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1 Introduction 
 
1.1 Brief Context  
 
Drug discovery systems and operations are increasingly implementing large 

scale automated screening systems, supplementing traditional methods. The IT 

and software aspect is apparently increasing every business quarter. Underlying 

network and software technology for this context overall is changing quite rapidly 

implying appropriate novel approaches might be somewhat advantageous. The 

ability to do more screening and simulation rapidly in the early phases of the drug 

discovery process implies a much better result overall in terms of efficiency and 

cost effectiveness.  

 

 

Close collaborators are offering access to proprietary small molecule libraries in 

electronic and physical form plus expertise and simulation capability often in 

partial exchange for an equity position in developed products. Software and 

consulting vendors are offering a wide array of specialized modules, many of 

which are quite eccentric and only able to run in a limited context, requiring 

covariant investment in particular hardware platforms. Many of these modules 

are apparently somewhat unsatisfactory as they are not able to address industrial 

scale production. From the revenue perspective the leading software vendors in 

the sector are selling in the order of 15 to 20 M US per quarter, including 

consulting services. 

 

VESPERS Beamline at the Canadian Light Source (CLI) 

 

Simulation is often entirely dependent on accurate measurements on intricate 

sample crystals, of dehydrated biological systems, in research centres such as 

the VESPERS Beamline at the Canadian Light Source, pictured above.  The drug 

discovery software industry is apparently rapidly changing in direct covariance 
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with the availability of instruments such as CLI. As operations have gone from 

workstations to large clusters, over past decades, modeling software has become 

more complex, taking advantage of larger memory footprints, increased mass 

storage, improved visualization and better networks. This trend implies 

successful next generation drug discovery systems will likely be even more 

critical to profit centres, and possibly find ready markets. 

 

  
o Past 

o Software Market 
! Mainly UNIX on workstations 

• Limited LAN access 
• Niche Utilities 

o Small database 
o Limited modeling 

o Present 
o Software Market 

! Mainly UNIX on small clusters 
• Low bandwidth LAN and WAN 
• Integrated Utilities 

o Medium database 
o Rigid Empirical modeling 

o Future 
o Software Market 

! Mainly UNIX on large clusters 
• High bandwidth LAN and WAN 
• Integrated Modeling & Pipelines 

o Large database 
o Dynamic Graphics integration 
o Flexible Empirical modeling 

 
 
 

1.2 Basic Goal 
 

The goal of this project is to pick up and logically extend an innovative viable 

jumbo packet (9k) based drug discovery system (DDS) framework to four leading 

Canadian universities where, the currently in progress, 9k App (Application) 

project [re: Appendix], leaves off.  The expected result is putting in place a 

practical preliminary working user controlled lightpath (UCLP) based, grid 

(Globus Toolkit 4.X) compatible DDS framework, using high performance 

visualization and network file sharing, supplying appropriate preliminary service 

oriented architecture (SOA) and work flow components (Kepler, GridNexus), 

associated with key strategic resources, such as the X-ray diffraction facilities at 
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the Canadian Light Source.  The project is innovative because existing DDS 

systems and components are generally not 9k UCLP, grid, SOA and work flow 

tool based.  Canada will benefit because the 9k UCLP version 2 (UCLPv2) based 

drug discovery system will help the existing pharmaceutical, biotechnology and 

related infrastructure corporate and government health sectors of our economies, 

assisting in providing high quality employment, new pharmaceutical sector 

opportunities and improved health care to the Canadian public, and contribute a 

preliminary demonstration of impressive regional competitive potential, and 

associated exemplary stable investment growth context, for the decision makers 

of the global pharma industry.  This will help us set the scene, in future, for 

potential major international investment in our pharmaceutical, biotechnology and 

supporting infrastructure sectors, and continue to significantly enhance the social, 

cultural and economic benefits of advanced networks to all Canadians.  The 

benefit to the CANARIE project family is to supply the 9k DDS Software and 

Developer Guide package, including intellectual property rights, possible patents, 

and a working prototype system, in four of our leading universities, for our top 

rated life science researchers and developers for the effective management and 

implementation of their ongoing drug discovery pipelines, from target acquisition 

through to medicinal chemistry tuning, testing and trials. Notably simulation is 

often entirely dependent on accurate measurements on intricate sample crystals, 

of dehydrated biological systems, in research centres such as the VESPERS 

Beamline at the Canadian Light Source, and “big pharma” drug discovery 

systems are increasingly implementing large scale automated screening 

systems, supplementing traditional methods. This trend implies successful next 

generation drug discovery systems, in general, will be ever more critical to profit 

centres, and our effort, in the form of the 9k DDS Project may well succeed in the 

overall goal of finding and rapidly exploiting niche infrastructure markets.
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Current Review 

 
Acquisitions, mergers and amazingly rapid pharmaceutical company 

buyouts of promising dug discovery modeling companies in North America 

have reduced the number of players over the last few years to some 

degree. Paradigm shifts, and increasing costs, with reduced pipeline 

prospects, imply optimistic pricing of unusual or novel software 

approaches, which may improve the odds of new discoveries. We 

anticipate that due to the highly sensitive nature of the collaborations and 

alliances in the industry, especially with respect to small molecule 

screening libraries and particular infrastructure software, there is enough 

room to manoeuvre for numerous start up players.  

 
Potential Corporate Participants 
 

o Alberta 

! BigBangwidth Corp. 

! BioWare Corp.  

! Biomira Inc. 

! Celonex Inc. 

! Chenomx Inc. 

! CyberCell Technologies Inc. 

! Matrikon Inc.  

! Micralyne Inc.  

! Replicon Inc. 

o British Columbia 

! Abgenix Biopharma Inc.   

!  Active Pass Pharmaceuticals, Inc.   

!  Allon Therapeutics Inc.   

!  Angiotech Pharmaceuticals, Inc.   

!  AnorMED Inc.   
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!  ARC Pharmaceuticals Inc.   

!  Aspreva Pharmaceuticals Corporation   

!  Cardiome Pharma Corp.   

!  Chemokine Therapeutics Inc.   

!  Clera Inc.   

!  Dragon Pharmaceuticals   

!  enGene Inc.   

!  Forbes Medi-Tech Inc.   

!  GenoLogics Life Sciences Software Inc.   

!  iCell Therapeutics Inc   

!  iCo Therapeutics Inc   

!  ID Biomedical Corporation   

!  Inimex Pharmaceuticals Inc.   

!  Kinexus Bioinformatics Corp.   

!  Koseos Biotechnology Research Corporation   

!  Med BioGene   

!  MIGENIX Inc.   

!  Neuromed Technologies Inc.   

!  OncoGenex Technologies Inc.   

!  Ondine Biopharma Corporation   

!  Pacgen Biopharmaceuticals Corp.   

!  PanaGin Pharmaceuticals Inc.   

!  Protiva Biotherapeutics Inc.   

!  Protox Therapeutics Inc.   

!  QLT Inc.   

!  Sirius Genomics Inc.   

!  Twinstrand Therapeutics Inc.   

!  Welichem Biotech Inc.   
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!  Wex Pharmaceuticals Inc.   

! Xenon Genetics Inc.  

! ZymeWorks Inc.   

 

 

Some discovery consulting companies are taking an equity position and 

covariantly assuming some of the risk in drug discovery efforts. In 

summary market leaders are apparently currently focussed on a range of 

functionality for the most part based on SGI platforms and are heavily 

involved in direct collaboration, while smaller start-ups are it seems more 

focussed on mission critical structural components, that might run on a 

variety of less expensive platforms. From preliminary consideration 

internationalization does not seem to be systematically incorporated in any 

of the current products. A considerable amount of public software is 

available and generally can be compiled and run on most supercomputer 

platforms, however is very tricky to compile and use in general. Notably 

most of the drug discovery software with considerable computational 

scope apparently essentially requires a supercomputer or equivalent high 

performance clusters, often with thousands of processors to run 

effectively.  
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2 Project Outlines  
 
 
2.1 Communications Outline 
 
The goal of this project is to pick up and logically extend an innovative viable jumbo 

packet (9k) based drug discovery system (DDS) framework to four universities where, 

the currently in progress, 9k App (Application) project, leaves off.  The expected result is 

putting in place a practical preliminary working user controlled lightpath (UCLP) based, 

grid (Globus Toolkit 4.X) compatible DDS framework, using high performance 

visualization and network file sharing, supplying appropriate preliminary service oriented 

architecture (SOA) and work flow components (Kepler, GridNexus), associated with key 

strategic resources, such as X-ray diffraction facilities at the Canadian Light Source.  

The project is innovative because existing DDS systems and components are generally 

not 9k UCLP, grid, SOA and work flow tool based.  Canada will benefit because the 9k 

UCLPv2 version 2 (UCLPv2) based drug discovery system will help the existing 

pharmaceutical, biotechnology and related infrastructure corporate and government 

health sectors of our economies, assisting in providing high quality employment, new 

pharmaceutical sector opportunities and improved health care to the Canadian public, 

and contribute a preliminary demonstration of impressive regional competitive potential, 

and associated exemplary investment context, for the decision makers of the global 

pharma industry. 

 

2.2 Benefits Outline 
 

The CA*net 4 9k DDS system is an ongoing service that can be arbitrarily expanded or 

extended and will exist far beyond the life of the development project. Notably it builds 

upon and extends the existing CA*net 4 ONS based infrastructure in a logical growth 

pattern. The final deliverables should be general enough to be used by a typical medium 

to large-scale corporation or government facility in combination with an optical network 

provider. The CA*net 4 9k DDS development project and ongoing operations will use 

existing connectivity and the national CA*net 4 optical backbone network, delivering 

various mission critical services to multiple sites and users across the country. The 
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CA*net 4 9k DDS development project will run for approximately 5 business quarters and 

support multiple standards including Service Oriented Architectures built using web 

services and web service based workflow tools. The CA*net 4 9k DDS project will put in 

place a set of essentially indispensable work flow management tools which will provide 

ongoing service beyond the project funding. The CA*net 4 9k DDS project involves a 

number of cooperating partners including the content creators or software developers, 

the facilities to provide content distribution and the end-users of that content, complete 

with code refinement and “decomposition” of associated web services to the smallest 

possible practical system component. The CA*net 4 9k DDS project involves a 

significant degree of innovation in software development, content derivation and 

acquisition, distribution, management, training development and end-user use. The 

CA*net 4 9k DDS project partners are positioned to complete the project in a 

professional manner. In summary the CA*net 4 9k DDS project is well aligned with 

current trends and will make a significant contribution to broad domestic, international, 

corporate, strategic and social goals clearly in the national interest, combined with 

impressive potential to provide positive and self-sustaining economic activity through 

both Open Source diffusion and commercialization. 



9k Drug Discovery System Overview   

RRX     

2.3 Implementation Outline 
 

This project will pick up and logically extend a viable jumbo packet based 

drug discovery framework where, the currently in progress, 9k App project, 

leaves off. The 9k App project is demonstrating VMD using Vizserver via 

lightpaths of varying RTT and MTU on a SGI Onyx 4 visualization 

supercomputer (24 CPUs, 12 Graphics Pipelines) for medicinal large 

molecule collaborators; and optimizing NFSv4 over a slightly modified 

network configuration, on an IBM grid storage system. Clearly the next 

logical step, as proposed for the 9k DDS project, is to extend the light 

paths from Subatomic Physics, HEPnet and Westgrid directly to the 

respective medicinal biochemistry research departments of the four 

participating universities: University of Calgary, University of Alberta, 

University of Victoria and Simon Fraser University. 

 

Supporting 9k network infrastructure will be set up, including the required 

modifications to support an independent lightpath system, beyond the 9k 

App project. Modifications include the supply and set-up of a 

recommended 9k switch in each of the four biochemistry departments. 

Briefly recent discussions have indicated that some of the temporary 

arrangements, for the 9k App project, will need to be upgraded somewhat, 

with additional infrastructure for the 9k DDS project. This includes an 

additional gigE port on the Victoria ONS15454 plus some modifications to 

the Victoria GT co-location site by the addition of either CWDM 

multiplexing or an additional fibre pair to the existing two pairs, from the 

GT ONS site, to the BCNET TX location, and the lighting of another SM 

pair from the BCNET TX to the campus, using LX GBICs. The 9k DDS 

circuit in Calgary, from the Netera machine room will require an 

ONS15454 gigE port with a link to the new 9k switch on campus. The 

BCNET machine room in Vancouver may require additional ONS15454 

gigE ports plus a switch, with a covariant  extension of the arrangement for 

the ZX GBICs, supplied by CANARIE for the 9k App project.  The 
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preliminary cost estimate of these modifications, plus the 9k DDS site at 

the University of Calgary imply in the order of double our original 

equipment estimate, and as such an increase has been added to the 

Special Purpose Equipment portion of the 9k DDS project budget.  

