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ABSTRACT

The new drug discovery is found to be a time consgrand costly process. Recently, a trend towdrdause
of in-silico computational chemistry and moleculaondeling for computer aided drug design has gained
significant momentum. This review is an investigatof the applications of different software in girdesign.
The modern drug discovery process is steadily beagpmore information driven. Structural, physicocheal
and ADME information about property profiles of@efnce ligands, along with structural informatidrtheir
target proteins, have been extremely useful fdyesdage drug discovery. A number of examples hragently
been reported for the successful applicationsrattire based drug design to the discovery of camgs with

a potential to become more useful therapeutic agémhong the reviewed software programs are agmits
programmed in Grid computing, window based genB&PK/PD modeling software, PKUDDS for structure
based drug design, APIS, JAVA, Perl and Python, OAEs well as software including software libraries.
These all programs are useful for cheminformatmsr@aches to drug design and discovery includingd®S
studies, energy minimization as well as dockingdigtsl in drug design. Furthermore this review exdai
options for using different computer modeling safteprograms in drug discovery and design.

Keywords: Drug design, drug discovery, molecular modeliofjvgare.
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INTRODUCTION

The greatest source of inefficiency in traditiombécovery and development arises from the high
percentage of evaluated compounds that have atdolapility of ultimate success. To bring a new ditoghe
market is very costly, with the current price tggpximating US$ 800 million, according to recehidées.
This is why various pharmaceutical companies agkisg various ways to reduce the cost associatddamig
design. Now a day’s various computer based softvgaich as combinatorial and HTS (High-throughput
screening) adopted by pharmaceutical companiesder do save time and money. In HTS large libradés
compounds are screened against drug target tafidariead compound that can leads to a particolécome.
Although these methods are costly and most ofithe they are not able to represents the basic refetdany
biological systems. Although it increases the edtehich lead compounds are identified [1].

Several commercial tools to support such activiiee available in the market. However, these
programs usually run on UNIX workstations and theses require specialist knowledge and experthien t
fields of cheminformatics and molecular modelingl aare therefore used mainly by molecular modelers.
However, the success of a given project is dependensynthetic bench-chemists becoming much more
involved in the direct cheminformatics work becatBeir project-specific knowledge is important fibre
projects to progress welDe novo ligand design methods are computationahoust for designing molecules
that complement a receptor or binding site stradtyiand energetically. Successful de novo desagults in
proposed ligand structures that have high bindifigity for their desired binding sites. De novosifgn has
been most successful where biological and expetahé&nowledge of the ligands and substrates exisis
major approaches have been applied to the develtpohele novo ligand design software: moleculaginant
approaches and sequential growth approaches Jfig. 1

The molecular fragment approaches dock moleculagnfients to determine various energetically

favorable positions on the active (binding) sitatthre then “linked” together. The first step isdentify key
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locations in the binding pocket and then bind snsakds or fragments to these locations. Once thé se
fragments/functional groups are positioned, thet is8ep is to link them together with scaffolds. @uat de
novo ligand design methodologies suffer from onemmre of three major deficiencies that have seyerel
limited their use and acceptance in drug discopeograms. The first and most important deficierscthie fact
that a large number of the generated structuresyauthetically unfeasible.
This is particularly evident for the fragment maltbavhere in many cases it is chemically infeasiblbridge
the bound functional groups and join all fragmeintgheir most favorable locations [2]. The secondjon
deficiency arises from the commonly observed diffiees in experimental and calculated binding adiégi

De novodesign methods utilize a scoring function to evi@usach step of the process. This scoring
function is really a calculated measure of recefand binding affinity. Unfortunately, availabkcoring
functions are limited in their abilities to accuaigt predict experimentally determined binding affes and
activities.
The third deficiency ariseé from the large comtonat problem of quickly and efficiently searchidgersity
space for good solutions (e.g., structures witsgeable binding affinity).
As an attractive alternative, in-silico methodswhmomise in identifying new lead compounds fasted at
fraction of the cost of combinatorial approaches atier software. The addition of computer aidadydtesign
technologies to the R&D approaches of company,céesd to a reduction in the cost of drug desigd an
development by up to 50%. These in silico approachay include:
a) Docking studies: where a ligand is studied dytire binding to particular target protein.
b) Cheminformatics: where activity and structure ewrrelated by structural means.
c) Bioinformatics: where drug target obtained frg@nomic data. Use of these approaches has ledeto th
discovery of indinavir and HIV-protease inhibitaad identification of haloperidol as a lead compmbim a

