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ABSTRACT: Virtual screening methods of computer aided drug discovery (CADD) has
revolutionised the drug discovery process. It has not only paced the discovery of new drugs but also
reduced the cost needed for it. Cost effectiveness and time saving attributes has made CADD a
popular choice in lead identification. But these methods are also prone to certain errors. Blind
docking (BD) is a popular choice for analysis binding of ligand with the protein. But can blind
docking be relied upon blindly. The present work is aimed at giving insight about the effectiveness
of BD approach and its reproducibility. AutodockVina was used for blind docking of three natural
compounds viz. poncirin, quercitrin and squalene with factor Xa. Each compound was docked five
times to assess the reproducibility of protocol in terms of interacting residues of proteins and binding
affinity. BD being influenced by exhaustiveness of ligand was also analysed by using two values of
exhaustiveness 1.e. 8 and 32 in an otherwise same protocol. Overall, this study indicates that it is
easy to generate in silico data but it is required to validate and integrate data in the manner that

generate reproducible information.
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1.INTRODUCTION

The in silico process of molecular docking has paced the drug designing process, therefore is widely
used in discovery and development of new lead compounds [1]. It is also termed as computer aided
drug discovery (CADD) and has emerged as a tool for understanding the intricacies of interaction
between a molecular target (usually a protein) and a ligand [2,3]. As compared to conventional drug
discovery process, CADD is not only reliable and cost effective, but saves considerable time needed
for lead compound identification [4,5,6]. In last decade CADD has gained popularity in terms of use
as evident by the quote “The future is bright, the future is virtual” given by a review [7]. This area
of research has experienced fast expansion mainly due to the progress in sophistication of
computational power and increasingly available dataset of ligands and protein targets from public
repositories. All the steps of drug discovery process from identifying hits (probable drug candidate)
to selecting leads (most apt hit for further evaluation) and optimizing leads can be performed by
CADD. Lead optimization involves improving the physicochemical, pharmaceutical, ADMET/PK
(pharmacokinetic) properties of the lead identified so that it can be used as suitable drug [8] The
virtual screening has significantly decreased the need of chemical synthesis and biological testing
thus minimizing the resource requirements and utilisation [8]. The mentioned attributes has made
CADD an integral part of drug discovery process by pharmaceutical companies and research labs.
Structure based drug discovery is easiest approach used in molecular docking as it screens the
compounds (ligands) listed in chemical library by “docking” them against the target protein of
known structure providing the details of binding affinity and conformation of ligands [9]. The
docking of ligands can be targeted focusing only on the predicted binding sites of the target protein
or it can be BD that covers the entire area of a protein. BD is considered to be unbiased as it scans
the entire structure of the protein for finding out the putative binding site of ligand. Several
computational tools are available for this purpose like AutoDock (AD), AutoDockVina (Vina) [10,
11, 12], DOCK [13], FlexX [14] and GOLD [15]. AutoDock programs are most widely used as they
are excellent non-commercial docking program freely available for academic use. Both AD and Vina
work more or less in same way such as in pairing an empirically-weighted scoring function with a
global optimization algorithm, but differ in parameterization of the scoring function and local search
function. Vina as compared to AD is considered to be more quick and accurate for re-docking
protein-ligand complexes [12]. Also, it is considered to be more consistent and better than other
docking programs for BD pose prediction [16]. Therefore, use of Vina for BD of ligands with target
protein is a very good tool that can be used by researchers in CADD. The chances of success in
different stages of drug discovery process increases by use of complementary experimental and
informatics techniques, along with docking tools. The use of Vina for virtual screening is constrained

theoretically only by ligand properties (rotatable bonds, hydrogen bond acceptor and donor) that can
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be calculated and relation between these properties and target protein [17]. But the major concern

arises in practical implementation of Vina in molecular docking of ligands that requires several
considerations. First and foremost is the reproducibility of BD protocol. As, in BD the ligand is free
to acquire different poses or conformation on the entire grid area covering the protein structure since
it allows more freedom of movement to ligand, thereby decreasing the probability of getting the
same pose after every run. The present study is done to bridge the gap between the theoretical and
practical implementation of Vina. The experimental approach used consists of five independent
docking runs carried out on grid boxes centred on the macromolecule, at exhaustiveness 8 and 32.
Poncirin, quercitrin and squalene are used as ligands to be docked with the protein factor Xa. Factor
Xa 1s a serine protease involved in blood coagulation cascade. The ligands and protein are chosen
at random only as examples to assess the BD protocol for its reliability and reproducibility. Selecting
of known inhibitor of factor Xa could have resulted in a biased study. The same docking protocol
was used for each independent run, but at different levels of exhaustiveness.

