   International Journal of Fundamental & Applied Sciences ISSN 2278-1404 2012 1 4 4 http://bma.org.in/ijfas.aspx @2012 BioMedAsia All right reserved    Elucidating the precise interaction of reduced and oxidized states of Neuroglobin with Ubc12 and Cop9 using molecular mechanics studies  Int. J. Fundamental Applied Sci. Vol. 1, No. 4 (2012)74-77   ORIGINAL ARTICLE   Charu Suri, Deptt of Bioinformatics and Biotechnology, Jaypee University of Information Technology Waknaghat, P.O. Waknaghat, Teh Kandaghat, Distt. Solan , Himachal Pradash - 173 234 INDIA   Pradeep Kumar Naik*  Deptt of Bioinformatics and Biotechnology, Jaypee University of Information Technology Waknaghat, P.O. Waknaghat, Teh Kandaghat, Distt. Solan , Himachal Pradash - 173 234 INDIA   E: Neuroglobin is an oxygen binding globin protein highly expressed in neurons. It is an iron containing heme protein, that exist in both ferrous and ferric form. Recent studies have indicated its role as an endogenous neuroprotective molecule. It is proposed that neuroglobin undergoes post-translational modification by the process of neddylation and deneddylation. Hence in this study an attempt was made to investigate the mode and mechanism of interaction of ferrous and ferric forms of neuroglobin with Ubc12 and op9, proteins involved in regulation of neddylation and deneddylation respectively, utilizing molecular modelling calculations   In this study, the mode of interactions of Ubc12 and Cop9 with the reduced (Fe2+) and oxidized state (Fe3+) of neuroglobin was carried out using ZDock. The top scoring poses for each complex were subjected to energy minimization using CHARMM Polar H force field in RDock to obtain the binding affinities   The binding affinities between of ferrous and ferric forms of neuroglobin with Ubc12 and Cop9 were calculated.  Results obtained strongly indicate that both Ubc12 and Cop9 interacts with neuroglobin in regulation of neddylation and deneddylation process. Furthermore these results guided us in precisely designing experiments for biological evaluations.  Neuroglobin, Cop9, Ubc12, ZDock, RDock    Conclusion The protein-protein interactions calculated using both ZDock and RDock revealed that Ubc12 binds at high affinity (-36.57 kcal/mol) with reduced state of neuroglobin (Fe2+) and at low  affinity (-22.17 kcal/mol) with the oxidized state of neuroglobin (Fe3+). Similarly Cop9 binds with both the reduced and oxidized neuroglobin at comparable binding affinity (-30.78 kcal/mol and -30.68 kcal/mol respectively). Results obtained from this study provide useful information that both Ubc12 and Cop9 interacts with neuroglobin in regulation of neddylation and deneddylation process. Furthermore these results guided us in precisely designing experiments for biological evaluations.    Introduction  Neuroglobin (Ngb) is an oxygen binding protein, which was discovered in the year 2000 as third member of the globin family1 . This protein is highly expressed in central nervous system and the peripheral nervous system1, 2. It is a highly conserved protein, with an evolutionary rate observed about threefold slower than that of Myoglobin and Hemoglobin3 . The Structural unit of Neuroglobin consists of monomer of 150 amino acids with a molecular mass of 16 kDa1,4,5. It is an iron containing heme protein, and can exist in both ferrous (reduced) and ferric (oxidized) form. In general any intracellular globin is associated with either storing Oxygen for hypoxic phases (like in diving mammals) or facilitating Oxygen diffusion from the capillaries to the respiratory chain in the mitochondria6 . Recent studies have clearly indicated that neuroglobin protect the cells