 

A preliminary SOA design using XML based business to business logic 

tools appropriate for a DDS established in accordance with some of the 

practical requirements of life science researchers, including creating 

preliminary SOA interfaces to instrument based data collection (i.e. micro 

arrays, chromatography, sequencers, NMR, XRD, Terahertz imaging and 

robotic wet gel high throughput screening). These SOA components are 

required to implement the HPC modeller functionality of a drug discovery 

system, leveraging the ability to automate, combine and relate 

heterogeneous data types from differing instruments into a common 

modeller manipulation environment with meta-tagging for later 

introspection. The overall SOA architecture will be constructed with due 

consideration of the Globus GTK 4 model and optionally integrated into 

upcoming WestGrid architecture.  

 

 

Proposed Implementation 

 

The primary platform identified for the development is the Globus Toolkit - 

in particular, the upcoming release of GTK 4 (originally slated for April 

2005) features conformance with standardized SOA.  The Open Grid 

Services Architecture (OSGA) is built upon OASIS' Web Services 

Resource Framework (WSRF).   
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Figure 1 GTK4 Overview 

 

In accordance with SOA practices, this implementation will provide at least 

the rudiments of each of Runtime Components, Security, Data 

Management, Execution Management, and Information Services. 

 

This prototype will be focused primarily on the development of the 

requisite Runtime Components, with only limited Data and Execution 

Management controls, and minimal Information Services.  Beyond basic 

Security, authentication and authorization controls will not be developed.  

Resource discovery will be either rudimentary or hardwired to drive the 

focus on the core task.  The intention of this prototype is to support an 
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effective DDS work process, implemented upon existing systems, that 

takes full advantage of high performance, 9K-based networking. 

 

Four aspects of the implementation are anticipated: 

 

1) Component services for each key functionality including basic WSDL 

definitions, stub generation, and deployment for each of  

           - XRD 

           - Neutron 

           - NMR 

           - Terahertz facility 

           - HPC modeller interface 

           - Molecular database 

 

2) Translation and meta-data tagging service and/or abstraction layer 

to Component Services - required to standardize exchange of data 

and data types between services. 

 

3) Stateful process and execution management for at minimum one 

primary use case - intended to demonstrate feasibility of 

implementation - involving the completion of typical HPC modelling 

task 

 

4) Database and/or WRSF-based toy model supporting: 

- stateful process management 

- associating resources and process 

- relating outcomes to the process 

 

Existing DDS systems and components are generally not 9k, lightpath or 

SOA based. Apparently none of the collaborators would be capable of 

completing the project on their own. An effective practical collaborative 
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UCLPv2 9k SOA DDS will require research into design and 

implementation of appropriate novel mechanisms leveraging intrinsic 

capabilities of the HPC visualization and GRIDstorage environment in a 

cost effective manner, considering instrument particularities and SOA 

development methodologies. The overall UCLPv2 9k SOA-DDS design 

relates to the effective management and implementation of a drug 

discovery pipeline from target acquisition through to medicinal chemistry 

tuning, testing and trials.  

 

In summary, as indicated in the preliminary target list figure, the 9k DDS 

project will concentrate on putting in place a practical preliminary working 

grid compatible drug discovery system framework, using high performance 

visualization and network file sharing, supplying appropriate preliminary 

service oriented components, associated with key strategic resources. 

 



9k Drug Discovery System Overview   

RRX     

 

3 New Software 
 
3.1 Problems 
 

From the perspective of the profit centre of the small molecule drug 

development process, one might be quite circumspect about optimistic 

predictions. While rational drug design has been a possibility for some time, 

the results are apparently somewhat disappointing across the industry to 

date, with a relative drought of new drug candidates being put forward to 

federal agencies. Apparently high expectations from the industry for rapid 

progress possibly for a new stream of novel drug candidates, since the break 

though announcements in human genome sequencing, have to a great 

degree been quashed. With thousands of highly paid researchers in the 

industry, and billions of dollars of investor capital at stake, significant novel 

quality prospects in a timely manner will likely be critical in future to maintain 

ongoing investor confidence. Some of the pointed criticism of the rational 

design process addresses the nature of the virtual libraries generated, citing 

a relative lack of complex spatial variance for example with respect to 

naturally occurring molecules.  

 
The rational theoretical approach also requires the acquisition, as indicated 

in the 9k DDS flow, of at least one target molecule that has been thoroughly 

analysed by structural techniques. This is it seems something of a 

bottleneck, as structural determinations are relatively expensive and lengthy 

procedures implying relatively few proprietary structures of interest may 

currently be available in great detail. Public structure databases such as the 

Protein Database are increasing gradually in size and have recently changed 

format to XML from a legacy pdb file format, although apparently no parser is 

available, as yet. 
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While the tuning of small molecule screening candidates to a given large 

molecule target is interesting, there is apparently very limited practicality to 

this approach, if the selectivity of the candidate is low. Clearly a molecule 

that essentially affects an entire class of highly specialized targets, more or 

less equivalently, is undesirable. One it seems would like to find a candidate 

that is so finely tuned to the target of interest that it has minimal effect on 

other targets, even of the same class. This implies that ones tuned subset of 

candidates should be tested against all the possible targets for which there is 

likely to be any chance of interactivity. 

 
The basic physics of molecular interactions, though somewhat complex from 

the quantum mechanics perspective, tends to rely on conformational fold 

geometry combined with electrostatics at particular sites. Given a 3D 

geometric and electrostatic pattern associated with a large target molecule, 

such as a Kinase binding site for example, one might like to generate a 

related virtual screening database with possibly up to millions of variational 

compounds. Notably although course alignment, with the target site, may be 

present to some degree in many of the compounds it is the fine alignment at 

a particular stable orientation that often determines high activity and likely the 

more desirable result. Fine alignment, possibly in the order of small fractions 

of an Angstrom (1 ten billionth of a metre) is subject to slight alterations in 

context, such as even relatively minor flexibility or rotation on the part of 

either the target site or candidate molecule. In the case of electrostatics a 

shift in the relatively strong and pervasive local electric field due to the 

presence of the candidate molecule may in turn cause a slight shift in the 

geometry of the target. Clearly one might like to know in advance the degree 

to which the target or candidate is susceptible and possibly take appropriate 

action if significant. In the software model merely rigid geometric and 

electrostatic analysis is a relatively "light weight" nested loop protocol while 

the conformational change factor implies a somewhat more elaborate "heavy 

weight" protocol. As such it is possible to write relatively "fast" routines 
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implementing a light weight rigid protocol for preliminary scans of the 

candidate database, and there are many of these available. There is a 

caveat to this however in the sense that one might easily not be finding 

candidate molecules that could be of high interest due to their flexible 

electrostatic geometric interaction. The heavy weight protocol implies a high 

degree of parallelization in a novel context, likely designed from the ground 

up, in order to achieve practical results in a timely manner. Clearly we are at 

a cross road where the widespread use of pervasive high bandwidth network 

technology implies an ongoing innovative approach to a scalable context. Not 

the least part of this ongoing innovation might be the demanding visualization 

aspect of molecular dynamics in a collaboration context.  

 
Novel integrated software for target and lead generation might, despite 

current set backs, become of paramount importance to drug discovery 

companies for next generation products. It seems nearly every drug molecule 

works through a structural interaction with a "target" or "receptor" molecule or 

protein that play key roles in upstream or downstream biological pathway 

processes. Notably one might wish only to modulate a target protein function 

possibly by finding partner proteins as suitable drug targets. In the most 

common model for this interaction, the drug molecule inserts itself into a 

functionally important crevice or pocket of its target protein, somewhat like a 

key in a lock. The molecule then binds there and either induces or, possibly 

more commonly, inhibits the protein's normal function in a pathway. This 

apparently universal drug-target scheme enables the so-called rational 

approach to drug discovery, starting with identification of the appropriate 

protein target(s), for a given therapeutic need. If enough is known about the 

distinguishing structure of ones target protein, it is theoretically feasible to 

design or screen for the structure of preliminary small molecule drug 

scaffolds to interact with it. This approach offers the promise of eliminating 

much of the expensive inefficiency of conventional drug discovery. 
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The strategy includes the structural analytical techniques of protein X-ray 

diffraction crystallography (XRD), Nuclear Magnetic Resonance (NMR) and 

possibly Terahertz absorption combined with sequence comparison and fold 

prediction technology. Particular eccentricities of input data may be 

rationalized in software to enable one to determine the three-dimensional 

atomic structures of target proteins in a realistic pseudo hydrated in vivo 

context, their energy dynamics and those of molecules that bind to them. 

This approach to small molecule drug design also potentially integrates 

experimental structural results with advanced homology techniques, possibly 

extending ones capabilities beyond those targets determined experimentally. 

The main opportunity in this context it seems, is the creation of novel parallel 

software systems, which run on clusters of high-speed computers possibly 

with several processors each, permitting researchers to predict, simulate and 

screen molecular structure, dynamics, energetics and various medicinal 

chemistry scenarios over large library collections and visualize the results 

collaboratively. 

 

The core discovery technology is essentially designed to produce an 

integrated platform based on next generation software and network 

technology, enabling the effective and efficient use of computer clusters and 

related networks in an ongoing scalable context. Notably, for example, the 

use of 9k MTU technologies reduces CPU utilization in a large cluster, by a 

considerable margin, potentially improving available capability. The 

combination of protein and nucleic acid structure-based drug design with de 

novo synthetic combinatorial chemistry technology and homology context 

tools, integrates the ability to rapidly generate novel virtual leads of diverse 

structure. This approach optionally, as with Evotec OAI and Pharmacopeia, 

chemically synthesizes arrays of the most promising virtual in silico candidate 

structures in plastic 384 well fixtures for customers. Then as in conventional 

drug discovery strategies, biochemists measure the ability of these newly 

synthesized drug candidates to produce the intended effect upon the target 
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protein, using miniaturized automated assay systems with advanced optics. 

Output from the automated procedures is analysed on a grid or cluster, then 

one re-determines the structure of the protein targets detected now hopefully 

bound in combination with a candidate drug scaffold molecule of interest. 

Detailed structural interactions actually achieved by the candidate drug 

templates with their target location are apparently an extremely valuable 

insight for further optimization and might be used to cyclically optimize the 

simulation context. 
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4 Role of Participants 
 

Bill Rutherford and Loki Jorgenson will be the project coordinators, on a 

funded basis, for the 9k DDS Project, and will be responsible for contributing 

to overall execution of the project, in all aspects, and facilitate interaction with 

all participants, presenting the preliminary and final results. Bill Rutherford is 

the Director of Rutherford Research (RRX) and has an established ongoing 

involvement with DDS development in the pharmaceutical and biotech 

industries. Loki Jorgenson is the Chief Scientist of Apparent Networks and 

will be continuing in a similar, though funded role, to the 9k App project, 

contributing to the design of the UCLPv2 SOA 9k DDS system from the 

network intelligence, scientific visualization and software development 

perspective. In general medicinal chemistry participants are motivated to 

participate in order to improve their HPC based DDS prospects, while 

visualization, network and physics participants are motivated by the 

fundamental necessity of improving their HPC systems to move forward. All 

participants on the project are doctoral level, life science graduate students 

or network engineers and are fully capable of contributing complex insight to 

advanced source code design and development. Participants will have full 

access to all source code developed during the course of the project, in so 

far as it relates to the core competency of the project. Notably all source 

code will be securely maintained in a code version control system. 

