Chapter 9

Conclusion and Further Work

9.1. Introduction

Based on the evaluation strategy and the recorded experimental results from previous
Chapter; this Chapter discusses about the Conclusion of this thesis by interpreting the
results derived from evaluation. The discussion continues further by describing the
achievement of project objectives, solutions provided for the problems encountered

along with possible further enhancements worth doing as a continuation of the project.

8.7.  Conclusion

I have executed the molecular simulation 20 times for the known ligand-protein pairs
and compared it to the actual time taken for the manual molecular docking. The
experiment results derived based on two scenarios as follows:

e Time for the docking: By comparing the time taken for the manual docking

process with the time taken for the automated molecular docking, it says the
software tool can obtain 95% accuracy

e Accuracy: It has 80% accuracy by considering the prediction of the correct
actual existence of the docked molecules according to the energy calculations

Unlike the established approaches following to develop molecular docking such as
manual methods, the agent-based approach doesn't require developing algorithms to
simulate the different steps of the molecular docking.

Further the information embedded in these rules for a given individual agent needs
not to be completed. Each individual agent in the molecular docking simulation will
always discover something which was earlier unidentified because of the knowledge
sharing, with other individuals via message passing. The interesting thing is this tool
can be used to discover new drugs for the selected protein targets. Some drugs can be

effective for the selected proteins unexpected.

This tool could successfully exhibit multi-agent system characteristics such as

autonomy, deliberation, communication and negotiation. Protein, Ligand, Shape
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Determination and Energy Calculation agents are sharing their knowledge to come up
with new docked molecule. NanoAgent system could exhibit self-organization as well
as other control models and associated composite activities. The results suggest that
the Multi-Agent Systems technology could be successfully applied to automate the

manual molecular docking process, which is an inherently complex process.

8.8.  Achievement of the Objectives

With respect to the aim and objectives listed for this project (under Section
1.2); core concepts behind the development of automated molecular docking tool
and significant observations from real world scenarios related to manual
molecular docking are discussed inside the literature review of this thesis (provided
in Chapter 2).

The solution to the multi-agent system based automated molecular docking tool is
described in detail under the design chapter of this thesis (refer to Chapter 5). Further
implementing related details of the docking tool are discussed under the
implementation chapter of this thesis (refer to Chapter 7). Results obtained from the
simulation sessions of the molecular docking are validated against observations
recorded from real world manual docking scenarios within the evaluation chapter (i.e.
Chapter 8) of this thesis. Finally, Chapter 9 (i.e. the main Conclusion) managed to
prove the hypothesis of this thesis (stated under section 5.2) while describing on how

to use the proposed design of the multi-agent molecular docking system.

The results expressed that the Multi-Agent Systems technology can be successfully
used to automate the manual molecular docking. So the aim of this research work
could be successfully achieved with their mentioned objectives as follows:
1. Able to critically study the molecular docking domain with a view to identify
current practices and the issues in molecular docking
2. Critically analyzed and did a comprehensive evaluation of the existing
software solutions in molecular docking with a view to define the research
problem and possible technology
Did in depth study about Multi-Agent Technology and its applications
4. Designed and implemented Multi-Agent System for Molecular Docking.
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5. Evaluated the accuracy of the Multi-Agent System based molecular docking

tool by entering known existing ligands and protein pairs

The results suggest that the Multi-Agent Systems technology could be successfully
applied to automate the manual molecular docking. With this tool, it is better to have
animated transition of the molecular docking process that associate with each step of
the entire process. So this tool is lacking the presentation of the docking process step
by step.

9.2.  Further Work to Improve Molecular Docking Tool

The main focus throughout this thesis was about simulating automated molecular
docking process by developing a computer simulation tool using multi-agent systems
technology. Artificial Neural Network is amazing technology, which can be applied to
improve this software tool. If we can implement this tool with a trained artificial
neural network for the results of pre docking processes of known protein-ligand pairs,

it will be helpful to improve the performance and the accuracy.

Even if it discovers the ligand-protein pairs it is essential to perform a test for
identification of possible poisonous of drugs using experiments. But it is a not
economically effective and not efficient procedure that needs actual living beigns
testing. First, we can use this software tool and have to verify it by doing proper

clinical trials.

