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Introduction


1. INTRODUCTION
Bioinformatics is the application of computer technology to the management of biological information. Computers are used to gather, store, analyze and integrate biological and genetic information, which can then be applied to gene-based drug discovery and development. The need for Bioinformatics capabilities has been precipitated by the explosion of publicly available genomic information resulting from the Human Genome Project. Bioinformatics is the analysis of biological information using computers and statistical techniques; the science of developing and utilizing computer databases and algorithms to accelerate and enhance biological research. Bioinformatics is more of a tool than a discipline, the tools for analysis of Biological Data. 

"Bioinformatics is the field of science in which biology, computer science, and information technologies merge into a single discipline. There are three important sub-disciplines within bioinformatics the development of new algorithms and statistics with which to assess relationships among members of large data sets; the analysis and interpretation of various types of data including nucleotide and amino acid sequences, protein domains, and protein structures and the development and implementation of tools that enable efficient access. Specifically, it is the science of developing computer databases and algorithms to facilitate and expedite biological research. Bioinformatics is being used largely in the field of human genome research by the Human Genome Project that has been determining the sequence of the entire human genome (about 3 billion base pairs) and is essential in using genomic information to understand diseases. It is also used largely for the identification of new molecular targets for drug discovery.

1.1 AIM OF BIOINFORMATICS

The aims of bioinformatics are three-fold. First, at its simplest bioinformatics organizes data in a way that allows researchers to access existing information and to submit new entries as they are produced, e.g. the Protein Data Bank for 3D macromolecular structures (6, 7). While data-curation is an essential task, the information stored in these databases is essentially useless until analyzed. Thus the purpose of bioinformatics extends far beyond mere volume control. The second aim is to develop tools and resources that aid in the analysis of data. For example, having sequenced a particular protein, it is of interest to compare it with previously characterized sequences. This requires more than just a straightforward database search. As such, programs such as FASTA (8) and PSI-BLAST (9) must consider what constitutes a biologically significant resemblance. Development of such resources requires extensive knowledge of computational theory, as well as a thorough understanding of biology. The third aim is to use these tools to analyze the data and interpret the results in a biologically meaningful manner. Traditionally, biological studies examined individual systems in detail, and frequently compared those with a few that are related. In bioinformatics, we can also conduct global analyses of all the available data with the aim of uncovering common principles that apply across many systems and highlight features that are unique to some.
In this review, we provide an introduction to bioinformatics. We focus on the first and third aims just described, with particular reference to the keywords underlined in the definition: information, informatics, organization, understanding, large-scale and practical applications. Specifically, we discuss the range of data that are currently being examined, the databases into which they are organized, the types of analyses that are being conducted using transcription regulatory systems as an example, and finally discuss some of the major practical applications of bioinformatics.

1.2 MOLECULAR DOCKING

In the field of molecular modeling, docking is a method which predicts the preferred orientation of one molecule to a second when bound to each other to form a stable complex.[1] Knowledge of the preferred orientation in turn may be used to predict the strength of association or binding affinity between two molecules using for example scoring functions.

The associations between biologically relevant molecules such as proteins, nucleic acids, carbohydrates, and lipids play a central role in signal transduction. Furthermore, the relative orientation of the two interacting partners may affect the type of signal produced (e.g., agonism vs antagonism). Therefore docking is useful for predicting both the strength and type of signal produced.

Docking is frequently used to predict the binding orientation of small molecule drug candidates to their protein targets in order to in turn predict the affinity and activity of the small molecule. Hence docking plays an important role in the rational design of drugs.[2] Given the biological and pharmaceutical significance of molecular docking, considerable efforts have been directed towards improving the methods used to predict docking.
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Fig 1: Figure illustrating the docking of a small molecule ligand (brown) to a protein receptor (green) to produce a complex.
Molecular docking is a key tool in structural molecular biology and computer-assisted drug design. The goal of ligand-protein docking is to predict the predominant binding mode(s) of a ligand with a protein of known three-dimensional structure. Successful docking methods search high-dimensional spaces effectively and use a scoring function that correctly ranks candidate dockings. Docking can be used to perform virtual screening on large libraries of compounds, rank the results, and propose structural hypotheses of how the ligands inhibit the target, which is invaluable in lead optimization. The setting up of the input structures for the docking is just as important as the docking itself, and analyzing the results of stochastic search methods can sometimes be unclear. This chapter discusses the background and theory of molecular docking software, and covers the usage of some of the most-cited docking software. 

1.2.1 DOCKING GLOSSARY

Receptor or host: The “receiving” molecule, most commonly a protein or other biopolymer.

Ligands or guest: The complementary partner molecule, which binds to the receptor. Ligands are most often small molecules but could also be another biopolymer.

Docking: Computational simulation of a candidate ligand binding to a receptor.

Binding mode: The orientation of the ligand relative to the receptor as well as the conformation of the ligand and receptor when bound to each other.

Pose: A candidate-binding mode.

Scoring: The process of evaluating a particular pose by counting the number of favorable intermolecular interactions such as hydrogen bonds and hydrophobic contacts.

          

                   FIG 2: Figure representing Small molecules docked to a Protein

Ranking: The process of classifying which ligands are most likely to interact favorably to a particular receptor based on the predicted free- energy of binding.

1.2.2 MECHANICS OF DOCKING
To perform a docking screen, the first requirement is a structure of the protein of interest. Usually the structure has been determined using a biophysical technique such as x-ray crystallography, or less often, NMR spectroscopy. This protein structure and a database of potential ligands serve as inputs to a docking program. The success of a docking program depends on two components: the search algorithm and the scoring function.

Search algorithm: The search space consists of all possible orientations and conformations of the protein paired with the ligand. With present computing resources, it is impossible to exhaustively explore the search space-this would involve enumerating all possible distortions of each molecule (molecules are dynamic and exist in an ensemble of conformational states) and all possible rotational and translational orientations of the ligand relative to the protein at a given level of granularity. Most docking programs in use account for a flexible ligand, and several are attempting to model a flexible protein receptor. Each "snapshot" of the pair is referred to as a pose. 

There are many strategies for sampling the search space.

 Here are some examples:

· Use a coarse-grained molecular dynamics simulation to propose energetically reasonable poses

· Use a "linear combination" of multiple structures determined for the same protein to emulate receptor flexibility

· Use a genetic algorithm to "evolve" new poses that are successively more and more likely to represent favorable binding interactions.
Scoring function: The scoring function takes a pose as input and returns a number indicating the likelihood that the pose represents a favorable binding interaction.

Most scoring functions are physics-based molecular mechanics force fields that estimate the energy of the pose; a low (negative) energy indicates a stable system and thus a likely binding interaction. An alternative approach is to derive a statistical potential for interactions from a large database of protein-ligand complexes, such as the Protein Data Bank, and evaluate the fit of the pose according to this inferred potential.

There are a large number of structures from X-ray crystallography for complexes between proteins and high affinity ligands, but comparatively fewer for low affinity ligands as the later complexes tend to be less stable and therefore more difficult to crystallize. Scoring functions trained with this data can dock high affinity ligands correctly, but they will also give plausible docked conformations for ligands that do not bind. This gives a large number of false positive hits, i.e., ligands predicted to bind to the protein that actually doesn’t when placed together in a test tube.