structure-based design study of non-peptide intrlwt HIV [3, 4, 5].
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The software used may originate from different sear It may include commercial companies,
academic institute’s open-source software and usbalevelopment. Each of these softwares has adyemt
and disadvantages and their selection dependsingtitutions that use the software [6].

GaussDal: An open source database management syst@nquantum chemical computations

Open source software is known as GaussDal. Thiseésl for management of results obtained from
guantum chemical computations. Open source softvedees to any program that has the source availtinl
modification as user or for other developers. They mostly developed in public collaboration anel made
available freely, although ‘free’ can sometimesersfonly to academic institutes where as commercial
enterprises required to pay a fee.

Recently Campbell Mclnnes [7] discussed the usep®En source software in the strategies used in drug
discovery. The open source software has large nuofedvantages which make it suitable and attradir
drug designing, especially to academic scientisudlly commercially available drug designing softva
packages come with an expensive license fee ang lHhee to renewable every year. Recently DelLano
discussed the use and advantages of open souteasoflt is easy to use open source and free disogpvery
software as they include the ability to downloagragram directly and immediately from internet, lre@nse
fees and flexibility at lower cost with option tastomize the software for a particular project. Sehéeatures
make open source software most attractive and usefiware [8].

Although open source software are very attracti @seful but they too have some disadvantagest ddise
times they lack the proper information about the whkich may be inconvenient for new user. Alsohia field

of chemistry it is difficult to convince experts tmntribute their spare time to those open souofvare
projects. Therefore new contributors to open sowuftware can be increased by graduating students i
computational or computer sciences as a part af Wwak. Most of the times the installation of tleggrograms

is not easy and need to be compiled by programnginguage-specific compiler such a$" CFORTRAN,
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JAVA or run from the command line and most of thpsegrams are written for Linux or SGI platform .[9]
This is the reason why most of cheminformatics laimthformatics software have poorly written gragtiaser
interfaces that are not user friendly. This resulta bench scientist spending more time tryingnsdall and
program it. This is the reason why in-silico meth@ade used in first place — that is to save the &imd thereby
saving money. Further some software is set to sucodmmand line by imply typing to a command linéted
These interactions are preferred by the users bedaapeeds up the process [10, 11, 12].

An open source software system called GaussDamfmmagement of results from quantum chemical
computations is presented. Chemical data contamedtput files from different quantum chemical grams
are automatically extracted and incorporated inteelational database (PostgreSQL). The Structursr®
Language (SQL) is used to extract combinations hefntcal properties (e.g., molecules, orbitals, rtieer
chemical properties, basis sets etc.) into datiedair further data analysis, processing and Vizaizon (fig.

2). This type of data management is particulariyesufor projects involving a large number of malkss. In
the current version of GaussDal, parsers for Gansand Dalton output files are supported, howeuarré
versions may also include parsers for other quanttlemical programs. Catalog identifier for gaussDal
program is ADVT, Program summary [13Dperating system under which the system can bedestLinux
and Programming language used is Python [14].

There are existing software implementations avkilabat try to solve some of the management
problems from Daylight Chemical Information SystefhS, 16]. However, all these systems are commiercia
software and subjected to strict licensing requeets. There are two open source project relatésiaiossDal:
OpenChem Workbench [17] and GaussSum [18]. The Opem Work- Bench software appears to contain
some of the desired properties of GaussDal, howespection of the web site indicates that the gmbhas
had little activity in the last years and has naigpessed to a sufficiently mature state. The Gauwussprogram

is basically a parser for Gaussian output filesclwidoes not contain a database for handling thétseshich
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Is so central to GaussDal. Within the field of noollar mechanics simulations, there is software ifatlows
several of the ideas used for GaussDal. This iBib&imGrid [19] database which allows contributarsa
GRID computation network to share results from rtle@imputations. This is a centralized approachatad
management and is in contrast to GaussDal whiclrigamn the local machine of each user. This isrtsure
security and flexibility in the use of the prograim.addition, GaussDal is also able to work over ltiternet in
a centralized mode [20].
The World Wide Web as Graphical User Interface to Mdlecular Modeling and Structural Based Drug
Design