2. MATERIALS AND METHODS

Figure 1 exhibits the workflow of methodology adopted in present study as described below.

Fig 1. Workflow of blind docking analysis

Flow chart depicting the methodology and software adopted to conduct blind docking by integrating

data acquiesced from different database.

Generation of ligand PDB | Retrieval of 3D structure of
ligands viz. poncirin, quercitrin

Open Babel and sqaulene from Pubchem

Factor Xa PDB (2j4) Energy minimization

(RCSB Protein Databank)
SPDBV

Protein Ligands
Vina

Molecular blind docking Each ligand docked
5 times at exhaustiveness § and 32

Analysis of reproducibility of blind docking
protocol based on binding affinity and
binding residues of proteins (LigPlot)

Protein structure, data acquisition and preparation. The crystallographic structure file (PDB = 2J4I)
for human factor Xa, was retrieved from the RCSB Protein Data Bank (PDB) [18]. The bound ligand
and all crystallographic water molecules were removed from 3D structure of protein prior to BD.
Energy minimization of protein structure was done using SPDBV- Swiss-Pdb Viewer [19].

Compounds structure acquisition and preparation. Three natural compounds viz. poncirin, quercitrin
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and squalene were chosen randomly as ligands for BD study. The sdf files of 3D structure, of the

three compounds were downloaded from PubChem, an open chemistry database. The sdf files were
converted into pdb format prior to docking by using Open Babel software [20]. The BD of ligands
with factor Xa was done by using AutoDock Vina that for global optimization for local minima
search uses iterated local search global optimizer [21]. For docking the protein was kept as rigid
moiety, while ligands were kept flexible. Each compound was docked 5 times with the target protein
factor Xa, at exhaustiveness 8 and 32 to find out the relative binding affinity of a ligand at different
hits (n=5) and assess the reproducibility of the protocol. Factor Xa (PDB ID = 2J41), was processed
in AutoDock tools (ADT) [22]. The polar hydrogens were added, Kollman charges were assigned
to all atoms, and Gasteiger charges were calculated for the protein. ADT was also used to process
the ligand PDB files of all three compounds. The polar hydrogens were added and Gasteiger charges
were calculated for ligand PDB files. The rigid root and the number of rotatable bonds were defined
by the Autotors tool of ADT. The BD was performed with affinity grid maps of 66 x 46 x 56 points,
66 x 46 x 55 points and 62 x 44 x 56 point for docking of poncirin, quercitrin and squalene
respectively with 2J41. The grid point spacing used is 1.00 [J centred on whole protein structure
encompassing the active site of protein (catalytic domain) using the autogrid tool of ADT. The
instructed command prompts were used to perform the docking procedure. Each ligand was docked
against the protein at exhaustiveness 8 and 32. The ligands were docked five times at each
exhaustiveness level using the same grid points. The minimum energy conformation state of ligands
showing binding affinity in kcal/mol was taken into consideration. The protein ligand interaction
for different hits was viewed by UCSF Chimera [23] by keeping protein as rigid molecule and
overlaying each ligand at all five poses obtained after docking over it. The best docked pose with
lowest energy conformation was selected from different hits, for all the ligands. The best pose image
of ligand and protein bound complexes were prepared in Ligplot visualizing program [24] and the
result included position of hydrogen bond formed between them.

3. RESULTS AND DISCUSSION

The details of the ligands viz. poncirin, quercitrin and squalene, along with their 2D structures are
briefed in Table 1. The PubChem Id, chemical formula, molecular weight, hydrogen bond acceptors
(HbA), hydrogen bond donors (HbD), number of rotational bonds (nRB), partition coefficient
(LogP) and the 2-Dimensional (2D) structures of compounds employed in present work. The
information is obtained from PubChem database. The different binding conformations and pose
obtained after BD (number of hit =5) of ligands with factor Xa at exhaustiveness 8§ are represented
in Fig. 2a. The best docking conformation with binding affinity of -9.3 Kcal/mol, -9.1 Kcal/mol and

-7.4 Kcal/mol (Fig. 2b) is selected for poncirin, quercitrin and squalene respectively.
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Table 1. Structure information of ligands.