One way to reduce the number of false positives is to recalculate the energy of the top scoring poses using (potentially) more accurate but computationally more intensive techniques such as Generalized Born or Poisson-Boltzmann methods.

1.3 TYPES OF INTERACTIONS:
1.3.1 Protein-Protein Docking Interactions

 Protein-protein interactions occur between two proteins that are similar in size. The interface between the two molecules tends to be flatter and smoother than those in protein-ligand interactions. Protein-Protein interactions are usually more rigid; the interfaces of these interactions do not have the ability to alter their conformation in order to improve binding and ease movement. Conformational changes are limited by steric constraints and thus are said to be rigid.

1.3.2 Protein Receptor-Ligand Docking

 Also known as the molecular docking technique, protein receptor-ligand docking is used to check the structure, position, and orientation of a protein when it interacts with small molecules like ligand. Protein receptor-ligand motifs fit together tightly, and often referred to as a lock and key mechanism. There is both high specificity and induced fit within these interfaces with specificity increasing with rigidity. 

(a) Rigid Ligand with a Flexible Receptor:

            The native structure of the rigid ligand flexible receptor often maximizes the interface area between the molecules. They move within respect to one another in a perpendicular direction in respect to the interface.  This allows for binding of a receptor with a larger than usual ligand. Normally when there is ligand overlap in the docking interface, energy penalties incur. If the van der Waals forces can be decreased, energy loss in the system will be minimized. This can be accomplished by allowing flexibility in the receptor. Flexible receptors allow for docking of a larger ligand than would be allowed for with a rigid receptor.

(b) Flexible Ligand with a Rigid Receptor:

             When the fit between the ligand and receptor does not need to be induced, the receptor can retain its rigidity while maintaining the free energy of the system. For successful docking, the parameters of the ligand need to be constant and the ligand must be slightly smaller in size than that of the receptor interface. No docking is completely rigid though there is intrinsic movement, which allows for small conformational adaptation for ligand binding. When the six degrees of freedom for protein movement are taken into consideration, the amount of inherent flexibility allowed by the receptor is even greater. This further offsets any energy penalty between the receptor and ligand, allowing for easier, more energetically favorable binding between the two.

 1.4 APPLICATIONS:

A binding interaction between a small molecule ligand and an enzyme protein may result in activation or inhibition of the enzyme. If the protein is a receptor, ligand binding may result in agonist or antagonism. Docking is most commonly used in the field of drug design — most drugs are small organic molecules, and docking may be applied to:
· Hit Identification – docking combined with a scoring function can be used to quickly screen large databases of potential drugs .Insilco to identify molecules that are likely to bind to protein target of interest (see virtual screening).

· Lead optimization – docking can be used to predict in where and in which relative orientation a ligand binds to a protein (also referred to as the binding mode or pose). This information may in turn be used to design more potent and selective analogs.

· Bioremediation – Protein ligand docking can also be used to predict pollutants that can be degraded by enzymes.

1.5 ACCELRYS – DISCOVERY STUDIO 2.1:

Accelrys was a software company headquartered in the US, with representation in Europe and Japan. It had provided software for chemical research, especially in the areas of drug discovery and material science. Accelrys was started in 2001 from the fusion of five companies: Molecular Simulations Inc, (MSI), Synopsys Scientific Systems, Oxford Molecular, the Genetics Computer Group (GCG), and Synomics Ltd. In 2004, Accelrys acquired SciTegic, producer of the Pipeline Pilot software. Accelrys manages a Nanotechnology Consortium producing software tools for rational nanodesign.
· Pipeline Pilot, a program that served as the connection of multiple pieces of software from different vendors, thus building a “pipeline”.

· Accord, a Cheminformatics platform.

· Materials Studio, a suite of programs for material science.
· Discovery Studio, a suite of programs for life sciences.
             Commercial versions of otherwise academically licensed programs:

· Charmm

· Modeller

 Commercial- grade graphics visualization was available for free to all academic, government and commercial researchers through Discovery Studio (DS) Visualizer. With DS Visualizer, you can visualize and share molecular information in a clear and consistent way, and in a wide variety of industry-standard formats. You can also create high quality graphics. DS Visualizer runs on Windows 2000, XP and Vista, Red Hat Enterprise Linux versions 3, 4 & 5 and SUSE Enterprise Linux 10.

              Included with DS Visualizer, the DS Visualizer ActiveX Control was a molecular viewer that provides interactive 3D visualization. Insert the ActiveX Control into Microsoft PowerPoint and Internet Explorer for impressive interactive graphical presentation of your molecular structures.

1.6 Receptor-Ligand Interactions:

         The interactions between a receptor and a ligand were fundamental to drug discovery. Discovery Studio provided a set of methods for predicting and analyzing the interactions between protein receptors and ligands. These methods allowed us to carry out structure-based design, or even to examine possible interactions with theoretical structures such as homology models. A common technique central to receptor-ligand interactions was docking.

         Discovery Studio provided several docking methods as well as a rich graphical interface to third-party docking tools such as GOLD. Discovery Studio also has included several methods applicable to fragment-based design such as the De Novo protocols. Analysis of hypothetical poses was also possible via a series of scoring functions, hydrogen bonds and bumps, and high level physics-based scoring methods to predict binding energies.

1.7 DockLigands (Ligandfit):
                The Dock Ligands (Ligandfit) protocol in Discovery Studio had three stages:

· Docking: During Docking, an attempt was made to dock a ligand or series of    ligands in to a user defined binding site.

· In-situ Ligand Minimization: In this stage, the ligands may be energy minimized in the presence of a fixed or partially flexible receptor.

· Scoring: During scoring, various scoring functions may be applied to ligands. 

· The Dock Ligands (Ligand fit) protocol had allowed us to combine docking, minimization, and scoring in one protocol run. Groups of parameters had allowed us to control the three phases of the protocol: docking, minimization, and scoring.

1.8 ACETYL COA CARBOXYLASE
Acetyl-CoA carboxylase (ACC) catalyzes the biotin-dependent carboxylation of acetyl-CoA to produce malonyl-CoA. This is the first and the committed step in the biosynthesis of long-chain fatty acids. At the same time, a second isoform of ACC, ACC2, is associated with the mitochondrial membrane and produces malonyl-CoA that regulates fatty acid oxidation by potently inhibiting the carnitine palmitoyltransferases (CPT-Is). 
Mice that are deficient in ACC2 have elevated fatty acid oxidation and reduced body fat content and body weight, despite consuming more food. Therefore, inhibitors against ACCs might be efficacious for the treatment of obesity and diabetes (metabolic syndrome). 

ACCs are multi-subunit enzymes in prokaryotes, whereas most eukaryotic ACCs are multi-domain enzymes. The biotin carboxylase (BC) domain catalyzes the first step of the reaction: the carboxylation of the biotin prosthetic group that is covalently linked to the biotin carboxyl carrier protein (BCCP) domain. In the second step of the reaction, the carboxyltransferase (CT) domain catalyzes the transfer of the carboxyl group from (carboxy) biotin to acetyl-CoA. 

