHASE
	52

	4.6
	ADME RESULTS USING QIKPROP 3.2
	55


LIST OF FIGURES

	FIGURE NO.
	TITLE OF THE FIGURE
	PAGE NO

	2.1
	CANDIDA ALBICANS
	7

	2.2
	GLYOXYLATE CYCLE
	11

	2.3
	OUTLINE OF STEPS FOR HOMOLOGY MODELING PROCESS
	13

	2.4
	PROTEIN STRUCTURE-BASED DRUG DESIGN CYCLE
	15

	2.5
	DOCKING PROCESS
	16

	3.1
	PRIME STRUCTURE PREDICTION PANEL
	20

	3.2
	MAESTRO WORKSPACE
	21

	3.3
	THE PROTEIN PREPARATION WIZARD PANEL
	22

	3.4
	BUILD PANEL OF MAESTRO 9.0
	23

	3.5
	STRUCTURES OF THE LIGANDS
	24

	3.6
	THE LIGPREP PANEL
	25

	3.7
	SITE MAP PREDICTION PANEL
	26

	3.8
	RECEPTOR GRID GENERATION PANEL
	27

	3.9
	LIGAND DOCKING PANEL
	28

	3.10
	THE QIKPROP PANEL
	29

	4.1
	MODELED STRUCTURE OF ISOCITRATE LYASE
	32

	FIGURE NO.
	TITLE OF THE FIGURE
	PAGE NO

	4.2
	MODELED STRUCTURE OF MALATE SYNTHASE
	32

	4.3
	STRUCTURE VALIDATION OF THE MODELED PROTEIN ISOCITRATE LYASE
	34

	4.4
	STRUCTURE VALIDATION OF THE MODELED PROTEIN MALATE SYNTHASE
	35

	4.5
	PROTEIN PREPARED STRUCTURE OF ISOCITRATE LYASE
	36

	4.6
	PROTEIN PREPARED STRUCTURE OF MALATE SYNTHASE
	36

	4.7(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH CANNABINOID
	42

	4.7(b)
	CANNABINOID BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	42

	4.8(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH GEDUNIN
	43

	4.8(b)
	GEDUNIN BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	43

	4.9(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH NIMBIN
	44

	4.9(b)
	NIMBIN BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	44

	FIGURE NO.
	TITLE OF THE FIGURE
	PAGE NO

	4.10(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH FURANOCOUMARIN OXYPEUCEDANIN HYDRATE
	45

	4.10(b)
	FURANOCOUMARIN OXYPEUCEDANIN HYDRATE BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	45

	4.11(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH ISOFLAVONE
	46

	4.11(b)
	ISOFLAVONE BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	46

	4.12(a)
	HYDROGEN INTERACTIONS OF ISOCITRATE LYASE WITH XANTHONE
	47

	4.12(b)
	XANTHONE BINDING WITH THE SURFACE MODEL OF ISOCITRATE LYASE
	47

	4.13
	HYDROGEN INTERACTION OF MALATE SYNTHASE WITH CANNABINOID
	48

	4.14
	HYDROGEN INTERACTION OF MALATE SYNTHASE WITH MYRISTICIN
	49


Introduction



1. INTRODUCTION

The   incidence of fungal infections among human population, are especially due to Candida species. C. albicans is the most common fungal causative agent in superficial and deep seated candidiasis (Gullo, 2009). Fungal infections pose a continuous and serious threat to human health and life especially to immunocompromised patients (Walsh et al., 2004). 

Many fungal infections are caused by opportunistic pathogens that may be endogenous (Candida infections). However, besides the known fungal species, new emerging fungal pathogens appear every year as the cause of morbidity and life-threatening infections in the immunocompromised hosts (Pfaller et al., 2007). 

Candidiasis is the leading invasive fungal infections that cause substantial morbidity and mortality in nosocomial settings and among immunocompromised patients. Candida spp, are considered to be the fourth most common blood stream isolates in the United States (Magill et al., 2006).

The opportunistic human pathogen Candida albicans is frequently responsible for mucosal and cutaneous infections, but may also cause life-threatening systemic infections in immunocompromised patients (Calderone and Fonzi, 2001). Different attributes, among which are adhesion factors, the yeast-to-hyphal transition and hydrolytic enzyme secretion, are necessary for penetration of C. albicans through the epithelial and endothelial layers (Felk et al., 2002). Once invaded into deeper tissue, C. albicans can then enter the bloodstream and disseminate within the host (Mellado et al., 2000).

Fungal diseases in humans can be classified as (a) allergic reactions to fungal proteins, (b) toxic reactions to toxin present in certain fungai, and (c) infection (mycoses). Mycoses are of different types based on the site of infection and the nature of causative agents.  In healthy persons, common forms of mycoses are superficial, cutaneous, or subcutaneous and in certain instances are symatic, causing a variety of conditions ranging athlete’s foot and nail infections to serve life-threatening disseminated diseases. On the other hand, immunocompromised individuals are susceptible to a large number of opportunistic fungal pathogens which cause systemic mycoses.  Indeed, the last two decades have witnessed a remarkable increase in the incidence of deep-seated disseminated mycoses (Barrett, 2002). 

In immuno-compromised   patients, C. albicans may penetrate into deeper tissue, enter the bloodstream and disseminate within the host causing life-threatening systemic infections. In order to elucidate the response of C. albicans to the blood environment, genomic arrays and a cDNA subtraction protocol were used. By combining data obtained with these two methods, unique sets of different fungal genes, specifically expressed at different stages that mimic bloodstream infections, can be identified. By removing host cells and incubation in plasma, it is easy to identify several genes in which the expression level was significantly influenced by the presence of these cells. Differentially expressed genes included those that are involved in the general stress response, antioxidative response, glyoxylate cycle as well as putative virulence attributes (Fradin et al., 2003).

Harbours enzymes of Candida albicans is involved in the glyoxylate cycle (GC), which have a role in its virulence, especially the two key enzymes, isocitrate lyase (ICL) and malate synthase (MS). There are however, few studies on the GC enzyme activities isolated in the clinical isolates. As GC activity is absent in mammalian cells, a specific inhibitor for the GC could be developed and these enzymes therefore can be used as a new antifungal target (Lattif et al., 2006).

Nowadays, numerous antifungal drugs with various structures and scaffolds spring up. However, their clinical uses have been limited by the emergence of drug resistance, high risk of toxicity, insufficiencies in their antifungal activity and undesirable side effects. Hence, there is still a need to develop and extend the safe and efficient chemotherapeutic agents with potent antifungal activities (Johnson et al., 2007).

Pharmaceutical research has been successful in identifying therapeutic agents by using conventional screening techniques where, large numbers of randomly selected natural products and synthesized compounds are tested in a battery of biological assay, or screens for the identification of new leads, structural classes with potential in specific therapeutic area.  However, the process, being largely based on trial and error, requires large amounts of time and money. So, any method that allows the pharmaceutical chemist to increase the likelihood of synthesizing an active analogue or to increase his ablity to find, or even design, novel leads is of enormous commercial interest.  For this reason many pharmaceutical companies explore structure activity methods.  The numbers of such methods have greatly expanded, along with the availability of commercial software and computer graphics systems (Sheridan and Venkataraghavan, 1987).

Another approach to drug discovery of novel antibiotics is the design of putative inhibitory compounds in silico, which involves computing a target structure with the small molecules in three dimensions (Ostrov et al., 2007). There is a real need to search for newer compounds with potential antifungal activities and worldwide spending on discovering new anti-fungal agents is increasing day by day. New sources especially plant derived antifungal compounds, are being investigated extensively. The medicinal plants such as Cannabis sativa, Azadirachta indica, Diplolophium Buchanani, Eriosema tuberosum and  Hypericum Brasiliense and their purified compounds  exhibits  antifungal  activity  against pathogenic fungal species (Shahid et al., 2009).

Computer-aided drug design (CADD) is a significant tool, which provides an aid to thought and a guide to lead synthesis. CADD technologies to the research and drug discovery approaches could lead to a reduction of up to 50% in the cost of drug design (Taft et al., 2008). The fundamental assumption of most CADD procedures is that the key biological event, at the molecular level, is the recognition and non-covalent binding of small molecules to specific sites on target biological macromolecules (receptors). Generally, CADD procedures can be divided into two categories: ligand structure-based methods; and receptor structure based methods (Hou and Xu, 2001; Bala et al., 2010).
Structure based drug design is a technique that is used in the initial stages of drug discovery program (Balajee et al., 2009). The genomics explosion and the huge increase in the number of potential drug targets, made a move from the classical linear approach of drug discovery to a non-linear and high throughput approach (http://train-srv.manipalu.com/wpress/?p=112558).

The choice of a drug target in Structure based drug discovery (SBDD) is primarily made on a biological and biochemical basis.  The ideal target macromolecule for SBDD is one that is closely linked to human disease and binds a small molecule in order to carry out a function. The target molecule usually has a well-defined binding pocket.  The target should be essential, in that signed small molecules can compete, at a required level of potency, with the natural small molecule in order to modulate the function of the target.  Many good drug targets are proteins (Anderson, 2003).

