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Abstract – Among sulfonylureas, gliclazide is prescribed to 

80% of the diabetic population and mainly metabolized by 

CYP2C9 in Caucasians. Our data shows that the orientation 

of the substrate is changed and therefore, the site of oxidation 

with respect to heme-Fe is altered in *2. This leads to an 

altered metabolic pathway in *2 and it is a rate limiting step 

in gliclazide metabolism. Our results also show that the 

position of 7-propionate side chain of ring A and 6-propionate 

side chain of ring D is flipped in *2 and thus, the stability of 

heme and oxidative potential of substrate in the active binding 

pocket are reduced. In summary, the altered pathway, and 

instability of heme and the substrate in the active site are 

contributing to decreased metabolic activity consistent with 

greater therapeutic response observed in patients carrying 

CYP2C9 *2 allele.  
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1 Introduction 

  Among sulfonylureas, gliclazide is dispensed almost 4 

million prescriptions in UK [1] and 1.2 million prescriptions 

in Australia [2]. It is also given in combination with 

metformin to keep successful control of the disease [3, 4]. 

Comparing with other hypoglycemic agents, the incidence of 

hypoglycemia is relatively low in gliclazide and may have 

beneficial effects beyond reduction of blood glucose [5]. In 

Caucasians, gliclazide is extensively metabolized by 

CYP2C9. Pharmacokinetic clearance of gliclazide revealed 

the existence of two major metabolites due to the oxidation of 

methyl carbon of tolyl-group that constitutes ~60% of 

metabolites and hydroxylation at a specific site in the 

azabicyclo-octyl ring represent ~40% of  metabolite observed 

in urine [6,7] as shown in Fig. 1. 

Fig.  1. Location of the hydroxylation sites in gliclazide 

 CYP2C9 is the major human enzyme of the cytochrome 

P450 2C subfamily and it is responsible for metabolism of 

~10% of therapeutic drugs in the market. This gene is highly 

polymorphic [8,9] and so far twenty four alleles have been 

identified [10]. Two alleles, *2/*2 (R144C) and *3/*3 (I359L) 

genotype carriers had a lower gliclazide clearance, with 

reductions of 25 and 57%, respectively, relative to those 

carrying the wild type [11-13]. Crystallographic data 

confirmed that the I359L variation is located in proximity to 

the active center in the substrate recognition site (SRS) 5 and 

therefore, explain the loss of functional activity in the variant 

allele. However, the codon 144 amino acid substitution is 

located outside the active center and therefore, the loss of 

activity observed in this allele is not clear. Minor differences 

in frequencies of these genotypes between different ethnic 

subgroups of the Caucasians population have been reported 

and the variant CYP2C9*2 (*2) is almost absent in Africans 

and Asian population [13]. Pharmacogenetic study conducted 

in larger population of 1073 patients with type-2 diabetes 

recruited between 1992 and 2007 demonstrated that the loss-

of-function alleles *2 are robustly associated with greater 

response to sulfonylureas and approximately 80% of the 

patients treated only with gliclazide in this study population 

[14]. The influence of CYP2C19 polymorphism in the 

pharmacokinetics of gliclazide has been reported in healthy 

Chinese population [15, 16]. This small discrepancy may be 

due to the ethnic differences and also due to the selection of 

smaller population for shorter periods of treatment. 

 Pharmacokinetic studies show that 6ß- 7ß-, and 

tolymethyl- hydroxylation represents the rate-limiting pathway 

of gliclazide elimination [7]. Our previous molecular docking 

of gliclazide on *2 studies indicate that 6β- and 7β- carbon 



atom is closer to heme-Fe [17]. Based on this, our hypothesis 

is that β-hydroxylation may be the preferred route of 

metabolism and this may lead to the reduced metabolic 

clearance of gliclazide observed in *2. Therefore, in this study 

we are proposing to use molecular dynamic simulation and 

automated molecular docking tools to better understand the 

altered substrate orientation, proton – heme distance, binding 

pocket, heme and gliclazide stabilization, and regioselectivity 

of metabolism in *2 allelic variant and thus it leads to the 

altered route of metabolism 

2 Materials and methods 

  

2.1 Computational methods of CYP2C9*1 & 

*2 

 With the X-ray crystal structure of human 

CYP2C9/flurbiprofen (PDB code 1R9O) [18] as a model, 

substrate free computational models of CYP2C9 *1 (wild, *1) 

and *2 (R144C) were constructed using the software tools 

VMD and NAMD [19, 20]. The missing amino acid residues 

38 - 42 and 214 - 220 were also included in the computational 

models using Modeller [21]. The generated models were 

validated for their structural quality using Procheck [22, 23]. 