The most significant types of docking systems are protein-ligand and protein-protein.
In this research | have addressed only protein-ligand docking. But it can be improved
for the other two categories too. However, the reduced efficacy of the existing scoring
functions | have used for the docking tool, is the biggest barrier, which obstructs the
improvement of the molecular docking method.

9.3.  Summary

In this chapter presented the conclusion and the future work associated with this
research work. There is clearly much work to be done in the area of automated
molecular docking using multi-agent system technology to improve the quality and

the accuracy of the software tool that | have developed for this research work.
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This thesis addressed the application and benefits behind proposing a multi-agent
based solution for automated molecular docking process. Further, it has been proven
that the multi-agent based prototype is able to provide identical results during a
simulation of ligand-protein binding process simulation, comparing with statistics
recorded on real world manual molecular docking scenarios. The major advantage
derived here over the conventional approaches is that the multi-agent based approach
doesn't require waiting until complete one step in the docking process. Instead,
through communication (i.e. passing messages) and unplanned knowledge sharing
between the agents, the multi-agent based approach is able to emerge uncertain drug

discoveries for the selected decease proteins.
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Appendix A
MAS Based Molecular Docking Tool

A.1  Screenshots

Following diagrams shows the main functions of the molecular docking tool.

NanoAgents 1.0

A5ty

Select Ligand Select Protein Molecular Docking

O

View Ligand View Protein JMol 3D Structure

3 B

Insert Ligand Insert Protein Help

‘ Calculate Energy

Following diagram shows the dashboard for choosing the protein from the existing
database, search protein if you know the name or download pdb files from the RCSB
Protein Data Bank.
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NanoAgents 1.0

Choose Protein

© O

Download from RSCB Select Protein

Search From Database Choose Downloaded

Close

Following diagram shows the list of proteins retrieved from the local database.

Protein

1LKN

INGZ

1NS1

1NEI

1NWE

1NYN

1PUZ

1RY)

1504

1TE7

1WPI

User can select one from the list and view the details and also can use it for

Protein Database Close

Description

Solution NMR Structure of Protein TM_1112 from Thermotoga maritima. Ontario Centre for Structural Proteomi...
Solution NMR Structure of Protein YML1OBW from Saccharomyces cerevisiae. A novel member of the split bab f...
Sclution NMR. Structure of Protein yggll from Escherichia coli. Northeast Structural Genomics Consortium Target..,
Solution NMR Structure of Protein yoaG from Escherichia coli. Ontario Centre for Structural Proteomics Targer E...
Solution NMR. Structure of Protein AQ_1857 from Aquifex aeclicus: Northeast Structural Genomics Consortium ...
Solution NMR Structure of Protein YHROB7W from Saccharomyces cerevisiae. Northeast Structural Genomics Co...

Solution NMR Structure of Protein NMAL147 from MNeisseria meningitidis. Mortheast Structural Genomics Conso...

Sclution NMR Structure of Protein Mth1743 from Methanobacterium ther hicum. Ontario Centre for ...
Solution NMR Structure of Protein PFO45S from Pyrococcus furiosus. Northeast Structural Genomics Consortium...
Solution NMR Structure of Protein yqf8 from Escherichia coli. Northeast Structural Genomics Consortium Target...

Solution NMR Structure of Protein YKRO49C from Saccharomyces cerevisiae, Ontario Centre for Structural Prote...

View Details

the

docking. It has the feature to preview the 3D structure before applying it for the

docking.

User can see more details from the PDB online database by clicking on the “Open

URL” button.
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View Protien | Close |

Short Name 1RY]

Description Solution NMR. Structure of Protein Mth1743 from

A
Methanobacterium thermoautotrophicum. Ontario Centre for )
Structural Proteomics target MTH1743_1_70; Northeast

Structural Genomics Consortium Target TT526. v

Authors Yee, A., Chang, X., Pineda-Lucena, A, Wu, B., Semesi, A, Le, B
Release Date 2004-02-24

Link http: / jwww.pdb.org/pdb jexplore fexplore.do?: i Open URL
PDE File | Preview | Use Protein

Following diagram shows the 3D preview of selected protein.

Preview of the Ligand

[ Exit

AgentDock has a dashboard to select a ligand from the database that the tool has.
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AgentDock 1.0 Close

Choose Ligand

Select From Database Search From Database

Following diagram shows the list of available ligands in the database.

