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Application of Docking Methods: An Effective In Silico
Tool for Drug Design

Seema Kulkarni and Thirumurthy Madhavan®

Abstract

Using computational approaches we can dock small molecules into the structures of Macromolecular targets and then
score their potential complementarity to binding sites is widely used in hit identification and lead optimization techniques.
This review seeks to provide the application of docking in structure-based drug design (binding mode prediction, Lead
Identification and Lead optimization), and also discussed how to manage errors in docking methodology in order to

overcome certain limitations of docking and scoring algorithm.
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1. Introduction

Every drug companies are actively involved to iden-
tify the hit compounds and lead optimization process,
computation methodologies plays a crucial role in drug
discovery programs!¥. The number of proteins with a
known 3D is increasing rapidly, and structures produced
by structural genomics initiatives are beginning to
become publicly available. The increase in the number
of structural targets is in part due to improvements in
techniques for structure determination, such as hight-
hroughput X-ray crystallography. With large-scale
structure-determination projects driven by genomics
consortia, many current target proteins have been
selected for their therapeutic potential. One key meth-
odology docking of small molecules to protein binding
sites was pioneered during the early 1980, and remains
a highly active area of research®™. Docking is the search
for spatial transformations that fit two molecules
together in energetically favorable configurations. It
should accurately predict the structure of a ligand-recep-
tor complex with respect to experiment and calculate a
binding energy that can be used to correctly rank the lig-
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ands relative to experimentally measured binding affin-
ities. If the ligand pose sampling is adequate, and the
energy scoring function is sufficiently accurate, then the
global minimum-energy position of the ligand in the
receptor can be selected from the set of local energy
minima. Docking is mostly applied to the systems of
small molecule ligands and protein receptors; it has also
been used to dock proteins and proteins, nucleic acids
to proteins, and small molecules to nucleic acids.
Although significant improvements in the speed and
efficiency of the conformational search capabilities of
docking algorithms have been obtained, only incremen-
tal improvements in the predictive capabilities of the
scoring functions used by these algorithms have
occurred. There are a number of excellent reviews of
docking programs and algorithms that described in the
field of docking program in a level of detail®); this
review discussed the application of docking approaches
in structure-based drug design.

2. Theoretical Aspects of Docking
For an enzyme and inhibitor, docking aims at correct

prediction of the structure of the complex [E+I] = [EI]
under equilibrium conditions (equation 1).

[Ellag == [Elsq + [Tlag (M

The free energy of binding (AG) is related to binding
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affinity by equations 2 and 3:

AG =—RTInK, (2
_ _ [EI
KA_K,.I-[Jml] 3)

Prediction of the correct structural pose of the [E+I]
complex does not require information about KA. How-
ever, prediction of biological activity (ranking) requires
this information; scoring terms can therefore be divided
in the following fashion. When considering the term
[EI], the following factors are important: steric, electro-
static, hydrogen bonding, inhibitor strain (if flexible)
and enzyme strain. When considering the equilibrium
shown in equation 1, the following factors are also
important: desolvation, rotational entropy and transla-
tional entropy.

3. Application of Docking Methods in
Structure-Based Drug Design

Docking approaches is extremely useful in three
broad categories: to predict the structure of a ligand-
receptor complex accurately with respect to experiment
(binding mode prediction), virtual screening for lead
identification, and potency prediction for lead optimi-
zation.

4. Prediction of Binding Mode

Binding mode prediction involves two step processes:
(1) a set of ligand conformations are generated. In dock-
ing algorithm, the ligand conformations are generated
and modified within the environment of the binding
site, (2) scoring algorithm is applied for the generated
conformations, based on the best binding affinity the top
conformer to be selected. The selected pose will be sim-
ilar to the pose that would be seen crystallography. The
docking algorithm should be able to identify success-
fully small molecule binding mode that are sufficiently
correct to be useful for structure-based drug design!®.