The plant derived antifungal compounds were selected for docking studies with the enzyme Isocitrate lyase and Malate synthase.

The following are the partial symptoms of candidiasis (yeast infection). 

· Constipation and/or Diarrhea

· Irregular or no menstrual cycle

· Chronic fatigue

· Irritability

· Chronic congestion

· Sore throat

· Mouth blisters

· Blurred vision

· Burning urination

· Frequent headaches

· Dramatic mood swings

· Nasal itching

· Muscle pain (lower back and neck)

· Abdominal bloating

· Depression and anxiety

· Eye floaters (http://www.colonhealth.net/free_reports/candirpt.htm).

The objective of the present study includes:

· Selection of drug target Isocitrate lyase and Malate synthase and inhibitors of plant derived compound derivatives based on literature.

· Modeling of Isocitrate lyase and Malate synthase sequences using PRIME 2.1.

· Molecular interaction studies of plant derived compound derivatives to the active sites of the Isocitrate lyase and Malate synthase using GLIDE 5.5.

· Prediction of ADME (Absorption, Distribution, Metabolism and Excretion) properties of the ligands using QikProp 3.2.

.

.

.
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2. REVIEW OF LITERATURE
2.1 FUNGAL INFECTIONS

Invasive fungal infections are a major problem in immunocompromised patients.  This has necessitated an increased interest in the development of new antifungals to treat the life-threatening infections.  However, combating fungal infections are still lagging behind those for bacterial infections, due to toxicity and the lower clinical efficacy of available antifungals against some invasive fungal infection (Owais et al., 2010). Thus, more efforts are needed in antifungal drug discovery, as well as in developing effective ways of minimizing toxicity and improving delivery of available antifungal drugs.  One approach is the effective use of newer antifungal agents in combination therapy against invasive candidiasis. On the other hand, identifying and validating new antifungal drug targets are a prerequisite for new antifungal drug discovery. These new targets might be discovered and also, targeting virulence is expected to be a new paradigm for antifungals (Ahmad et al., 2010).

2.2 CANDIDA ALBICANS

Kingdom
: Fungi
Phylum
: Ascomycota
Subphylum
: Saccharomycotina
Class

: Saccharomycetes
Order

: Saccharomycetales
Family

: Saccharomycetaceae

Genus

: Candida

Species
: C. albicans

Candida albicans, the major fungal pathogen of humans, causes life-threatening infections in immunocompromised individuals. Due to limited available therapy options, this can frequently lead to therapy failure and emergence of drug resistance. To improve current treatment strategies, combined comprehensive chemical-genomic screening and validation  in  C. albicans  can  be  carried  out  with  the  goal  of identifying compounds (Epp et al., 2010). 

 Candida albicans  is   yeast   like   fungus   that   commonly   causes    infections. 

C. albicans lives in the mucous membranes of the mouth, vaginal tract, and the intestines. Certain conditions such as pregnancy, oral contraception, antibiotic use, or a compromised immune system can cause an overgrowth of Candida making it an infection. The three most common areas of Candida infection are the vagina, mouth, and uncircumcised penis. Vaginal Candida infections are commonly called yeast infections, but other fungi can produce a similar vaginal infection. The Candida infection of the mouth is called thrush and the Candida infection of the uncircumcised penis is called balanitis (http://dermatology.about.com/cs/fungalinfections/g/candida.htm).

C. albicans can develop drug resistance, leading to therapy failure. C. albicans lives in 80% of the human population with no harmful effects, although overgrowth results in candidiasis.  The usual unicellular yeast-like form of C. albicans reacts to environmental cues and switches into an invasive, multicellular filamentous form to infect the host tissue (Ryan et al., 2004).

A single species, C.albicans, causes the majority of the infections such as oropharyngeal thrush and vaginitis. It is normally a commensal of the mammalian gastrointestinal tract, in which it lives without adverse effects on the host. C. albicans is readily phagocytosed by cultured macrophages in the presence of serum. While the macrophages engulfment induces C. albicans cells to grow in a filamentous morphology (Fink et al, 2002).  
  Figure 2.1

 CANDIDA ALBICANS
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(Source: http://www.rkm.com.au/FUNGI/Candida.html)

2.3 GLYOXYLATE CYCLE IN CANDIDA ALBICANS

The glyoxylate cycle, a metabolic pathway required for generating C(4) units from C(2) compounds, is an important factor in virulence, in both animal and plant pathogens. The localization of the key enzymes of this cycle, isocitrate lyase (Icl1; EC 4.1.3.1) and malate synthase (Mls1; EC 2.3.3.9), were found in peroxisomes of human fungal pathogen Candida albicans (Piekarska K et al., 2008).

The interaction between Candida albicans and cells of the innate immune system is a key determinant of disease progression. Transcriptional profiling has revealed that   C. albicans has a complex response to phagocytosis, much of which is similar to carbon starvation. C. albicans often encounters carbon-poor conditions during growth in the host and has the ability to efficiently utilize multiple nonfermentable carbon sources, which was considered as a virulence determinant. Mutations in alternative carbon utilization pathways in Candida albicans attenuate virulence and confer pleiotropic phenotypes (Ramirez and Lorenz, 2007).

Systemic fungal infections have increased dramatically in prevalence and severity over the last few decades, in concert with the number of patients living for extended periods with significant immune dysfunction. The most common systemic fungal infection is candidiasis, which accounts for well over half of these invasive mycoses (Edmond, 1999).  

The primary response to phagocytosis in S. cerevisiae was the induction of gene products related to the glyoxylate cycle. Both Isocitrate lyase (the ICL1 product) and Malate synthase (the MLS1 product), the key enzymes of the glyoxylate cycle, were highly induced (both were induced 22-fold above the levels in the control population), as were malate dehydrogenase and citrate synthase. Further, the products of genes with functions associated with the glyoxylate cycle were also induced, such as acetyltransferases and carrier proteins which transport metabolites between organelles, acetyl coenzyme A (acetyl-CoA) synthase, and the gluconeogenic enzyme fructose-1,6-bisphosphatase. In total, 11 of the 15 genes whose products were most highly induced in macrophages encode proteins whose function is related to the glyoxylate cycle. Other transcripts, most notably those of the tricarboxylic acid (TCA) cycle, were not induced under these conditions (Lorenz et al., 2001).

The C. albicans homologs of isocitrate lyase (products of the CaICL1 and CaMLS1 genes) are also induced upon phagocytosis (Lorenz et al., 2001). Thus, in the fungi, the glyoxylate cycle is induced during both phagocytosis and macrophage is required for full virulence in C. albicans. 

The role of the glyoxylate cycle in a fungal pathogen, the yeast C. neoformans, has been studied. The yeast, taxonomically quite distant from C. albicans, can cause a fungal pneumonia, but its most serious manifestation is central nervous system (CNS) meningitis.  This infection is one of the leading causes of death in AIDS patients (Kalpan et al., 2000).

2.4 MECHANISM OF ACTION OF GLYOXYLATE CYCLE

Genes of the glyoxylate pathway, such as Icl1, Mls1, were found to be strongly upregulated.  C.albicans cells, which are not killed by macrophage, react similarity to such ingestion by strongly inducing genes of the glyoxylate pathway, permitting the use of C2 compounds (Backer and Dijck, 2003).  This finding, together with the fact that these genes are not essential during normal growth and that the glyoxylate pathway does not occur in human cells, makes these enzymes prime targets for specific antifungal drugs.  A fitness test approach for screening of Candida genome was adapted by using reverse genetic assay, and genes related to the mechanism of action of the probe compounds were clearly identified (Xu et al., 2007).

Phagocytic cells form the first line of defense against infections by the human fungal pathogen Candida albicans. The gene expression data suggest that upon phagocytosis by macrophages, C. albicans reprograms its metabolism to convert fatty acids into glucose by inducing the enzymes of the glyoxylate cycle and fatty acid beta-oxidation pathway (Piekarska et al., 2006).

The primary function of the glyoxylate cycle is to permit growth when C2 compounds, such as ethanol and acetate, are the only sources of carbon. Glucose, as the preferred carbon source in most organisms, can be both converted into five-carbon sugars (such as ribose and deoxyribose) via the pentose phosphate pathway and catabolized to acetyl- CoA via glycolysis. Acetyl-CoA enters the TCA cycle (Figure 2.2), where eight enzymatic steps convert it into intermediates which feed numerous biosynthetic pathways, including those for amino acids, heme, fatty acids, and glucose. The survival of either aa bacterium or a mammal becomes difficult or impossible without the flux through the TCA cycle (Fink et al., 2002).

In microorganisms, however, glucose is frequently not available, and simple carbon compounds provide the only accessible carbon. The TCA cycle, with its two decarboxylation steps (Figure 2.2), does not permit assimilation of carbon and thus does not provide a route for the synthesis of macromolecules from C2 compounds. The glyoxylate pathway (also dubbed the glyoxylate shunt) bypasses these decarboxylations, allowing C2 compounds to serve as carbon sources in gluconeogenesis and to be incorporated  into  glucose  and,  from  there,  into  amino  acids,  DNA  and  RNA (Fink et al., 2002). 