Compound | PubChem | Chemical | Mol. Wt.
HbA | HbD | nRB | LogP | 2D Structure

Name Id Formula | (gm)

gH

H
0’/._ 2 OH
SO
Poncirin | 442456 | CasHuOus | 594.56 |14 | 7 7 02 Ylj
‘VIOH
0 oy 0
H

Quercitrin | 5280459 Ca1H20011 | 448.38 11 7 3 0.9

Squalene 638072 CsoHso 410.72 0 0 13 11.6 \

Fig 2. Blind docking at exhaustiveness 8

(a) Different binding conformations of poncirin, quercitrin and squalene with Factor Xa as viewed
by UCSF Chimera (b) Best binding pose of poncirin, quercitrin and squalene with Factor Xa upon
based binding affinity

Poncirin % Quercitrin -

-9.3Kcal/mol -9.1Kcal/mol -7.4Kcal/mol
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The same experimental protocol of docking at exhaustiveness 32 was used to find out whether it

increases the reliability over protocol. Fig. 3(a) and 2(b) elucidate the different binding poses and
best binding pose of ligands at exhaustiveness 32.

Fig 3. Blind docking at exhaustiveness 32

(a) Different binding conformations of poncirin, quercitrin and squalene with Factor Xa as viewed
by UCSF Chimera (b) Best binding pose of poncirin, quercitrin and squalene with Factor Xa upon
based binding affinity.

Squalene
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-9.2Kcal/mol -9.4Kcal/mol -7.7Kcal/mol

The best pose binding affinity of poncirin, quercitrin and squalene with factor Xa at exhaustiveness
32 is -9.2 Kcal/mol, -9.4 Kcal/mol and -7.7 Kcal/mol respectively. In order to assess which protocol
is better in terms of reproducibility a comparison is drawn between the binding affinities (Fig. 4a
and 4b) number of hydrogen bonds formed after docking (Fig. 4c and 4d) at exhaustiveness 8 and
32.
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Fig 4. Binding affinity and number of hydrogen bond comparison

(a, b) Binding affinity of poncirin, quercitrin and squalene with Factor Xa measured in Kcal/mol at
exhaustiveness 8 and 32 respectively (hit =5). (c, d) Number of hydrogen bonds formed by poncirin,

quercitrin and squalene with Factor Xa at exhaustiveness 8 and 32 respectively (hit =5).
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Based upon the above comparison best docking pose for poncirin (Fig. 5a), quercitrin (Fig. 5b) and

squalene (Fig. 5c) was used to represent LigPlot analysis comprising of hydrogen bond formed

between the ligand and protein.
Fig 5. LigPlot view

LigPlot view of best binding conformation of poncirin, quercitrin and squalene to factor Xa

= agie

The summary of LigPlot analysis of all three ligands at different hits (n=>5), at exhaustiveness 8 and

32 is given in Table 2.
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Table 2. Interacting residue details as obtained by LigPlot. Hydrogen bond formed by ligands with

interacting residues of factor Xa, at different hits and level of exhaustiveness.

RESIDUES FORMING HYDROGEN BOND

COMPOUND
Exhaustiveness = 8 Exhaustiveness = 32
) Ser195=2, His57=1,
Ser195=3, His57=1,
Aspl102=2, Cys191=1
Aspl02=2, Cys191=1
Aspl189=1, Tyr99=1
Ser195=2, Ser214-=1, )
Ser195=3, His57=1,
Gly219=1, Ala190=1
Aspl02=2, Cys191=1
Cys191=1, Asp189=1
Ser195=3, His57=1, | Ser195=3, Cys191=1,
Poncirin Asp102=2, Cys191=1 Tyr99=1

Ser195=2, His57=1,

Aspl102=2, Cys191=1, Ser195=3, His57=1,
Ser214=1, Gly219=1, Aspl102=2, Cys191=1
Alal90=1