Participants will be reimbursed for expenses and time, on the basis of 

submitted project time sheets and established accounting practices for 

CANARIE projects. Funded participants will be responsible for maintaining 

their own time sheets accurately with respect to project schedule. Time sheet 

templates will be supplied by RRX.  RRX will maintain proper project 

documentation, CVS system, web sites, submit milestone reports with time 

sheets, calculate and audit all aspects of cost submissions.  
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Rutherford Research (RRX) 

 

Rutherford Research (RRX), a contract research company (CRO), based in 

Western Canada, which offers professional services, for research and 

development. RRX is a division of RSL, incorporated in 1989, which, is 

focused, on preliminary research, and subsequent "spin off", of new 

companies, in combination with financial associates. RRX, currently has 

several focus areas; RRX Network, RRX Pharma, and RRX Aerospace. The 

RRX Network focus area is next generation network research. RRX Pharma 

is a new spin off venture, dedicated to investigating and developing next 

generation, HPC based, intelligent modeling, simulation and visualization 

systems, for enhanced drug discovery. RRX Aerospace is a preliminary 

focus, to develop expertise in Western Canada, for the research, design, and 

production, of next generation aerospace components. Notably, RRX was 

started, somewhat informally, in 1987, by Dr. Rutherford, then later, officially 

incorporated, in January of 1989, as a supportive division of RSL. 

 

Apparent Networks 

 

Apparent Networks, a network intelligence company, develops software 

solutions that provide visibility through network performance and diagnostic 

analysis. These systems offer point-and-shoot capabilities bonded to expert 

systems that are real-time, non-intrusive, have low deployment overhead, 

require very little network expertise and, most importantly, generate 

actionable information.  The mission of Apparent Networks is to improve 

customers' businesses with software that enables them to deliver efficient, 

high performance enterprise network infrastructure, cut hardware and 

operating costs, increase IP availability, protect revenues, enhance 

competitiveness, and boost application performance and employee 

productivity. 
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Netera Alliance 

 

Gary Finley is Director of Advanced Networking at Netera whom will be 

contributing to design and implementation of network and lightpath 

configuration, UCLPv2 software integration, design, implementation and 

demos of UCLPv2 SOA Work Flow orchestrated 9k DDS, plus preliminary 

set-up of a Biosciences 9k Switch and associated circuitry dove tailing dual 

ONS ports via CWDM implementing a complete lightpath circuit to 

BioScience. 

 

BCNET Networking Society 

 

Marilyn Hay is Director of Advanced Networking at BCNET, Don McWilliam is 

Senior Network Engineer and David Stillwell is a Network Engineer at 

BCNET whom will be contributing to design and implementation of network 

and lightpath configuration, UCLPv2 software integration, design, 

implementation and demos of UCLPv2 SOA Work Flow orchestrated 9k 

DDS, plus preliminary set-up of a Collaboration 9k Switch and associated 

circuitry dove tailing dual ONS ports to the lightpath circuit to SFU, plus 

installing a new CWDM set-up at the BCNET VicTX to provision dual gigabit 

Ethernet pipes over a single SM fibre pair, currently feeding HEPnet at the 

University of Victoria. 

  

University of Alberta - Centre for Subatomic Research 

 

Bryan Caron is the Network Manager at the Centre for Subatomic Research 

at the University of Alberta and will be funded for contributing to design and 

implementation of network and lightpath configuration, UCLPv2 software, 

testing, and demos, requirements, design, implementation of UCLPv2 SOA 

9k DDS, plus preliminary set-up of a 9k Switch, at the Centre for Subatomic 

Research at the University of Alberta. 
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University of Alberta - Biochemistry 

 

Mike James is the Department Head and Brian Sykes is a professor in 

Biochemistry at the University of Alberta, and will jointly be contributing an in 

kind basis to supervising life science graduate students contributions on an in 

kind basis to requirements, design, implementation, gigE connections and 9k 

equipment procurement, demos of UCLPv2 SOA 9k DDS and installation of 

a 9k Switch in Biochemistry at the University of Alberta. 

 

Simon Fraser University - IRMACS 

 

Brian Corrie is Collaboration and Visualization Coordinator for WestGrid at 

Simon Fraser University and will be funded for contributing to design and 

implementation, setting up and optimizing of UCLPv2 SOA 9k DDS, 

Vizserver, VMD and related test systems on the SGI IRIX platform, and 

coordinating related testing and demos from the IRMACS facility at Simon 

Fraser University. 

 

Simon Fraser University - Molecular Biology and Biochemistry 

  

David Baillie is a professor in the Department of Molecular Biology and 

Biochemistry at Simon Fraser University, and will be contributing an in kind 

basis heading up a team including: 

 

o Frederic Pio - XRD 

o Mark Paetzel - XRD 

o Fiona Brinkman - Bioinformatics 

o Duncan Napier – Computer Science 
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For contributions an in kind basis to requirements, design, implementation, 

equipment procurement, demos of UCLPv2 SOA 9k DDS and installation of 

a 9k Switch in Molecular Biology and Biochemistry  at Simon Fraser 

University.  

 

University of Victoria - HEPnet 

 

Randy Sobie is a professor, at the University of Victoria, and President of 

HEPnet,  David Bickle is the Technical manager of HEPnet and Ken Howard 

is the Network Manager, at the University of Victoria, whom will be 

contributing on a funded basis to equipment procurement, design and 

implementation of network and lightpath configuration, UCLPv2 software, 

and demos, requirements, design and implementation of  UCLPv2 SOA 9k 

DDS, plus preliminary set-up of a Biochemistry 9k Switch, in the Physics 

Department at the University of Victoria. 

 

University of Victoria - Biochemistry & Microbiology 

 

Chris Upton is a professor in Biochemistry & Microbiology at the University of 

Victoria, and will be contributing on an in kind basis to supervising graduate 

students contributions on an in kind basis to requirements, design, 

implementation, equipment procurement, demos of UCLPv2 SOA 9k DDS, 

gigE connections and 9k equipment procurement and installation of a 9k 

Switch in Biochemistry & Microbiology at the University of Victoria. 

 

 

Simon Fraser University - WestGrid 

 

Martin Siegert is WestGrid Site Manager at Simon Fraser University, Lixin Lui 

is a Network Engineer for WestGrid at Simon Fraser University, and Peter 

van Epp is a Senior Network Engineer at Simon Fraser University, whom will 
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be contributing on a funded basis to design and implementation of network 

and lightpath configuration, UCLPv2 software, design, implementation and 

demos of UCLPv2 SOA 9k DDS, grid storage configuration, plus preliminary 

set-up of a Biochemistry 9k Switch at WestGrid at Simon Fraser University. 

 

University of Calgary - Biosciences 

 

Stuart Kauffman is a professor of Biochemistry working in the drug discovery 

area, in the Biosciences Centre at the University of Calgary. Netera and 

WestGrid network engineer contributions will be funded and life sciences will 

be on an in kind basis. Both groups will be contributing to design and 

implementation of network and lightpath configuration, UCLPv2 software, 

design, implementation and demos of UCLPv2 SOA 9k DDS, plus 

preliminary set-up of a Biosciences 9k Switch. 

 
 

BC Genome Sciences Centre 
 

Steve Jones is Head of Bioinformatics at the Genome Sciences Centre of the  

BC Cancer Research Centre, and will be contributing on an in kind basis to 

requirements, design, implementation, equipment procurement and demos of 

UCLPv2 SOA 9k DDS. 
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Appendix 
 
Software Overview: 
 

o Many of the software systems currently sold by drug discovery companies 

started out in the academic arena. Notably many of the publicly funded 

and academic organizations for medical related research, of some form, 

have subsidized internal software development programs. Some of these 

offer source code, which is under the GNU public or similar institutional 

academic license agreement in some form. The main issue with this is any 

such software source code unfortunately cannot be included in 

proprietary systems, due to several factors, unless possibly one is inclined 

to offer to purchase a negotiated agreement of some form from the host 

institution. This does not mean however that independently written 

modules with somewhat similar functionality cannot be used, or that file 

formats used by public domain or other proprietary software cannot be 

parsed into proprietary internal formats. Notably virtually all “public 

software” despite supplying the source code, in some cases, is actually 

heavily licensed in a variety of ways, and often extremely poorly 

documented. Many organizations might apparently simply be using this 

mechanism as a long-term strategic lead up to somewhat more viable 

potential commercialization products. While some of the descriptions of 

the following programs might sound impressive, generally most are very 

difficult to use and likely have many bugs due to the nature of the 
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academic development environment combined with lack of quality control. 

Often development has ceased entirely on academic projects when 

funding has run out or the developers have graduated and moved on. 

Compilation from source might be an issue, especially if the development 

environment is somewhat older than current code libraries. Notably 

molecular dynamics simulation in general is somewhat different than 

flexible docking where many of the parameters have been calculated 

ahead of time, and one is most interested in high throughput screening 

aspects that also take account of potential flexibility on the part of both 

structures. Generally only the software that is robust, and directly related 

to some aspect of docking, commands a license fee in the order of tens of 

thousands US. 

o A sample of some of the academic & institution modules include: 

! AMBER 8.0 (Scripps Research Institute) 

• Assisted Model Building using Energy Refinement 

computer program for applying molecular mechanics, 

normal mode analysis, molecular dynamics and free 

energy calculations to elucidate the structures and 

energies of molecules. Package of molecular 

simulation programs which includes source code and 

demos, runs on most UNIX platforms. Commercial 

site license is $20,000 US for the first site, $15,000 

US for the second and $10,000 US for the third. 

! AMMP (Georgia State University) 

• AMMP is a fully featured molecular modeling 

program. Fast long range electrostatics and 

nonbonded terms. AMMP runs without cut-offs in 
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times comparable to or better than an 8 Angstrom cut-

off in other programs. Stable, numerically accurate, 

molecular dynamics. Self-contained, and can be 

embedded in other programs. Highly parallel version 

available with PVM 

! AutoDock 3.0 (Scripps Research Institute) 

• Automated Docking of Flexible Ligands to 

Macromolecules. AutoDock is a suite of automated 

docking tools. It is designed to predict how small 

molecules, such as substrates or drug candidates, 

bind to a receptor of known 3D structure. It consists of 

both C and C++ source code, and several binaries for 

common architectures. Side chain flexibility is to be 

included in version 4.0 which will be released 

sometime soon. Commercial licensing is likely in the 

tens of thousands US. 

! BOSS 4.3 (Yale University) 

• Biochemical and Organic Simulation System program 

performs statistical mechanics simulations for solutes 

in a periodic solvent box, in a solvent cluster. Besides 

the quantitative structural and energetic results, other 

quantities are computed including dipole moments 

and solvent accessible surface areas that are 

valuable for many applications such as structure-

activity relations. 

! CHARMM 3.0b2 (Harvard University, Accelrys) 

• Chemistry at HARvard Molecular Mechanics is a 

FORTRAN command line based program for 

macromolecular simulations, including energy 

minimization, molecular dynamics and Monte Carlo 

simulations. Reads in a command file and outputs 
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simulation results as a file. Commercial license to 

Accelrys whom supplies a GUI in their Quanta 

package. Source code available to academics for 

license fee. Commercial user must buy a license from 

Accelrys. 

! CPMD 3.7 (IBM Research, Zurich) 

• The CPMD code is a plane wave/pseudopotential 

implementation of Density Functional Theory, 

particularly designed for ab-initio molecular dynamics. 

Uses OpenMP or MPI parallelization. Currently about 

150,000 lines of FORTRAN based source code. 

! Dock 5.0 (UCSF Molecular Design Institute) 

• DOCK addresses the problem of "docking" molecules 

to each other. It explores ways in which two 

molecules, such as a drug and an enzyme or protein 

receptor, might fit together. Compounds that dock to 

each other well, like pieces of a three-dimensional 

jigsaw puzzle, have the potential to bind. DOCK 

generates many possible orientations (and more 

recently, conformations) of a putative ligand within a 

user-selected region of a receptor structure. These 

orientations may be scored using several schemes 

designed to measure steric and/or chemical 

complimentarily of the receptor-ligand complex. These 

scores may be used to evaluate likely orientations of a 

single ligand, or to rank molecules from a database. 

Dock 5.0 is converted to object oriented format, 

commercial license it seems is apparently negotiable 

to some degree as a donation, however is likely to be 

in the tens of thousands US at minimum. 

! Dynama (Georgia State University) 



9k Drug Discovery System Overview   

RRX     

• Dynama is a fast docking program that uses FFT to 

calculate the interaction energy between two 

molecules without cut-offs or other physical 

approximations. Dynama is able to treat flexibility in 

the ligand. Dynama can approximations to the 

partition function so that free energies of solvation and 

solvent exclusion effects can be included in a 

screening calculation. 