2.2 Molecular dynamics simulation 

 The generated computational models were further 

processed for MD simulation. The intermolecular hydrogen 

atoms were added and the complexes were solvated in a layer 

of TIP3 water molecules of 10Å radius, ionized at a 

physiological pH of 7 and subjected to energy minimization 

for 2000 steps. The minimized protein complex was simulated 

using NAMD for 600 picoseconds without any restrains at a 

constant temperature of 300 K. In each model, the lowest 

potential energy state was chosen for further analysis, whose 

stability was examined by calculating the root mean square 

deviation of the protein backbone. 

2.3 Flexible docking 

 The simulated protein was further processed using the 

molecular modeling program CHIMERA [24] to remove 

water and ions, and add Gastegier charges and hydrogen 

atoms. Gliclazide was docked with the above models using 

the grid-based docking program AutoDock 4.2 [25-27], in 

which some of the key residues of the active site were kept 

flexible. The best ten clusters having the lowest energies and 

<2Å RMSD values were chosen for analysis. 

3 Results and discussion 

Modeller was used to generate *1 and *2 models and the 

Procheck program was used to check the stereochemical 

quality of a protein structure within the allowed 

Ramachandran region. The results show that 92% and 94% of 

residues in 3D structure of *1 and *2 lie in the most favored 

regions and 0.7% and 0.5% of residues lie in disallowed 

regions of the Ramachandran plot (Fig.1a & 1b). The docking 

results indicate that gliclazide is located nearby heme and 

surrounded by SRS residues. The location of SRS residues in 

*1 and *2 are in consistence with the results of the crystal 

structure of CYP2C9 [18] and confirms the validity of our 

docked models. 

The automated molecular docking using Autodock was 

performed to further validate the reliability of the 

conformation of the SRS in *1 and *2 models (Fig. 2a & 2b).  

 

 

 

Fig. 1a. Ramachandran plot of *1
a
 

a
Ramachadran Plot  statistics 

                                                                                             

                             No. of  

                                                      residues      %-tage 

                                                      ----------       --------- 

Most favoured regions            [A,B,L]            373          92.1%           

Additional allowed regions  [a,b,l,p]               25            6.2%           

Generously allowed regions [~a,~b,~l,~p]        4            1.0%           

Disallowed regions               [XX]                     3            0.7%   

                                                                         ------  -------- 

Non-glycine and non-proline residues            405        100.0% 

 

End-residues (excl. Gly and Pro)                         3 

 

Glycine residues                                                  27 

Proline residues                                                  31 

                                                                           ------- 

Total number of residues                                   466 
 

a
Based on an analysis of 118 structures of resolution of at 

least 2.0 Angstroms and R-factor no greater than 20.0 a good 

quality model would be expected to have over 90% in the 

most favoured regions [A,B,L] 

 



 

Fig. 1b. Ramachandran plot of *2
a
 

    
a
Ramachadran Plot  statistics 

                                                    No. of 

                                                     residues      %-tage 

                                                       ----------      --------- 

Most favoured regions         [A,B,L]               380          93.8%           

Additional allowed regions  [a,b,l,p]                21            5.2%           

Generously allowed regions [~a,~b,~l,~p]        2            0.5%           

Disallowed regions               [XX]                     2            0.5%   

                                                                        ------        -------- 

Non-glycine and non-proline residues            405        100.0% 

 

End-residues (excl. Gly and Pro)                        3 

 

Glycine residues                                                 27 

Proline residues                                                 31 

                                                                         ------- 

Total number of residues                                  466 

 
 a
Based on an analysis of 118 structures of resolution of at 

least 2.0 Angstroms and R-factor no greater than 20.0 a good 

quality model would be expected to have over 90% in the 

most favoured regions [A,B,L] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                  

 

Fig. 2a. Substrate recognition site of *1 

 

         

 