LXK
Ligand Database Close
Ligand Description ™
Bimatoprost Bimatoprost ophthalmic solution is a topical medication used for controlling the progression of glaucoma or oc...
Caffeine A methylxanthine naturally occurring in some heverages and also used as a pharmacological agent. Caffeine's. ..
Calcidiol The major circulating metabaolite of vitamin D3 (cholecalciferal). It is produced in the liver and is the best indi...
Dalfampridine Dalfampridine is a potassium channel blocker used to help multiple sclerosis patients walk. This is the first dr...
Dalfopristin phase of protein synthesis in the bacterial ribosome and quinupristin inhibits the late phase of protein synthesis.
Econazole A broad spectrum antimycotic with some action against Gram positive bacteria. It is used topically in dermato...
Edrophonium A rapid-onset, short-acting cholinesterase inhibitor used in cardiac arrhythmias and in the diagnosis of myast...
Felodipine Felodipine is a long-acting 1,4 -dihydropyridine calcium channel blocker (CCB)b. It acts primarily on vascular s...
Fenoprofen An anti-inflammatory analgesic and antipyretic highly bound 1o plasma proteins. It is pharmacologically similar...
Folic Acid A member of the vitamin B family that stimulates the hematopoietic system. It is present in the liver and kidne...
Gabapentin Gabapentin (brand name Neurontin) is a medication criginally developed for the of epilepsy. Prese...
View Details

User can view more details by selecting the required ligand and also can preview it
before apply it for the docking.
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Close

Drug Bank ID DBO1764

Ligand Name Dalfopristin

Description Dalfopristin is a combination of two antibiotics (Dalfopristin 8

and quinupristin) used to treat infections by staphylococci and )
by vancomycin-resistant Enterococcus faecium. It is not
effective against Enterococcus faecalis infections. Dalfopristin v

Brand Name NA

Affected Organism Enteric bacteria and other eubacteria

Pharmacolugy Dalfopristin is a streptogramin antibiotic, derived from

pristinamycin A,

Mechanism Of Action The site of action of dalfopristin is the bacterial ribosome.

Dalfopristin has been shown to inhibit the early phase of protein

synthesis.
Link http: / fwww.pdb.org/pdb/ligand /ligandsummary.do | Open URL |
PDE File Preview I Use Ligand | Clear |

Following figure shows the selected ligand 3d structure preview.

w of the Ligand

e-e
XS,

& ”

-4

Exit

Following diagram shows the result after the molecular docking.
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L Preview of the Ligand

Structure Operations Differentiations Animations Automated

l Exit

Another docked molecular result shows as follows (yellow color molecule represents
the ligand)

® Freview of the Ligand

Structure Operations Differentiations Animations Automated

l Exit
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Energy calculation feature shows the actual existence of the docked molecule using

Python component for the energy calculations.

Ll Liganu | SerecL rrutem | MuUELUIdl LULRInyY

o | —

Close

Energy released: -31343.291 [the total coulomb energy in (kcal/mol) for the structure]
|Structure can be exist.

Calculate Energy

Intermediate steps can be viewed in a separate window as logs.

Structure Operat Diff Animations

NanoAgents 1.0

L ] »®

Intermediate Steps

useCommandThread: false
Remaving unneccesary atoms like hydsogen bonds and other irons (Zn,Fe,Hg.AuAg)....
Active site detected for the protein...

Inspecting ligand....

Reading proteing file into the memory...,

Explaring the 30 structure to find the active binding site of the pratein (pockets and cavities)...
(€1 2012 Jmol Development

Imol Version: 14.2,9_2014.11.23 2014-11-23 16:45
java.vendor: Java: Oracle Corporaticn

java.version: Java 1.8.0_11
03.name: Mac 05 X
Access: ALL

memory: 256.0/312.0
processars available: 4
useCommandThread: false

¥

Insert Ligand Insert Proteln

T

Calculate Energy
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Appendix B

Free Databases and Ontologies

B.1  Ligand Database

EMBL-EBI

oof approved drugs and nutraceuticals in the PDB

M Search

Generic names
The index beica 18 the gensric names of a8 appover drugs and ruraceuticals ound in structires of the PDB. Thiere ars #42 molecules In al (438 cups and 58 nutraceuicals). contained within 22638 PO

Drug daata taken from DrugBank which cumently contains 1682 approved drugs and nutraceuticals.