The glyoxylate cycle has two critical steps. In the first, isocitrate (six carbons) is hydrolyzed to succinate (four carbons) and glyoxylate (two carbons) by isocitrate lyase. In the second step, acetyl-CoA (two carbons) is condensed with glyoxylate to produce malate (four carbons) by malate synthase. The genes encoding isocitrate lyase, is required for virulence in a mouse model of intravenous infection (Ramirez et al., 2007), and the activities of Isocitrate lyase and Malate synthase are elevated in C. albicans isolates from diabetic patients (Latiff et al., 2006). Malate, an intermediate of the TCA cycle, is converted to oxaloacetate, to citrate (by the addition of another molecule of acetyl-CoA),

and then to isocitrate again (Arora, 2009). These steps are enzymatically identical to those of the TCA cycle, but there is regulatory specificity conferred both by dedicated glyoxylate isozymes and by compartmentalization. Thus, C2 compounds can replenish the intermediates of the TCA cycle via the glyoxylate cycle (Lorenz et al., 2001).

Figure 2.2

GLYOXYLATE CYCLE
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Figure 1: Infection scheme and Glyoxylate shunt: The onset of infection is
marked by entry of the mycobacterium to alveolar macrophases where a fug of
war occurs for survival the one which resist persists in granulomas and undergoes
metabolic arrest. This metabolic arrest riggers glyoxylate shunt and lipid lunch.

et al., 1999). It has also been demonstrated that ICL is
important for survival of M. tuberculosis in the lungs of

synthase and methylcitrate dehydratase, it does
not appear to contain a distinct 2-
methylisocitrate  lyase (MCL). ICL1 from
M. tuberculosis can clearly function as a MCL
thus metabolizing both Acetyl and Propionyl
CoA generated by B-oxidation of even and odd
chain fatty acids. (Gould ef al.. 2006)

The other enzyme downstream in the pathway is
Malate Synthase (MtbMS). A single malate
synthase gene called glcB (Rv1837c) has been
identified in M. tuberculosis encoding a malate
synthase G (MSG) (Smith e al., 2004). Malate
synthase G an important housekeeping enzyme
of glyoxylate shunt in Mycobacterium
tuberculosis actively involved in persistence.
The pleotropic function of this protein by virtue
of its intracellular/extracellular localization and
acting as adhesin and virulence factor is quite
enigmatic. The definition of the MtbMS as a
surface-exposed Lm/Fn-binding protein that

lacks a typical Sec-translocation signal sequence,

its ability to re-associate with the bacterial
surface and its contribution to enhanced
adherence of bacteria to epithelial cells qualify
its inclusion in the new class of virulence factors
known as ‘anchorless adhesin’s (Kinhikar ef al..
2006).

The adaptive diversification and ability to
survive under dynamically fluctuating climate
within the host makes it quite important to
comprehend the pathophysiology of survival and
the molecular nature of trade off that exists in
this metabolic bankruptcy.

Hunting the shunt

Persistence is the hallmark of Mycobacterium

(Smith ef al., 2003). The structural delineation of both





 

(Source: Kumar, 2009)

2.5 GLYOXYLATE CYCLE INHIBITORS


Genes encoding the glyoxylate cycle are required for virulence in a fungus        (C. albicans) that can survive inside a macrophage. Inhibitors of the glyoxylate cycle pathway should block nutrient availability and prevent survival of the pathogens inside the macrophage. Compounds that inhibit nutrient availability have been developed into effective herbicides because their targets are enzymes produced by plants but not animals.  As the enzymes of the glyoxylate cycle are also not found in mammals, they are prime targets for antifungal agents (Lorenz et al., 2001).


Virulence factors of fungi and their inhibitors have been discovered and characterized. This should provide new options for the development of potential antifungal therapeutics (Gauwerky et al., 2009).


There is a real need to search for newer compounds with potential antifungal activities and worldwide spending on discovering new anti-fungal agents is increasing day by day. New sources, especially plant-derived antifungal compounds, are being investigated extensively. Here some of the medicinal plants, such as Cannabis sativa (Cannabaceae), Azadirachta indica (Meliaceae), Diplolophium buchanani (Umbell-iferae), Eriosema tuberosum (Leguminosae), and  Hypericum brasiliense (Guttiferae) and their compounds purified, shows antifungal  activity  against pathogenic fungal species (Shahid et al., 2009).

Some of the plant-derived antifungal compounds, includes Cannabinoids (9 compounds) from Cannabis sativa (Radwan et al., 2009), Gedunin (7 compounds) and Nimbin (2 compounds) from Azadirachta indica (Banerjee et al., 2002), Myristicin (1 compound), Elemicin (1 compound), Isoelemicin (1 compound), Oxypeucedanin (1 compound) and Furanocoumarin Oxypeucedaninhydrate (1 compound) from Diplolophium buchanani, Chromone (1 compound),  Flavanones (2 compounds) and isoflavone (1 compound) from Eriosema tuberosum, Xanthones (3 compounds) and y-pyrone hyperbrasilone (1 compound) from Hypericum brasiliense (Hostettmann et al., 1994).

2.6 MODELING


Homology modeling consists of building a protein model using a structural template, the template being a protein of known structure is shown in Figure 2.3. The steps in homology modeling are the basic outline of the procedure. The sequences of the two proteins, the target (or unknown) protein and the template, are first aligned. The Cα coordinates of the aligned residues from the template are then copied over to the target to form the skeletal backbone. The residue side chains, and relative insertions and deletions, are then modeled using automated or semi-automated procedures. Finally, the protein model thus obtained may be subjected to energy minimization or molecular dynamics to relax unfavorable contacts (Nayeem et al., 2006).

Figure 2.3

STEPS IN HOMOLOGY MODELING.
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  (Evers et al., 2005)


The quality of the sequence alignment is critical in determining the quality of the model. The homology modeling is composed of two parts: one is evaluation of sequence alignment and another is the evaluation of the constructed model starting from a given sequence alignment (Bernacki et al., 2005).

Prime is a package used for protein structure predictions. It is user friendly. Prime provides users complete control over calculational settings to increase the accuracy of the result, they provide accurate receptor models for structure based drug design. Homology modeling can be done using Prime. Comparative modeling is used to generate accurate homology models for further structure based studies. Prime allows the users to specify and adjust parameters to optimize the quality of predictions (Schrödinger, 2009).

2.7 STRUCTURE BASED DRUG DESIGN

The structure based drug designing can be made through a bridge between bioinformatics and Cheminformatics approaches (Balajee and Dhanarajan, 2009). Structure-based drug design is a powerful method, especially when used as a tool within an armamentarium, for discovering new drug leads against important targets. After a target and the 3D structure of the target are obtained, new leads can be designed from chemical principles or chosen from a subset of small molecules, that possess high docking score with that of  the target protein (Anderson and Wright, 2005).

Imperfect understanding of intermolecular interactions coupled with the large number of degrees of freedom, makes it crucial that the protein structure-based drug design process be a tightly integrated, multidisciplinary activity where the intuition of the medicinal  chemist  is  combined  with  the  expertise  of  the  protein  structure  specialist 

and the computational molecular modeler. The process must also be cyclic (Verlinde and Hol, 1994).

Figure 2.4

PROTEIN STRUCTURE-BASED DRUG DESIGN CYCLE
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Protein structure-based drug design cycle- Lead compounds originate from either random screening of a few hundred thousand compounds or from design. In the latter case, synthesis can be bypassed by using docking of compounds available commercially or in-house. Design is the result of docking, linking and building, or any combination of the three. Due to the imperfections of computer scoring, only about 2 % of the designed compounds pass the first criterion to become a lead, namely having micromolar affinity. Verification of the structure of the protein-lead complex is essential. New rounds of structure-based design are then performed until a promising compound shows up for pre-clinical trials. After successful clinical trials a new drug is born (Verlinde and Hol, 1994)..
2.8 DOCKING

Predicting the binding modes and affinities of compounds when they interact with a protein-binding site lies at the heart of structure-based drug design.  Consequently the number of algorithm available for protein-ligand docking is a large (Verdonk et al., 2003).

As the structures of more and more proteins and nucleic acids become available, molecular docking is increasingly considered for lead discovery, enhancement of docking screens and the accuracy of docking structure predictions. As more structures are determined experimentally, docking against homology-modeled targets also becomes possible for more proteins. The promise of docking is that the structure of the target will provide a template for the discovery of novel ligands, dissimilar to those previously known (Shoichet et al., 2002).

Figure 2.5 

DOCKING PROCESS
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2.9 ADME PREDICTION

ABSORPTION/ADMINISTRATION

Before a compound can exert a pharmacological effect in tissues, it has to be taken into the bloodstream usually via mucous surfaces like the digestive tract. Uptake into the target organs or cells needs to be ensured, too. This can be a serious problem at some natural barriers like the blood-brain barrier. Factors such as poor compound solubility, chemical instability in the stomach, and inability to permeate the intestinal wall can all reduce the extent to which a drug is absorbed after oral administration. Absorption critically determines the compound's bioavailability. Drugs that absorb poorly when taken orally must be administrated in some less desirable way, like intravenously or by inhalation (Singh, 2006).