Fig. 2b. Substrate recognition site of  *2 
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In CYP2C9 crystal structure study, the heme and active 

binding pocket are buried deep into the protein molecule and 

the substrate should access the binding pocket for the 

occurrence of catalysis. Since the substrate access channel and 

the binding pocket near the heme-Fe play an important role in 

the determination of the orientation of the substrate towards 

heme-Fe, we have examined these factors in this study. Our 

previous study shows that the number of amino acids forming 

the hydrophobic cage is not changed in *2 but the size of the 

substrate access channel is reduced from 10.3Å (*1) to 9.3Å 

(*1) [17], and this may change the orientation of the substrate 

entering into the binding pocket and thus alter the position of 

the substrate in the binding pocket.. Since the size of the 

substrate access channel is smaller in *2, azabicyclo- group 

may enter first rather than the bulky methyl-phenyl group. We 

believe that this resulted in the complete change in the 

orientation of gliclazide in the binding pocket (Fig. 3a & 3b).  

 

 

Fig. 3a. Binding pocket  of *1 after docking gliclazide 

 

 

Fig. 3b. Binding pocket of *2 after docking gliclazide  

 

Our previous studies show that the distance between tolyl 

methyl carbon atom of gliclazide and the heme is 4.1Å and 

6β-carbon atom and the heme is 10.3Å in *1 [17]. These 

results correlate with the pharmacokinetic data which shows 

that the tolylmethyl hydroxylation is the major pathway 

responsible for metabolic clearance of gliclazide in *1 [6] and 

this constitutes ~60% of the metabolites detected in urine. 

While in *2, tolylmethyl carbon atom is located at 14.7Å & 

hydroxyl group is located at 4.5Å  from heme and this 

suggests that β-hydroxylation may be favored route of 

metabolic clearance of gliclazide. According to pharmokinetic 

data, this route of metabolism  constitutes only ~40% of the 

metabolite  and therefore, it may explain the reduced activity 

observed in diabetic patients carrying *2 allele. Previous study 

[28] shows that the differences in the distance between 

substrate proton to heme-Fe play a key role in the observed 

differences in catalytic activity. NMR derived T1-relaxation 

studies conducted with the probe substrate flurbiprofen and 

co-incubation of flurbiprofen with dapsone show that the 

movement of flurbiprofen protons closer to the heme iron 

partially explains heteractivation observed in CYP2C9 allelic 

variants [28,29]. 

 

Amino acids in the binding pocket of both *1 and *2 are 

similar, except BC loop amino acids V113 and R108  are not 

present in *2 (Fig. 3a & 3b). R108 stabilizes the gliclazide by 

binding to the acidic group of gliclazide and formation of 

hydrogen bonds (Table 1). R108 itself is stabilized by the 

formation of hydrogen bond with D293, thus gliclazide 

positions itself in proximity with heme prosthetic group for 

subsequent oxidation in *1 as represented in Table 1. While 

Heme 

Gliclazide 
 

I helix 

   F helix 
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gliclazide and R108 stabilization by the hydrogen bonding are 

lacking in *2 (Table 1). These results are consistent with the 

proposed catalysis model for P450 [30, 31]. Hydophobic 

amino acids, G296 and G475, that stabilizes the binding 

pocket are absent in *2 (Fig. 3b). 

 

Table 1: Gliclazide stabilization in *1 compared to *2 by 

hydrogen bond formation 

 

Donor Acceptor Distance (Å)
a 

*1           *2 

Angle (˚)
b 

*1          *2 

R108 Gliclazide 

Carboxyl O1 

2.0        5.6 153        116 

R108 Gliclazide 

Carboxyl O1 

1.9        6.5 160        102 

R108 D293 OD2 2           4.4 124        124 

 

The donor and acceptor distance is <3.5 Å
a 
[30] and 180˚±45˚

 

b
[31], a hydrogen bond is defined to be formed 

 

Many factors are known to affect the heme redox potential, 

including proximal heme ligand and propionate and substrate 

orientations and interactions with the immediate protein 

environment. In *1 complex, the A ring propionate is 

stabilized by the formation of hydrogen bonding with S365, 

L366, and R97, whereas the D ring is stabilized by R124, 

R433, and W120  by the formation of hydrogen bonds (Fig. 4a 

; Table 2).  