Some commercial herbicides kill plants by inhibiting the CT domain of their plastid ACC and thereby shutting down fatty acid biosynthesis. More recently, CP-640186 has been reported by Pfizer as a potent inhibitor of both isoforms of mammalian ACCs. Other potent inhibitors of mammalian ACCs have also been reported, some with significant selectivity between the two isoforms. 

Soraphen A, a macrocyclic polypetide natural product, is a nanomolar inhibitor of the BC domain of eukaryotic ACCs, but it has no activity against the bacterial BC subunits. While structures of the E. coli BC and BCCP subunits had been reported, no structural information was available for the CT domain. The CT domain shares no recognizable amino acid sequence homology to other proteins in the database. 

1.8.1 ACC REACTION 

ACC was discovered by SalihWakil and his co-workers in the late 1950s and is one of a family of biotin-dependent enzymes with related structural and catalytic properties [4, 5]. Biotin is covalently attached, by holo-carboxylase synthetase, to the ε- amino group of a critical lysine residue of apo-ACC and acts as a carboxyl ‘carrier’ in the two-step ACC reaction [6]. The first partial reaction (I) is ATP-dependent and occurs at the biotin carboxylase active site, forming carboxy-biotinyl- ACC. In the second partial reaction (II), the carboxy group is transferred from biotin to acetyl-CoA, generating malonyl- CoA:

ATP + bicarbonate + biotinyl-ACC → ADP + Pi + carboxy-biotinyl-ACC (Reaction I)

Carboxy-biotinyl-ACC + acetyl-CoA→ biotinyl-ACC + malonyl-CoA (Reaction II)

The malonyl-CoA produced by ACC is an essential substrate for fatty acid synthase, notably in fat, liver and lactating mammary gland. Malonyl-CoA is also required by chain elongation systems of the endoplasmic reticulum in many tissues, with fatty acids _C20 having many important functions in the form of eicosanoids and glyco-, sphingo- and glycerolipids [7]. Malonyl-CoA also contributes to the regulation of fatty acid oxidation by inhibiting CPT-I (carnitine palmitoyl- CoA transferase-I), thereby co-coordinating the rates of hepatic fatty acid synthesis, β-oxidation and ketogenesis [8]. Generation of malonyl-CoA is also significant in the regulation of fatty acid oxidation in rodent heart and skeletal muscle, although the importance of malonyl-CoA in human skeletal muscle in vivo has been debated, because in some studies the rates of β-oxidation correlated poorly with total tissue concentrations of malonyl-CoA, while in other studies exercise did induce AMPK (AMP-activated protein kinase) activation and ACC phosphorylation in skeletal muscle [9–12]. On balance, these studies provide evidence that ACC activation may provide a powerful mechanism to contribute to the glucose–fatty acid cycle, controlling the relative contributions of lipids and carbohydrates to energy metabolism. Debate also continues concerning the possibility that malonyl- CoA may play a role in nutrient-induced insulin secretion in pancreatic β-cells [13]. For a variety of reasons, defining the key properties of ACC is therefore important in understanding the overall control of energy metabolism

1.8.2 ACC STRUCTURE AND ISOFORM 

The structure of ACC is remarkable in several respects and hints at the complexity of its regulatory properties. The catalytic centres and biotin prosthetic group of prokaryotic carboxylases are generally located on separate polypeptides encoded by distinct genes, whereas multifunctional ACC polypeptides have emerged in yeast, animals and higher plants, including two major animal isoforms designated ACC-1 and ACC-2 [6, 14, and 15]. ACC-1 subunits have a predicted mass of 265 kDa and form tightly associated dimers with low catalytic activity that can further associate in vitro into highly active filamentous polymers, up to 4000A° in length (1A°=0.1 nm) [6,16]. ACC dimers and polymers also exist in equilibrium physiologically, the proportion of active polymers being rapidly increased in fat and liver cells exposed to insulin and decreased under catabolic conditions [17]. ACC-2 was first discovered in rat heart [18] and the subunits (280 kda) are larger than those of ACC-1, mostly due to an N-terminal extension; however, as first shown by peptide mass fingerprint analysis, the two isoforms show many additional differences [19]. The N-terminal sequence of ACC-2 contains a potential mitochondrial targeting motif and, although ACC-2 is recovered in cytosolic fractions following cell homogenization, the expressed N-terminal domain appears to co-localize with mitochondria in intact cells [20], an observation that is supported by the distinct functions ascribed on the basis of gene knockouts [2,3,21]. In addition to the major ACC-1 and ACC-2 isoforms, variants of both isoforms have been detected that differ in the presence or absence of specific sequences [15]. Three-dimensional structures have been reported for the biotin carboxylase and biotin carboxyl carrier protein of Escherichia coli [22, 23] and for a eukaryotic carboxyltransferase domain [24]. The structure of intact mammalian ACC has not yet been solved, largely because of problems in expressing and purifying sufficient protein. At a higher level of organization, it is possible that ACC may exist in a complex with other proteins and the evidence for this concept is described in more detail below.

1.8.3 FUNCTION
In muscle cells, the function of ACC is to regulate the metabolism of fatty acids. When the enzyme is active, the product, malonyl-CoA is produced and inhibits the transfer of the fatty acyl group from acyl CoA to carnitine with carnitine acyltransferase, which inhibits the beta-oxidation of fatty acids in the mitochondria.
1.8.4 REGULATION OF ACETYL COA CARBOXYLASE 

Acetyl-CoA carboxylase (ACC) catalyses the formation of malonyl-CoA, an essential substrate for fatty acid synthesis in lipogenic tissues and a key regulatory molecule in muscle, brain and other tissues. ACC contributes importantly to the overall control of energy metabolism and has provided an important model to explore mechanisms of enzyme control and hormone action. Mammalian ACCs are multifunctional dimeric proteins (530–560 kDa) with the potential to further polymerize and engage in multiprotein complexes. The enzymatic properties of ACC are complex, especially considering the two active sites, essential catalytic biotin, the three-substrate reaction and effects of allosteric ligands. The expression of the two major isoforms and splice variants of mammalian ACC is tissue-specific and responsive to hormones and nutritional status. Key regulatory elements and cognate transcription factors are still being defined. ACC specific activity is also rapidly modulated, being increased in response to insulin and decreased following exposure of cells to catabolic hormones or environmental stress. The acute control of ACC activity is the product of integrated changes in substrate supply, allosteric ligands, the phosphorylation of multiple serine residues and interactions with other proteins. This review traces the path and implications studies initiated with Dick Denton in Bristol in the late 1970s, through to current proteomic and other approaches that have been consistently. Inhibition of acetyl-CoA carboxylase (ACC) may prevent lipid-induced insulin resistance and type 2 diabetes, making the enzyme an attractive pharmaceutical target.