from stroke damage, amyloid toxicity and injury due to lack of oxygen7, 8, 9, 10. Low levels of neuroglobin have been associated with increased risk of Alzheimer?s disease11,12 . It has been proposed that neuroglobin undergoes posttranslational modification by the process of Neddylation that leads to protein degradation and Deneddylation which reverses the process of neddylation. The key player involved in the neddylation process is Ubiquitin-conjugating protein (Ubc12) and in deneddylation process is an isopeptidase signalosome (Cop9)?both proteins possibly interact with neuroglobin for the regulation of protein degradation13,14.Our extensive computational modelling efforts presented here elucidate the mode and mechanism of interaction of ferrous and ferric forms of Neuroglobin with Ubc12 and Cop9. The best way to understand the protein-protein interactions is to obtain a cocrystal structure. However, in the absent of co-crystal structures of Neuroglobin with Ubc12 and Cop9, molecular modeling calculations could provide precise interactions between them and guided us in designing experiments for further validation.    Material and Methods  Materials The coordinates of neuroglobin (PDB_ID: 1OJ6), Cop9 (PDB_ID: 4E0Q) and Ubc12 (PDB_ID: 2NVU) were obtained from protein Data Bank. After visual inspection chain B of 1OJ6, chain A of 4E0Q and chain C of 2NVU were kept for molecular modeling studies. 2.1 Protein Preparation Neuroglobin (PDB_ID: 1OJ6) obtained from PDB represents the reduced form of neuroglobin (Fe2+). Therefore, the oxidized form of neuroglobin was generated by modifying the charge of iron to Fe3+ using Schrodinger package. All the four proteins - neuroglobin (Fe2+), neuroglobin (Fe3+), Cop9 and Ubc12 were prepared using the multistep protein-preparation wizard (Schrodinger package). Explicit all atom model was applied, missing hydrogen atoms were added leaving no lone pair, water molecules were removed and thereafter structure was optimized. The proteins obtained were then energy minimized using OPLS 2005 force field with Polak-Ribiere Conjugate Gradient (PRCG) algorithm. The minimization was stopped either after 5,000 steps or after the energy gradient converged below 0.001 kcal/mol. 2.3 Protein interaction studies The mode of interactions of both the proteins, Ubc12 and Cop9 with the reduced (Fe2+) and oxidized state (Fe3+) of neuroglobinwas studied using a two step process that involved initial protein-protein docking using Zdock (version 2.3) followed by refinement of docked complex using Rdock. Zdock is a rigidbody docking algorithm based on the principle of Fast Fourier Transform (FFT) 15. In Step 1 the putative binding poses were predicted using Zdock with 6o  rotational sampling and randomized start position to obtain 54000 poses each for Ubc12 with the reduced (Fe2+) and oxidized state (Fe3+) of neuroglobin and Cop9 with the reduced (Fe2+) and oxidized state (Fe3+) of neuroglobin. These conformations were ranked using ZRank scoring function that uses a combination of pair wise shape complementarity (PSC), electrostatics and desolvation parameters16. In step 2, the top scoring poses obtained from step 1 for each complex was subjected to 130 steps of Adopted Newton-Raphson (ABNR) energy minimization process using CHARMM force field17. Rdock refined the docked complex by removing clashes, optimizing polar interaction and by optimizing charge interaction and calculated the electrostatic (Eelec) and desolvation (?GACE) energies of the refined structure18. The desolvation energy of the protein complex was estimated, which is the sum of the ACE (atomic contact energy) scores of all receptor-ligand atom pairs