 

             

 

Fig. 4a. Heme stabilizing amino acids of *1 

 

                   

 

Fig. 4b. Heme stabilizing amino acids of *2 

 

Table 2 : Heme stabilization in *1 compared to *2 by 

hydrogen bond formation 

Donor Acceptor Distance (Å)
a 

*1           *2 

Angle (˚)
b 

*1         *2 

W120 NE1 Heme O1D 1.9       15.7 168       158 

R124 NH1 Heme O1D 1.8       14.6 162        77 

S365 NG1 Heme O1A 1.6         4.1 164       108 

L366 NH Heme O1A 1.9         4.4 157       149 

R433 NH1 Heme O2D 2.4       14.2 143         58 

The donor and acceptor distance is <3.5 Å
a 
[30] and 180˚±45˚

 

b
[31], a hydrogen bond is defined to be formed.  

 

This structure is consistent with the closed form of 2C   

enzyme reported  earlier [32]. In contrast to this conformation, 

the position of rings A and D are flipped in *2 and the 

stabilization of both propionate rings are lacking (Fig. 4b; 

Table 2). These  alterations in heme coordination may affect 

the heme redox potential. Mutagenesis and structural studies 

indicate the importance of the movement of the ring A towards 

substrate for the occurrence of oxidation [33]. Replacement of 

the D-ring resulted in the loss of enzyme activity and confirms 

the importance of this propionate in catalytic activity [33]. 

 

 

4 Conclusions 

 In summary, our present study shows that the orientation 

of gliclazide is altered significantly and changes the nature of 

the functional group located closer to heme-Fe and therefore, 

the site of oxidation is changed in *2. Since tolyl-methyl 

group is closer to heme-Fe, tolylmethyl-hydroxylation of 

gliclazide is the preferred route of metabolism in *1. While 

Heme 

Gliclazide 

Heme 

Gliclazide 



azabicyclo-octyl ring is closer to heme-Fe and therefore,  6β- 

and 7β-hydroxylation is the preferred route of metabolism in 

*2. The reduced catalytic activity in *2 is consistent with 

pharmacokinetic data where the detection of 6β-hydroxylation 

metabolite is only ~40%.  The position of SRS amino acid 

residues are not altered but in the binding pocket, B-C loop 

amino acid residues are missing in *2. In addition, we show 

that the substrate access channel and a significant change in 

the structural link between substrate binding and the binding 

of redox partners would also partly explain the reduced 

catalytic efficiency. 

5 Acknowledements 

NAMD was developed by the Theoretical and 

Computational Biophysics Group in the Beckman Institute for 

Advanced Science and Technology at the University of 

Illinois at Urbana- Champaign. Authors are indebted to Dr. 

Fiaz from SZABIST, Dubai Campus for the use of their 

computer facility. We are grateful to Dr. Ramjee, Director and 

Dr. Firdos Alam Khan, Chairperson, Department of 

Biotechnology, Manipal University, Dubai for their 

continuous support and encouragement to conduct this 

research.  

 

6 References 

[1] http://www.ic. Nhs.uk/pubs/precostanalysis2005/final/file. 

[2] http://www.medicareaustralia.gov.au/providers/ 

health_statistics/statistical_reporting/pbs.html 

[3] A. Ward, M. Salas, J.J. Caro, D. Owens, “Health And 

Economic Impact Of Combining Metformin With Nateglinide 

To Achieve Glycemic Control: Comparison Of The Lifetime 

Cost Of Complications In The U.K”, Cost Effectiveness and 

Resource Allocation, 2,  2-10, 2004. 

[4] J.K. DiStefano, R.M. Watanabe, “Pharmacogenetics Of 

Anti-Diabetes Drugs, Pharmaceuticals”, 3, 2610-2646, 2010. 

[5] K.J. Palmer, R.N. Brogden, “Gliclazide. An update of its 

pharmacological properties and therapeutic efficacy in non-

insulin-dependent diabetes mellitus”, Drugs, 46, 92-125, 1993. 

[6] T. Oida, K. Yoshida, A. Kagemoto, Y. Sekine, T. 

Higashijima, “The metabolism of gliclazide in man”, 

Xenobiotica, 15, 87-96, (1985).  

[7] D.J. Elliot, M.S. Suharjono, B.C. Lewis, E.M. Gillam, D.J. 

Birkett,  A. Gross, J.O. Miners, “Identification Of The Human 

Cytochromes P450 Catalysing The Rate-Limiting Pathways Of 

Gliclazide Elimination”, Br. J. Clin. Pharmacol. 4, 64, 450-

457, 2007. 