World Wide Web (WWW or Web) has been employed tovjale access to computational chemistry
software and protein structure data by program asade show how the combination of web technolagy a
macros can automate both the running of chemisifjware and the execution of complex operations on
protein structure. Historically the use of molecuigaphics, molecular modeling and chemical infdrora
software has been limited to the experienced pesraath the background concepts, specific userfates and
overall computing environment. Furthermore the obenost of software packages has been labor intensi
with considerable time and efforts often been negiifor computer based approaches to moleculardgrsh
One solution to this problem has been the use @jram macros also known as scripts. These are grogr
consisting of program for running and controllirgfte’are packages. Program macros can be used assend
tool so that the user at any level may safely amdectly apply the most advanced features of stphied
modeling software.

The rise in popularity of World Wide Web has resdlin revolution in the way computers are used and
the way information is accessed. The current vergib the system supports the molecular visualimatio

packages GRASP, RASMOL, MOLVIEWER-OGL and INSIGHBS#hd the ligand design tool GRID.
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The modeling methods described herein focuses @nntierpretation of protein structure informatiamdats
use in receptor based drug design. We have sowugbbtain maximum benefit from specialized protein
structure visualization software, particularly GRASwhich is particularly suited to mapping chemical
properties on to molecular surfaces, RASMOL a widesed package for protein structure viewing,
MOLVIEWER-OLG which we have found to be highlighginndividual residues in protein ligand complexes
and INSIGHTS95 a comprehensive molecular modelimghod package that is used for superimposition of
multiple structures. Neil R. Taylor and Ryan Snpilt forwards a version of interface which providesy
access to ligand design tool GRID [21]. They atteddo create a system that offers the user singlgtive
set of options that rapidly delivers meaningfulules More of their studies are a set of macros peaform
specific operations on protein structure. The Udsearcros is that they enable complex operationisrthamally
require many steps to be performed with single camumEach macro is written in command languageishat
specific to each modeling package. In some casesommaay be only two commands e.g. in case to tgbhli
the two amino acid residue in active site of a@rgtwhile some other cases it may be of hundredncands,
e.g., reading a protein-ligand complex and in @giplg the molecular surface of the protein in igirof the
active site.

A Web browser can be used as Graphical user icterfaa the common gateway interface and
controlled by a scripting language (e.g. TCL: T@@mmand Language). An HTML document that is used to
pass parameter to a CGI program is known as a fohm.basic operation of the macros is their usational
drug design, in the protein structure data andpteceased drug design. There are many advantdgesny
Web as a GUI to program macros and computatiorethtry software. These advantages include follgwin
(a) The process of viewing structure and their proes is fast.

(b) Access to the protein data and software t@otpened to a wider audience.

(c) Data are managed efficiently owing to reduceplidation of files.
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(d) The time required to gain experience with safevis reduced thereby lowering training costs.

(e) Many changes associated with running modifiggraded software packages are hidden from inexpmte
end user.

(H The implementation of the state of the art teghes is usually straight forward.

(g) Documentation and manual pages can be easihe@ded into the GUI (Graphical User Interface)ha t
form of hyperlinks.

Despite of so many advantages they have some distabes too, e.g. machine dependency. That is the
software packages implemented run only on SilicoapBics work-stations. But this is not a seriosuésas
work stations are standard for molecular modelikgpther limitation is that the techniques reporéed suited
to local internet systems and not the whole Worlid&VWeb. Despite of these minor drawbacks the
tremendous gain described here ensure the futweess of using the Web as an interface to the milalec
modeling software [21].