within a distance cutoff of 6 ?. Furthermore, the binding affinity (?Gbinding) between the protein complexes was predicted using Rdock scoring function which is the sum of desolvation and electrostatics contribution. ?Gbinding  = ?GACE + ? X ?Gelec where ? is a scaling factor, a value of 0.9 was used in this study  Results and Discussion  3.1 Protein- Protein Docking Initial docking of Ubc12 and Cop9 was performed with oxidized and reduced forms of neuroglobin using Zdock to obtain 54000 poses with allowed conformations. A total of 399 top scoring poses for Ubc12- neuroglobin (Fe2+) complex and 179 top scoring poses for Ubc12- neuroglobin(Fe3+) were selected for further refinement (Figure Ia and b). Similarly, top scoring 269 poses were selected for both Cop9- neuroglobin(Fe2+) complex and Cop9- neuroglobin Fe3+ complex for further refinement (Figure Ic and d). 3.2 Refinement of Protein-Protein Complex The protein-protein interactions calculated using both ZDock and RDock revealed that Ubc12 binds at high affinity (-36.57 kcal/mol) with reduced state of neuroglobin (Fe2+). The other energy parameters between Ubc12 and Neuroglobin (Fe2+) interactions such as electrostatic (Eelec) and van der Waals (Evdw) energy are -40.63 kcal/mol and -84.22 kcal/mol respectively. The protein-protein interactions calculations also reviled that Ubc12 binds at lower affinity (-22.17 kcal/mol) with the oxidized state of neuroglobin (Fe3+). Cop9 binds with the reduced state of neuroglobin with the binding affinity of - 30.78 kcal/mol. The other energy parameters between Cop9 and Neuroglobin(Fe2+) interactions such as electrostatic (Eelec) and van der Waals (Evdw) are -34.20 kcal/mol and -86.78 kcal/ mol respectively. Also the binding energy (?Gbinding) between Cop9 and the oxidized state of neuroglobin(Fe3+) was predicted to be -30.68 kcal/mol using Rdock. The other energy parameters between Cop9 and Neuroglobin(Fe3+) interactions such as electrostatic (Eelec) and van der Waals (Evdw) are -34.09 kcal/mol and -89.20 kcal/mol respectively, demonstrating modest interactions between them. 3.3 Analysis of Protein ? Protein Complexes The final Complex of Ubc12- neuroglobin(Fe2+), Ubc12- neuroglobin (Fe3+), Cop9-neuroglobin (Fe2+) and Cop9- neuroglobin (Fe3+) were analyzed using LigPlot and PdbSum. Numbers of interface residues calculated between Neuroglobin (Fe2+) and Ubc12 within a distance of 5? were found to be 21:21 respectively. A total of 6 H-bonds and 153 of nonbonded contacts (within a distance of 5?) were found to be involved in the interactions between Neuroglobin (Fe 2+) and Ubc12 demonstrating significant interaction. The interacting surface area between Neuroglobin (Fe2+) and Ubc12 was 982:1048?2  (Figure 2b, 3b and 4b). Number of interface residues between Neuroglobin (Fe 3+) and Ubc12 within a distance of 5? were found to be 19:22 respectively. There was 1 H-bonds and 169 of non-bonded contacts (within a distance of 5?) involved in the interactions between Ubc12 and Neuroglobin (Fe3+).The interacting surface area between Ubc12 and Neuroglobin (Fe3+) is 1024:1078 ?2 (Figure 2a, 3a and 4a). The interacting surface area between Neuroglobin (Fe2+) and Cop9 was calculated to be 1077:1080 ? 2  and the numbers of interface residues between neuroglobin (Fe2+) and Cop9 within a distance of 5? were found to be 20:19 respectively. There were 5 H-bonds and 130 non-bonded contacts (within a distance of 5?) involved in the interactions between neuroglobin (Fe2+) and Cop9 (Figure 2c,3c and 4c). Similarly, the interacting surface area between Cop9 and Neuroglobin (Fe3+) was 1069:1007 ?2  and the numbers of interface residues between neuroglobin (Fe3+) and Cop9 within a distance of 5? were 19:22(neuroglobin (Fe3+ & Cop9). Also, there were 5 H-bonds and 139 number of non-bonded contacts (within a distance of 5?) involved in the interactions between Cop9 and neuroglobin (Fe3+) (Figure 2d, 3d and 4d).   