1.9 MECHANISM

The overall reaction of ACAC (A, B) proceeds by a two-step mechanism.[5] The first reaction is carried out by BC and involves the ATP-dependent carboxylation of biotin with bicarbonate serving as the source of CO2. The carboxyl group is transferred from biotin to acetyl CoA to form malonyl CoA in the second reaction, which is catalyzed by CT.
Review of Literature


2. REVIEW OF LITERATURE

(Sugimoto Y  et al.,2001) To identify the novel inhibitor of de novo lipogenesis in hepatocytes, we screened for inhibitory activity of triglyceride (TG) synthesis using [14C] acetate in the human hepatoma cell line, HepG2. Using this assay system we discovered the novel compound, benzofuranyl alpha-pyrone (TEI-B00422). TEI-B00422 also inhibited the incorporation of acetate into the triglyceride (TG) fraction in rat primary hepatocytes. In HepG2 cells, the incorporation of oleate into TG was unaffected. TEI-B00422 inhibited rat hepatic acetyl-CoA carboxylase (ACC), K (i) =3.3 microM, in a competitive manner with respect to acety-CoA but not fatty acid synthase and acyl-CoA transferase/diacylglycerol. Thus, these results suggest that the inhibition of TG synthesis by TEI-B00422 is based on the inhibitory action of ACC. The structure of TEI-B00422 is totally different from the known inhibitors of ACC and may be useful in the development of therapeutic agents to combat a number of metabolic disorders.
            (Jacob seco et al., 1987) Acetyl-coenzyme A (CoA) carboxylase from maize (Zea mays L.) is inhibited by nanomolar concentradons of both haloxyfop, an aryloxyphenoxypropionate,ad tralkoxydim, a cyclohexanedione herbicide. These results suggest that acetyl-CoA carboxylase, which catalyzes the first committed step in fatty acid biosynthesis, may be the target of these herbicides, contrary to an earlier report su ng that aryloxyphenoxypropionate herbicides do not inhibit acetyl-CoA carboxylase Inhibition of ACCase Activity:- ACCase activity was inhibited by about 40% in the presence of 1 ,uM haloxyfop or tralkoxydim. Diclofop showed a greater inhibition (data not shown).With the exception of the S(-) enantiomer of haloxyfop, the compounds inhibited maize ACCase activity in concentrationdependent manner 

(Zhang H et al., 2009) Acetyl-CoA carboxylases (ACCs) are crucial metabolic enzymes and are attractive targets for drug discovery. Haloxyfop and tepraloxydim belong to two distinct classes of commercial herbicides and kill sensitive plants by inhibiting the carboxyltransferase (CT) activity of ACC. Our earlier structural studies showed that haloxyfop is bound near the active site of the CT domain, at the interface of its dimer, and a large conformational change in the dimer interface is required for haloxyfop binding. We report here the crystal structure at 2.3 Å resolution of the CT domain of yeast ACC in complex with tepraloxydim. The compound has a different mechanism of inhibiting the CT activity compared to haloxyfop, as well as the mammalian ACC inhibitor CP-640186. Tepraloxydim probes a different region of the dimer interface and requires only small but important conformational changes in the enzyme, in contrast to haloxyfop. The binding mode of tepraloxydim explains the structure-activity relationship of these inhibitors, and provides a molecular basis for their distinct sensitivity to some of the resistance mutations, as compared to haloxyfop. Despite the chemical diversity between haloxyfop and tepraloxydim, the compounds do share two binding interactions to the enzyme, whichmaybe important anchoring points for the development of ACC inhibitors.
 
(H. James Harwood et al., 2003) Inhibition of acetyl-CoA carboxylase (ACC), with its resultant inhibition of fatty acid synthesis and stimulation of fatty acid oxidation, has the potential to favorably affect the multitude of cardiovascular risk factors associated with the metabolic syndrome. To achieve maximal effectiveness, an ACC inhibitor should inhibit both the lipogenic tissue isozyme (ACC1) and the oxidative tissue isozyme (ACC2). Herein, we describe the biochemical and acute   physiological   properties of   CP- 610431, an isozyme-nonselective ACC inhibitor identified through high throughput inhibition screening, and CP-640186, an analog with improved metabolic stability.      CP-610431 inhibited ACC1 and ACC2 with IC50s of _50 nM. Inhibition was reversible, uncompetitive with respect to ATP, and non-competitive with respect to bicarbonate, acetyl-CoA, and citrate, indicating interaction with the enzymatic carboxyl transfer reaction. Thus, in addition to inhibition of fatty acid synthesis, reduction in malonyl-CoA levels through ACC inhibition may provide a mechanism for increasing fatty acid utilization that may reduce TG-rich lipoprotein secretion (very low density lipoprotein) by the liver, alter insulin secretion by the pancreas, and improve insulin sensitivity in liver, skeletal muscle, and adipose tissue. Additionally, by increasing fatty acid utilization and by preventing increases in de novo fatty acid synthesis, Inhibition of ACC1 and ACC2 by CP-497485 and Its REnantiomer, CP-610431.In mammals, ACC exists as two tissue-specific isozymes, a 265-kDa isozyme (ACC1) present in lipogenic tissues such as liver and adipose tissue and a second 280-kDa isozyme (ACC2) present in oxidative tissues such as liver, skeletal muscle, and cardiac muscle (15, 29–33). Using antibodies specific for ACC1 and ACC2, exclusivity of ACC1 in rat adipose tissue, ACC2 in rat heart, ACC2 in rat skeletal muscle, and the presence of both isozymes in an 85:15 ratio in fasted, high sucrose diet-refed rat liver was demonstrated by immunoblotting after PAGE. As shown in Fig. 1, CP-497485 inhibited ACC activity partially purified from liver, heart, skeletal muscle, and adipose tissue with IC50 values of 120, 90, 150,and     80 nM, respectively, indicating a lack of isozyme specificity for the compound.

(Davies SP et al., (1988)) have sequenced two tryptic/chymotryptic peptides (TC3 and TC3a) containing a third site phosphorylated on rat acetyl-CoA carboxylase by the AMP-activated protein kinase. Comparison with the complete sequence of rat acetyl-CoA carboxylase predicted from the cDNA sequence (López-Casillas et al., (1988) Proc. Natl Acad. Sci. USA 85, 5784-5788) shows that this site corresponds to Ser1215. Comparison of the cDNA sequence with previous amino acid sequence data identifies the other two sites for the AMP-activated protein kinase as Ser79 and Ser1200. A total of eight serine residues phosphorylated in vitro by six protein kinases can now be identified: six of these (Ser23, Ser25, Ser29, Ser77, Ser79 and Ser95) are clustered in the amino terminal region, while two (Ser1200 and Ser1215) are located in the central region. Prior phosphorylation of Ser77 and Ser1200 by cyclic-AMP dependent protein kinase prevents subsequent phosphorylation of Ser79 and Ser1200, but not Ser1215, by the AMP-activated protein kinase. Phosphorylation of Ser1215 under these conditions is not associated with a change in enzyme activity. Limited trypsin treatment of native acetyl-CoA carboxylase selectively cleaves off the highly phosphorylated amino-terminal region containing Ser79.  Phosphorylation at Ser79 and Ser1200 by the AMP-activated protein kinase dramatically decreases Vmax and increases the A0.5 for citrate. Phosphorylation at Ser77 and Ser1200 by cyclic-AMP-dependent protein kinase causes more modest changes in the A0.5 for citrate and the Vmax. Dephosphorylation, or removal of the amino-terminal region containing Ser77/79 using trypsin, reverses all of these effects.  These results suggest that the effects of the AMP-activated protein kinase on acetyl-CoA carboxylase activity are mediated entirely by phosphorylation of Ser79, and not Ser1200 and Ser1215. The smaller effects of cyclic-AMP-dependent protein kinase are mediated by phosphorylation of Ser77.