! EGO 8 (Technical University of Munich) 

• EGO was developed for the simulation of large 

molecular systems on parallel computers (under PVM, 

MPI or PARIX). EGO uses a multiple time step 

algorithm combined with a structure adapted fast 

multipole method for the description of long range 

electrostatics. The method has been demonstrated to 

scale linearly with the number of atoms in the range of 

about 40,000 atoms. 

! GROMACS (Biophysical Chemistry of Groningen University) 

• GROMACS is a versatile package to perform 

molecular dynamics, i.e. simulate the Newtonian 

equations of motion for systems with hundreds to 

millions of particles. It is primarily designed for 

biochemical molecules like proteins and lipids that 

have a lot of complicated bonded interactions, but 

since GROMACS is extremely fast at calculating the 

nonbonded interactions (that usually dominate 

simulations) many groups are also using it for 

research on non-biological systems, e.g. polymers. 

! MCPRO 1.68 (Yale University) 

• Monte Carlo Simulations for Proteins and Nucleic 

Acids performs Monte Carlo statistical mechanics 
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simulations of peptides, proteins, and nucleic acids in 

solution; it was derived from BOSS, but makes 

extensive use of the concept of residues. It does not 

include conformational search, quantum mechanics, 

or normal mode calculations. 

! MdynaMix 4.3 (Stockholm University) 

• This is a general-purpose molecular dynamics code 

for simulations of mixtures of either rigid or flexible 

molecules, interacting by AMBER-like force field in a 

periodic rectangular cell. In the case of flexible 

molecules the double time step algorithm is used. The 

program can be run both in sequential and parallel 

execution. The parallel version employs "replicated 

data" strategy. It can be run on any parallel 

architecture or workstation cluster with MPI parallel 

environment installed. 

! Modeller 6v2 (Biopharmaceutical Sciences & Pharmaceutical 

Chemistry, and California Institute for Quantitative 

Biomedical Research) 

• MODELLER is used for homology or comparative 

modeling of protein three-dimensional structures. The 

user provides an alignment of a sequence to be 

modeled with known related structures and 

MODELLER automatically calculates a model 

containing all non-hydrogen atoms. Note: Commercial 

GUI supplied by Accelrys. 

! NAMD (University of Illinois) 

• NAMD is a parallel molecular dynamics code 

designed for high-performance simulation of large 

biomolecular systems. Based on Charm++ parallel 

objects, NAMD scales to hundreds of processors on 

W Rutherford
NAMD is a backend module for VMD
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high-end parallel platforms and tens of processors on 

commodity clusters using switched fast Ethernet. 

NAMD is file-compatible with AMBER, CHARMM, and 

X-PLOR and is distributed free of charge with source 

code. A high degree of modularity is obtained by 

using an object-oriented design and implementation in 

C++.  

! Rasmol 2.7.2 

• RASMOL reads PDB files and displays the 

corresponding molecular structure in near real time in 

convincing pseudo 3D. Written in C by Roger Sayle in 

the early 1990s, has a very good cross platform 

graphics interface and is very fast even for large 

molecules with hundreds of thousands of atoms. 

Many of the other visualization programs, including 

commercial versions, have attempted to attain this 

level of scalable near real time performance and have 

failed somewhat miserably due to several factors. 

! Raster3D 2.6e  

• Raster3D is a set of tools for generating high quality 

raster images of proteins or other molecules. The core 

program renders spheres, triangles, and cylinders 

with specular highlighting, Phong shading, and 

shadowing. It uses an efficient software Z-buffer 

algorithm that is independent of any graphics 

hardware. Output is somewhat more sophisticated 

looking than Rasmol however rendering time is quite 

lengthy. Ideally one might like Raster3D sophistication 

with Rasmol speed. 

! SPDBV (GlaxoSmithKline & Swiss Institute of Bioinformatics)  
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• Swiss-PdbViewer is an application that provides a 

user-friendly interface allowing one to analyze several 

proteins at the same time. The proteins can be 

superimposed in order to deduce structural 

alignments and compare their active sites or any other 

relevant parts. Amino acid mutations, H-bonds, angles 

and distances between atoms are easy to obtain 

thanks to the intuitive graphic and menu interface. 

Electrostatic surfaces are calculated and displayed. 

Source code is not available. It seems likely much 

more sophisticated versions are in use internally by 

GlaxoSmithKline and might be offered in a spin of 

company in some form in future. 

! VMD (University of Illinois) 

• Visual Molecular Dynamics is a molecular 

visualization program for displaying, animating, and 

analyzing large biomolecular systems using 3-D 

graphics and built-in scripting. VMD can display 

solvent-excluded molecular surfaces. VMD uses high-

performance display algorithms to allow large or 

complex surfaces to be drawn at interactive rates. 

VMD can be integrated with NAMD developed by the 

same group. 

! WHAT IF 5.0 (Centre for Molecular and Biomolecular 

Informatics, University of Nijmegen) 

• WHAT IF is a molecular modeling and drug design 

program that is versatile protein structure analysis 

software that can be used for mutant prediction, 

structure verification and molecular graphics. 

Integrated into YASARA. Commercial license is 5000 

Euros. 

W Rutherford
VMD is being used for the 9k APP Project on the SGI Onyx 4 platform



9k Drug Discovery System Overview   

RRX     

! YASARA (YASARA Biosciences; University of Graz, Austria) 

• Yet Another Scientific Artificial Reality Application 

WHAT IF and YASARA are aimed at becoming an all-

in-one solution that takes the steps from protein 

sequence to structure to function to drug design, and 

is nevertheless powerful enough to handle the large 

amounts of data required by structural and functional 

genomics projects. YASARA is powered by PVL 

(Portable Vector Language), a new development 

framework that provides performance way above 

traditional software. PVL allows you to visualize even 

the largest proteins and enables true interactive real-

time simulations with highly accurate force fields on 

standard PCs (see benchmarks). You can push and 

pull molecules around and work with dynamic models 

instead of static pictures. YASARA Structure finally 

contains all the functions needed to compute and 

predict macromolecular structures. This includes 

modules for NMR structure determination, prediction 

of protein structure and function, docking and drug 

design. YASARA Structure will become available in 

2004. Commercial license for dynamics version is 

2000 Euros. 
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Companies: 
 

o Evotec OAI 

o 2002 revenues of 70 M Euros. 

o 550+ employees, of which 40% are PhDs 

o drug discovery and development services undertaken for all of the 

global top 20 pharma companies 

o Evotec OAI was formed in December 2000 from the merger of 

EVOTEC BioSystems AG and Oxford Asymmetry International 

(OAI). Evotec was founded in Hamburg in 1993 and was listed on 

the Neuer Markt, Frankfurt in November 1999. Oxford Asymmetry 

International (OAI) started operating in 1992 and was listed on the 

London Stock Exchange in March 1998. In due course of the 

merger shares of OAI were delisted from the London Stock 

Exchange on 1 December 2000. 

o Evotec OAI is to expand agreement with Oxford Bioscience 

Partners an 800 M life science financing and equity supplier 

through integration of its New Rational Drug Design Platform, 

EVOrationale™. Notably little information is available on this 

system however it seems that the software is likely run on a 

network grid or cluster system using several hundred computers 

and likely only offered to big pharma clients.  

o Apparently Evotec OAI has established itself as a potential partner 

of choice for drug discovery and development services for the 

world’s premier pharmaceutical and biotechnology companies, 

maintaining its leadership role through innovation and customer 

service. 

o At the core of Evotec OAI's screening services is a miniaturised 

high-throughput screening platform EVOscreen® based on 

standard 384 well technology. Their skills in miniaturised assay 

W Rutherford
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development and supporting disciplines, provided by assay 

development and screening operations teams, allow them to exploit 

the technology platform of EVOscreen® to deliver an integrated 

screening and assay development service. Notably Chinese 

companies are becoming quite aggressive in this somewhat labour 

intensive area, with very low labour cost. As automation based on 

trays of 384 wells are the key to this technology with a high purity 

different synthetic assay in each well, considerable fairly laborious 

wet chemistry is likely involved behind the scenes. 

o Combining unique single-molecule fluorescence-based detection 

with advanced approaches in optical physics, micro fluidic and 

automation technology, EVOscreen® provides a competitive edge 

in the way modern drugs are discovered. As well as being installed 

at our own facilities, EVOscreen® has been installed and is running 

at the sites of our development partners Novartis, GlaxoSmithKline 

and Pfizer. All of them are already generating high quality data that 

demonstrate EVOscreen®'s technology. 
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o Pharmacopeia Drug Discovery Inc. (www.pharmacopeia.com) 

o Separated out from Accelrys Inc.  

! Likely has unlimited access to Accelrys software which 

otherwise might be rather expensive for a drug discovery 

company 

! Seems to be refocusing on core profit centre of drug 

discovery, as possibly in Accelrys context it was somewhat 

difficult to form the type of alliance required due to a broader 

customer base 

o Forms alliances with drug discovery companies  

o 152 employees based in Princeton, NJ 

o Estimate about 39 M per year revenue fiscal 2003 

o Partnered with WiXi Pharma Tech (Shanghai, China) for cost 

effective synthetic chemistry. Notably this might be indicative of 

somewhat excessively high labour costs, in the US, for chemistry 

lab labour. 

o Virtual library offering customer access to tuned subsets using 

virtual scaffolds modelled on target sites from a proprietary 

collection of 7.5 million drug-like small molecules.  

! Access is apparently mainly in the form of information and 

also synthetic dry or wet/gel sample arrays in legacy 96 and 

new 384 well format, with greater than 85% purity for 

automated assay systems supplied via WiXi Pharma Tech 

o Collaborations 

! AstraZeneca  

! Boehringer Ingelheim Pharmaceuticals, Inc.  

! Bristol-Myers Squibb Company  

! Daiichi Pharmaceutical (JPN)  

! Ester Neurosciences Ltd.  

! Kowa Company  

! Mitsubishi Pharma Corporation 

W Rutherford
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! Neurocrine Biosciences  

! Novartis  

! Organon  

! Otsuka Pharmaceutical Co., Ltd.  

! Progenics Pharmaceuticals  

! Schering AG  

! Schering-Plough Corporation  

! Takeda Chemical Industries 
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o Accelrys Inc. (www.accelrys.com) a subsidiary of Pharmacopeia Inc. 

o Based in San Diego, California; Cambridge, UK and Bangalore, 

India 

o Combined computational tool integrated platform for research and 

development plus some chemical libraries 

o Simulation, bioinformatics, cheminformatics and middleware 

! Homology, sequence analysis, proteomics, medicinal 

chemistry, inorganic chemistry, polymer science and 

formulation design 

o 500+ employees, apparently including 200+ Ph.D. scientists 

o Estimate 20 M US revenue per quarter in sales from consulting and 

software 

o founded by amalgamation in 2001 

! combined software modules from several smaller companies 

• Molecular Simulations Inc. (1984) 

o Combined 

! BioDesign 

! BioSym 

! Polygen 

! Cambridge Molecular Design 

! BioCAD 

• Synopsis Scientific Systems  (1992 Leeds UK) 

• Oxford Molecular 

• Genetics Computer Group 

• Synomics Ltd. 

o Customers 

! Pharmaceutical Customers 

• Abbott Laboratories  

• AstraZeneca  

• Bayer  

• Boehringer Ingelheim  
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• Bristol Myers Squibb  

• DuPont  

• Eli Lilly & Co  

• Glaxo SmithKline  

• Millenium  

• Novartis  

• Pharmacia & Upjohn  

• Pfizer  

• Sanofi  

• Schering Plough  

! Biotech Customers 

• Amgen  

• Arqule  

• Cytoclonal  

• Pharmaceutics  

• Emerald Biostructures  

• Exelixis  

• Genaissance  

• Genencor  

• Hyseq  

! Chemical & Petrochemical Customers 

• Akzo Nobel  

• Air Products  

• Aventis  

• Bosch  

• BP  

• Dow Chemical  

• EniTecnologie  

• FMC  

• ICI  

• Intevep  

• L’Air Liquide  

• Mitsubishi Chemicals  

• Monsanto  

• National Starch  

• Rhodia  
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• Schlumberger  

• Solvay  

• Union Carbide  

! Other Customers 

• Alcoa  

• Avery Dennison  

• Clorox  

• General Mills  

• Henkel  

• Kellogs  

• Kodak  

• Motorola  

• PPG  

• Texas Instruments  

• Unilever 

o Accelrys prices while unfortunately unknown are likely double to triple OpenEye 

modules (see below) for equivalent functionality. (50 to 200 K US per module) 

o Software targeted at SGI systems for the most part: 

! Accord  

• A wealth of facilities for chemical data management on client and 

server platforms.  Accord for Access Accord Grid Control Accord 

ChemExplorer Accord Chemistry SDK Accord Chemistry Control 

Accord Developer Studio Accord Enterprise Webkit Accord 

Inventory Accord HTS DS Accord for Excel   

! Accord Enterprise Informatics  

• A comprehensive discovery information management solution 

available within Accord Solutions for Biology and Chemistry.  

