   International Journal of Fundamental & Applied Sciences ISSN 2278-1404 2017 6 3 16 http://bma.org.in/ijfas.aspx @2017 BioMedAsia All right reserved    In-silico discovery of potential anti-malarial drugs targeting pfATP6 using Artemisinin as a model Int. J. Fund. Appl. Sci. Vol. 6, No. 3 (2017) 16-19 Manuscript received 08 June, 2017, revised 30 June 2017, accepted 1 July 2017 Short Communication  Anushree Jai Kumar, Department of Biotechnology , BMS Institute of Technology, Bangalore-560 064; Karnataka, India Deeshani Laxmesh Salian, Department of Biotechnology , BMS Institute of Technology, Bangalore-560 064; Karnataka, India Pradeep S Department of Biotechnology , BMS Institute of Technology, Bangalore-560 064; Karnataka, India  Malaria is one among the major reasons responsible for deaths worldwide than any other parasitic disease. Due to the emergence of strains that are resistant to the current chemotherapeutic antimalarial arsenal, the search for new antimalarial drugs remains urgent though hampered by a lack of knowledge regarding the molecular mechanisms of artemisinin resistance. In this study, pfATP6 is used as a target to come up with different compounds that have high binding affinity to it. Artemesinin constitutes the frontline treatment to aid rapid clearance of parasitaemia and quick resolution of malarial symptoms. Artemesinin, which is the current anti-malarial, has some drawbacks like low bioavailability which makes it even more necessary to develop more effective anti-malarial drugs.  Malaria, pfATP6, artemesinin, docking studies  Results and discussions 3.1 Sequence identity The BLAST results obtained showed that endoplasmic recticulum Ca2+ from Bovine Muscle (3TLM)- A chain has the highest identity with Plasmodium falciparum ATP6 with coverage of 82% and identity 45% . In order to select the template among 3TLM, 4BEW and 3BA6 phylogenetic analysis was done. From the phylogenetic analysis it was found out that the malarial PfATP6 and the 3TLM bovine muscle of Bos taurus is having evolutionarily close relationship as shown in Fig. 1 3.2 Homology modelling Modelling of PfATP6 was done using the template 3TLM-A bovine muscle of Bos taurus shown in Fig 2a. and the 3D structure for PfATP6 using swiss PDB software was obtained as shown in Fig 2b. Ramchandran plot analysis was done to check the accuracy and quality of the protein model. The distribution of the Psi/Phi torsion angles of the best model is represented by a Ramachandran plot Fig 3 & 4, which shows 83.4% of residues are in most favoured regions, 11.4% in generously allowed regions and 5.5% in disallowed regions. The calculated Ramachandran plot showed that there is a good agreement between the PfATP6 model and the SERCA template. 3.3 Drug likeliness Molinspiration tool was used to obtain the molecular properties, drug-likeness and the bioactivity of the compounds. The compounds obtained by changing the functional groups in artemisinin along with the properties (LogP, molecular weight, etc..) is as shown in Fig 5, the compounds with their SMILES format and bioactivity prediction of the molecules is shown in as shown in TABLE 1 and TABLE 2 respectively. 3.4 Docking Hex software was used to dock the three compounds obtained and artemisinin. The docking studies of compound 1 showed the energy value of -2.848920e+002. The docking studies of compound 2 showed the energy of -2.931258e+002. The docking studies of compound 3 showed the energy of -2. 243476e+002. The docking studies of artemisinin showed energy value of -2.324981e+002.The energy values of these three compounds was compared with the energy value of artemisinin. The docking studies is as shown in Fig 6. 4. Conclusion With docking studies minimum energy more is the binding affinity of the ligand to the receptor, hence compound 1 and 2 is the best suited structure when it is also compared with artemisinin. With the LogP values obtained it can be seen that compound 2 and 3 satisfies the LIPNISKI?S RULE compared to artemisinin. The larger the value of the bioactivity score, the higher is the probability that the particular molecule will be active. This can be obtained using the bioactivity prediction from which it can be concluded that compound 1, 2 and 3 is more active when compared to artemisinin. Compound 3 satisfies the minimum energy, Lipniski?s rule and also the bioactivity when compared with artemisinin.The compounds can be further selected based on which one has the true binding site. Conflicts of interest The author?s declares none.  Acknowledgement We would like to express our heartfelt gratitude for the support provided by our mentor Dr. Savithri Bhat. Our heartfelt gratitude to our institution, BMS College of Engineering for the encouragement and support they provide in all our endeavours. Materials and methods 2.1 Homology modeling of malarial PfATP6 protein The PfATP6 sequence was retrieved from UniProt database id-Q5R2K6_PLAFA. As no structure was available in the PDB database, homology modeling was done using Swiss-PDB by using 3TLM as the template. It was seen that the 3TLM sequence of the Bovine muscle had the maximum identity to the target sequence. The model was validated using Ramachandran Plot for accuracy between PfATP6 and the template obtained using RAMPAGE to calculate the accuracy. 