APIS: Application Programming Interface Software

This software used for model identification, simida and dosage regimen calculations in clinical an
experimental pharmacokinetics. Basically pharmawstics consists of analyzing the kinetic profileao§iven
drug during its absorption, distribution, metabmliand excretion process in animal or human bodg. drug
dynamic behavior can be monitored through the aumagon-time curve, obtained by sampling biologica
fluids and after, by assaying drug concentratiofise basic goal is to optimize drug use on patignt b
computing adapted dosage regimens. The wide intevidual variability in the pharmacokinetic prosesa
given dose can be efficacious without side efféatene patient but toxic to another patient. Thuslésign
adequate dosage regimens for individual patientsis iimportant to obtain information on individual

pharmacokinetic i.e. to be able to relate concéntrdo doses [22].
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In the past a great attention is given to matherahtnodeling of drug distribution in human body in
order to perform pharmacokinetic process identiifbcaand to compute appropriate dosage regimen.pDten
may be used to perform individual pharmacokinetiocdeling. But the difficulty arises that the amowft
kinetic information obtained from patient is restied by clinical constraints such as ethics, timeation and
cost of analysis. Further to reduce the numberanipdes required to produce a mathematical a Bayesia
estimation criterion may be used. A Bayesian apgraaquire knowledge of the probability densityx)pEf
unknown pharmacokinetic parameters, x, and of ¢mmdil probability density function p(y/x), called
likelihood function and involve the statical dibution of individual observations, y. The main difiity for
Bayesian estimator is the deviation of p(x). Thsetlm®nditions under which p(x) and p(y/x) appeaBayesian
criterion is critical for a reliable estimation pharmacokinetic parameters and therefore a suctessfage
regimen adjustment [23].

APIS is a software package based on mathematicdkeling which provides a reliable approach in
optimizing the drug therapy. It was designed tdsasginician in interpreting blood drug levels gwat drug
therapy may be better and more cost effective. Teshod can be used to describe, predict and dahieo
kinetic behavior of the drug. This software incladbe principle of Bayesian procedures i.e. oneusnall
patient available information to determine patispecific parameter estimates. These estimateshean lte
used to design an optimal and individualized degjmen. APIS is an attractive and useful tool forical and
experimental pharmacokinetic. APIS may be usedmynil@aM compatible computer using Microsoft-windows
environment. The software is menu driven to provadeery user friendly tool or analyzing pharmacekin

data and for designing dosage regimen [24].
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A new molecular simulation software package — Peka University Drug Design System (PKUDDS) for
structure-based drug design

It is a comprehensive molecular simulation progrpatkage, the Peking University Drug Design
System (PKUDDS), which runs on personal computekdJDDS has been developed mainly for computer-
aided drug design using the methods of two-dimeraiguantitative structure activity relationshipisree-
dimensional quantitative structure activity relasbips, molecular docking and database screeffimgjun
Hou and Xiaojie Xu presented an overview of itsctiomality, especially of methods developed. Thieyled
PKUDDS uses genetic algorithms in molecular dockcanformational analysis, and quantitative strradtu
activity relationships as the most useful optimaattechnique. A user-friendly graphical interfgm®vides
easy access to many functions of PKUDDS [25].

The development of new drugs is a lengthy and esiperprocess. The first step is to find potengald
compounds with desired biological activity. Comptagled drug design (CADD) techniques can increhse
pool of interesting structures that can be evathialée rapid increase in computer speed, memorytlaad
decreased cost of personal computers and workssatiave brought significant computational resouvaésin
the reach of most researchers. Inexpensive compguaghics programs offer improved methods of orjagi
and visualizing molecular information. The fundamamssumption of most CADD procedures is thatkine
biological event, at the molecular level, is theagnition and non-covalent binding of small molesuto
specific sites on target biological macromoleciteseptors). Generally, CADD procedures can beddiyiinto
two categories: ligand structure-based methodsrereptor structure based methods.

The Peking University Drug Design System (PKUDD®vde a convenient method of accessing
methods for drug discovery (fig. 3). For ease ofntegnance and future extensions the system wadaped

on personal computers to function with Windows 9%indows 98, or Windows NT operating systems.
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PKUDDS provides a powerful simulation capabilitydaan friendly graphical user interface. The compate
code and graphical user interface are written wighal C™.