Reference 1. Burmester T, Weich B., Reinhardt S, & Hankeln T, A vertebrate globin expressed in the brain. Nature, 407 (2000) 520?523. 2. Reuss S, Saaler-Reinhardt S, Weich B, Wystub S, Reuss M H, Burmester T & Hankeln T, Expression analysis of neuroglobin mRNA in rodent tissues. Neurosci, 115 (2002) 645-656. 3. Dewilde S, Kiger L, Burmester T, Hankeln T, Baudin-Creuza V, Aerts T, Marden M C, Caubergs R, & Moens L, Biochemical characterization and ligand binding properties of neuroglobin, a novel member of the globin family. J Biol Chem, 276 (2001) 38949-38955. 4. Burmester T, Haberkamp M, Mitz S, Roesner A, Schmidt M, Ebner B,Gerlach F, Fuchs C, & Hankeln T, Neuroglobin and cytoglobin: genes, proteins and evolution. IUBMB Life, 56 (2004) 703-707. 5. Pesce A, Dewilde S, Nardini M, Moens L, Ascenzi P, Hankeln T, ,Burmester T, & Bolognesi M, Human brain neuroglobin structure reveals a distinct mode of controlling oxygen affinity. Structure, 11 (2003) 1087-1095. 6. Liu J, Yu Z, Guo S, Lee S R, Xing, C, Zhang C, Gao Y, Nicholls D G, LoE H, & Wang X, Effects of neuroglobin overexpression on mitochondrial function and oxidative stress following hypoxia/reoxygenation in cultured neurons. J.Neurosci. Res, 87 (2009)164-170. 7. Sun Y, Jin K, Mao XO, Zhu Y, Greenberg DA, Neuroglobin is up-regulated by and protects neurons from hypoxic- ischemic injury. Proc Natl Acad Sci USA, 98 (2001) 15306?15311. 8. Fordel E, Geuens E, Dewilde S, Rottiers P, Carmeliet P, et al, Cytoglobin expression is upregulated in all tissues upon hypoxia: an in vitro and in vivo study by quantitative real-time PCR. Biochem Biophys Res Commun ,319 (2004)342?348. 9. Khan AA, Wang Y, Sun Y, Mao XO, Xie L, et al., Neuroglobinoverexpressing transgenic mice are resistant to cerebral and myocardial ischemia. Proc Natl Acad Sci U SA, 103 (2006) 17944?17948. 10. Jin K, Mao Y, Mao X, Xie L, & Greenberg DA, Neuroglobin expression in ischemic stroke. Stroke, 41 (2010) 557?559. 11. Khan AA, Mao XO, Banwait S, Jin K, & Greenberg DA, Neuroglobin attenuates beta-amyloid neurotoxicity in vitro and transgenic Alzheimer phenotype in vivo. Proc Natl Acad Sci USA 104 (2007)19114?19119. 12. Szymanski M, Wang R, Fallin MD, Bassett SS, & Avramopoulos D, Neuroglobin and Alzheimer?s dementia: genetic association and gene expression changes. Neurobiol Aging, (2008) 1835-1842. 13. liakopoulos D, Doenges g, Matuschewski K, & Jentsch S, A novel protein modification pathway related to the ubiquitin system. EMBO J, 17 (1998) 2208?2214. 14. Schwechheimer C, The cop9 signalosome (CSN): an evolutionary conserved proteolysis regulator in eukaryotic development. Biochim Biophys Acta, 1695(2004) 45?54 15. Chen R, Li L, & Weng Z, ZDOCK: An initial-stage proteindocking algorithm. Proteins: Structure, Function, and Genetics, 52 (2003)80-87. 16. Pierce B, & Weng Z, ZRANK: Reranking Protein Docking Predictions with an Optimized Energy Function. Proteins, 67 (2007) 1078-1086. 17. Brooks BR, Bruccoleri RE, Olafson,BD, States D J, Swaminathan S, & Karplus M, CHARMM: A program for macromolecular energy, minimization, and dynamics calculations. J Comput Chem, 4 (1983), 187-217 18. Li L, Chen R, & Weng, Z P, RDOCK: Refinement of rigid-body protein docking predictions. Proteins, 53(2003) 693-707. 19. Wallace A C, Laskowski RA, & Thornton J M, LIGPLOT: a program to generate schematic diagrams of protein-ligand interactions. Protein Eng, 8 (1996) 127-134.  