2.2 Virtual Screening and docking analysis Compounds similar to artemesinin were obtained from PubChem with ID- CID53323323, CID70680624, CID107770 and CID68827. Using molinspiration tool, properties of the compounds were obtained. The SMILES format was converted to PDB file format using Open Babel software. Each of the compounds were saved as a PDB file and docked with the target PfATP6 using Hex software. The energy values are obtained. The compound with the least amount of binding energy can be considered as an alternative to artemesinin. References  1. WHO fact sheet on malaria http://www.who.int/mediacentre/factsheets/fs094/en/ 2. Krishna S, Pulcini S, Moore CM, Teo BH, Staines HM Trends. Pumped up: reflections on PfATP6 as the target for artemisinins. Pharmacol Sci. 2014; 35(1):4-11 3. Huthmacher C, Hoppe A, Bulik S, Holzh?tter H. Antimalarial drug targets in Plasmodium falciparum predicted by stage-specific metabolic network analysis. BMC Systems Biology 2010, 4:120 4. Shandilya A, Chacko S, Jayaram B, Ghosh I. A plausible mechanism for the antimalarial activity of artemisinin: A computational approach. Sci Rep. 2013; 3: 2513. 5. Guimar?es DSM, Fonseca AL, Batista R, Junior BC, Oliveira AB, Taranto A, Varotti F. Structure-based drug design studies of the interactions of ent-kaurane diterpenes derived from Wedelia paludosa with the Plasmodium falciparum sarco/endoplasmic reticulum Ca2+-ATPase PfATP6. Rio de Janeiro. April 2015, 110(2): 255-258. 6. Nagasundaram N, Doss P, Chakraborty C, Kumar T, Siva B, Lu A, Ge Z, Zhu H. Mechanism of artemisinin resistance for malaria PfATP6 L263 mutations and discovering potential antimalarials: An integrated computational approach. Sci Rep 2016 7. Krishna S, Pulcini S, Moore CM, Teo BH, Staines HM Trends. Pumped up: reflections on PfATP6 as the target for artemisinins. Pharmacol Sci. 2014; 35(1):4-11 8. Bagnaresi P, Nakabashi M, Thomas AP, Reiter RJ, Garcia CR. The role of melatonin in parasite biology. Mol Biochem Parasitol. Jan 2012, 181(1):1-6. Introduction Malaria is a mosquito-borne infectious disease affecting humans and other animals caused by parasitic protozoans (a group of single-celled microorganisms) belonging to the Plasmodium type. In the last decade, an observable decrease has been seen in malaria cases leading to a decrease of 60% in the death rate. By 2015, almost half of the world was at risk of malaria. Roughly 250 cases were registered 1. A combination of antimalarial medications which include artemisinin is considered a recommended treatment for malaria. Artemisinin contains a peroxide bridge which is considered to be important for action in the sesquiterpene lactone endoperoxide. Mechanism of action of artemisinin is by heme-dependent activation of endoperoxide bridge which occurs in the parasite?s food vacuole, as suggested by research. A different mode of action was proposed which was based on the structural resemblance to thapsigargin, which is considered a selective inhibitor of Sarco/endoplasmic reticulum Ca2+-ATPase (SERCA). The only SERCA- type Ca2+-ATPase enzyme in the malarial parasite if PfATP6, a suitable target for artemisinin. Facts like the lack of information of the acute mechanism of artemisinin, poor bioavailability and limited effectiveness are the driving factors for the development of different compounds2. In this study, using PfATP6 as the target and artemesinin as the skeleton, binding affinity of different compounds was analyzed. Protozoan parasites of Plasmodium genus are responsible for causing malaria, where Plasmodium falciparum is responsible for 90% of the deaths3. Artemisinin-derived free radicals chemically modify and inhibit a variety of parasite molecules, ultimately resulting in the death of the parasite. Haem, essential component of haemoglobin is a high source of intracellular Fe21. The parasite is rich in haem iron which is derived from the degradation of host cell haemoglobin. Fe21-haem is suspected to activate artemisinin inside the parasite. Around 80% of the host-cell haemoglobin is degraded by the parasite by ingestion, in the food vacuole. Artemisinin is activated by free iron neighbor PfATP6 in the endoplasmic reticulum in the parasite. Large number of ferrous ions in the vacuole catalyze the cleavage of peroxide bridge leading to a free radical which is highly reactive4. SERCA is important for the calcium signalling process in the parasites, where the signalling is associated with the regulation of many processes during the life cycle of the parasite. PfATP6 is one of the proteins that controls molecular mechanisms that sustain the calcium homeostasis in the parasite5. The protein sequence of PfATP6, as obtained from the UniProt database is composed of 1228 amino acids6,7. Due to the emergence of strains that are resistant to the current chemotherapeutic antimalarial arsenal, the search for new antimalarial drugs remains urgent though hampered by a lack of knowledge regarding the molecular mechanisms of artemisinin resistance.