Ligand structure based methods, including quantéatstructure activity relationship (QSAR)
methodologies and pharmacophore searches, sharmgotthieof predicting biological activities and deu
common pharmacophore models from the physicochémroperties of ligand structures. In most casks, t
structure of the receptor is unavailable and thly aray to study the SAR and pharmacophores is liygus
ligand structures. Receptor-based methods includintecular docking and de NOVO design. They seek to
find lead compounds by modeling the molecular detai drug action or receptor ligand interactiodgith
recent developments in X-ray and NMR techniques)ynpotein structures have been solved, providigitel
information about receptor ligand interactions [26]

With a receptor model in hand, the next step ismadly to build or find potential ligands that wiit
into the active site model. The key to this stepuséng 3D information to find or build complementar
structures. A crystal structure of the receptomtérest having a ligand bound in the active sffers an ideal
place to begin, providing valuable information abthe location of important contacts and the camfation of
the bound ligand. The goal of designing PKUDDS teadevelop an integrated system on a personal canpu
that contains all of the functionality necessary structure-based drug design. Major modules irelQD-
QSAR, enhanced CoMFA (Comparative Molecular Fiefthisis) and molecular docking. The source code of
the modules in PKUDDS is mainly written in C and’ @Ganguages. By using PKUDDS all calculations were
performed on a personal computer. Source code amdsponding parameter files in this study, inahgdihe
2D-QSAR based on GA (genetic algorithm), the softking procedure and the conformational analysseta
GA, can be obtained upon request. The structumdsis of ligands and receptors by PKUDDS provigssful
information for drug design. Moreover it can als Used to study important processes in the dedigrew

functional materials [27].
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Various researchers developed new methods for ureraent and evaluation of various
physicochemical properties of drug like compourfés. example: Pablo R. Duchowicz and et al developed
new QSPR (Quantitative Structure Property Relahign)sstudy for the prediction of aqueous solubibfydrug
like compounds [28].

Web based Cheminformatics tool: Drug Design, Interet, World Wide Web and Java

Web-based molecular processing tools installed amparate Internets bring easy to use
cheminformatics and molecular modeling capabiliiegctly to the desks of synthetic chemists, givihem
comfortable access to data and their visualizagioth analysis, considerably improving efficiencytioé drug
design and development process. User friendly thas use a standard Web browser as an interféme al
users access to a broad range of expert molecuteegsing tools and techniques, without the need fo
extensive expertise in their use. Computationahoas are becoming more involved in the modern nirealic
chemist's work. This is mainly because of the egntial growth of the amount of data that need to be
processed and analyzed in the modern drug discqreness. Typical tasks involved in this processuitie
fast access to structural and bioactivity data ftbm corporate database, calculation of moleculapgrties
and structure-activity correlations for large datas analysis of molecular diversity and the desigh
combinatorial libraries [29, 30].

Several commercial tools to support such activites available on the market. However, these
programs usually run on UNIX workstations. Theie usquires specialist knowledge and expertiseerfigids
of cheminformatics and molecular modeling. Therefdhese are used mainly by molecular modelers.
However, the success of a given project is depdndensynthetic bench-chemists becoming much more
involved in the direct cheminformatics work becatBeir project-specific knowledge is important fibre

projects to progress well. Although most chemisesiaterested in doing so, they are discouragethbtprs
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such as the necessity to master the complicatedface and command set of commercial application® o
remember UNIX commands [31, 32].

However, there is a solution to this dilemma -\erld Wide Web. The enormous, and still increasing,
popularity of Web technology is due to its easausd and high degree of interactivity. In additivarious
emerging technologies, such as Java, sophisticéled scripting, VRML (Virtual Reality Modeling
Language) or chemical markup language have addedurectionality to the Web and made it a true dyiam
environment that is ideal for the development ofrusfriendly cheminformatics applications. Free
cheminformatics tools on the Internet can be dsefthe drug design and discovery process is albglon
the Internet for free. These services are not offgred by academic institutions and non-profitamigations,
but also by providers of commercial software. Stide services are important resources for students
academic researchers [33].