DISTRIBUTION

The compound needs to be carried to its effector site, most often via the bloodstream. From there, the compound may distribute into tissues and organs, usually to differing extents (Gleeson et al., 2011).

METABOLISM

Compounds begin to be broken down as soon as they enter the body. The majority of small-molecule drug metabolism is carried out in the liver by redox enzymes, termed cytochrome P450 enzymes. As metabolism occurs, the initial (parent) compound is converted to new compounds called metabolites. When metabolites are pharmacologically inert, metabolism deactivates the administered dose of parent drug and this usually reduces the effects on the body. Metabolites may also be pharmacologically active; sometimes more so than the parent drug (Balani et al., 2005).

 EXCRETION/ELIMINATION

Compounds and their metabolites need to be removed from the body via excretion, usually through the kidneys (urine) or in the feces. Unless excretion is complete, accumulation of foreign substances can adversely affect normal metabolism.

There are three sites where drug excretion occurs: The kidney is the most important site and it is where products are excreted through urine. The biliary excretion or faecal excretion is the process that initiates in the liver and passes through to the gut until the products are finally excreted along with waste products or faeces. The last method of excretion is through the lungs e.g. anaesthetic gases.

Excretion of drugs by the kidney involves 3 main mechanisms: Glomerular filtration of unbound drug.  Active secretion of drug by transporters e.g. anions such as urate, penicillin, glucuronide, sulphate conjugates) or cations such as choline, histamine. Filtrate 100-fold concentrated in tubules for a favourable concentration gradient so that it may be reabsorbed by passive diffusion and passed out through the urine (Tetko et al., 2006).


The enzymes Isocitrate lyase and Malate synthase one of the virulence factors responsible for the cause of fungal diseases by C.albicans were considered as a potential target from the above literature review. The antifungal compounds derived from plant the plant sources can be checked for its antifungal potency with the selected targets.

Materials & Methods



3. MATERIALS AND METHODS

3.1 RETRIEVAL OF THE SEQUENCE

UniProtKB/Swiss-Prot, a curated protein sequence database which strives to provide a high level of annotation (such as the description of the function of a protein, its domains structure, post-translational modifications, variants, etc.), a minimal level of redundancy and high level of integration with other databases (Apweiler  et. al., 2004).

The amino acid sequence of the antifungal target, isocitrate lyase (ICL) and malate synthase (MS) genome sequencing Consortium and was saved in FASTA format in a notepad with a “.txt” extension.  The query sequences were retrieved and loaded to the Maestro window of Schrödinger software. 

3.2 MODELING

3.2.1 HOMOLOGY MODELING USING PRIME 2.1

Prime 2.1 version, is a fully-integrated protein structure prediction program, is a module for homology modeling in Schrödinger. The query sequences (sp|Q9P8Q7 and tr|Q5APD2) were given as an input in Prime structure prediction window. The input sequence was subjected to BLAST search which provides the list of hits with high degree of identity. It provides two approaches of modeling, namely comparative modeling and threading. Comparative modeling is based on the identity the template structure for the given sequence can be modeled. The modeled structure was saved in “.PDB” format.

Figure 3.1

PRIME STRUCTURE PREDICTION PANEL
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3.2.2 VALIDATION OF THE STRUCTURE


The modeled structure was validated by using SAVES SERVER (Structure Analysis and Verification Server). PROCHECK checks the stereochemical quality of a protein structure, producing a number of PostScript plots analysing its overall and residue-by-residue geometry. Errat analyzes the statistics of non-bonded interactions between different atom types and plots the value of the error function versus position of a residue. Verify-3D determines the compatibility of an atomic model (3D) with its own amino acid sequence (1D) by assigned a structural class based on its location and environment (alpha, beta, loop, polar, non-polar etc).

3.3 Docking Analysis using MAESTRO 9.0

Maestro 9.0 is the graphical user interface for all of Schrödinger’s products as CombiGlideTM, Epik TM, Glide TM, Impact TM, Liaison TM, LigprepTM, Phase TM, Macro Model TM, Prime TM, QikPropTM, QsiteTM, and Strike TM. It contains tools for building, displaying, and manipulating, chemical structures; for organizing, loading and storing these structures and associated data; and for setting up, monitoring, and visualizing the results of calculations on these structures. Figure 3.2 shows the Maestro workspace.
Figure 3.2

 MAESTRO WORKSPACE
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3.4 PREPARATION OF THE PROTEIN


The Protein Preparation Wizard accepts a protein from its raw state, (which may include missing hydrogen atoms, incorrect bond order assignments, charge states or orientations of various groups). The modeled proteins of Isocitrate lyase and Malate synthase were prepared using Protein preparation wizard. The Protein preparation wizard panel is shown in Figure 3.3.

Figure 3.3

THE PROTEIN PREPARATION WIZARD PANEL
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3.5 PREPARATION OF LIGAND compounds

All the small molecules i.e., ligand structures (natural plants source compounds  derivatives from literature studies) were drawn using the build panel (as shown in Figure 3.4) available in the Schrödinger software. The structures were then optimized using the OPLS-2005 force field until it reaches the RMSD 0.0018 kcal/mol.

3.5.1 DRAWING OF THE LIGANDS
The structures of the plant source compounds and their derivatives were drawn using the build panel tools of Maestro 9.0 window of Schrödinger. The cleaned structures were then saved as new entries in the project table.
Figure 3.4

BUILD PANEL OF MAESTRO 9.0
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Figure 3.5

STRUCTURES OF THE LIGANDS


[image: image9]    
[image: image10]    
[image: image11]
Gedunin 

        Myristicin 

   Cannabinoid


[image: image12]    
[image: image13]    
[image: image14]              
Elemicin
                   Isoelemicin  

 oxypeucedanin

[image: image15]    
[image: image16]     
[image: image17]
 Oxypeucedanin hydrate                Flavanone


      Isoflavone


[image: image18]    
[image: image19]
            Xanthone

         Nimbin

3.5.2 LIGAND PREPARATION


The preparation of the ligand was done using Ligprep 2.3 a module on the maestro window of Schrödinger. Ligprep produces a number of structures for each input structure of the ligand with various ionization states, tautomers, stero-chemistry and ring conformations and eliminates molecules using various criteria including molecular weight or specified numbers and types of functional groups present.  The prepared ligands can be used for docking using and the results were saved.

Figure 3.6

THE LIGPREP PANEL
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3.6 ACTIVE SITE PREDICTION USING SITE MAP


The location of the primary binding site on a receptor such as a protein is often known from the structure of a co-crystallized complex.  Efforts to design better ligands for these receptors can profit from the knowledge of complement interactions between the ligands and the receptor, and the extension of the ligands into adjacent region which promotes binding, by identifying the role of the neighbouring molecules of the active sites.

The Sitemap calculation begins with an initial search stage that determines one or more regions on or near the protein surface, called sites that may be suitable for binding of a ligand to the receptor. The location of a binding site for protein-ligand or protein-protein interactions is not known in advance, even though the protein structures are available. The modeled protein structures were loaded in to the Site map prediction window. The active site regions of both the proteins were identified by top-ranked potential receptor binding sites.

   Figure 3.7 

SITE MAP PREDICTION PANEL
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3.7 DOCKING STUDIES USING GLIDE

3.7.1 RECEPTOR GRID GENERATION


The  Receptor or the building site was picked by selecting the active site regions of the proteins from site map prediction and the grid was generated, specifying the pocket in the protein where the ligands would interact.
Figure 3.8 

RECEPTOR GRID GENERATION PANEL
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3.7.2 DOCKING OF LIGANDS USING GLIDE 5.5


Glide uses a hierarchial series of filters to search for possible locations of the ligand in the active-site region of the receptor. The receptor grid was generated at the receptor site bound by a ligand. The ligands were then docked to the modeled proteins using Glide 5.5 of Schrödinger. The docking was done in Standard Precision Mode (SP). The docked proteins and the ligands were viewed with the use of Glide Pose viewer. The images of the best docked poses of the ligand and the protein were saved.

Figure 3.9

LIGAND DOCKING PANEL
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3.8 ADME STUDIES USING QIKPROP 3.2

ADME is an acronym in pharmacokinetics and pharmacology for absorption, distribution metabolism and excretion, and describes the disposition of a pharmaceutical compound within an organism. The QikProp panel is shown in Figure 3.10.
QikProp is a quick, accurate, easy-to-use absorption, distribution, metabolism, and excretion (ADME) prediction program designed by Professor William L. Jorgensen. QikProp predicts physically significant descriptors and pharmaceutically relevant properties of organic molecules, either individually or in batches. In addition to predicting molecular properties, QikProp provides ranges for comparing a particular molecule’s properties with those of 95% of known drugs. QikProp also flags 30 types of reactive functional groups that may cause false positives in high-throughput screening (HTS) assays. QikProp can be run either from the Maestro GUI or from the command line. QikProp has two modes: normal mode, and fast mode. In fast mode, certain time-consuming calculations are omitted, some properties are not predicted, and some have different values.