(Zhu XL et al., (2005)) Acetyl-coenzyme A carboxylase (ACCase) has been identified as one of the most important targets of herbicides. In the present study, we constructed homology models of the carboxyl-transferase (CT) domain of ACCase from sensitive and resistant foxtail and used these models as templates to study the molecular mechanism of herbicide resistance and stereochemistry-activity relationships of aryloxy phenoxypropionates (APPs). In the homology modeling structures, the dimer of the CT domain was formed by the side-to-side arrangement of the two monomers, in such a way that the N domain of one molecule is placed next to the C domain of the other. The dimeric association of sensitive foxtail CT was found to differ from that of resistant foxtail CT, and the spatial orientation of two key residues, Leu-695 and Ile-695, in these dimers also differed. The mutation of Ile to Leu may perturb the conformation of the dimeric interface, which may account for the molecular mechanism of herbicide resistance. Further docking analysis indicated that the binding model of high-active compounds is similar to that in the crystal structure of the enzyme-ligand complex. The different spatial orientations of ester groups of the isomers of APPs may explain the stereochemistry-activity relationship. Ser-698 formed a H-bonding interaction with all of the docked ligands, while Tyr-728 formed a pi-pi stacking interaction with some of the APPs. These findings may enhance our understanding of the molecular mechanism of herbicide resistance and stereochemistry-activity relationships, which may provide a new starting point for the identification of more potent inhibitors against both sensitive and resistant ACCase.

(Ting-Wan Lin et al., 2006) Mycolic acids and multimethyl-branched fatty acids are found uniquely in the cell envelope of pathogenic mycobacteria. These unusually long fatty acids are essential for the survival, virulence, and antibiotic resistance of Mycobacterium tuberculosis. Acyl-CoA carboxylases (ACCases) commit acyl-CoAs to the biosynthesis of these unique fatty acids. Unlike other organisms such as Escherichia coli or humans that have only one or two ACCases, M. tuberculosis contains six ACCase carboxyltransferase domains, AccD1–6, whose specific roles in the pathogen are not well defined. Previous studies indicate that AccD4, AccD5, and AccD6 are important for cell envelope lipid biosynthesis and that its disruption leads to pathogen death. We have determined the 2.9-Å crystal structure of AccD5, whose sequence, structure, and active site are highly conserved with respect to the carboxyltransferase domain of the Streptomyces coelicolor propionyl-CoA carboxylase. Contrary to the previous proposal that AccD4–5 accept long-chain acyl-CoAs as their substrates, both crystal structure and kinetic assay indicate that AccD5 prefers propionyl-CoA as its substrate and produces methylmalonyl-CoA, the substrate for the biosyntheses of multimethyl-branched fatty acids such as mycocerosic, phthioceranic, hydroxyphthioceranic, mycosanoic, and mycolipenic acids. Extensive in silico screening of National Cancer Institute compounds and the University of California, Irvine, ChemDB database resulted in the identification of one inhibitor with a K i of 13.1 μM. Our results pave the way toward understanding the biological roles of key ACCases that commit acyl-CoAs to the biosynthesis of cell envelope fatty acids, in addition to providing a target for structure-based development of anti tuberculosis therapeutics. 

(Daniel G. Kurth et al., 2003) Mycolic acids are essential for the survival, virulence and antibiotic resistance of the human pathogen Mycobacterium tuberculosis. Inhibitors of mycolic acid biosynthesis, such as isoniazid and ethionamide, have been used as efficient drugs for the treatment of tuberculosis. However, the increase in cases of multidrug-resistant tuberculosis has prompted a search for new targets and agents that could also affect synthesis of mycolic acids. In mycobacteria, the acyl-CoA carboxylases (ACCases) provide the building blocks for de novo fatty acid biosynthesis by fatty acid synthase (FAS) I and for the elongation of FAS I products by the FAS II complex to produce meromycolic acids. By generating a conditional mutant in the accD6 gene of Mycobacterium smegmatis, we demonstrated that AccD6 is the essential carboxyltransferase component of the ACCase 6 enzyme complex implicated in the biosynthesis of malonyl-CoA, the substrate of the two FAS enzymes of Mycobacterium species. Based on the conserved structure of the AccD5 and AccD6 active sites we screened several inhibitors of AccD5 as potential inhibitors of AccD6 and found that the ligand NCI-172033 was capable of inhibiting AccD6 with an IC50 of 8 µM. The compound showed bactericidal activity against several pathogenic Mycobacterium species by producing a strong inhibition of both fatty acid and mycolic acid biosynthesis at minimal inhibitory concentrations. Overexpression of accD6 in M. smegmatis conferred resistance to NCI-172033, confirming AccD6 as the main target of the inhibitor. These results define the biological role of a key ACCase in the biosynthesis of membrane and cell envelope fatty acids, and provide a new target, AccD6, for rational development of novel anti-mycobacterial drugs.

(Christoph Freiberg et al., 2004) The multisubunit acetyl-CoA carboxylase, which catalyzes the first committed step in fatty acid biosynthesis, is broadly conserved among bacteria. Its rate-limiting role in formation of fatty acids makes this enzyme an attractive target for the design of novel broad-spectrum antibacterials. However, no potent inhibitors have been discovered so far. This report describes the identification and characterization of highly potent bacterial acetyl-CoA carboxylase inhibitors with antibacterial activity for the first time. We demonstrate that pseudopeptide pyrrolidine dione antibiotics such as moiramide B inhibit the Escherichia coli enzyme at nanomolar concentrations. Moiramide B targets the carboxyltransferase reaction of this enzyme with a competitive inhibition pattern versus malonyl-CoA (Ki value = 5 nm). Inhibition at nanomolar concentrations of the pyrrolidine diones is also demonstrated using recombinantly expressed carboxyltransferases from other bacterial species (Staphylococcus aureus, Streptococcus pneumoniae, and Pseudomonas aeruginosa).

Dione-resistant strains of E. coli, S. aureus, and Bacillus subtilis, which contain mutations within the carboxyltransferase subunits AccA or AccD. We demonstrate that such mutations confer resistance to pyrrolidine diones. Inhibition values (IC50) of >100 μm regarding a eukaryotic acetyl-CoA carboxylase from rat liver indicate high selectivity of pyrrolidine diones for the bacterial multisubunit enzyme. The natural product moiramide B and synthetic analogues show broad-spectrum antibacterial activity. The knowledge of the target and the availability of facile assays using carboxyltransferases from different pathogens will enable evaluation of the antibacterial potential of the pyrrolidine diones as promising antibacterial compound class acting via a novel mode of action.