[8] J. Blaisdell, L.F. Jorge-Nebert, S. Coulter, S.S. Ferguson, 

S.J. Lee, B. Chanas T. Xi, H. Mohrenweiser , B. Ghanayem, 

J.A. Goldstein, “Discovery Of New Potentially Defective 

Alleles Of Human Cyp2c9”, Pharmacogenetics, 14, 527-537, 

2004. 

[9] L.J. Dickmann, A.E. Rettie, M.B. Kneller, R.B. Kim, A.J.  

Wood, C.M. Stei, G.R. Wilkinson, U.I.  Schwarz, 

“Identification And Functional Characterization Of A New 

CYP2C9 Variant (CYP2C9*5) Expressed Among African 

Americans”, Mol. Pharmacol., 60, 382-387, 2001. 

[10] http://www.imm.ki.se/CYPalleles/cyp2c9.htm. 

[11] J. Kirchheiner, J. Brockmöller, I. Meineke, S. Bauer, W. 

Rohde, C. Meisel, I. Roots, “Impact Of CYP2C9 Amino Acid 

Polymorphisms On Glyburide Kinetics And On The Insulin 

And Glucose Response In Healthy Volunteers”, Clin. 

Pharmacol. Ther., 71, 286-296, 2002. 

[12] A.E. Rettie, J.P. Jones. “CYP2C9: Clinical And 

Toxicological Relevance”, Ann. Rev. Pharmac. Toxic., 45,  

477-494, 2005. 

[13] J. Kirchheiner, M. Tsahuridu, W. Jabrane, I. Roots, J. 

Brockmöller, “The CYP2C9    Polymorphism: From Enzyme 

Kinetics To Clinical Dose Recommendations”, Future 

Medicine, 1, 63-84, 2004. 

[14] K. Zhou, L. Donnelly, L. Burch, R. Tavendale, A.S.F. 

Doney, G. Leese, A.T. Hattersley, M.I. McCarthy, 

A.D. Morris, C.C. Lang, C.N.A. Palmer, E.R. Pearson, “Loss 

Of Function CYP2C9 Variants Improve Therapeutic Response 

To Sulfonylureas In Type 2 Diabetes: A Go-Darts Study”, 

Clin. Pharmacol. Ther, 87, 52-56, 2009. 

[15] Y. Zhang, D. Si, X. Chen, N. Lin, Y. Guo, H. Zhou, D. 

Zhong, “Influence Of CYP2C9 And CYP2C19 Genetic 

Polymorphisms On Pharmacokinetics Of Gliclazide MR In 

Chinese Subjects”, Br. J. Clin. Pharmacol., 64, 67–74, 2007. 

[16] H. Shao, X. M. Ren, N.F. Liu, G.M. Chen, W.L. Li, Z.H. 

Zhai, D.W. Wang, “Influence Of CYP2C9 And CYP2C19 

Genetic Polymorphisms On Pharmacokinetics And 

Pharmacodynamics Of Gliclazide In Healthy Chinese Han 

Volunteers”, J. Clin. Pharm. Ther., 35, 351-360, 2010. 

 [17] Hussaina Banu, N. Renuka, Geetha Vasanthakumar, 

“Reduced Catalytic Activity Of  Human Cyp2c9 Natural 

Alleles For Gliclazide: Molecular Dynamics Simulation And 

Docking Studies”, Biochimie, Article in press, 2011. 

[18] M.R. Wester, J.K. Yano, G.A. Schoch, C. Yang, K.J. 

Griffin, C.D. Stout, E.F. Johnson, “The Structure Of Human 

Cytochrome P450 2c9 Complexed With Flurbiprofen At 2.0 Å 

Resolution”, J. Biol. Chem., 279, 35630–35637, 2004. 

[19] W. Humphrey,  A. Dalke, K. Schulten, “VMD - Visual  

Molecular Dynamics”, J. Molec. Graphics, 14, 33-38, 1996. 

[20] C. James, Phillips, Rosemary Braun, Wei Wang, James 

Gumbart, Emad Tajkhorshid, Elizabeth Villa, Christophe 

Chipot, Robert D. Skeel, Laxmikant Kale, Klaus Schulten, 

“Scalable Molecular Dynamics With NAMD”, J. Comput.  