Types: #drug;  wnutraceutical
Counts: t=number of different targets for T = number of those targats with known TO = nurmber of those target structures that aiss have the
the drug; structure (in POB); cangspandng drug bound:
A G P
t TTD t TTD t TTD
# abacavir =k # gasapentin 41 - 83 -
# abraterong | @ taming %8 91 # pamidronate 21 4
# acepromazing 2 - » gamma-homolincienicacd 2 1 - # pagaverng 221
# acelaminophen 1o # ganciciovir 311 # paromomycin 2 1.
# acelazolamide 715 # gelitink 116 # paroxating 82 -
tic acid - -3 # gemcilabing 43 - # pemetrexad 442
# acotohydroxamic acid 22an # gentian violot 1 . # panciciavir 2 =
# Beatyicystaine - - » £ 403280 2 # penicilaming 1 - -
# acetyisalicylic acid 2 - » plycing M 83 # ponicillin g 1 =
@ i 12 # granisetron 1 - - # penicillin v 422 2
» acaning 121110 # guaniging 8T # pentamiding 21 - 7
# Bdencsing 2.1 1 # pentobasital 10 4 - 1
ind monaj hate 1811 - # pantostatin 11 2
» eoencsine Inphosphate 3315 8 6 H # pentoxityline 851 1
:aladi;ib ? 1 # ﬂ_':"v‘buwc ‘g g 4
a) ne ¥ - sphatidyiserine 3
# alendronatn 42 # hexachiorophena 3‘ ;TD # phytonadiona 2 - 14
# mligkiren 1% r 232 - # picrotoin 4 - - 1

The index below lists the generic names of all approved drugs and Nutraceuticals
found in the structures of the PDB. There are 493 molecules in all (437 drugs and 56
Nutraceuticals), contained within 22935 PDB structures. Drug data taken from
DrugBank [34], which currently contains 1682 approved drugs and Nutraceuticals.

B.2 Protein Database

RCSB PDB  Deposit + Search= Visualize = Analyze ~ Download ~ Leamn ~ More ~

==

o An Information Portal to = -
) 106293 Biological Search by PDB ID, author, macromolecule, sequence, or liga
o=

PROTEIN DATABANK Macromolacule Stictixey Avanced Search| Browse by Annolations

A Structural View of Biology February Molecule of the Month

This resource is powered by the Protein Data Bank
archive-information about the 3D shapes of proteins,
#% Deposi nucleic acids, and complex assemblies that helps

* eposit students and researchers understand all aspects of
biomedicine and agriculture, from protein synthesis to
Q Search health and disease.
The RCSB PDB builds upon the data by creating tools
. and for h and education in
& Visualize biology, structural biclogy, computational biclogy, and
bayond.

i Analyze

Structure and Health Focus: Ebola
# Download .

;

Insulin Receptor || Feedback

W Leam




This resource, is powered by the Protein Data Bank archive-information about the 3D
shapes of proteins, nucleic acids, and complex assemblies that helps students and
researchers understand all aspects of biomedicine and agriculture, from protein

synthesis to health and disease.

B.3  Atom Ontology

Dumontier Lab provides free chemistry ontologies. Their research has significant
implications for basic science, drug discovery, and health care. Their investigations
into the dynamics of biochemical transformations will lead to improved identification
of drug leads, thereby reducing the time and cost of drug discovery [83]. Following
diagram shows the ontology in Protégé.

[ ] ® o wva (hitpa/ gy, ab ‘atom-prmitive) : [/Users/harindra/Desktop/atom-primitive.owl]

< | = | @ atom-primitive (hit

Classes  Object Properties  Data Properties  Individuals  OWLViz | DL Query  OntoGraf | NOWL  SOWA  SOVA tree

Ontology header. [
Ontelogy IR hitp:f fontelogy.dumontieriab,com/ atom- primitive
Ontology Version IRI
application/rdf+ xml
An antology of the atams of chamical alements
Atom Criclogy (pramitae]

damlorg/2003:0 1 periodictable PeriodicTable owd

<hnp:/ jontology. dumontierlah, com/ annctations
annctaton

To use the reasoner click Reasoner->5tant reasoner o Show Inferences
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