Figure 3.10

THE QIKPROP PANEL
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Results &Discussion



4. RESULTS AND DISCUSSION

The discovery of novel classes of antifungal drugs depends to a certain extent on the identification of new, unexplored targets that are essential for growth of fungal pathogens (Liu et al., 2006). Candida, which is a single cell fungus, releases powerful poisons as it multiplies, which circulate in the bloodstream causing all kinds of symptoms and disorders of human pathogen. The organism can cause a number of chemical reactions in the body and actually interfere with the body’s ability to destroy them (http://vitanetonline.com/forums/1/Thread/1456).

The genes encoding glyoxylate cycle enzymes are induced in C. albicans cell that have been phagocytosed by mammalian macrophages; in response to the nutrient-poor environment of the phagolysosome (Barelle et al., 2006). C. albicans glyoxylate cycle genes   are   highly   regulated upon   exposure to human blood.  The C. albicans gene encoding isocitrate lyase, which catalyzes the conversion of isocitrate to succinate and glyoxylate, is required for full virulence in a mouse model of intravenous infection (Ramirez et al., 2007), and the activities of Isocitrate lyase and Malate synthase are elevated in C. albicans isolates from diabetic patients (Latiff et al., 2006). Hence these enzymes were chosen as the target proteins.  
The compounds, namely Cannabinoids from Cannabis sativa  Gedunin and Nimbin from Azadirachta indica, Myristicin, Elemicin, Isoelemicin, Oxypeucedanin and Furanocoumarin oxypeucedanin hydrate from Diplolophium buchanani, chromone, two compounds flavanones and isoflavone from Eriosema tuberosum, Xanthones and y-Pyrone- hyperbrasilone from Hypericum brasiliense which possess antifungal activity, were chosen as the small molecule ligands. These ligands were subjected to molecular docking with the selected target proteins, Isocitratre lyase and Malate synthase respectively.

4.1 RETRIEVAL OF THE SEQUENCE


The amino acid sequence of the Candida albicans harbours enzymes involved in the glyoxylate cycle (GC), which have a role in its virulence, especially the two key enzymes, isocitrate lyase (ICL) and malate synthase (MS), were obtained from Swiss prot database and the sequences are shown below in FASTA format.

>sp|Q9P8Q7|ACEA_CANAL Isocitrate lyase OS=Candida albicans GN=ICL1 PE=3 SV=1

MPYTPIDIQKEEADFQKEVAEIKKWWSEPRWRKTKRIYSAEDIAKKRGTLKINHPSSQQA

DKLFKLLETHDADKTVSFTFGALDPIHVAQMAKYLDSIYVSGWQCSSTASTSNEPSPDLA

DYPMDTVPNKVEHLWFAQLFHDRKQREERLTLSKEERAKTPYIDFLRPIIADADTGHGGI

TAIIKLTKMFIERGAAGIHIEDQAPGTKKCGHMAGKVLVPVQEHINRLVAIRASADIFGS

NLLAVARTDSEAATLITSTIDHRDHYFIIGATNPEAGDLAALMAEAESKGIYGNELAAIE

SEWTKKAGLKLFHEAVIDEIKNGNYSNKDALIKKFTDKVNPLSHTSHKEAKKLAKELTGK

DIYFNWDVARAREGYYRYQGGTQCAVMRGRAFAPYADLIWMESALPDYAQAKEFADGVKA

AVPDQWLAYNLSPSFNWNKAMPADEQETYIKRLGKLGYVWQFITLAGLHTTALAVDDFSN

QYSQIGMKAYGQTVQQPEIEKGVEVVKHQKWSGATYIDGLLKMVSGGVTSTAAMGQGVTE

DQFKESKAKA

>tr|Q5APD2|Q5APD2_CANAL Malate synthase OS=Candida albicans GN=MLS1 PE=4 SV=1

MSSPFPKTADKIKGVQILGPVPESAKHIFNQETLAFVATLHRGFEARRQELLNNRKEQQK

LRDQGFLPDFLPETEYIRNDATWTGPPLAPGLVDRRCEITGPTDRKMVINALNSNVATYM

ADFEDSLTPAWKNLVEGQVNLYDGVRRNLTANINGKNYALNLDKGRHIPTLIVRPRGWHL

DEKHVLVDGKPVSGGIFDFAVYFFNNAQETLARGFGPYFYLPKMEHHLEAKLWNDIFNYA

QDYIGLRRGTIRASVLIETIPAVFQMDEIIYQLREHSAGLNCGRWDYIFSYIKCLRNHPD

FILPDRSQVTMAAPFMSSYVKLLVHTTHKRKVHALGGMAAQIPIKDDEERNRAALANVTK

DKLREVTLGCDSCWVAHPALVPVVLKVFNENMKGPNQISLPPKEPFKPITQRDLLSPFVP

NAKITEQGIRANIIIGISYIEAWLRNVGCVPINYLMEDAATAEVSRTQIWQWVTHGAKTD

TGKVIDKQYVKQLLDEEYAKLVKSAKPGNKFKRAFEYFAPEALGEKYSDFVTTLIYDDIT

TIGRSLPGERL

4.2 HOMOLOGY MODELLING USING PRIME 2.1.


The homology modeling of the proteins was done using Prime 2.1. The amino acid sequence of the protein sp|Q9P8Q7 and tr|Q5APD2 was imported in to the Prime software and the three dimensional structure of the protein was obtained, using the proteins with the PDB ID: 1DQU (The crystal structure and active site location of isocitrate lyase from the fungus Aspergillus nidulans) and 3CUX (Atomic Resolution Structures of Escherichia coli and Bacillis anthracis Malate Synthase A: Comparison with Isoform G and Implications for Structure Based Drug Design) as  templates respectively.

Figure 4.1

MODELED STRUCTURE OF ISOCITRATE LYASE
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Figure 4.2

MODELED STRUCTURE OF MALATE SYNTHASE
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4.3 STRUCTURE VALIDATION OF THE MODELED PROTEINS

The modeled three dimensional structure of the protein obtained after homology modeling were analyzed with SAVES SERVER (NIH MBI Laboratory for Structural Genomics and Proteomics). The results obtained are tabulated in Table 4.1.

Table 4.1

RESULTS OF MODELING TARGET PROTEIN

	S.No
	Protein model
	Procheck

(Ramachandran

plot )
	Verify 3D

(% of the residues had an averaged

3D-ID score > 0.2)
	Errat

(Overall quality

factor)

	1
	Isocitrate lyase
	78.1%
	86.36
	84.600

	2
	Malate synthase
	87.0%
	84.06
	90.874


The results of the PROCHECK analysis indicate a relatively low percentage of residues have phi/psi angles in the disallowed ranges, the quality of Ramachandran plots is acceptable. The percentage of residues in the "core" region of modeled was found to be

78.1% and 87.0%. The stereo chemical quality of the model was found to be satisfactory. The Ramachandran plot of the modeled protein is shown in Figures 4.3 and 4.4. Errat analyzes the statistics of non-bonded interactions between different atom types and plots the value of the error function versus position of each residue. Errat shows an overall quality factor of 84.6 and 90.874. Verify-3D determines the compatibility of an atomic model (3D) with its own amino acid sequence (1D) assigned by a structural class based on its location and environment (alpha, beta, loop, polar, non-polar etc) and comparing the results to good structures.
Figure 4.3

STRUCTURE VALIDATION OF THE MODELED PROTEIN ISOCITRATE LYASE
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Figure 4.4

STRUCTURE VALIDATION OF THE MODELED PROTEIN MALATE SYNTHASE

[image: image28.png]PROCHECK

Ramachandran Plot
model

| s

VAL A)

Psi (degrees)

135
ey
-180  -135 45 o 45 9% 135 180

Phi (degrees)

Plotstatistics
Residves in mt e egiore (ABL] w omos
Residves in sl aloved egire (35,131 5 oum
Residves ingenerrmly allowed egions [-3.-5-1.- 7w
Recdnes i ol e [T
Mamber of momscine 3 non-prolne s T
e of ed-wesicaesexct. Gy and Py 7
T ——— »
Marmben of rfine resicnes 5
Tow numberof s 51

st s 18 e o ki ot s >4
.o g 0.2 gy o ol st
v ver 0% i e e g





4.4 PREPARATION OF THE PROTEIN

The proteins were prepared using protein preparation wizard module of the maestro window of Schrödinger.  The proteins with preprocessed, hbonds were optimized and energy were minimized and the results are shown in the Figures 4.5 and 4.6
Figure 4.5

PROTEIN PREPARED STRUCTURE OF ISOCITRATE LYASE
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Figure 4.6

PROTEIN PREPARED STRUCTURE OF MALATE SYNTHASE
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4.5 ACTIVE SITE PREDICTION USING SITEMAP


The modeled protein structures were loaded in to the Site map prediction window. The active site regions of both the proteins were identified by top-ranked potential receptor binding sites.

4.6 PREPARATION OF THE LIGAND

The structures of the ligands were drawn using the build panel tools of Maestro 9.0 window of Schrödinger. The structures of the ligands and their properties are tabulated in tables 4.2 and 4.3.