Ciba-Geigy (which merged in 1996 with Sandoz tarfddovartis) [33, 34] was one of the first large
pharmaceutical companies to recognize the advastaeWeb technology for processing molecular
information. By 1995, its chemists were alreadyedbl use a Web-based cheminformatics system thrthegh
company Internet. The Novartis Web-based chemirdtios system has been continually updated and
currently comprises >20 modules, supporting a bmaadie of molecular modeling and molecular processi
tasks including:

» Calculation of molecular properties.

» Sophisticated toxicology alerting.

» Retrieval of information about various moleculesnfr the company databases (screening results,
experimental properties, sample availability).

* Molecular visualization, including also visualizatiof surface molecular properties.

e Support for diversity analysis and enumerationashbinatorial libraries.
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* Drug design based on bioisosteric principle.
» Various helper tools (e.g. file format conversiomglecule depiction and 2D to 3D conversion).

In addition to the general advantages of Web-bdsets for processing chemical information, the
chemical industry can benefit from several othexcer features of Web technology. On a companyvoet
comprising various types of computers with différeperating systems (e.g. Windows based PCs, Macs,
various types of UNIX computers including LINUX sers), the ability to connect all these computassyell
as integrating useful older legacy applications i¢lwhusually run on mutually incompatible systems) i
important. Maintenance of software on a single \Wever is a viable alternative to updating and taaimg
applications on several hundreds of desktop PCesdlsoftware are user friendly and do not requie a
special training. Another benefit of in-house saftev development is that the time lag between the
appearance of a new methodology or algorithm iditagture and the availability of this solutiam the users
can be kept to a minimum. Pricing and licensinguess are also encouraging large pharmaceutical and
agrochemical companies to move more resources dswan-house development of Web-based
cheminformatics tools running on a central servather than licensing software for hundreds of tgsk
computers [35].

The advantages of Web technology in the chemichlstry is that such systems provide easy access to
relevant data, allow visualization, processing andlysis of the data and development of models bl
users to understand complex relationships withendata. The Web tools support medicinal chemistheir
daily tasks as well as more specialized activitiaditionally reserved for molecular modeling sjadists, such
as the design of targeted combinatorial librariemisosteric design or virtual screening, including
sophisticated virtual docking applications.

There is a limit, determined by the complexity loé trequired user interface. The interface of Wellstonust

be simple, ideally offering only structure inputdaa minimum number of parameters to be set. Wels tbat
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require complex multi-step input, with numerousunparameters and options have no chance of suf3fss
Examples of Web-based cheminformatics applicatimesl in the pharmaceutical industry include:
a) The extensible cheminformatics system VERDIe Wertex Research Database Interface - is available
the Intranet of Vertex Pharmaceuticals. The sydielps Vertex scientists to handle large amountsatd and
organizes the chemical, biological and intellectuadperty information into a format that is cleardaeasily
accessible. The Web system comprises a multi-tientcserver architecture that simplifies the im&gmpn of a
variety of commercial, academic and homegrown t@wld can be used to perform a variety of functions
including database searching, reagent selectiorcamdbinatorial library design. A tool called RECRafid
Elimination of Swill) provides a simple means forentists to select screening compounds and resgent
b) A Web system for combinatorial library design shiaeen developed at Scynexis. The system offers
synthetic chemists access to expert tools withbatrteed for extensive expertise in their use. Thag d
likeness, ADME and toxicity filters, as well as gog functions for library diversity and reagenttability are
available.
c) At lonix Pharmaceuticals, a set of intercommatig Intranet packages was created to assist hrerists
in the design of combinatorial libraries. The cooenponent of the system is a database of avaitablgents
coupled with a combinatorial library design pack&gereate and filter virtual parallel arrays.
d) Celltech Chiroscience has implemented a Webebasel for hydrogen bond strength prediction. The
method is based on the correlation of experimgntaliserved hydrogen bonding strength with quantum-
chemically derived parameters [37].
Python: A Programming Language for Software Integrdion and Development