Accord Solutions for Biology Accord Solutions for Chemistry 

Accord HTS Accord Inventory DS Accord Chemistry Cartridge 

DS Accord for Excel Enterprise   

! Catalyst ®  

• Modeling, hypothesis generation and structure search for drug 

discovery.  CatDBLibrary COMPARE ConFirm Databases 

DBServer HipHop HypoGen HypoRefine INFO SHAPE 

VISUALIZER   

! Cerius2 ®  
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• The leading modeling and simulation environment for SGI IRIX 

workstations and other servers.  3DKeys ADME Align 

Amorphous Builder Analog Builder AutoLudi Blends CASTEP 

COMPASS Conformers Crystal Builder CSAR DBAccess 

Descriptor+ Diffraction-Amorphous Diffraction-Crystal Diffraction-

Faulted Discover Diversity DMol3 DPD Dynamics ESOCS 

EXAFS Faststructure FFE FieldFit GA Gaussian GULP HP 

Morphology HRTEM IR/RAMAN Interface Builder LEED/RHEED 

LibCompare LibEngine LibProfile LibSelect LigandFit Ludi 

LigandFit/CAP Ludi/CAP Mechanical Properties MesoDyn MFA 

Minimizer MMFF MOPAC Morphology OFF Polymorph Polymer 

Builder Polymer Properties Powder Fit Powder Indexing Powder 

Solve QSAR+ Reaction Explorer Receptor Rietveld RMMC SBF 

Sorption Structure Solve Surface Builder Synthia Visualizer X-

GEN Zindo   

! CHARMm® (Chemistry at HARvard Macromolecular Mechanics)  

• is a highly regarded and widely used simulation package, written 

in fortran, free version available for academic users     

! Chemical Databases  

• Accelrys provides a range of high quality chemical databases. 

These are updated on a regular basis from scientific literature 

and public data sources.  Accord Database Explorer 

BioCatalysis Bioster BioTransformations Chemicals Available for 

Purchase Failed Reactions Metabolism Methods in Organic  

Synthesis Organic Syntheses Protecting Groups Solid Phase 

Synthesis   

! CombiChem Enumeration Components  

• A set of command line-driven components, which can be used 

from the desktop or hosted on application servers, that enable 

users to perform high-speed enumeration of virtual libraries.    

! CNX  

• Tools for X-ray and NMR structure determination.     

! Diamond Decision  

• support software solution for life sciences research.  Diamond 

Discovery Components Modules   

! Discovery Studio ®  
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• A comprehensive family of modeling and information solutions 

for life sciences (see "DS" products below).    

! DIVA ®  

• A desktop application for working with chemical and biological 

data.      

! DS AtlasStore  

• Comprehensive management and analysis tools for sequence, 

chemical, functional, and structural information from genome 

data    

! DS Gene  

• Nucleic acid and protein sequence analysis software providing 

key scientific analyses, including BLAST and Entrez database 

searches.    

! DS GeneAtlas ®  

• Automated protein annotation pipeline for analyzing protein 

sequences and identifying their biochemical function in the DS 

Modeling environment    

! DS MedChem Explorer  

• This new generation software suite offers chemists easy access 

to established and validated computational methods on standard 

personal computers for designing and analyzing lead 

compounds 

! DS MedChem Explorer  

• Modules DS MedChem Explorer Overview DS 

Align/Pharmacophore DS Database Access DS HypoFit DS 

Activity Prediction DS Property Calculator DS Conformer 

Generation DS Molecular Overlay DS ADME   

! DS Modeling  

• A complete life science molecular modeling and simulations 

environment on your desktop  CFF DS Modeling modules DS 

Analysis DS Biopolymer DS CHARMm DS CHARMm Lite DS 

CNX DS DelPhi DS GeneAtlas DS HT-XPIPE DS LigandFit DS 

LigandScore DS Ludi DS MODELER DS MSSearch DS 

ProjectKM DS Protein Families DS Protein Health DS Protein 

Similarity Search LigandFit/CAP Ludi/CAP  

! DS ProjectKM  
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• The centerpiece of the Discovery Studio knowledge-centric 

system    

! DS SeqStore  

• A complete enterprise solution for bioinformatics, providing a 

single environment for the integration of public, proprietary, and 

third party sequence data securely behind your organization's 

firewall      

! DS ViewerPro  

• The power of computational chemistry and biology on your 

desktop.  This is a windows only viewer written in Microsoft C++.  

! FELIX  

• The industry standard for off-line data processing, spectral 

visualization and analysis software for all types of NMR data.   

Felix - 2D/ND Felix - Analytical Felix - Assign Felix - Model   

! GCG Link  

• The connectivity software that accesses the database searching 

programs of the GCG Wisconsin Package from the OMIGA 

desktop.    

! GCG Wisconsin Package ®  

• The software of choice for comprehensive sequence analysis.      

! Insight II ®  

• A modeling and simulation environment for SGI IRIX 

workstations and other servers.  Affinity Amorphous Cell Binding 

Site Analysis Biopolymer CFF Characterize CHARMm 

COMPASS Converter Crystal Cell DeCipher DelPhi Discover 

Homology Insight II Interphases Ludi Ludi/CAP MADSYS MCSS 

MODELER Networks NMR Refine Adv. NMR Refine DGII NMR 

X-PLOR Phase Diagrams Plane Wave Polymerizer PolyNMR 

PRISM Profiles-3D QSPR RIS Search_Compare SeqFold 

Sketcher Solids Builder Solids Diffusion Solids Docking and 

Sorption Solids Simulation Structure Image Structure Refine 

Structure Solve Synthia Viscoelasticity X-PLOR/DG X-

PLOR/Refine   

! MacVector ®  

• The leading sequence analysis package for the Macintosh.     

! Materials Studio ®  
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• A comprehensive family of modeling and informatics software for 

materials research (see MS Matinformatics and MS Modeling 

below).    

! MS Matinformatics  

• Materials Studio's materials informatics suite for data, 

information, and knowledge management.  CombiMat FAST   

! MS Modeling  

• Materials Studio's modeling and simulation PC environment - 

supporting NT, LINUX, and UNIX servers.  Amorphous Cell 

CASTEP COMPASS Discover DMol3 DPD Equilibria Forcite 

Materials Visualizer MesoDyn Polymorph Predictor QSAR Reflex 

Reflex Plus VAMP X-Cell   

! Nucleic Acid and Protein Databases Data Update Services  

• provide timely delivery of nucleic acid and protein public 

databases formatted for use with the GCG Wisconsin Package.  

DataBasic DataExtended DataServe   

! QUANTA ®  

• Advanced tools for macromolecular X-ray crystallographers.  

CHARMm MCSS/HOOK MMFF MODELER QUANTA X-

AUTOFIT X-BUILD X-LIGAND X-PLOR/Refine X-POWERFIT X-

SOLVATE   

! SeqMerge ®  

• A fragment assembly tool for managing individual assembly 

projects and for high-throughput production.    

! SeqWeb ®  

• A simple web interface to a core set of GCG Wisconsin Package 

programs.     

! Structure Checker  

• Enhances the ability of an organization to understand and unify 

chemical information based on a customizable set of 

Cheminformatics rules - created to validate and interpret the 

chemical structure.    

! TOPKAT ®  

• A software-based system that computes and automatically 

validates assessments of toxic and environmental effects of 

chemicals solely from molecular structure.  Batch FDA Rodent 

Carcinogenicity NTP Rodent Carcinogenicity Ames Mutagenicity 
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Rat Oral LD50 Rat Chronic LOAEL Developmental Toxicity     

Potential Skin Sensitization Fathead Minnow LC50 Daphnia 

magna EC50 Weight of Evidence Aerobic Biodegradability Eye 

Irritancy LogP Rabbit Skin Irritancy Rat Inhal. Toxicity LC50 Rat 

Max. Tolerated Dose   

! Tsar ®  

• A fully integrated 2D QSAR package for finding trends in data 

using statistical and visual analysis tools. 
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o Tripos (www.tripos.com) 

o Current revenue at about 15.5 M US per quarter 

o Research Areas 

! Molecular Informatics 

• Computational and modeling methods, including 3D 

visualization, applied to molecular design.  

! Chemical Information Management 

• Sophisticated 3D database search capability for geometrically 

flexible molecules and associated chemical and biological data.  

! Experimental Design 

• Experiments designed to yield statistically valid models. Tripos 

scientists have applied this principle to the design of screening 

libraries, producing sets of compounds that cover very diverse 

chemical space mapped onto biological space.  

! Bioactivity Analysis and Modeling 

• Quantitative Structure-Activity Relationship (QSAR) modeling is 

the most successful method of analysis of experimental data for 

biological applications. Tripos has developed and patented 

technology widely recognized in the industry as defining the state 

of the art.  

! Chemistry 

• Tripos' capabilities include novel reaction design and advanced 

solution and solid phase chemistry through Tripos Receptor 

Research. 

o Capabilities are offered in the form of software through the 

Discovery Software business, and research products and services 

through the Discovery Research business. Revenue is produced 

from:  

! Software Licenses and Support  

! Enterprise Informatics custom system design and implementation  

! LeadQuest Compound Libraries 

! Discovery Research including experimental design, chemical 

libraries and lead refinement 

! Technology Transfer: ChemSpace™  
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! A Sophisticated Computational Technology for Intelligent Lead 

Identification and Optimization  

o Tripos offers a flexible business model for discovery research, 

ranging from simple fee-for-service to collaborative research in 

which Tripos maintains an ownership position in future products 

that they help to develop.  

o Tripos prices while unfortunately unknown are likely double to triple 

OpenEye modules (see below) for equivalent functionality. (50 to 

200 K US per module) 

o Software targeted at SGI systems for the most part: 

! Molecular Modeling & Visualization 

• SYBYL/Base  

o includes comprehensive tools for molecular modeling: 

structure building, optimization, and comparison; 

visualization of structures and associated data; 

annotation, hardcopy and screen capture capabilities; 

and a wide range of force fields.  

• Advanced Computation  

o provides a wide range of tools for conformational 

analysis that enumerate all possible torsional states of a 

molecule or identify just its low-energy conformations.   

• MOLCAD™  

o creates and displays molecule surfaces onto which it 

maps key properties, including lipophilicity, electrostatic 

potential, hydrogen bonding sites, and local curvature.   

• MM3(2000)™/MM4(2003)  

o are molecular mechanics programs that produce high-

quality three-dimensional models of molecules from 

crude initial geometry.  

• AMPAC™  

o calculates structures and electronic properties of 

molecules using semi-empirical quantum mechanical 

methods.   

• Confort™  
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o performs rapid and exhaustive conformational analyses 

of drug-sized molecules to identify the global minimum 

energy conformer, all local minima within a user-

specified energy range, or a maximally diverse subset of 

conformers.   

! Chemical Informatics 

• UNITY®  

o is a search and analysis system for the exploration of 

chemical databases and features rapid, conformationally 

flexible 3D searching.   

• AUSPYX™  

o is a data cartridge that enables researchers to store and 

search chemical structures and property data directly 

inside Oracle8i databases.   

• CONCORD™  

o rapidly converts 2D chemical structures into high quality 

3D structures.   

• StereoPlex™  

o generates chemically reasonable stereoisomers for a set 

of molecules in order to expand the stereochemical 

diversity of a compound database.   

• Databases - The Derwent World Drug Index  

o contains structures and biomedical information about 

drugs and related biological substances.  

! Desktop Modeling and Data Analysis 

• SARNavigator™  

o easily processes large compound datasets and libraries 

and presents data in a standard spreadsheet format. 