(Lautaro Diacovich et al., 2004) Acetyl-CoA carboxylase (ACC) and propionyl-CoA carboxylase (PCC) catalyze the carboxylation of acetyl- and propionyl-CoA to generate malonyl- and methylmalonyl-CoA, respectively. Understanding the substrate specificity of ACC and PCC will (1) help in the development of novel structure-based inhibitors that are potential therapeutics against obesity, cancer, and infectious disease and (2) facilitate bioengineering to provide novel extender units for polyketide biosynthesis. ACC and PCC in Streptomyces coelicolor are multisubunit complexes. The core catalytic β-subunits, PccB and AccB, are 360 kDa homohexamers, catalyzing the transcarboxylation between biotin and acyl-CoAs. Apo and substrate-bound crystal structures of PccB hexamers were determined to 2.0−2.8 Å. The hexamer assembly forms a ring-shaped complex. The hydrophobic, highly conserved biotin-binding pocket was identified for the first time. Biotin and propionyl-CoA bind perpendicular to each other in the active site, where two oxyanion holes were identified. N1 of biotin is proposed to be the active site base. Structure-based mutagenesis at a single residue of PccB and AccB allowed interconversion of the substrate specificity of ACC and PCC. The di-domain, dimeric interaction is crucial for enzyme catalysis, stability, and substrate specificity; these features are also highly conserved among biotin-dependent carboxyltransferases. Our findings enable bioengineering of the acyl-CoA carboxylase (ACCase) substrate specificity to provide novel extender units for the combinatorial biosynthesis of polyketides.

 
(Yukiko Sasaki et al., 2001) RNA editing is an important post-transcriptional process in chloroplasts and is thought to be functionally significant. Here we show a requirement of RNA editing for a functional enzyme. In peas, acetyl-CoA carboxylase (ACCase), a key enzyme of fatty acid synthesis, is composed of biotin carboxylase with the biotin carboxyl carrier protein and carboxyltransferase (CT). CT is composed of the nuclear-encoded α polypeptide and the chloroplast-encoded β polypeptide in peas. One nucleotide of the β polypeptide mRNA, which is edited in pea chloroplasts, converts the serine codon to the leucine codon. We show that this RNA editing is required for functional CT by comparing the unedited and edited recombinant enzymes. In plants not having a leucine codon at the same position, editing was shown to take place so as to create the leucine codon, indicating that editing is needed for in vivo CT activity and therefore for ACCase. To our knowledge, ACCase is an essential enzyme, suggesting that the chloroplast RNA editing is necessary for these plants.

(Hailong Zhang et al., 2004) Acetyl-coenzymeA carboxylases (ACCs) are important targets for the development of therapeutic agents against obesity, diabetes, and other diseases. CP- 640186 is a potent inhibitor of mammalian ACCs and can reduce body weight and improve insulin sensitivity in test animals. It is believed to target the carboxyltransferase (CT) domain of these enzymes Obesity is a serious health problem in both the developed and developing countries (Hill et al., 2003). In the US, 30% of the populations are obese, while another 35% are overweight. Acetyl-coenzymeA carboxylases (ACCs) are for the metabolism of fatty acids and are promising targets for drug development against obesity, diabetes, and other diseases. ACCs catalyze the conversion of acetyl-CoA to malonyl-CoA .The eukaryotic ACCs are large, multi- domain enzymes and contain the biotin carboxylase (BC), biotin carboxyl carrier protein (BCCP), and carboxyltransferase (CT) domains. The BC domain catalyzes the first step of the reaction, carboxylation of biotin group that is covalently linked to BCCP, the CT domain catalyzes the transfer of this activated carboxyl group to the acetyl-CoA substrate. Two isoforms of ACCs are present in mammals. ACC1 a cytosolic enzyme, and it controls the committed step in the biosynthesis of long-chain fatty acids  ACC2 is associated with the outer mem- brane of mitochondria, and its malonyl-CoA product is a potent inhibitor of the transport of long-chain acyl-CoAs for oxidation in the mitochondria. Mice lacking ACC2 have elevated fatty acid oxidation reduced body fat and body weight indicating the important of this enzyme for dry discovery.

(Nasreen ALAM, et al., 1998) concept was originally developed in the context of reciprocal regulation of long-chain fatty acid oxidation and synthesis in the liver. More recently it has emerged that this ACC (malonyl-CoA) CPT system is also involved in fuel sensing and selection in muscle. In skeletal muscle the ACC (malonyl-CoA) CPT system seems to be involved both in ` reverse glucose fatty acid cycle' events and in fuel sensing during contraction or exercise. The content of malonyl-CoA is increased by glucose and insulin in an interdependent fashion in rat soleus muscle and is decreased by fasting in rat quadriceps muscle. Neither of these changes in malonyl-CoA is accompanied by any alteration in the kinetic properties of ACC. The effects of glucose insulin on soleus muscle malonyl-CoA content seem to react the increased provision of acetyl-CoA and citrate, respectively the substrate and the allosteric activator of ACC. In contrast the decrease in malonyl-CoA content in rat skeletal muscle during exercise or during contraction seems to result from the inactivation of ACC through protein phosphorylation by the AMP-activated protein kinase (AMPK). Although inferences about the allosteric activation or inhibition of CPT" within muscle can be drawn from changes in malonyl-CoA, the above studies did not provide any other measurements that might reinforce these inferences. Here we have adopted the approach of combining measurements of malonyl-CoA and of the fatty acyl-CoA substrate and fatty acyl carnitine product of CPT" with measurements of b-oxidation metabolic. These measurements have been made with isolated rat soleus muscle, which can be conveniently incubated.

(Gha Young Lee, et al., 2002) Malonyl-CoA decarboxylase catalyzes the conversion of malonyl-CoA to acetyl-CoA.  Although the metabolic role of this enzyme has not been fully defined, it has been reported that its deficiency is associated with mild mental retardation, seizures, hypotonia, cadiomyopathy, developmental delay, vomiting, hypoglycemia, metabolic acidosis, and malonic aciduria. Here, we isolated a cDNA clone for malonyl CoA decarboxylase from a rat brain cDNA library, expressed it in E. coli, and characterized its biochemical properties. Malonyl-CoA decarboxylase activity  which catalyzes the decarboxylation of malonyl CoA to acetyl CoA, has been observed in a variety of organisms from microbes to mammals. In addition, a pivotal role for malonyl-CoA decarboxylase in mammalian metabolism is suggested by the severe phenotypes of patients who lack this enzyme activity Malonyl-CoA decarboxylase deficiency, also known as malonic aciduria, is a genetic disorder that is characterized by developmental delay, cardiomyopathy, mental retardation, and in its more severe forms, neonatal death. These patients show several phenotypes that are similar to deficiencies in mitochondrial fatty acid oxidation, including diet-induced and infection-induced vomiting, seizures, hypoglycemia, and organic aciduria, as well as cardiomyopathy.

(Yukiko Sasaki, et al., 2001) Acetyl-coA carboxylase (ACCase) catalyses the first committed step of fatty acid synthesis the carboxylation of acetyl coA to malonyl-coA , Two physically distinct types of enzymes are found in nature. Heteromeric accase composed of four subunits is usually found in prokaryotes and homomeric  ACCase  composed of a single large polypeptide is found is eukaryotes most plant have bath forms the heteromeric form in plastids in which de novo fatty acid are synthesized and the homomeric form in cytosol. The plant heteromeric form of ACCase easily dissociates into two components CT and BC containing BCCP and cannot be analyzed by into exchange chromatography although the enzyme can be analyzed by gel filtration this enzyme has been purified by conventional approaches the remaining three subunits BCCP BC and the alpha subunits CT, were identified by sequence similarity with the corresponding E.coli gene using the available CDNA library these gene are nuclear encoded and have a transit peptide that targets the plastids. Thus the plant heteromeric form of ACCase was identified the size of each subunit is larger than that of the bacterial enzyme the role of the extra sequence of plant enzymes in unknown.