Python is an interactive, object-oriented prograngrianguage. It provides high level data structures
such as list and associative arrays (called diaties), dynamic typing dynamic binding, modulesssks,

exceptions and automatic memory management gtasl remarkably simple and elegant syntax and yaet
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powerful and general purpose programming langutig®as designed in 1990 by Guido van Rossum. Like
many other scripting languages, it is free, evanctommercial purposes and it can be run on prditieay
modern computer. A Python program is compiled aattrally by the interpreter into platform indepente
byte code that is then interpreted. The Scrippse&eb Institute running various unmodified compdsen
written in Python under Linux, Windows NT, 98, 9BJX, SunOS, and OSF. Python is modular by natine
Python distribution includes a diverse library dgérglard extensions (written in Python, C, of")Cfor
operations ranging from string manipulations and RBlee regular expressions, to Graphical User risiee
(GUI) generators and including web related utiifieperating system services, debugging and prgftlbols,
etc. New extension modules can be created to extendanguage with new or legacy code. The extensio
modules, sometimes referred to as “packages” ompooments, include GADFLY, an SQL database manager
written in Python, PIL, the Python imaging libraBiNORB, OmniBorker, CORBA compliant Object Request
Brokers (ORB) written in Python, Gendoc, (an autdalocumentation tool) and Numeric Python. The bes
resource for Python, along with the books thateaglable, is probably the Python web site. It jdeg access
to code, documentation, packages, articles, maligtg etc. It is also worth mentioning the recerdgation of
the biopython.org web site, a collaborative sofeveffort for computational biology and chemistryywenuch
like bio Perl. Finally, besides the C implementatmf the Python interpreter, there is also a 10Q¥e Pava
implementation called JPython. JPython allows Rythse as an interpreted language for programmirnigen
Java world. This interpreter allows initiation ofJava class and Java code can call Python codendthe
extensions first need to be made available in élvea Yvorld before they become available in JPytl3& B9].
Computer Assisted Drug Development (CADD): An emerigg technology for drug design

Computer Assisted Drug Development (CADD) is an mgimg technology for accelerating drug
development based on the integration of mathematicaleling and simulation. This methodology progde

knowledge based decisional tool on alternative lbgweent strategies based on the evaluation of fiatersks
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on drug safety and the definition of experimentdign of new trials with expected power and prolisiof
success. Research and development in pharmaceutdadtries are under constant pressure to improve
operational efficiency and to continuously simpliind automate processes. This pushes toward a re-
engineering of the decisional processes suitabbctount for the rapid evolution of the informatisystems

and information technologies [40].

Today, a novel technology is available to combime mathematical modeling and simulations tools in
an integrated environment: the computer-assisted) dievelopment (CADD) system. The CADD system
jointly with the development of an effective infoation system suitable to insure connectivity, wimnkf
management and access to comprehensive informegjmository (Gomeni, 2000) can supply an effective
framework for modern drug development. Using thesdhnologies, researchers can now test in a rehl an
virtual environment drug compounds against protaigets, study the PK and PK/PD of optimized |estgly
drug effects on isolated organs or animals, desigtinical trial to test alternative assumptionsd a&ven
answer some regulatory questions through simulafibe need to make drug development more efficent
informative pushed toward the extensive use of Etmn in clinical development over the past decade
However, the computer simulation has been predamtiynased in clinical trials of phase Il to phaséwhile
this methodology has been only occasionally appitedrug development from pre-clinical studies aghe
first-time-in-man (FTIM) and the proof-of-concefdC) studies. An example of the use the CADD teldgyo
to integrate the knowledge about the pharmacokiseind pharmacodynamics of a new CNS compound in
different animal species and to build predictivedals to design the FTIM and the PoC study was ptedeby
Roberto Gomeni, Massimo Bani, Carla D. Angeli, Ma@orsi, Alan Bye of GlaxoSmithKline Group [40].
CADD is knowledge based iterative process where néely collected information are integrated in the
existing drug and disease-specific knowledge frame used to refine and update the knowledge omwlrilng:

properties. This process extensively uses matheatatiodels and simulation tools to describe andipte¢he
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behavior of dynamic system with the objective tttdreunderstand the system itself and explore engtave
the system characteristic. The ultimate goal ofGAdD approach is to provide a decisional tool blase the
exploration of alternative development scenaribs,dvaluation of potential risks on drug safetg, diefinition
of experimental design of new trials with expegbedver and probability of success. CADD can be éffely
applied in all the phases of a new drug researom fead optimization up to the post marketing &sif41].