Designed specifically to capture both 'hit' and 'miss' 

compound information maximizing the potential for best 

chemical candidate selection.  

! NMR Analysis & Structure Generation 

• Triad™  

o provides a complete set of tools for multi-dimensional 

NMR data processing, visualization, and analysis.   

• MARDIGRAS+  
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o uses the complete relaxation matrix analysis of two-

dimensional NOE data to calculate accurate interproton 

distance restraints.   

! Bioinformatics & Structure-Based Design 

• Biopolymer  

o delivers an extensive set of tools for building, visualizing, 

manipulating, and predicting the 3D structure of 

biological molecules, including proteins, peptides, 

nucleic acids, and polysaccharides.   

• GeneFold®  

o combines sequence homology and threading methods to 

identify a protein's function from its sequence, and to 

predict protein folding pattern.  

• Composer  

o builds 3D models of proteins from sequence using 

knowledge-based homology modeling methods.   

• FUGUE™  

o recognizes distant structural homologues of a target 

sequence and structural profiles of all known protein fold 

families  

• ProTable™  

o uses SYBYL's Molecular Spreadsheet to deliver tools 

that analyze and assess the quality of protein structures. 

Graphical rendering and linked display of tabular and 

graphical information help communicate the results of 

analyses.  

• MatchMaker™  

o uses a threading method to predict the 3D structure of 

proteins from amino acid sequence.   

• SiteID™  

o provides analysis and visualization tools leading to the 

identification of potential binding sites within or at the 

surface of macromolecules.   

• RACHEL™  

o streamlines lead optimization by performing automated 

combinatorial optimization of substituents on a lead 

scaffold.  
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• LeapFrog®  

o uses a receptor site or a CoMFA model as the basis for 

de novo ligand design, and can optimize lead 

compounds or generate novel structures.   

! Combinatorial Chemistry & Molecular Diversity 

• Legion™  

o performs virtual combinatorial chemistry. Complex 

libraries of compounds can be created and enumerated, 

including multiple attachment points and variations 

nested within variation sites.   

• CombiLibMaker™  

o performs virtual combinatorial chemistry. Products can 

be output with cores aligned to enable structure-activity 

studies using QSAR with CoMFA.   

• DiverseSolutions™  

o is a comprehensive suite of tools for assessing the 

chemical diversity of a population of molecules, selecting 

diverse or representative subsets, and comparing the 

chemical range and diversity of different populations of 

molecules.   

• Selector™  

o provides a set of tools for developing molecular 

descriptors, clustering compounds, selecting diverse 

subsets, filtering compound lists by property, and 

comparing the diversity of compound databases.   

• OptDesign™  

o is a tool to design combinatorial libraries that take into 

account the practical aspects of library synthesis.   

! Pharmacophore Perception 

• DISCOtech™  

o performs pharmacophore elucidation from precomputed 

conformations of active compounds that bind to the 

same target.   

• GASP™  

o elucidates pharmacophore models while allowing ligand 

flexibility and without requiring prior knowledge of 

pharmacophore elements or constraints.   
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• RECEPTOR™  

o uses systematic search to determine the common, three-

dimensional bound geometry of pharmacophore 

elements in a set of receptor ligands.   

• Tuplets™  

o facilitates the retrieval of compounds from molecular 

structure databases that are likely to exhibit biological 

activity.   

! Virtual Screening  

• FlexX™  

o FlexX flexibly docks ligands into binding sites, allowing 

virtual screening of compound databases.  

• FlexE™  

o FlexE adds the ability to consider protein flexibility while 

docking with FlexX.   

• FlexX-Pharm™  

o enables pharmacophore-type constraints to be used in 

FlexX to guide ligand docking.  

• CScore™  

o integrates multiple types of scoring functions for ranking 

the affinity of ligands bound to a receptor.   

• FlexS™  

o is a program for automatic structural alignment of drug-

like molecules that can be used for shape-based 

screening in the absence of a receptor structure, and to 

align molecules for 3D QSAR studies.  

• CombiFlexX™  

o applies a combinatorial approach to ligand docking, with 

the result that virtual screening of combinatorial libraries 

is nearly as fast as database filtering.   

! Structure-Activity Relationships & ADME 

• QSAR with CoMFA®  

o provides tools needed to build statistical and graphical 

models of biological activity (or other properties) from 

molecular structures, and to use those models in making 

predictions for the activity of untested compounds.   

• Advanced CoMFA®  

W Rutherford
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o offers specialized CoMFA fields and clustering tools that 

assist in refinement of predictive models.   

• ClogP/CMR  

o uses a fragment-based approach to calculate octanol-

water partition coefficients of compounds for use as 

descriptors in QSAR studies. CMR uses an atom-based 

approach to calculate molar refractivity.   

• Distill™  

o classifies compounds according to their common 

substructures and organizes the results in a display that 

enables visualization of structure-activity relationships.  

• hint!®  

o Quantitate and visualize non-covalent interaction 

energies  

• HQSAR™  

o uses molecular fragment information and statistical 

methods to automatically generate structure-activity 

relationships without requiring alignment of ligands.   

• VolSurf™  

o predicts ADME properties using pre-calculated models; 

computes unique, ADME-relevant descriptors; and 

creates QSAR models of bioactivity or property.   

• Almond  

o is a program for generating and handling GRIND 

descriptors.  

• Molconn-Z™  

o computes a wide range of topological indices based on 

molecular structure.  

• ZAP  

o Rapid, robust and accurate simulation of electrostatic 

interactions.  

o (note: uses same name as OpenEye Scientific Software) 
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o OpenEye Scientific Software, Inc. (www.eyesopen.com) 

o supplier of software modules, plus custom coding. This is in 

contrast to the collaborative approach where alliances are formed. 

There is no indication that OpenEye offers small molecule 

databases, although they do offer multiplatform rigid screening 

solutions. 

o Founded in 1997 by one developer 

o Now 14 employees in 2004, notably one of which is Roger Sayle 

from the UK whom developed RASMOL (see above), a widely used 

molecular viewer. 

o OpenEye Scientific Software, Inc. develops large-scale molecular 

modeling applications and toolkits. Primarily geared towards drug 

discovery and design, areas of application include structure 

generation, docking, shape comparison, charge/electrostatics, 

chemical informatics and visualization. The software is designed for 

scientific rigor, as well as speed, scalability and platform 

independence. Furthermore, OpenEye makes much of its 

technology available as toolkits - programming libraries suitable for 

custom development. 

o Customers and Revenue unknown, however revenue estimate is 

about 5 M US or more per fiscal year. 

o OpenEye is run differently than most other drug discovery oriented 

software companies, in part due to being very focussed on the 

science. In that, they have strong opinions about the right way to do 

computational drug design, and are seldom shy about telling 

people. Their mantra has long been that the chemistry of molecular 

interactions boils down to shape and electrostatics. It should be 

obvious that doing both of those well is required in order to do lead 

generation and optimization. It is sufficient, as well. It should be 

also apparent that one simply couldn’t do virtual lead generation 
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unless one can screen databases of tens of millions of compounds. 

By focusing simply on the above two tenets and adhering to best 

programming practices, OpenEye software is able to vastly 

increase the scale of operation of computational chemistry in drug 

design. When screening millions of compounds, speed is not the 

only important factor. Robustness also is critical, so that one corner 

case with unusual chemistry does not bring a program to a crashing 

halt. OpenEye has designed and tested all its software, including 

core cheminformatics libraries, with such robustness as a primary 

consideration. 

o To purchase a single license the entire set of OpenEye software is 

about 400 K US. To purchase a complete set for an entire drug 

discovery development team would likely be considerably more. 

o Software targeted at a wide range of systems using generic gnu 

C/C++ compilers: 

! EON 25K US requires aligned structures, such as from ROCS 

• chemical similarity analysis via comparison of electrostatics 

overlay  

! FILTER 10K US 

• molecular screening and selection based on physical property or 

functional group  

! FRED 50K US 

• extremely fast, systematic docking search for ligand binding 

within a protein active site  

! OGHAM 10K US both application and toolkit; toolkit requires OEChem 

• state-of-the-art naming and structure rendering of compounds  

! OMEGA 40K US includes all functionality formerly known as Omicron 

• systematic high-throughput conformer generation, including 1D 

or 2D to 3D structure generation  

! QUAC PAC 30K US 

• everything necessary to do small molecule and protein charges 

right  

! ROCS 50K US 
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• chemical similarity analysis via rapid 3D molecular shape 

searches  

! SMACK 15K US 

• molecular databases query converter and optimizer (SMARTS 

and MDL)  

! SZYBKI 25K US 

• fast structure optimization of ligands in gas-phase, solution, or 

within a protein active site  

! VIDA 25K US (25K price up to 6 users; 2k each for 7-30; 1k each after 

30) 

• graphical user interface that visualizes, analyzes and manages 

corporate collections of molecular structures and information  

! WABE 20K US 

• analog generation by chemical substitution on a query molecule 

and rank by binding affinity 

o Software toolkits: 

! Case 30K US (SZYBKI application included in purchase of Case Toolkit) 

• generalized function optimization, e.g. molecular structure 

optimization  

! OEChem 20K US (maintenance is set equal to purchase price) 

• cheminformatics and molecular modeling toolkit with C++ and 

Python support   

! Shape 60K US (ROCS application included in purchase of Shape 

Toolkit) 

• molecular shape comparisons based on 3D overlays  

! Zap 25K US 

• an efficient Poisson-Boltzmann electrostatics solver (note: uses 

same name as Tripos) 
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o Pharmaceutical company in house software development  

o companies maintain internally developed proprietary software 

products or possibly customize or combine standard off the shelf 

software for specialized pharmaceutical use. Notably many 

companies may prefer a language other than English, implying 

internationalization may likely be a key factor to global export 

success. 

 
1. 3M Pharmaceuticals Division  

2. Abbott Laboratories, Abbott Park, IL, USA  

3. Aburaihan Pharmaceutical Company, 1, Tirandaz, Tehran-pars, Tehran, Iran  

4. AC Biotec GmbH, Prof.-Rehm-Str. 1, 52428 JŸlich, Germany  

5. Albonova, Manuel Cordova Galarza OE41-75  

6. Alfredo Pablo Moro, Rodo 6424 (1440) Capital Federal, Argentina  

7. ALK Sverige AB, Sweden  

8. Alpha RX, 75 East Beaver Creek Road,Unit 10, Richmond Hill, USA  

9. ALTANA Pharma , Byk-Gulden-Strasse 2, 78467 Konstanz, Germany  

10. Alza Corporation, Palo Alto, CA  

11. Amgen, Thousand Oaks, CA  

12. Amic Laboratories Ltd, Dhaka, Bangladesh  

13. Antec International, England  

14. Antisoma, West Africa House, Hanger Lane, Ealing, London W5 3QR, UK  

15. AstraZeneca International, Alderley Park, Macclesfield, UK SK10 4TG  

16. Aventis  

17. Balsam Pharma Pvt. Ltd., 1012, Anand Mangal III, Ambawadi, Ahmedabad 380009, India  

18. Barakat Pharmaceutical Industries - Syria, P.O.Box 5412, Aleppo, Syria  

19. Barr Laboratories, iNC., 2 Quaker Rd., Pomona, NY 10970  

20. BASF  

21. Bayer Corporation  

22. Bayer Pharmaceutical, Bayer plc, Bayer House, Strawberry Hill, Newbury, Berkshire RG14 1JA  

23. Bedson S.A., Buenos Aires, Argentina  

24. Berlex Laboratories, Inc., P.O. Box 1000, Montville NJ 07045-1000, USA  

25. Beximco Pharmaceuticals Ltd, 17 Dhanmandi R/A,Road No.2, Bangladesh  

26. Bharat serums and Vaccines Ltd., 16, Hoechst House, Nariman Point Mumbai21 - INDIA  

27. Bilim Pharmaceuticals, Turkey  

28. Biomedic Laboratories, Luxembourg  

29. Boehringer Ingelheim Pharmaceuticals, Inc.  

30. Bosnalijek d.d. Pharmaceuticals, Jukiceva 55, 71000 Sarajevo, Bosnia and Herzegovina  

31. Bristol-Myers Squibb Company  

32. Cadila Pharmaceuticals Ltd, Corporate Campus, Sarkhej-Dholka Road, Bhat, Ahmedabad  

33. CALYX, 5, Marwah's Complex, Saki Naka, Andheri (E), Mumbai-72,India  
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34. Changzhou Siyao Pharmaceuticals, Changzhou Jiangsu, China  