(Jun Watanbe, et al., 1997) An aqueons methonal extract from green tea showed patent acetyl-coA carboxylase inhibitory activity. An activity compound was isolated as epigallocatechin gallate by instrument analysis. ACC catalyzes the carboxylation of acetyl coA to form malonyl – coA thus reaction being the rate limiting step of fatty acid biosynthesis. Its activity is regulated by the phosphorylated /dephosphorylated form as well as changes in enzymes quantity ACC inhibitors have the possibility for clinical use with hyperlipidemic or diabetic patient we have started to search for ACC inhibitors in foodstuffs, since daily consumptions of such inhibitors form foods might result in a healthy effect without medicines. Althrough 5(tetradecyloxy)-2-furonic acid (TOFA) 2 tetradecanylglutrate and tetramethyl hexadecanedioic acid are known as ACC inhibitors the compounds do not originate from foodstuffs this paper reports the isolation identification and structure activity relationship for ACC inhibitors from plant foodstuffs and their biological effects or lipid metabolism.
(Yong Soon Cho et al., 2000) Acetyl-CoA carboxylase (ACC) catalyzes the carboxylation of acetyl-CoA to produce malonyl-CoA. In prokaryotes, ACCs are multisubunit enzymes consisting of biotincarboxylase (BC), biotin carboxyl carrier protein (BCCP), and carboxyl transferase (CT) as separate proteins, whereas eurokaryotic ACCs are multidomain enzymes containing the three domains of each catalytic activity within a single polypeptide chain in order of BC,BCCP, and CT domain.1 The BC domain catalyzes the ATP-dependent carboxylation of the biotin moiety incorporated in the BCCP domain and the CT domain transfers the carboxyl group from the biotin moiety to acetyl- CoA to produce malonyl Co-A.2 Mammalian ACC exists as two tissue-specific isozymes: ACC1 present in lipogenic tissues (liver and adipose) and ACC2 present in oxidative tissues (liver, heart and skeletal muscle). The reduced level of malonyl-CoA caused continuous fatty acid oxidation and reduced body fat and body weight of the mice, in spite of more food consumption. In addition, these animals were protected against diabetes and obesity induced by high-fat/high-carbohydrate diets. These observations suggest that ACC2 inhibitors may be potential therapeutic agents for the treatment of obesity, diabetes, and metabolic syndrome.12–15 In mammals, ACC activities of both isoforms are known to be controlled by AMP-activated protein kinase (AMPK). ACCs are phosphoproteins and their regulation by reversible phosphorylation is crucial to the control of fatty acid synthesis and oxidation.

(Chung-Kyung Lee et al., 2008) Acetyl-CoA carboxylase (ACC) catalyzes the first step in fatty acid biosynthesis: the synthesis of malonyl-CoA from acetyl-CoA. As essential regulators of fatty acid biosynthesis and metabolism, ACCs are regarded as therapeutic targets for the treatment of metabolic diseases such as obesity. In ACC, the biotinoyl domain performs a critical function by transferring an activated carboxyl group from the biotin carboxylase domain to the carboxyl transferase domain, followed by carboxyl transfer to malonyl-CoA. Despite the intensive research on this enzyme, only the bacterial and yeast ACC structures are currently available. To explore the mechanism of ACC holoenzyme function, we determined the structure of the biotinoyl domain of human ACC2 and analyzed its characteristics and interaction with the biotin ligase, BirA using NMR spectroscopy. The 3D structure of the hACC2 biotinoyl domain has a similar folding topology to the earlier determined domains from E. coli and P. shermanii. However, the local structures near the biotinylation sites have notable differences that include the geometry of the consensus “Met-Lys-Met” (MKM) motif and the absence of  “thumb”structure in the hACC2 biotinoyl domain. Observations of the NMR signals upon the biotinylation indicate that the biotin group of hACC2 does not affect the structure of the biotinoyl domain, while the biotin group for E. coli ACC interacts directly with the thumb residues that are not present in the hACC2 structure. These results imply that, in the E. coli ACC reaction, the biotin moiety carrying the carboxyl group from BC to CT can pause at the thumb of the BCCP domain. The human biotinoyl domain, however, lacks the thumb structure and does not have additional non-covalent interactions with the biotin moiety; thus, the flexible motion of the biotinylated lysine residue must underlie the “swinging arm” motion. The chemical shift perturbation and the cross saturation experiments of the human ACC2 holo-biotinoyl upon the addition of the biotin ligase (BirA) showed the interaction surface near the MKM motif, the two glutamic acids (Glu 926, Glu 953), and the positively charged residues (several lysine and arginine residues). This study provides insight into the mechanism of ACC holoenzyme function and supports the swinging arm model in human ACCs.

(Dong Cheng, et al., 2007) Acetyl coenzyme A (acetyl-CoA) carboxylase isozyme 1 (ACC1) and acetyl-CoA carboxylase isozyme 2 (ACC2) are critical for de novo fatty acid synthesis and for the regulation of β-oxidation. Emerging evidence indicates that one or both isozymes might be therapeutic targets for the treatment of obesity, type 2 diabetes, and dyslipidemia. One of the major obstacles in the field is the lack of readily-available source of recombinant human ACC enzymes to support systematic drug discovery efforts. Here, we describe an efficient and optimal protocol for expressing and isolating recombinant mammalian ACCs with high yield and purity. The resultant human ACC2, human ACC1, and rat ACC2 possess high specific activities, are properly biotinylated, and exhibit kinetic parameters very similar to the native ACC enzymes. We believe that the current study paves a road to a systematic approach for drug design revolving around the ACC inhibition mechanism.

(F Lopez-Casillas et al., 1989) Acetyl-CoA carboxylase, the rate-limiting enzyme in the biogenesis of long-chain fatty acids, is regulated by phosphorylation and dephosphorylation. The major phosphorylation sites that affect carboxylase activity and the specific protein kinases responsible for phosphorylation of different sites have been identified. A form of acetyl-CoA carboxylase that is independent of citrate for activity occurs in vivo. This active form of carboxylase becomes citrate-dependent upon phosphorylation under conditions of reduced lipogenesis. Therefore, phosphorylation-dephosphorylation of acetyl-CoA carboxylase is the enzyme's primary short-term regulatory mechanism; this control mechanism together with cellular metabolites such as CoA, citrate, and palmitoyl-CoA serves to fine-tune the synthesis of long-chain fatty acids under different physically cognition.

(Cho et al., 2009) The crystal structures of the biotin carboxylase (BC) domain of human ACC2 phosphorylated by AMP-activated protein kinase (AMPK). The phosphorylated Ser222 binds to the putative dimer interface of BC, disrupting polymerization and providing the molecular mechanism of inactivation by AMPK. We also determined the structure of the human BC domain in complex with soraphen A, a macrocyclic polypeptide natural product. This structure shows that the compound binds to the binding site of phosphorylated Ser222, implying that its inhibition mechanism is the same as that of phosphorylation by AMPK.