Grid computing and the drug discovery process

Grid computing has emerged as an important nevd.fi#l differs from conventional distributed
computing in its focus on large-scale resource isparinnovative applications and in some cases high
performance and high throughput orientation. Griginputing enables the development of large scientifi
applications on an unprecedented scale. Grid-awgdications, also called meta-applications or mult
disciplinary applications and make use of coupleahgutational resources that are not availablesatgle site.

In this light, Grids let scientists solve largerr@w problems by pooling together resources thatdcoot be
coupled easily before. Designing and implementirrgd-@ware applications often requires interdiscigty
collaborations involving aspects of scientific cartipg, visualization and data management. It id \uebwn
that the programmer’s productivity in designing antplementing efficient parallel applications orglm
performance computers is a very time consuming.t&kd computing makes the situation worse.
Consequently the development of Grid programmingirenments that would enable programmers to
efficiently exploit this technology is an importaarid hot research issue [42].

The myGrid is proposed as the next-generation Wehill provide the computational power and data
management infrastructure necessary to supporcdéhaboration of people, together with data, toaisd
computational resources. The scientific procesanisexample of such a collaborative process wherd Gr
technology can facilitate virtual organizations éople, machines instruments, data and computationa

resources. Robert Stevens, Robin McEntire, Caralel€; Mark Greenwood, Jun Zhao, Anil Wipat and Pete
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Li use the drug discovery process as an exampdekobwledge rich application domain that can bdifated
by technology such as myGrid [43]. Several otherdGarojects orientated towards the life sciences ar
underway, such as the Asia Pacific BioGrid Initiati[44], the North Carolina BioGrid [45], the Careu
BioGrid [46], the EUROGRID project [47] and the Biedical Informatics Research Network [48]. All thes
projects have primarily focused on the sharingashputational resources and the large-scale moveai@fata
for simulations, remote instrumentation steeragehigh throughput sequence analysis. However, tiee li
sciences require support for a scientific proceitls more modest computational needs, but with & kegel of
semantic complexity, of which the drug discoverggass provides many examples. In its early devedopm
Grid computing has focused on providing the comjputal power necessary for solving computationally
intensive scientific problems. However, the sci@mtprocess in the life sciences is less demanding
computational power but contains a high degrealoéient heterogeneity, semantic and task complekitg
myGrid project has developed a Grid-enabled middfewframework to manage this complexity associated
with the scientific process within the bioinforneidomain. The drug discovery process is an exawipée
complex scientific problem that involves managimgtvamounts of information. The technology devedopg
the myGrid project is applicable for managing maspects of drug discovery and development by |Iguega
its technology for data storage, workflow enactmesitange event notification, resource discovery and
provenance management [49, 50].
Conclusion

Various computer based molecular modeling softwa® a significant impact on various areas of drug
designing and development. Although a number of frad open source software packages such as QSAR
molecular modeling descriptors or docking software available for drug discovery, but sometimey theght
be inaccessible to the bench chemist becausehareitpoorly programmed GUI or insufficient infortioa is

available about how to run the software. Howevegspective of these disadvantages and difficuthese
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software are useful to speed up the process ofdragyy development. Some software can also be helpful
study the pharmacokinetic and pharmacodynamic petexs)of the drugs in human and animal models e.g.
APIS. Some software may be used to study the sialctctivity relationship of different drugs anldeir
analogues e.g. PKUDDS and CADD. Therefore the dighese softwares is useful in drug designing. When
more use of such successful software is made, iedlgem the academic community, many more drug
discovery projects will be benefit and programshwatided functionality and user friendliness wil,aaresult,

likely become available to assist such endeavoes éwther.

Computational method and tools for screening = Lead discovery and Dptimizitiﬂn
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