35. Chemical Diversity Labs, Inc., 11558 Sorrento Valley Road #5, San Diego, CA 92121 USA  

36. Ciba Speciality Chemicals, Basel Switzerland  

37. Cipla Pharmaceutical, Mumbai Central, Mumbai 400 008, India  

38. CPL Inc. - Bulk Pharmaceuticals & Intermediates, 16020 Swingley Ridge Rd. St. Louis, MO USA  

39. CSL Limited, 45 Poplar Road, Parkville, Melbourne, Australia 3052  

40. Daewoong Chemical Co., ltd., 906-5 Sansin-ri, Hyangnam-myun, Hwasung-gun, Korea.  

41. Dales Pharmaceuticals Ltd, Skipton, North Yorkshire, BD23 2RW, UK  

42. Dilipkumar and Company, 455 Kalbadevi Road, Chikhal House, 1st Floor,  

43. Dong-A Pharm.Co., Seoul, Korea  

44. Eczacibasi Ilac San.Tic. A.S., Istanbul, Turkey  

45. Elan Corporation, Dublin, Ireland  

46. Eli Lilly and Company  

47. Endo Pharmaceuticals Inc., 100 Painters Drive, Chadds Ford, PA 19317  

48. Esteve Group, Barcelona, Spain  

49. Ethypharm, France  

50. Eurocaps Soft Gels, Tredegar, Gwent  

51. Ezee Soulnature Healthcare Pvt Ltd, J-195 Saket, New Delhi 17, India  

52. Farmacie Petrone Srl., Via Napoli 101 Napoli - Italy  

53. Farma-Tek / TURKEY, Istanbul  

54. F H Faulding & Co Limited, Australia  

55. Formatech  

56. Fougera, Melville, NY  

57. Fujisawa Healthcase Inc, U.S.A.  

58. G. Amphray Laboratories, Bombay, India  

59. Genentech, Inc  

60. Gerolymatos Group of Companies, 13 Asklipiou Str. 145 68, Kryoneri, Athens, Greece  

61. Gilead, Foster City, CA  

62. GlaxoSmithKline  

63. Global Pharmaeuticals, 3735 Castor Ave. Phila. PA 19124  

64. Hamilton Laboratories, 217 Flinders Street Adelaide, Australia  

65. Hasco-Lek, Pharmaceutical & Nutraceutical Production Company, Poland  

66. Hawthorn Pharmaceuticals, Inc., P.O. Box 2248, Madison, MS 39130  

67. Healderm Hellas SA, 27 Hansen Str, 111 44 Athens, Greece  

68. Hermal GmbH (Germany), Scholzstr. 3, 21465 Reinbek, Germany  

69. Himalaya USA WebSite, 10440 Westoffice Drive, Houston, Texas 77042, USA  

70. Hoechst now Aventis (1999)  

71. Hoffmann-La Roche  

72. I.F.LAB, 5, Murmanskaya St., 02660 Kiev, Ukraine  

73. ILSANTA, Moletu pl. 11 2021 Vilnius, Lithuania  

74. IMPAX Laboratories,30831 Huntwood Avenue, Hayward, CA 94544  

75. Incepta Pharmaceuticals Ltd, Ahmed Mansion, 24, Shantinagar (Chamelibagh), Dhaka-1217, 

Bangladesh  

76. Indukern Chemie Canada Inc, Toronto, Canada  

77. Insitute of Isotopes Co., Ltd. (IZOTOP),  

78. Isotec Nutrition (Pty) Ltd, P O Box 260418 Excom 2023, South Africa  

79. Janssen-Cilag  
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80. Janssen Pharmaceutica,  

81. Jiheng Pharmacy Co., Ltd., No. 368 Jianshe St., Hengshui City, Hebei, China  

82. Johnson & Johnson  

83. Julphar - Gulf Pharmaceutical Industries, P.O. Box 997, Ras Al Khaimah, UAE  

84. Kalpdrum Enterprises, India  

85. Key Oncologics (Pty) Ltd South Africa, 171 Katherine Street, Building 1, Sandton, 2144, South Africa  

86. K-Genix Group, 5 Arun Chambers, Mumbai, India  

87. Kinetek Pharmaceuticals Inc., 1779 West 75th Avenue, Vancouver, BC, V6R 3A2, Canada  

88. KOBEC Pharmacals, 28 Saint John Park, Lahore - Cantt, Pakistan  

89. Kraeber GmbH & Co. - Pharmaceutical Raw Materials, Waldhofstraße 14, D-25474 Ellerbek, 

Germany  

90. Laboratorios Saval S.A., Panamericana Norte 4600, Chile  

91. Lek d.d., Pharmaceutical and Chemical Company, Ljubljana, Slovenia  

92. Lenit Pharmaceuticals, 743, Urban - Estate, Phase 2, Dugri, LUDHIANA.Punjab. India  

93. Leo Group, Industriparken 55, DK-2750 Ballerup, Denmark  

94. Lichtwer Pharma AG, Wallenroder Strasse 8-10, 13435 Berlin  

95. LOSAN Pharma GmbH, Germany  

96. L.S. Raw Materials Ltd, Harav Kook 30/3, Petach Tikva 49315, Israel  

97. Madaus AG, D-51101 Cologne  

98. Mallinckrodt  

99. Matrix Laboratories Limited, 1-1-151/1, IV floor, Sairam Towers, Secunderabad, India.  

100. M B & C, Damascus, Syria  

101. Mead Johnson, USA  

102. Meditalent Enterprises Ltd., 5F-1, 51, Sec. 1, Ming Sheng E. Rd. Taipei, Taiwan  

103. Megapolis Company, Kharkov, Ukraine  

104. Merck & Co., Inc., Whitehouse Station, NJ  

105. METKINEN OY, Mantyharjunkatu 21, Littoinen, 20660, Finland  

106. Mustafa Nevzat Ilac Sanayii A.S., Tarcan Sok. 5/1 80290 Gayrettepe, Istanbul, Turkey  

107. Norwich Pharmaceuitcals, Norwich, NY  

108. Novabiomed Inc, 14 Anderson Blvd, Kentville, NS, Canada B4N 5G9  

109. Novo Nordisk, Novo Alle, Bagsvaerd, Denmark  

110. Novartis, Basel, Switzerland  

111. Novartis US, East Hanover, NJ  

112. Novartis Pharmaceuticals Canada Inc., 385 Bouchard Blvd., Dorval, Quebec H9S 1A9 Canada  

113. Novartis: Hypertension & Health for Professionals, Switzerland  

114. NPS Pharmaceuticals  

115. NPpharm, France  

116. Orchid Chemicals & Pharmaceuticals Ltd., Chennai, India  

117. Ordain Health Care  

118. NV Organon  

119. Otsuka Pharmaceutical Company (English)  

120. Paddock Laboratories Inc.  

121. Panacea Biotec  

122. Parke-Davis, Division of Warner-Lambert (now Pfizer)  

123. Pfizer Inc.  

124. Phaarmasia Ltd., Hyderabad, India  

125. Pharco Pharmaceuticals on the web, P.O.Box 12 Sidi Gaber Alexandria - EGYPT  
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126. Phares Drug Delivery, Kluenenfeldstrasse 30 Muttenz CH 4132 Switzerland  

127. Pharmaceutical Wholesalers NZ Ltd, Whitianga, New Zealand  

128. Pharmacia, USA (Upjohn)  

129. Pharmacia, Sweden (Upjohn)  

130. Pharmed Medicare, Pharmed Gardens, Whitefield Road, Bangalore 560034, India  

131. Pharmion Corporation, 4865 Riverbend Road, Boulder, CO 80301, USA  

132. Phil Pharmawealth, Inc., Philippine Stock Exchange, Ortigas Center Pasig City, Philippines  

133. PLIVA - Lachema a.s., 277 11 Neratovice, Tovarn’ 157, Czech Republic  

134. Promed Group, 210, Ashirwad Commercial Complex, Green Park  

135. Proteome Factory AG - Pharma Service, Dorotheenstr. 94, D-10117 Berlin  

136. PT Darya-Varia Laboratoria, Indonesia  

137. Purdue Pharma L.P., 100 Connecticut Ave. Norwalk, CT 06856  

138. Rhone-Poulenc Rorer now Aventis (1999)  

139. Reliable Biopharmaceutical Corporation, St Louis, MO  

140. RIA International, 9 Whippany Road, C3, Whippany NJ 07981, USA  

141. Richter-Pharma, Austria  

142. Roche  

143. Roche Bioscience, Palo Alto, CA, U.S.A.  

144. RTP Pharma, Inc., Ile-des-Soeurs, Canada  

145. Salus International, Mlynska Street 3, 40-098 Katowice, Poland  

146. Samaritan Pharmaceuticals, 101 Convention Center Drive Suite 310 Las Vegas NV 89109  

147. Sanbe, Jl Tamansari 10, Bandung 40116 West Java - Indonesia  

148. Sandoz see Novartis  

149. Sankyo Co., Ltd., Japan  

150. Schein Pharmaceutical, Inc., 100 Campus Drive, Florham Park, NJ 07932  

151. Schering, Germany  

152. Schering Health Care UK Ltd, U.K.  

153. Schwarz Pharma AG, Germany  

154. S & D Chemicals Ltd, 131 Finchdene Square Unit 7 Scarborough, Ontario M1X 1A6, Canada  

155. Searle Pharmaceutical Products  

156. Sepracor  

157. Servier, 22 rue Garnier, 92200 Neuilly Sur Seine, France  

158. Shraddka Exports 518, Sarvoday Comm. Centre, Nr. G.P.O., Ahmedabad-380 001, India.  

159. Sigma Pharmaceuticals Ptd Ltd, 96 Merrindale Dr, South Croydon 3136, Australia  

160. Slimfit Pharmaceuticals Div., 31/3 A Abu Bakar Block New Garden Town, Lahore - Pakistan.  

161. SmithKline Beecham  

162. Solka Laboratories Inc., Managua, Nicaragua (English Home Page)  

163. Solvay, group of Chemicals and Pharmaceuticals companies, 33, rue du Prince Albert 1050 Brussels 

- Belgium  

164. Square Pharmaceuticals, 48, Mohakhali C/A, Dhaka-1212, Bangladesh  

165. SP Pharmaceuticals, LLC, 4272 Balloon Park Road, NE, Albuquerque, NM 87109  

166. SRS Pharmaceuticals, 6 National House, 27 Raghunath Dadaji Street, Fort, Mumbai 400 001 INDIA  

167. STADA Pharamceuticals, 5 Cedar brook Drive, Cranbury, NJ 08512  

168. Steigerwald, Darmstadt, Germany  

169. Strides Arcolab Limited, Strides House, Bilekahalli, Opp.IIMB, Bannerghatta Road, Bangalore-560 

076, India  
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170. Sun Pharma, Corp Comm Dept., Acme Plaza, Andheri Kurla Road, Andheri (East), Mumbai 400 059, 