Materials and Methods


3. MATERIALS AND METHODS

3.1 PUBCHEM:

PubChem is a database of chemical molecules. The system is maintained by the National Center for Biotechnology Information (NCBI), a component of the National Library of Medicine, which is part of the United States National Institutes of Health (NIH). PubChem can be accessed for free through a web user interface. Millions of compound structures and descriptive datasets can be freely downloaded via FTP
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                                      Fig 3: Home page of PubChem

1. Open the PubChem homepage and input the compound name for example Forskolin in the search box.

2. Get the structures and note the properties of the compound. 

3. Download the structures in required file format.

3.2 SMILES









               The simplified molecular input line entry specification or SMILES is a specification for unambiguously describing the structure of chemical molecules using short ASCII strings. SMILES strings can be imported by most molecule editors for conversions back into two-dimensional drawing or three -dimensional models of the molecules.

3.3CHEMSKETCH                                                                                                            Chemsketch is designed to be used on its own for drawing chemical structures, reactions, schematic diagrams or integrated with other ACD applications and as the front end to our software. Able to import Windows Metafile, MDL MOL, CS ChemDraw, or ISIS/Sketch BIN files. Export Bitmap, TIFF, Metafile, MOL, Paintbrush, ISIS/Sketch, GIF, and ChemDraw. Fully loaded with useful pre-drawn structures including lab equipment, DNA/RNA building kit, amino acids etc. Structures can be 2D "cleaned" as well as 3D optimized using ACD's powerful algorithm. 
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Fig 4: Home page of ChemSketch

1. Click on to the structure mode.

2. Go to Tools and click “Generate structure from SMILES” and input the Canonical smiles and click OK.

3. Export the structure in mol format.

3.4 PDB                                                                                                                 The Protein Data Bank (PDB) is a repository for the 3-D structural data of large biological molecules, such as proteins and nucleic acids. (See also crystallographic database). The data, typically obtained by X-ray crystallography or NMR spectroscopy and submitted by biologists and biochemists from around the world, can be accessed at no charge on the internet. The PDB is overseen by an organization called the Worldwide Protein Data Bank, wwPDB.
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Fig 5: Home page of Protein Data Bank
1. Open the PDB database and input the PDB id 3JRW in the search box.

2. Download the structures and save it in Pdb format.

3.5 ACCELRYS DISCOVERY STUDIO 2.1                                                                          Discovery Studio 2.1 was the most advanced computational drug discovery environment available, features significant new science and usability enhancements. It was a single, powerful, easy-to-use, graphical interface for drug design and protein modeling research. Discovery Studio 2.1 combined established gold- standard applications such as Catalyst, Modeler, and CHARMM that have years of proven results and utilizes cutting- edge science to address the drug discovery challenges of today. 
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          Fig 6: Discovery Studio 2.1

Retrieval of 3D Structure:
The following steps were used to retrieve the 3D structure.

1. The PDB home page was opened and the protein name ACC is given in the search box.         2. The lists of receptors were displayed. 

3. From the list, desired structure of protein was selected(3JRW) and then the 3D structure of    receptor was downloaded and saved in pdb format.

Selection of ligand:

 
The following were the steps used in the selection of the Ligand

1. The PubChem Home page was entered in the Google and it was displayed. 

2.  Enter the compound names in the search box and get the structures.

3. Select the structure for the compounds and save it in mol file format using      Chemsketch.

Working with Accelrys DS: 
Load the Protein and the Ligand structures into Accelrys Discovery studio 2.1. 

Docking Process:


Before docking the protein should be prepared. Protein preparation involves the removal of residues and cleaning of proteins.

1. The water molecules and heteroatoms are selected and deleted.
2. Go to structure menu, exp and crystal cell and Click remove cell and the cells are removed.

3. In the edit menu, go to preferences and select clean protein in protein utilities. The   proteins are completely cleaned.

4. In the tools explorer, the “Force field” was selected and applied.

5. Then from the tools click the “Binding site” and select “Define protein molecule as Receptor” and Sb2 receptors are displayed.

6. Then click on “Find sites from Receptor cavities” and the binding sites are displayed in the protein.

7. In the protocol menu, expand the Receptor- Ligand interaction and click on “Dock ligands (ligand fit).

8. Input the receptor and the ligand in the parameter box and other Parameters were set as default.

9. The RUN Button was clicked for docking process and the results were analyzed.

Result and Discussion


4. RESULTS   AND DISCUSSION

STRUCTURE OF TARGET PROTEIN:
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Fig 7: 3D view of protein acetyl CoA carboxylase carboxyltransferase (3JRW) domain.

STRUCTURE OF LIGAND:
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Fig 8: 3D view of Terrestrosin
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 Fig 9: Phosphorylated BC Domain of Acc2 (3jrw) With Terrestrosin
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        Fig 10: Hydrogen bonds formed between protein and ligand

Dock- score: 94.616

No of H-bonds: 3

H-bond distance: A: Lys454: HZ2 -Terrestrosin: O47 – 1.64



    A: Leu581: HN -Terrestrosin: O44 – 2.37



    A: Leu581: O - Terrestrosin: O43 – 3.20

RESULT ANALYSIS
	S.NO
	COMPOUND NAME
	3JRW

	
	
	DOCK SCORE
	NO OF H-BONDS

	1
	ASARONE
	41.314
	2

	2
	EGC
	38.612
	2

	3
	EMBELINE
	50.597
	1

	4
	FORSKOLIN
	29.442
	1

	5
	GLABRIDIN
	49.292
	2

	6
	GUGGLOSTERONE
	28.652
	1

	7
	HYDROXYCITRIC ACID
	34.829
	3

	8
	PIPERINE
	47.019
	1

	9
	TERRESTROSIN
	94.616
	3

	10
	ARJUNOLIC ACID
	-NIL-
	-NIL-


Table 1: The Dock scores and the number of Hydrogen bonds formed for different    compounds

The compound Terrestrosin is forming 3 Hydrogen bonds with the target Acc2 protein   which means that the compound is having more interaction to bind and inhibit the protein.

Summary and Conclusion


5. SUMMARY AND CONCLUSION

Screening methods are routinely and extensively used to reduce the drug discovery cost and time .It has been clearly demonstrated that the approach utilize in this study is successful in finding novel inhibitor for ACC, a key enzyme required for the biosynthesis and oxidation of long-chain fatty acids. Abnormal mechanism of Acetyl CoA Carboxylase is an important factor for developing disorders like obesity and diabetes and other diseases. 

The process of Docking was carried out to evaluate the Binding and Interaction energy of the compounds that reflects the inhibition levels of the compounds taken up for this study. The docked poses of the compounds were analyzed for its interaction towards target enzyme Phosphorylated BC Domain of Acc2 (3jrw). This study states the importance of small molecules from various plants sources and their uses to enhance protein-ligand interaction studies, insilco. Among the compounds screened for its potential inhibitory activity against the ACC using Accelrys Discovery Studio 2.1, it is concluded that compound Terrestrosin is having more potent to inhibit Acc2 protein.               

Further work can be extended to study the receptor Ligand interaction experimentally and evaluation of their biological activity would help in specifying compounds against ACC.
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