Chem., 26, 1781-1802, 2005.  

[21] A. Sali, T. L. Blundell, “Comparative Protein Modelling 

By Satisfaction Of Spatial Restraints”, J.  Mol. Biol., 234, 

779-815, 1993. 

[22] R.A. Laskowski, M.W. MacArthur, D.S. Moss, J.M. 

Thornton, “PROCHECK - A Program To Check The 

Stereochemical Quality Of Protein Structures”, J. App. Cryst., 

26, 283-291, 1993. 

[23] R.A. Laskowski, R.A. Rullmannn, M.W. MacArthur, R. 

Kaptein, J.M.  Thornton, “AQUA and PROCHECK-NMR: 

Programs For Checking The Quality Of Protein Structures 

Solved By NMR”, J. Biomol. NMR”, 8, 477-486, 1996. 

http://dx.doi.org/10.1074/jbc.M405427200
http://dx.doi.org/10.1074/jbc.M405427200
http://dx.doi.org/10.1074/jbc.M405427200


[24] E.F. Pettersen, T.D. Goddard, C.C. Huang, G.S. Couch, 

D.M. Greenblatt, E.C. Meng, T.E. Ferrin, “UCSF Chimera-A 

Visualization System For Exploratory Research And 

Analysis”, J. Comput. Chem., 25, 1605-1612, 2004. 

[25] D.S.  Goodsell, A.J. Olson, “Automated Docking of 

Substrates to Proteins by Simulated  Annealing”, Proteins: 

Struct., Funct. & Genetics, 8, 195-202, 1990. 

[26] G.M. Morris, D.S. Goodsell, R. Huey, A.J. Olson, 

“Distributed Automated  Docking of Flexible Ligands to 

Proteins: Parallel Applications of AutoDock 2.4”, J. Comput. 

Aided Mol. Des., 10, 293-304, 1996. 

[27] G. M. Morris, D. S. Goodsell, R.S. Halliday,  R. Huey,  

W.E. Hart, R.K. Belew, A.J.  Olson, “Automated Docking 

Using Lamarckian Genetic Algorithm And An Empirical 

Binding Free Energy Function”, J. Comp. Chem., 19, 1639-

1662, 1998. 

[28] M.A. Hummel, P.M. Gannett, J. Aguilar, T.S. Tracy, 

 “Substrate Proton To Heme Distances In CYP2C9 Allelic 

Variants And Alterations by the Heterotropic Activator, 

Dapsone”, Arch. Biochem. Biophys., 475, 175-183, 2008. 

[29] M.A. Hummel, P.M. Gannett, J. Aguilar, T.S. Tracy, 

 “Effector-Mediated Alteration Of Substrate Orientation In 

Cytochrome P450 2C9”, Biochemistry, 43, 7204-7214, 2004. 

[30] E. Sano, W. Li, H. Yuki, X. Liu, T. Furihata, K. 

Kobayashi, K. Chiba, S. Neya, T. Hoshino, “Mechanism Of 

The Decrease In Catalytic Activity Of Human Cytochrome 

P450 2C9 Polymorphic Variants Investigated By 

Computational Analysis”, J. Comput. Chem., 31, 2746-2758, 

2010. 

[31]G.D. Szklarz, R.L. Ornstein, J.R. Halpert, “Application of 

3-Dimensional Homology Modeling Of Cytochrome P450 

2B1 For Interpretation Of Site-directed Mutagenesis Results”, 

J Biomol Struct Dyn 12,  61-78, 1994. 

[32] E.E. Scott, M. A. White, Y. A. He, E.F. Johnson, C.D. 

Stout, J.R. Halpert, “Structure Of Mammalian Cytochrome 

P450 2B4 Complexed With 4-(4-chlorophenyl)imidazole At 

1.9-Å Resolution”, 279, 27294-27301, 2004. 

[33] D. Fishelovitch, S. Shaik, H.J. Wolfson, R. Nussinov, 

“How Does The Reductase Help To Regulate The Catalytic 

Cycle Of Cytochrome P450 3A4 Using The Conserved Water 

Channel”, J. Phys. Chem. B, 114, 5964-5970, 2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sano%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yuki%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Furihata%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chiba%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Neya%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoshino%20T%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Comput%20Chem.');