Ser195=3, His57=1, Ser195=3, His57=1,
Aspl102=2, Cys191=1 Asp102=2, Cys191=1

Ser195=1, Gly219=1
Ser195=2, GIn192=1 Tyr99=1, Ser214=1
GIn192=1, Ile227=1
Ser195=1, Gly219=1
Ser195=2, GIn192=1 Tyr99=1, Ser214=1
GIn192=1, Ile227=1

Ser195=1, Gly219=1
. Ser195=1, Gly219=2
Quercitrin Tyr99=1, Ser214=1

Tyr99=1, Asp189=1

GIn192=1, Tle227=1
Ser195=1, Gly219=1
Ser195=2, GIn192=1 Tyr99=1, Ser214=1
GIn192=1, Ile227=1

Ser195=2, GIn192=1 Ser195=2, GIn192=1
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The aim of the in silico molecular docking is to predict the best ligand and target (enzyme or

receptor) conformation and orientation. This is a two-step process, first the information about the
different ligand conformations in the active site of protein is gathered and then these conformations
are ranked based upon the scoring function for predicting binding affinity for each individual
orientation [25]. While most of the applications of molecular docking tools concentrate on the
predicted primary binding region, BD was introduced to scan the entire area of the target protein for
binding sites and simultaneously optimizing the conformation of ligands [26]. The results obtained
after BD were considered to be encouraging [27] and it has been used for answering various
problems like that of designing inhibitor [28], comparing microtubule stabilizing agents [29] and
finding out substrate binding modes [30]. But can BD be used blindly for drug discovery process
and these results can be relied? To answer this we performed the present work by BD of three
randomly chosen ligands poncirin, quercitrin and squalene with protein factor Xa as a target. The
PDB structure used for factor Xa is 2J41 [18]. For BD two values of exhaustiveness were chosen 8
(default in Vina) and 32 to validate the effect of increase in exhaustiveness on result quality [31].

At exhaustiveness 8 and 32, different docking pose after BD (hit=5) was analysed (Fig. 1 and 2). It
was observed that the different docking poses for each ligand at different hit partially overlap each
other and sits in the same cavity that correspond to active site of protein. The difference in each
overlap was analysed by comparing the number of hydrogen bond formed and difference in binding
affinity of each ligand at different hits (Fig. 3). The binding affinity of poncirin varied and was -
9.2Kcal/mol for two hits, -9.3Kcal/mol for two hits and -9.1 for one hit at exhaustiveness 8. The
reproducibility in its binding increased at exhaustiveness 32 as the binding affinity was -9.2 for four
hits and -9.1 for one hit. So, the best docking pose for poncirin will be the one with affinity -
9.2Kcal/mol. The variation in number of hydrogen bond after each hit was more at exhaustiveness
32. This is because higher the exhaustiveness more vigorously the ligand will screen the protein for
binding space. Quercitrin has only three rotatable bonds and hence can acquire less number of
conformations. There by showed constant binding affinity of -9.1Kcal/mol at every hit at
exhaustiveness 8. The binding affinity increased at exhaustiveness 32 due to more tight binding (-
9.4Kcal/mol for four hits and -9.1Kcal for 1 hit). The number of hydrogen bond formed also
increased from 3 to 6 after changing the level of exhaustiveness. The best pose selected was at
exhaustiveness 32 with affinity of -9.4Kmol/cal and 6 hydrogen bonds. Squalene is an aliphatic
molecule thus have more rotatable bonds (n=15). Thereby the binding affinity varied greatly at every
hit at both exhaustiveness levels. However it was distributed more widely around the mean at
exhaustiveness 8. Squalene lack hydrogen bond donor and acceptor therefore did not form any bond
with protein at all. Based upon the above analysis best docking pose of poncirin, quercitrin and

squalene among the various hits and level of exhaustiveness is selected and showed in Figure 4.
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4. CONCLUSION

The study can be concluded on a note that though BD is an excellent approach, but its search

parameters need to be checked and standardized before use. The reliability of the results obtained

after BD can be increased by increasing exhaustiveness value. Though increase in exhaustiveness

will slow down the speed of getting results as the protein surfaced would be screened more variously

to provide the best docking pose of ligand. So, BD is a promising tool for obtaining the leads for

drug discovery process but it can be trusted blindly only after setting the search parameters with

great scrutiny. The results and data obtained after it need to be validated by more sophisticated in

silico tools and wet lab assays.
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