Table 4.2

THE SELECTED LIGANDS AND THEIR PROPERTIES

	S.No
	Plant Source
	Compound Name
	Molecular Formulae
	Molecular weight

(Daltons)

	1
	Cannabis sativa
	Cannabinoids 1
	C26H39O4
	415.598330

	2
	Cannabis sativa
	Cannabinoids 2
	C24H36O3
	372.552720

	3
	Cannabis sativa
	Cannabinoids 3
	C24H38O3
	374.568660

	4
	Cannabis sativa
	Cannabinoids 4
	C26H36O5
	428.573820

	5
	Cannabis sativa
	Cannabinoids 5
	C26H41O4
	417.614270

	6
	Cannabis sativa
	Cannabinoids 6
	C26H41O4
	417.614270

	7
	Cannabis sativa
	Cannabinoids 7
	C24H32O3
	368.520840

	8
	Cannabis sativa
	Cannabinoids 8
	C26H34O5
	426.557880

	9
	Cannabis sativa
	Cannabinoids 9
	C24H36O3
	372.552720

	10
	Diplolophium Buchanani
	Myristicin
	C11H12O3
	192.216490

	11
	Diplolophium Buchanani
	Elemicin
	C12H16O3
	208.259520

	S.No
	Plant Source
	Compound Name
	Molecular Formulae
	Molecular weight

(Daltons)

	12
	Diplolophium Buchanani
	Isoelemicin
	C12H16O3
	208.259520

	13
	Diplolophium Buchanani
	Oxypeucedanin
	C16H15O6
	304.302320

	14
	Diplolophium Buchanani
	Furanocoumarin oxypeucedanin hydrate
	C16H16O6
	304.302320

	15
	Eriosema tuberosum
	Chromone
	C25H19O6
	420.466430

	16
	Eriosema tuberosum
	Flavanone 1
	C25H28O6
	424.498310

	17
	Eriosema tuberosum
	Flavanone 2
	C25H28O6
	424.498310

	18
	Eriosema tuberosum
	Isoflavone
	C20H16O6
	352.346920

	19
	Hypericum Brasiliense
	Xanthone 1
	C13H8O4
	228.206310

	20
	Hypericum Brasiliense
	Xanthone 2
	C14H12O4
	244.249340

	21
	Hypericum Brasiliense
	Xanthone 3
	C18H14O5
	310.309280

	22
	Hypericum Brasiliense
	Pyrone hyperbrasilone
	C16H16O4
	272.303520

	23
	Azadirachta indica
	Nimbin 1
	C30H36O9
	540.616020

	24
	Azadirachta indica
	Nimbin 2
	C30H36O9
	540.616020

	25
	Azadirachta indica
	Gedunin 1
	C28H34O7
	482.578980

	26
	Azadirachta indica
	Gedunin 2
	C28H34O7
	482.578980

	27
	Azadirachta indica
	Gedunin 3
	C28H34O7
	482.578980

	28
	Azadirachta indica
	Gedunin 4
	C26H32O6
	440.541340

	29
	Azadirachta indica
	Gedunin 5
	C26H30O6
	438.525400

	30
	Azadirachta indica
	Gedunin 6
	C28H34O6
	466.579580

	31
	Azadirachta indica
	Gedunin 7
	C30H38O8
	526.632560


Table 4.3

THE STRUCTURE OF LIGANDS
	Cannabinoid 1
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	Cannabinoid 2
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	Cannabinoid 3
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	Cannabinoid 4
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	Cannabinoid 5
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	Cannabinoid 6
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	Cannabinoid 7
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	Cannabinoid 8
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	Cannabinoid 9
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	Myristicin
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	Elemicin
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	Isoelemicin
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	Oxypeucedanin
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	Oxypeucedanin hydrate
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	Chromone
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	Flavanone 1
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	Flavanone 2
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	Isoflavone
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	Xanthone 1
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	Xanthone 2
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	Xanthone 3
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	Pyrone hyperbrasilone
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	Nimbin 1
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	Nimbin 2
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	Gedunin 1
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	Gedunin 2
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	Gedunin 3
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	Gedunin 4
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	Gedunin 5
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	Gedunin 6

[image: image60.png]
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4.7 DOCKING STUDIES USING GLIDE 5.5


The Receptor Grid was generated in the active site of the proteins Isocitrate lyase and Malate synthase. The active sites of these proteins were predicted from the results of the site map prediction tool.


The selected ligands were then docked to the respective active site of both the proteins and the interactions of the compounds were studied and are shown in Figures 4.7 to 4.14 and the results are tabulated in table 4.4 and table 4.5.

Figure 4.7 (a) 

Hydrogen Interactions of Isocitrate Lyase with Cannabinoid
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Figure 4.7 (b) 

Cannabinoid binding with the surface model of Isocitrate Lyase 
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The interaction between the ligand cannabinoid with the Isocitrate lyase occurred through two hydrogen bonds.  The hbond was formed between the lignad group N-H…O group of ARG 217 and O-H…O group of ASP 172 and their distance was found to be 2.827 Å and 2.741 Å. The glide docking score was found to be -5.08 and the energy was found to be -42.7 KJ.

Figure 4.8 (a) 

Hydrogen Interactions of Isocitrate lyase with Gedunin
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Figure 4.8 (b) 

Gedunin binding with the surface model of Isocitrate Lyase
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The interaction between the ligand gedunin with the Isocitrate lyase occurred through three hydrogen bonds.  The hbond was formed between the lignad group N-H…O group of TRP 103, N-H…O group of ASP 118 and O-H…O group of GLU 402 and their distance was found to be 2.878 Å,3.028 Å and 2.901 Å. The glide docking score was found to be -5.23 and the energy was found to be -41.7 KJ.

Figure 4.9 (a) 

Hydrogen Interactions of Isocitrate lyase with Nimbin
[image: image66.png]



Figure 4.9 (b)

 Nimbin binding with the surface model of Isocitrate Lyase
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The interaction between the ligand nimbin with the Isocitrate lyase occurred through three hydrogen bonds.  The hbond was formed between the lignad group N-H…O group of ASN 430, N-H…O group of ARG247and O-H…O group of THR 464 and their distance was found to be 2.798 Å, 3.006 Å and 2.782 Å. The glide docking score was found to be -4.30 and the energy was found to be -42.6 KJ.

Figure 4.10 (a)

 Hydrogen Interactions of Isocitrate Lyase with Furanocoumarin Oxypeucedanin Hydrate
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Figure 4.10 (b)

 Furanocoumarin Oxypeucedanin Hydrate binding with the surface model of Isocitrate Lyase
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The interaction between the ligand furanocoumarin oxypeucedanin hydrate with the Isocitrate lyase occurred through four hydrogen bonds.  The hbond was formed between the lignad group O-H…O group of ASP 118, O-H…N group of HIS 212, N-H…O group of LYS 208 and O-H…O group of THR 464 and their distance was found to be 2.525 Å,  2.946 Å,  3.312 Å  and  3.012 Å. The  glide  docking  score  was found to be

 -5.74 and the energy was found to be -42.6 KJ.
Figure 4.11 (a) 

Hydrogen Interactions of Isocitrate lyase with Isoflavone
[image: image70.png](2614

.
AASP 118




Figure 4.11 (b)

 Isoflavone binding with the surface model of isocitrate lyase
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The interaction between the ligand isoflavone with the Isocitrate lyase occurred through two hydrogen bonds.  The hbond was formed between the lignad group O-H…O group of SER 434 and O-H…O group of ASP 118 and their distance was found to be 3.138 Å and 2.614 Å. The glide docking score was found to be -5.70 and the energy was found to be -41.7 KJ.

Figure 4.12 (a)

 Hydrogen Interactions of Isocitrate lyase with Xanthone
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Figure 4.12 (b) 

Xanthone binding with the surface model of Isocitrate Lyase

[image: image73.png]



The interaction between the ligand xanthone with the Isocitrate lyase occurred through three hydrogen bonds.  The hbond was formed between the lignad group N-H…O group of ASN 430,O-H…O group of ASP118 and O-H…O group of THR 464 and their distance was found to be 3.202 Å, 2.638 Å and 3.306 Å. The glide docking score was found to be -4.71 and the energy was found to be -38.1 KJ.

Figure 4.13

 Hydrogen Interaction of Malate synthase with Cannabinoid
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The interaction between the ligand  cannabinoid with the Isocitrate lyase occurred through two hydrogen bonds.  The hbond was formed between the lignad group N-H…O group of ASN 453 and O-H…O group of GLU 441 and their distance was found to be 3.074 Å and 2.999 Å. The glide docking score was found to be -4.92 and the energy was found to be -23.1 KJ.

Figure 4.14

 Hydrogen Interaction of Malate synthase with Myristicin
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The interaction between the ligand Myristicin with the Isocitrate lyase occurred through one hydrogen bond.  The hbond was formed between the lignad group N-H…O group of MET 456 and their distance was found to be 2.732 Å. The glide docking score was found to be -6.23 and the energy was found to be -28.6 KJ.