India  

171. Suntin Pharma, Hong Kong  

172. Suzhou Dawnrays Pharmaceuitcal Co., Ltd., Wuxain Economic Development District, Suzhou, China  

173. Suzhou Industrial Park Minsheng Medicament Chemical co., Ltd, No.17, Fengmen Road, Suzhou, 

China  

174. Synthetic Blood International, Inc., 3189 Airway Avenue, Building C, Costa Mesa, CA 92626, USA  

175. Synweb - Synthelabo  

176. Synthon BV, Microweg 22, Nijmegen, The Netherlands  

177. Taro Pharmaceutical Industries Ltd., Hawthorne, NY  

178. Tashima Inc., No.2, Sheetal, 8th Main, 2nd Cross, Byrasandra Layout, Jayanagar I Block East, 

Bangalore  

179. Tejay Pharmaceuticals Ltd, PO Box 34315, Lusaka, Zambia 

180. Teva Pharmaceutical Industries, Israel  

181. Thykn (India) International, C-111, Kailas Esplanade, LBS Road, Ghatkopar (W), Mumbai - 86, India  

182. Titan Pharmaceuticals, 210,Kanara Business Center (KBC), Behind Everest Garden,Bombay 400 075  

183. Torrent Pharmaceuticals Limited, off Ashram Road, Ahmedabad - 380 009, India.  

184. Triskel Integrated Services, Switzerland  

185. TTY BioPharm, 4th Floor, 170, Section 3, Min-Chuan East Road, Taipei, Taiwan  

186. Ultra-Tech Speciality Chemicals Pvt. Ltd., 113, J.K. Chambers, Sector-17, Navi Mumbai 400 705.  

187. UNIPHARMA, Damascus-Syria  

188. Vanguard Medica, Chancellor Court, Surrey Research Park, Guildford GU2 5SF  

189. VersaPharm Incorporated, 1775 West Oak Parkway STE 800, Marietta, GA 30062, USA  

190. Vianex S.A., P.O. Box 52894 - 14610 Nea Erythrea, Greece  

191. ViroPharma Incorporated, 405 Eagleview Boulevard, Exton, PA  

192. Vyteris, 13-01 Pollitt Drive Fair Lawn NJ 07410  

193. WDFPharma, 402,28 Yanyu Road,Jiaojiang,Taizhou, 318000, Zhejiang, China  

194. World Chem Corporation, 405, Anand Mangal-II, C.G. Road  

195. WorldMolecules/MDD Inc., 77-1350 Winding Trail, Canada  

196. Wyeth, USA  

197. Wyeth Australia Pty Ltd, Locked Bag 5002, Baulkham Hills BC, NSW 2153, Australia  

198. Wyeth (Espana), Spain  

199. Yale Pharmaceutical Research Institute, POB 341104, Bethesda, MD. 20827, USA  

200. Yamanouchi Pharma Technologies, Inc., Norman OK  

201. Yash Pharma, 14, Ruby House, L. J. RoadMahim - West, Mumbai - 400016, India  

202. Zeneca Life Sciences Molecules 
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gigE

10,239 bytes

gigE

ONS15454

gigE

Preliminary 9k DDS Project - Target List

gigE

SM 22 km

long range ZX GBICs from
CANARIE -extend loan
period to cover 9k DDS
project

10/8 VLAN

ZX GBICZX GBIC SONET

10/8 VLAN 10/8 VLAN

dedicated
gigE port

IBM p650 AIX

Routed IPv4 = 206.12.24.15
Lightpath IPv4 = 172.31.24.15
Reference IPv4 = 10.12.24.15
MAC = 00:09:6b:ce:3c:19

devstore.westgrid.ca

7

0

route all 10.0.0.0/8 (10/8)to
dedicated port of 5 port
gigE link aggregator

route all 10.0.0.0/8 (10/8)to
one VLAN of 6 on 4 port
gigE link aggregator

WestGrid

monitor 10/8 VLAN for leakage or
unusual activity of ARP/Broadcast/
Multicast

SFU Main
Enterasys ER16

64,000 bytes
IRMACS

Cisco 6509

9,216 bytes

10/8
VLAN

MM

SGI
IRMACS

ONYX 4

vizserver.westgrid.ca
Routed IPv4 = 206.12.24.8
Lightpath IPv4 = 172.31.24.8
Reference IPv4 = 10.12.24.8
MAC = 08:00:69:13:eb:21

gigE

SM

gigE

Molecular Biology and Biochemistry

10/8 VLAN

9k Switch
Summit-1i

Supplied and set up by
SFU-WestGrid, reimbursed
by 9k DDS Project

Supplied by MBB

9k DDS Phase 1: tap existing lightpath infrastructure
9k DDS Phase 2: setup dedicated lightpath infrastructure

9k DDS phase 2
reconfigure to
dedicated gigE port
from ONS

9k DDS phase 1 tap
WestGrid-IRMACS gigE port
from ONS for setup

note: replace all lightpath 10.NNN.XXX.XXX with
172.31.XXX.XXX for DDS phase 1 ... due to 10/8 conflicts at SFU
... however keep all 10/8 address for reference alias and
possible switch over to 10/8 for handoff in DDS phase 2 ...
notably either can be used interchangeably if no address
space conlicts are present ... ;-)

ONS15454

STS-24c

max of 2 STS-24c per card and 1 STS-24c
per port ... drop lightpath from Calary on
one G1000 and light path from Victoria on
other G1000 use switch to combine on
link to SFU  for collaboration re: Don
McWilliam

SONET
gigE Linux

gigE

Dell L3
9,018 bytes

UofA
Subatomic Physics lightpath.phys.ualberta.ca

Routed IPv4 = 129.128.241.113
Lightpath IPv4 = 172.31.241.113
Reference IPv4 = 10.128.241.113
MAC = 00:e0:81:24:45:3a

10/8 VLAN

dual port

TRIUMFgigE

campus router

gigE

Linux
gigE

9k Switch
Summit-1i UofA

Biochemistry lightpath.pence.ca
Routed IPv4 = 129.128.139.2XX
Lightpath IPv4 = 172.31.139.2XX
Reference IPv4 = 10.128.139.2XX
MAC =

10/8 VLAN

dual port

PENCE
gigE

campus router

Supplied by
Biochem

Supplied and set up by
TRIUMF, reimbursed
by 9k DDS Project

gigE

gigE

Cisco 6509

UVic
Network Services

Linux

phys02.comp.uvic.ca
Routed IPv4 = 142.104.21.13
Lightpath IPv4 = 172.31.21.13
Reference IPv4 = 10.104.21.13
MAC =

HEPnet

9,216 bytes

10/8 VLAN

campus router

dual port

Supplied by
Biochem

gigE

gigE

UVic
Biochemistry & Microbiology

Linux

lightpath.bioc.uvic.ca
Routed IPv4 = 142.104.33.XXX
Lightpath IPv4 = 172.31.33.XXX
Reference IPv4 = 10.104.33.XXX
MAC =

TVBR

10/8 VLAN

campus router

dual port

9k Switch
Summit-1i

Supplied and set up by
HEPnet, reimbursed by
9k DDS Project

9k DDS phase 2
reconfigure to
dedicated gigE port
from ONS

9k DDS phase 2
reconfigure to
dedicated gigE port
from ONS 9k DDS phase 1 tap

TRIUMF gigE port
from ONS for setup

9k DDS phase 1 tap HEPnet
gigE port from ONS for setup

CANARIE
NETERA

CALGARY

ONS15454

STS-24c

9k Switch
Summit-5i

STS-24c
SONET

CANARIE
BCNET

VICTORIA

SX GBICs

CANARIE
BCNET

VANCOUVER

ONS15454
CANARIE
NETERA

EDMONTON

Cisco 3750
9,216 bytes

GT CO-LO

CWDM supplied and set up
by BCNET, reimbursed by
9k DDS Project

GT CO-LO
CWDM

BCNET TX
CWDM

SX GBICs SX GBICs

BioScience
CWDM

Netera TX
CWDM

SX
GBICs

9k Switch
Summit-1i

UofC

Linux

lightpath.mbb.sfu.ca
Routed IPv4 = 142.58.213.XXX
Lightpath IPv4 = 172.31.213.XXX
Reference IPv4 = 10.58.213.XXX
MAC =

MBB

campus router

dual port

campus router

BioScience

dual port
Linux

UofC

dual G1000 ports for
collaboration SX GBICs
supplied by BCNET re:
Don McWilliam

Supplied and set up by
Netera, reimbursed by
9k DDS Project

CWDM supplied by
Netera re: Gary Finley

Supplied by
BioScience

Dove tail ONS G1000 ports
via VLAN re: Gary Finley

Lightpaths from Edmonton
and Vancouver drop on two
ONS G1000 ports re: Gary
Finley

9k DDS phase 1
split lightpaths
from ONS for setup

Supplied and set up by
BCNET, reimbursed by
9k DDS Project

SX
GBICs

SX
GBICsNetera TX

CWDM

LX GBICs

Fibre in place ... ?

Fibre in place ... ?

Fibre in place ... ?

BCNET TX

lightpath.bioscience.ucalgary.ca
Routed IPv4 = 136.159.XXX.XXX
Lightpath IPv4 = 172.31.XXX.XXX
Reference IPv4 = 10.159.XXX.XXX
MAC =

blowfish.westgrid.ca
Routed IPv4 = 206.12.24.6
Lightpath IPv4 = 172.31.24.6
Reference IPv4 = 10.12.24.6
MAC = 00:09:6b:f1:f4:85

Routed IPv4 = 206.12.24.65
Lightpath IPv4 = 172.31.24.65
Reference IPv4 = 10.12.24.65
MAC =

gridstore.westgrid.ca
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&

Folding... ?

analysis

3D structure

fine tune
3D model

optimize structure

HPC_Screen
dock targets

Charge model
Flexibility modelfine tuning

Score > threshold ?

top 1000 small
molecules

Fine Grain

Wet Chemistry
ADMET

Considerations

Pharma Covariant
Lead Generation

Synthesizable ?

Rule of 5

Rule of 5 >>>drug compound likely to show
poor absorption or permeation if:

more than 5 hydrogen bond donors
molecular weight over 500

clog P (octanol/water partition coefficient) > 5
sum of nitrogens and oxygens is over 10

weak inhibition of receptor (< 100 nM )
observed

Sequencer

Next Generation Drug Discovery
9k DDS Subsystem Overview Diagram

HPC_Modeller

CCATGTGGAGACTCCTGAGGAGCGGG...

PFAPAAGAATSAAAEPEGPGASCAAAAKAP...

HPC_Modeller

ORFs/exons/introns/SNPs... ?

HPC_Modeller

preliminary
active site(s) id

vector
quantization

flexibility
analysis

conformational
variability

tweaks

HPC_Modeller

HPC_VirtLib

site(s) to
scaffold(s)

scaffold(s)
to

virtual
library

molecules

molecules
to flex
model

HPC_Modeller

Receptor pocket fine tuning
Manual adjustments
Conformational analysis
Hetero atom/molecule analysis
Covariant flexibility analysis
Computational Model Generation
Absorption analysis
Distribution analysis
Metabolism analysis
Excretion analysis
Toxicology analysis

HPC_Modeller – medicinal chemistry tuning

Micro Array

Rigid
Format

HPC_Modeller

Yes

No

Homology...
?

Lab Analysis

Folded Sample(s)

Pathway/Interactions... ?

Field analysis/in vivo dynamics... ?

Target Search

NMRXRD

Scaffold pipeline

small molecule db

sequence
segments

top 100 small molecules

top 10 small molecules

top molecule
candidate(s)

Pharma covariant
candidate(s)

top 1000 small
molecules

top 100 small molecules

top small molecules

Possible raw molecules

HPC_Modeller

TeraHZNeutronD

Xtal Xtal Liquid Liquid
Docking handoff...

Active sites, GPCRs... ?

Start Drug Discovery

Potential target aquisition

Potential drug candidate interaction identificationInteraction Search

HPC Small
Molecule

Simulation
Systems

Wet
Chemistry

Small
Molecule
Systems

Drug Refinement & Trials Potential drug tuning & testing

HPC Screened for target
efficacy

Preliminary Drug
Molecules

Preliminary Candidate
Drug Molecules

Wet Chemistry Screened
for target efficacy plus
potential interactions

Validated candidates

Fragments & Rule Sets for
Scaffold Assembly

Heavy weight flexible computational model

Validation Tests

Clinical Trials

High Throughput  Automated Screening

No

No

No

No

Geopolitical Agency Approvals

No

Public Trials

No

Global Markets

No

No

Format(s) – dosage(s)
Delivery system

Pass ?

Pass ?

Pass ?

Pass ?

Pass ?

Pass ?

Pass ?

Pass ?

Detailed binding analysis and dynamics

HPC_Screen

Flexible
Subsystems

sequence

Segment

defects... ?

HPC_Modeller

HPC_Modeller

End Drug Discovery

Yes

preliminary manufacturing

small scale manufacturing

large scale manufacturing

Package submission by
geopolitical domain per
candidate

SOA based measurements & correlational adjustments

S
O

A
 b

ased
 m

easurem
ents &

co
rrelatio

n
al ad

ju
stm

en
ts

SOA based measurements &
correlational adjustments

Possible to create by wet chemistry or
biotech process of some form ... ?

If direct inject or transforms somehow at
active sites i.e. does not need to be injested
or pass membranes in active form... does
not necessarily apply
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