5. Virtual Screening for Lead Identification

Docking algorithm is useful to screen large chemical
database to find out potential lead for the interested pro-
tein target. Since the database usually contains 10>-10°

chemical compounds, so it’s extremely important to
consider about the computational time. To make the
docking algorithm more efficient, the parameters of the
algorithm modified or optimized to increase the speed
of calculation. At the end of screening process, potential
candidate could be identified using specific cutoff score,
and further validated by experimental assay studies™.
Docking methodology identifying that compounds with
poor shape and chemical complementarity to the pro-
tein-binding site will score poorly and it will be at the
bottom of the list of scored compounds. Most scoring
functions have been designed to reproduce binding
mode and affinities of true actives, for virtual screening
the scoring function does not necessarily need to
account correctly for all the features conferring affinity.

6. Potency Prediction for
Lead Optimization

In addition to hit identification, docking techniques
are increasingly used to support lead optimization
efforts. Here, the scenario changes: to facilitate a hit-to-
lead transition, the compound potency typically has to
be increased by two to three orders of magnitude and
relatively small chemical modifications can lead to sig-
nificant changes in binding. The requirement to estimate
the effects of relatively small chemical changes further
complicates the calculations and therefore distinguish-
ing a micromolar compound from a nanomolar ana-
logue often requires much greater accuracy than typical
docking and scoring can provide. However, once hits or
leads have been co-crystallized with their targets and
exact binding conformations have been established,
docking of analogues can be facilitated by the applica-
tion of algorithms such as ‘anchored search’ 24 that
model compound modifications on pre-defined core
fragments of leads.

Docking approaches are relatively successful to order
the rank of a set of related compounds by affinity. Even
though the scoring function has some limitations, it has
modest progress towards the lead optimization. If a
binding mode is identified accurately, scoring function
can count favorable and unfavorable interactions and
therefore predict relative potency. Current docking algo-
rithms and scoring functions do not thoroughly account
for contributions such as loss of conformational entropy
during binding!'®,
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7. Absorption, Distribution, Metabolism
and Excretion Properties

Docking techniques are currently also applied to aid
in structure-based absorption, distribution, metabolism
and excretion (ADME) evaluation. Cytochrome P450
isoforms are major drug-metabolizing enzymes and
have become focal points in the study of rapid metab-
olism and drug-drug interactions''?. Several groups
have developed structure-based approaches for the pre-
diction of compounds that would be metabolized by or
inhibit P450s, and various homology models of human
P450 isoforms have been generated for these purposes
as templates for docking to predict drug metabolism!'>1¢!,
Recently, a crystal structure was determined of a human
P450 isoform in complex with warfarin. The inhibitor
binds proximally to the iron-porphyrin system in the
enzyme but had no direct interaction with the cofactor.
These structural insights should help to further refine
docking studies on human P450s and increase their pre-
dictive value.

8. Managing Errors in Docking

Because of large space of ligand-receptor complex
configurations, approximate sampling and energy scor-
ing are used when docking. Errors in the sampling
methods and energy scoring methods can cause both
complex structure prediction and docking application
based on ligand database ranking to fail. Structure pre-
diction failures can be classified as sampling failures or
scoring failures. Sampling failures occur when the sam-
pling algorithm fails to sample any ligand poses near the
native ligand pose; increasing the amount of sampling
usually eliminates these failures modes. Scoring failures
occur when the predicted ligand pose has a more favo-
rable energy score than the native co-crystal ligand
pose. Because energy scoring function does include the
calculation of binding entropy. To get more reliable
docking results, it’s very important that using higher
accuracy of sampling and scoring functions when nec-
essary.

9. Conclusion

This review has briefly discussed the application of
docking approach in structure-based drug design. Even
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though, these methodologies have some pitfalls, but its
useful application in drug discovery process. Virtual
screening on protein templates, which differs from
molecular similarity- and ligand-based virtual screening
methods, provides an opportunity for the de novo iden-
tification of active compounds, without bias towards
known hits or leads. The relationship between docking
and scoring algorithm is quite complex, however the
models produce better results in order to differentiate
‘true ligand’ from false positive. Although docking and
scoring relies on many approximations, the application
of these techniques during binding mode prediction,
lead identification and optimization, quite useful in tra-
ditional approaches in structure-based design.

References

[1] J. Bajorath, “Integration of virtual and high-through-
put screening”, Nature Rev. Drug Discov., Vol. 1,
pp- 882-894, 2002.