Table 4.4

DOCKING SCORE AND INTERACTIONS OF ISOCITRATE LYASE

	S.No
	Compound Names
	Glide Score
	Glide Energy

(KJ)
	Interactions

D-H…A
	Distances

(Å)

	1
	Cannabinoids 1
	-4.0946
	-39.6454
	O-H...O(Asp 118)
	2.878

	2
	Cannabinoids 2
	-4.2658
	-35.6027
	O-H...O(Glu 402)

O-H...O(Asp172)

(Arg 247)N-H...O
	2.839

2.795

2.862

	3
	Cannabinoids 3
	-4.2373
	-36.1481
	O-H...O(Glu 402)

O-H...O(Asp 172)

(lys 208)N-H...O
	2.670

2.870

2.790

	4
	Cannabinoids 4
	-4.1379
	-38.8569
	(Trp 103)N-H...O

(Thr 464)O-H...O

(Asn 430)N-H...O
	3.042

2.778

2.791

	5
	Cannabinoids 5
	-3.8822
	-38.6265
	O-H...O(Asp 118)

(Lys 208)N-H...O
	2.866

2.861

	6
	Cannabinoids 6
	-3.7743
	-38.3054
	O-H...O(Glu 402)

O-H...O(Asp 118)
	2.594

2.707

	7
	Cannabinoids 7
	-4.2670
	-37.6636
	O-H...O(Asp 118)
	2.556

	8
	Cannabinoids 8
	-4.5844
	-40.9180
	O-H...O(Asp 172)

O-H...O(Asp 118)

(Trp 103)N-H...O
	2.714

2.461

2.835

	9
	Cannabinoids 9
	-5.0851
	-42.7655
	(Arg 247)N-H...O

O-H...O(Asp172)
	2.827

2.741

	10
	Myristicin
	-3.3070
	-23.6365
	(Arg 247)N-H...O
	3.065


	S.No
	Compound Names
	Glide Score
	Glide Energy

(KJ)
	Interactions

D-H…A
	Distances

(Å)

	11
	Elemicin
	-4.4048
	-26.7535
	(Arg 247)N-H...O

(Arg 247)N-H...O
	2.832

2.987

	12
	Isoelemicin
	-4.1937
	-27.4898
	(Arg 247)N-H...O

(Arg 247)N-H...O
	2.810

2.991

	13
	Oxypeucedanin
	-5.0179
	-42.64
	O-H...N(His 212)

O-H...O(Asp 118)

Lys (208)N-H...O
	3.003

2.550

3.416

	14
	Furanocoumarin

Oxypeucedanin hydrate
	-5.7441
	-42.66
	Thr( 464)O-H...O

O-H...N(His 212)

(Lys 208)N-H...O

O-H...O(Asp 118)
	3.012

2.946

3.312

2.525

	15
	Chromone
	-4.7239
	-40.1547
	O-H...O(Asp 118)

O-H...O(Asp 172)
	2.574

2.810

	16
	Flavanones 1
	-4.4004


	-40.0260


	O-H...O(Asp 118)

O-H...O(Asp 172)
	2.651

2.831

	17
	Flavanones 2
	-5.0727


	-42.9366


	O-H...O(Glu 402)

O-H...O(Asp 1180

(Lys 208)N-H...O
	3.234

2.756

2.867

	18
	Isoflavone
	-5.7046
	-41.7332
	(Ser 434)O-H...O

O-H...O(Asp 118)
	3.138

2.614

	19
	Xanthones 1
	-4.6543
	-30.8164
	O-H...O(Asp 172)
	2.596

	20
	Xanthones 2
	-4.6847
	-31.6259
	O-H...O(Asp 118)
	2.513

	21
	Xanthones 3
	-4.7180
	-38.1035


	O-H...O(Asp 118)

(Thr 464)O-H...O

(Asn 430)N-H...O
	2.638

3.306

3.202


	S.No
	Compound Names
	Glide Score
	Glide Energy

(KJ)
	Interactions

D-H…A
	Distances

(Å)

	22
	Pyrone hyperbrasilone
	-4.3453
	-35.5126
	O-H...O(Asp 172)

(Thr 464)O-H...O
	2.655

3.053

	23
	Nimbin 1
	-4.5865
	-42.9563
	(Asn 430)N-H...O

(Trp 103)N-H...O

(Thr 464)O-H...O
	2.836

3.118

2.752

	24
	Nimbin 2
	-4.3236
	-48.9870
	(Lys 208)N-H...O

(Thr 464)O-H...O


	2.942

2.623

	25
	Gedunin 1
	-4.3095
	-42.6520
	(Asn 430)N-H...O

(Arg 247)N-H...O

(Thr 464)O-H...O
	2.798

3.006

2.782

	26
	Gedunin 2
	-4.2988
	-47.8666
	-
	-

	27
	Gedunin 3
	-3.5898
	-41.3492
	(Ser 434)O-H...O
	2.879

	28
	Gedunin 4
	-4.3653
	-40.7167
	(Asn 430)N-H...O

(Arg 247)N-H...O

(Thr 464)O-H...O
	2.934

2.898

2.793

	29
	Gedunin 5
	-4.0625
	-41.5850
	(Asn 430)N-H...O

(Thr 464)O-H...O
	2.991

2.837

	30
	Gedunin 6
	-3.9490
	-42.9237
	(Asn 430)N-H...O

(Arg 247)N-H...O

(Thr 464)O-H...O
	3.051

2.814

2.854

	31
	Gedunin 7
	-5.2330
	-41.7607
	(Trp 103)N-H...O

(Asp 118)N-H...O

O-H...O(Glu 402)
	2.878

3.028

2.901


Table 4.5

DOCKING SCOREAND INTERACTIONS OF MALATE SYNTHASE

	S.No
	Compound Names
	Glide Score
	Glide Energy

(KJ)
	Interactions

D-H…A
	Distances

(Å)

	1
	Cannabinoids 1
	-4.2859
	-36.5128
	O-H...O(Glu 441)
	2.723

	2
	Cannabinoids 2
	-4.9273
	-23.1674
	O-H...O(Glu 441)

(Asn 453)N-H...O
	2.999

3.074

	3
	Cannabinoids 3
	-4.7640
	-37.1652
	O-H...O(Pro 451)

(Asn 453)N-H...O
	2.825

3.101

	4
	Cannabinoids 4
	-5.3215
	-36.5729
	(Tyr 454)N-H...O
	3.266

	5
	Cannabinoids 5
	-3.7976
	-37.7234
	O-H...O(Glu 441)
	2.946

	6
	Cannabinoids 6
	-4.0106
	-39.1201
	O-H...O(Ser 438)
	2.856

	7
	Cannabinoids 7
	-4.6738
	-36.8876
	O-H...O(Glu 441)
	2.628

	8
	Cannabinoids 8
	-4.9186
	-36.6454
	O-H...O(Ser 438)
	2.998

	9
	Cannabinoids 9
	-5.3886
	-35.7434
	-
	-

	10
	Myristicin
	-6.2302
	-28.6514
	(Met 456)N-H...O
	2.732

	11
	Elemicin
	-5.0487
	-23.1674
	-
	-

	12
	Isoelemicin
	-5.2028
	-24.5533
	(Met 456)N-H...O
	2.719

	13
	Oxypeucedanin
	-4.8258
	-28.7440
	Ser(307)N-H...O
	3.355

	14
	Furanocoumarin

Oxypeucedanin hydrate
	-4.7541
	-28.3081
	Ser(307)N-H...O
	3.355

	15
	Chromone
	-4.3037
	-39.2473
	O-H...O(Ser 438)
	2.892

	16
	Flavanones 1
	-5.1336
	-35.2150
	O-H...O(Asp 305)

(Asn 453)N-H...O
	2.863

2.996

	17
	Flavanones 2
	-3.8312
	-26.4891
	-
	-

	S.No
	Compound Names
	Glide Score
	Glide Energy

(KJ)
	Interactions

D-H…A
	Distances

(Å)

	18
	Isoflavone
	-5.8746
	-39.5653


	O-H...O(Glu 441)

O-H...O(Pro 451)

(Asn 453)N-H...O
	2.913

2.664

2.946

	19
	Xanthones 1
	-4.5708
	-22.6489
	-
	-

	20
	Xanthones 2
	-4.7683
	-22.0884
	(Lys 500)N-H...O
	3.028

	21
	Xanthones 3
	-4.5975
	-28.2438
	-
	-

	22
	Pyrone hyperbrasilone
	-5.5648
	-28.5841
	O-H...O(Asp 305)
	2.457

	23
	Nimbin 1
	-3.8944
	-30.8771
	(Asn 453)N-H...O
	2.817

	24
	Nimbin 2
	-3.4752
	-31.0195
	(Asn 453)N-H...O

(Lys 500)N-H...O
	2.960

2.801

	25
	Gedunin 1
	-2.5563
	-27.2588
	-
	-

	26
	Gedunin 2
	-3.1159
	-30.4858
	-
	-

	27
	Gedunin 3
	-2.5605
	-27.3250
	-
	-

	28
	Gedunin 4
	-2.8192
	-24.8440
	-
	-

	29
	Gedunin 5
	-2.8007
	-27.1974
	-
	-

	30
	Gedunin 6
	-2.5798
	-27.8810
	-
	-

	31
	Gedunin 7
	-2.0366
	-23.6259
	-
	-


4.8 ADME RESULTS

The program QikProp was used predict the ADME properties of the selected analogues. ADME is an acronym in pharmacokinetics and pharmacology for absorption, distribution metabolism and excretion, and describes the disposition of a pharmaceutical compound within an organism.

