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A STATISTICAL ANALYSIS TO FIND OUT AN APPROPRIATE DOCKING METHOD
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ABSTRACT

Objective: The objective of the study was to determine a suitable and reliable docking protocol based on a statistical study.

Methods: Statistical analysis was done to find out the co-relation between in-silico and in-vitro results.

Results: All the docking method shown acceptable root mean square deviation (RMSD) value those were found to be less than that of 2 Å. Coefficient 
of co-relation value was also quite satisfactory with highest of r = 0.6574 and rs=0.8322 for LigandFit.

Conclusion: Among the three docking method used for the study, LigandFit was found to be more appropriate as it shown low RMSD and high 
co-relation coefficient.
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INTRODUCTION

Docking, the important tool in drug design and discovery involves 
search of the best possible conformations and orientations of a 
ligand in the target binding site [1,2]. Virtual screening tools are an 
important part of the modern era of drug design and discovery. It is a 
tedious task to find out the most suitable virtual screening tool mainly 
in case of protein ligand docking [3-7]. LigandFit is a shape based 
docking of a flexible ligand at the active site of the protein by cavity 
detection method, various spaces inside the target protein active site 
are searched as correspond to the shape of the ligands. A combination 
of shape comparison filter and Monte Carlo technique is used to search 
various ligand poses and then these poses are minimized within the 
active site to get protein ligand interaction energy [8-11]. CDOCKER is 
a CHARMm-based docking engine where flexible ligands are docked 
at protein active site. Several random conformations of the ligand are 
generated at the protein active site which is then followed by MD-based 
simulated annealing composed of several heating and cooling steps. 
The final score is obtained by energy minimization process [12,13]. 
Whereas GOLD docks flexible ligands at the protein active site by 
employing a genetic algorithm (GA) [14,15].

The strength of association of two sets of variables can be measured by 
the use of different coefficients. Among them the three most widely used 
are Pearson’s coefficient of correlation (r), spearman’s rank correlation 
(rs), and Kendall’s tau coefficient (Ƭ) [16]. Here in the present work 
Pearson’s coefficient of correlation and Spearman’s rank correlation are 
been used to select a best docking method on the basis of correlation 
between dock score and reported inhibitory concentration 50 values of 
some anti-folate molecules.

Although difficult, it is important to select the best docking tool that 
can be suitable for a particular study. In the present work comparative, 
statistical analysis is been carried out to select the most suitable 
docking method out of three selected methods [17].

METHODS

In silico study

Preparation of protein
X-ray crystal structure of wild type Pf-DHFR-TS complex was 
obtained from protein data bank using Accelrys’ Discovery studio 

version 2.5 (PDB entry code: 1J3I). Water molecules, co-crystallized 
ligand WR99210 were removed and cofactors Nicotinamide adenine 
dinucleotide phosphate, dUMP was allowed to retain. Finally, receptor 
was prepared according to the requirements of the docking protocols 
LigandFit, Gold and CDOCKER.

Preparation of ligand
Reference ligands (Fig. 1) were prepared by Marvin sketch tool as 
supported by Sanjeevani online program. The 3D structures of the 
ligands were imported to Discovery Studio workplace and energy 
minimization was done by applying CharmM forcefield.

Docking
Validation of all the docking protocol was done by the calculating root 
mean square deviation (RMSD) value of the docked ligand with respect 
to the co-crystallized ligand (Fig. 2).

LigandFit
In order to simulate the biological environment, CharmM forcefield was 
applied. Sites were generated from the receptor protein, and site 1 was 
selected for docking. All the molecules were docked keeping dreiding 
energy grid with an extension of 5.0 Å, dielectric constant as 1.0, and 
parallel processing was kept as false. Binding energy of the docked 
molecules was calculated using calculate binding energy protocol.

Gold
Receptor protein was prepared according to the requirements of the 
protocol. A sphere was constructed around active site 1 and molecules 
were docked at the active site. This docking protocol employs GA 
to dock the molecules at the assigned site. GA was speeded up by 
7-8 times, and GA automatic search efficiency was kept as 100.0. Finally, 
binding energy was calculated using calculate binding energy protocol.

CDOCKER
This is a CHARMm forcefield based docking method where a sphere was 
constructed around the active site of the receptor protein. Molecules 
were then docked at the active site keeping simulated annealing as true 
and parallel processing was kept false. Finally, ligand-protein binding 
energy was calculated for all the docked ligands.
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Statistical analysis
Ki values for the reference ligand were obtained from Ref [8] then the 
data were organized and Karl Pearson’s coefficient of correlation (r) 
and spearman’s rank correlation (rs) were calculated using the standard 
formulas as shown in Fig. 3.

RESULTS AND DISCUSSIONS

Calculated RMSD value reveals that docking protocol LigandFit closely 
reproduces the co crystallized ligand with an RMSD value of 0.248 Å 
whereas RMSD value for CDOCKER and Gold was found to be 0.538 Å 
and 0.6187 Å (Fig. 2). Although an RMSD value <2 Å is considered as 
valid, here docking protocol LigandFit can be said as most accurate 
because of of its lowest RMSD value.

Calculated Karl Pearson coefficient of correlation (r) and rank correlation 
(rs) signifies that docking protocol LigandFit is more accurate than that 
of other docking protocols. As in the case of LigandFit both Karl Pearson 
coefficient of correlation (r) and rank correlation (rs) are greater 
and more near to one (Table 1). This signifies that the docking value 
obtained from LigandFit fits more accurately to the practical Ki. Finally, 
it can be concluded that the accuracy of docking protocol follows the 

following order LigandFit > CDOCKER > Gold, where LigandFit is more 
accurate, and Gold is the least.
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Table 1: Estimated binding energy and Ki values

Molecule* Ki* (‑) Binding 
energy 
LigandFit

(‑) Binding 
energy 
CDOCKER

(‑) Binding 
energy 
Gold

1a 2.4 133.038 57.568 60.028
1b 25.2 47.195 115.170 42.770
1c 77.2 16.096 43.722 45.628
1d 102 12.389 20.464 12.802
2a 3.6 71.560 45.576 41.101
6a 9.7 70.968 136.419 61.520
6f 13.7 70.231 85.708 60.617
6g 0.9 121.749 137.807 129.082
6h 5.2 60.205 126.214 165.403
6i 11.3 38.629 60.156 78.402
6l 15.2 15.687 43.880 58.592
6m 23.6 68.969 30.926 33.067
*Ki values were obtained from ref no. [18], r=0.6574; r=0.5172; r=0.5324, 
rs=0.8322; rs=0.6294; rs=0.6364, RMSD=0.248; RMSD=0.538; RMSD=0.6187, 
Coefficient of correlation (r), rank correlation (rs), RMSD: Root mean square 
deviation

Fig. 1: Structure of the reference ligands used for the study

Fig. 2: Root mean square deviation poses for the docking 
protocols
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Fig. 3: Formula used for the calculation of co‑relation coefficient
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