[2] W. P. Walters, M. T. Stahl, and M. A. Murcko, “Vir-
tual screening-an overview”, Drug Discov. Today,
Vol. 3, pp. 160-178, 1998.

[3] T. Langer and R. D. Hoffmann, “Virtual screening:
an effective tool for lead structure discovery”, Curr.
Pharm. Design., Vol. 7, pp. 509-527, 2001.

[4] H. Gohlke and G Klebe, “Approaches to the
description and prediction of the binding affinity of
small-molecule ligands to macromolecular recep-
tors”, Angew. Chem. Int. Ed., Vol. 41, pp. 2644-
2676, 2002.

[5] L D. Kuntz, J. M. Blaney, S. J. Oatley, R. Langridge,
and T. E. Ferrin, “A geometric approach to macro-
molecule-ligand interactions”, J. Mol. Biol., Vol.
161, pp. 269-288, 1982.

[6] M.V. Itzstein, W.Y. Wu, G. B. Kok, M. S. Pegg, J.
C. Dyason, B. Jin, T. V. Phan, M. L. Smythe, H. F.
White, S. W. Oliver, P. M. Colman, J. N. Varghese,
D. M. Ryan, J. M. Woods, R. C. Bethell, V. J.
Hotham, J. M. Cameron, and C. R. Penn, “Rational
design of potent sialidase-based inhibitors of influ-
enza virus replication”, Nature, Vol. 363, pp. 418-
423, 2002.

[7] E. Garman and G. Laver, “Controlling influenza by
inhibiting the virus's neuraminidase”, Curr. Drug
Targets, Vol. 2, pp. 119-136, 2004.

[8] E. Kellenberger, J. Rodrigo, P. Muller, and D.
Rognan, “Comparative evaluation of eight docking
tools for docking and virtual screening accuracy”,
Proteins, Vol. 1, pp. 225-242, 2004.



Application of Docking Methods: An Effective In Silico Tool for Drug Design 103

[9] H. Chen, P. D. Lyne, F. Giordanetto, T. Lovell, and

J. Li, “On evaluating molecular-docking methods
for pose prediction and enrichment factors”, J.
Chem. Inf. Model, Vol. 46, pp. 401-415, 2006.

[10] M. Stahl and M. Rarey, “Detailed analysis of scor-

ing functions for virtual screening”, J. Med. Chem.,
Vol. 44, pp. 1035-1042, 2001.

[11] K. M. Masukawa, P. A. Kollman, and 1. D. Kuntz,

“Investigation of neuraminidase-substrate recogni-
tion using molecular dynamics and free energy cal-
culations”, J. Med. Chem., Vol. 46, pp. 5628-5637,
2003.

[12] R. Sheridan, M. K. Holloway, G. B. McGaughey, R.

T. Mosley, and S. B. Singh, “A simple method for
visualizing the differences between related receptor
sites”, J. Mol. Graph. Model, Vol. 21, pp. 71-79,
2002.

[13] M. J, Groot, M. J. Ackland, V. A. Horne, A. A.

Alex, and B. C. Jones, “Novel approach to predict-

ing P450-mediated drug metabolism: development
of a combined protein and pharmacophore model
for CYP2D6”, J. Med. Chem., Vol. 42, pp. 1515-
1524, 1999.

[14] M. J, Groot, M. J. Ackland, V. A. Horne, A. A.

Alex, and B. C. Jones, “A approach to predicting
P450 mediated drug metabolism. CYP2D6 cata-
lyzed n-dealkylation reactions and qualitative
metabolite predictions using a combined protein and
pharmacophore model for CYP2D6”, J. Med.
Chem., Vol. 42, pp. 4062-4070, 1999.

[15] M. ]. Groot, “Development of a combined protein

and pharmacophore model for cytochrome P450
2C9”, J. Med. Chem., Vol. 45, pp. 1983-1993, 2002.

[16] J. Y. Park and D. Harris, “Construction and assess-

ment of models of CYP2EI: Predictions of metab-
olism from docking, molecular dynamics, and
density functional theoretical calculations”, J. Med.
Chem., Vol. 46, pp. 1645-1660, 2003.

J. Chosun Natural Sci., Vol. 6, No. 2, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