The ADME properties of the selected compounds were predicted using QikProp 3.2 and the results are tabulated in Table 4.6. These  properties are considered as a useful assessment tool for early identification of likely drug candidate failures. However, it has been difficult to locate reliable models for the prediction of human pharmacokinetics (PK) in silico methods for estimating ADME and toxicity properties (Winkler, 2004). Existing in silico ADME prediction tools concentrate on physicochemical properties, such as solubility, log P, rule-of-five compliance, Caco-2 permeability, blood–brain barrier and so on, or only classify drug-like candidates as ‘poor’, ‘medium’ or ‘good’ for a PK parameter, without ascribing values. Although physiology-based pharmacokinetic -models can predict ADME properties, they rely on using various measured properties as input for better accuracy and predicts the properties of a molecule (bioavailability, protein binding, volume of distribution, elimination half-life and absorption rate) that affect its dose and dose frequency in humans (Subramanian, 2005).

 The required Pharmacokinetics properties (Lipinski, 2000) for a viable drug are: molecular weight should be in the range of 130 to 725, predicted octanol/water partition coefficient log Po/w, Predicted aqueous solubility; S in mol/L (acceptable range: -6.5 to 0.5) of absorption and distribution of drugs within the body and Predicted Caco-2 cell permeability in nm/s. Permeability through MDCK Cells (QPlogMDCK) is considered as a  key  factor  governing drug metabolism  and its access to biological membrane (Nerkar

 et al., 2009). QikProp predicted log IC50 value for blockage of K+ channels (QPlogHERG) of toxicity, QikProp predicted gut-blood barrier (QPPCaco) and violations of the Lipinski’s rule of five (LROF) are reported (Srinivasan et al., 2011).
 
The percentage human oral absorption for the compounds ranged from <25 % is poor and >80% is high.  All these pharmacokinetic parameters are within the acceptable range defined for human use thereby indicating their potential as drug - like molecules. The selected compounds show good cell permeability for gut brain barrier which indicates that all the selected compounds are orally active (Schrödinger, 2009). 

Table 4.6

ADME RESULTS USING QIKPROP 3.2

	S.

No
	Properties
	Standard values
	Nimbin

(2)
	Gedunin

(7)
	Cannabin-oid    (4)
	Flavanone (1)
	Xanthone (3)

	1
	Molecular weight(Da)
	130 to 725
	540.609
	526.625
	428.567
	424.493
	310.306

	2
	Volume
	500 to 2000
	1537.35
	1478.62
	1453.04
	1329.25
	937.52

	3
	Donor HB
	0.0 to 6.0
	0
	1
	1
	3
	1

	4
	Acceptor HB
	2.0 to 20
	10.200
	9.950
	5.250
	5.750
	3.750

	5
	Qplog S
	-6.5 to 0.5
	-4.611
	-4.872
	-7.051
	-6.023
	-4.528

	6
	Qp log Khsa
	-1.5 to 1.5
	0.183
	0.449
	0.904
	0.731
	0.366

	7
	Qplog Po/w
	-2.0 to 6.5
	3.677
	3.471
	5.967
	3.966
	3.004

	8
	QP log HERG
	<-5.0
	-4.819
	-4.450
	-3.738
	-5.422
	-5.197

	9
	SASA
	300-2000
	759.120
	723.208
	797.767
	718.315
	544.217

	10
	Qp log BB
	-3.0 to 1.2
	-0.862
	-0.710
	-1.471
	-1.445
	-0.748

	11
	QPPCaco

(nm/sec)
	<25 poor,

>500 great
	606.41
	282.509
	165.882
	277.969
	586.449

	12
	QPPMDCK

(nm/sec)
	<25 poor,

>500 great
	288.102


	126.177


	90.257


	123.987


	277.865



	13
	Qplog Kp
	-8.0 to-1.0
	-2.875
	-3.465
	-2.448
	-3.310
	-2.784

	14
	Human oral

absorption
	>80% is high
	High
	High
	Low
	High
	High

	15
	Percent Human oral absorption
	<25 % is poor
	85.326
	78.177
	88.656
	93.908
	94.080

	16
	Rule of five
	Max to 4
	1
	1
	1
	0
	0


From the results obtained, it is observed in Isocitrate lyase, the compound Furanocoumarin Oxypeucedanin hydrate possessed the highest glide score of -5.74. The molecule  interacts  with  the protein  via four  hydrogen  bond  with Thr 464, His 212, Lys 208 and Asp 118 and the H-bond distance were found to be 3.012Å, 2.946 Å, 3.312 Å, 2.525 Å. The compound Nimbin (2) possessed the least minimal energy of -48.9 KJ. The H-bond interaction was found to be 2.942 Å, 2.623 Å in length, with N-H…O group of Lys 208 and O-H…O group of Thr 464.  The ligand furanocoumarin oxypeucedanin hydrate showed greater interaction with the protein molecule through four H-bonds interactions. The molecule possessed 4 H-bond acceptor groups resulting in stronger bond formation. The Glide energy was found to be -42.6 KJ.

Malate synthase the compound Myristicin possess the highest glide score of -6.23 which indicates that the molecule  has  docked  into  the  proteins  active  site  pocket  stronger  than  the  other molecules.  The interact occur with the protein via one hydrogen bond with Met 456 and the H-bond distance was found to be 2.732Å. The compound Isoflavone possessed the least minimal energy of -39.5 KJ. The H-bond interaction was found to be 2.913 Å, 2.664 Å, 2.946 Å in length, with N-H…O group of Asn 453, O-H…O  group of Glu 441 and O-H…O group of Pro 451. The ligand Isoflavone showed greater interaction with the protein molecule through 3 H-bonds. The molecule possessed 2 H-bond acceptor groups resulting in stronger bond formation. The Glide energy was found to be -39.5 KJ.

Thus the compounds Furanocoumarin Oxypeucedanin hydrate and Nimbin(2) possess a good docking efficiency with Isocitrate lyase and Myristicin and it was found that Isoflavone had the highest docking efficiency with Malate Synthase. Thus,  the  present  study  identified  four  compounds  as  lead  antifungal   drugs, using an  in silico  approach. The ADME profile of the molecules indicated good bioavailability. By  comparing  the  interactions  of  the  Isocitrate  lyase  and Malate synthase with ligands,  the Isocitrate lyase showed good interaction. The Isocitrate lyase can be considered as the best target to treat the fungal infections caused by Candida albicans.

 These compounds Furanocoumarin Oxypeucedanin hydrate, Nimbin(2), Myristicin and Isoflavone can be considered as lead drug candidates for the fungal diseases, the structure and functional groups of these molecules can be modified or improved via pharmacophore studies for the better interaction with the receptor molecules. Thus, the study has identified novel derivatives of plant source compounds, which can be further probed and validated as antifungal drugs.

Summary & Conclusion



5. SUMMARY AND CONCLUSION

The fungus Candida albicans is part of the normal intestinal flora of mammals but is responsible for most of the fungal infections seen in immunocompromized patients. Candida cells are normally phagocytosed by macrophages and neutrophils, and patients deficient in these immune cells are highly susceptible to systemic candidiasis. The glyoxylate cycle is required for fungal virulence, and was chosen as a novel target.  

 The glyoxylate cycle is a pathway by which two-carbon compounds such as ethanol and acetate may be assimilated into the tricarboxylic acid (TCA) cycle and ultimately incorporated into glucose; it enables growth under conditions where two-carbon compounds are the only available carbon sources. The genes encoding isocitrate lyase, and malate Synthase were identified as essential for virulence in C. albicans. The sequences of the proteins Isocitrate lyase and Malate Synthase were obtained from NCBI and the three dimensional structures for these proteins were modeled using PRIME 2.1. 

The plant-derived antifungal compounds, are Cannabinoids (9 compounds) from Cannabis sativa, Gedunin (7 compounds) and Nimbin (2 compounds) from Azadirachta indica, Myristicin (1 compound), Elemicin (1 compound), Isoelemicin (1 compound), Oxypeucedanin (1 compound) and Furanocoumarin Oxypeucedanin hydrate (1 compound) from Diplolophium buchanani, chromone(1 compound),  Flavanones (2 compounds) and isoflavone(1 compound) from Eriosema tuberosum, Xanthones (3 compounds) and y-pyrone hyperbrasilone(1 compound) from Hypericum brasiliense, were chosen as the small molecule compounds or ligands.

The results of the present study suggest that the compounds cannabinoid (9), Gedunin (7), Nimbin (2), Furanocoumarin oxypeucedanin hydrate, Isoflavone, xanthone, Cannabinoid (2), Myristicin act as  potent inhibitors based on Glide energy and Glide score. Among these compounds Cannabinoids (9), Gedunin (7), Nimbin (2), Furanocoumarin oxypeucedanin hydrate, Isoflavone and xanthone were found to possess good interactions with Isocitrate lyase and Cannabinoid (2), Myristicin and Isoflavone possess good interactions with Malate synthase.

The results of ADME properties of these compounds predicted that they posses drugable properties and further studies on the these small molecule compounds can be carried out by modifying the functional groups of these compounds to obtain better interactions with the target proteins. 
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