建構亞洲流行性疾病之高效能藥物篩選計算服務
High Throughput Virtual Screening Service
against the Epidemic Diseases in Asia
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【Abstract】In the modern biomedical drug discovery, molecular docking simulation
is a common method for predicting potential interacting complexes of small
molecules on protein binding sites. However, searching all optimal conformations of a
compound could be a time-consuming process. GAP Virtual Screening Service
(GVSS), large scale in-silico protein-ligand virtual screening service, provides a
production system to speed-up the searching process. We demonstrated how this high
throughput in-silico massive molecular docking service benefits from state-of-the-art
Grid technology to the activities for Avian Flu drug refinement and Dengue Fever
drug discovery on EUAsiaGrid infrastructure since March 2009. Furthermore, these
activities also facilitates more biomedical e-Science applications in Asia, such as
other diseases and compounds profiling.

【Keywords】Drug Discovery、Molecular simulation、Grid Computing、High
throughput computing、e-Science

1. Introduction
Since the first global Avian Flu Data Challenge was launched in 2005,
Academia Sinica Grid Computing Centre (ASGC), within the EGEE collaboration,
was devoted in developing and refining virtual screening for neglected and emerging
diseases such as Avian Flu and Dengue Fever. Molecular docking simulation is a time
consuming process to search exhaustively all correct conformations of a compound.
However, the massive in silico processes benefit from the high throughput computing
grid technology. Providing intensive computing power and effective data management,
the production e-infrastructure (EUAsia VO) enables opportunities for in silico drug
discovery on the important epidemic disease in Asia.
GAP and GVSS (GAP Virtual Screening Service) were developed with the
docking engine of the AutoDock 3.0.5. GAP is a high-level application development
environment for building up production-quality grid application services. It divides
the grid application development work into three major stages: application
gridification, complex job workflow design and user interface customization. GVSS is
a Java-based graphical user interface and was designed for conducting large-scale
molecular docking more easily on the gLite grid environment. The end users using
GVSS are allowed to specify target and compound library, set up docking parameters,
monitor docking jobs and computing resources, visualize and refine docking results,
and finally download the final results.
We will foster the more biomed collaboration between the life science
communities and IT people in Asia. There are other challenges to encourage more
biomedical activities and integrate more dynamical resources to support the large
scale virtual screening simulation in Asia. For example, scientists study the new target
structure, therefore, he/she shall know how to model the target and prepare it using
the AutoDock tools. One would also need a user-friendly GUI in order to join and
access the collaboration, to submit the pipeline docking jobs, monitoring their

progress, visualize the docking and finally analyze the results. This is a good start that
we initiate the first dengue fever data challenge on EUAsia Grid project. Most of the
south Asia partners (UPM, AdMU, ASTI, ITB, IAMI, NECTEC, HAII) considered
that they can seek for the more scientists to join this drug discovery at ISGC 2009.

2. High Throughput Virtual Screening Service
Molecular docking simulation is a useful method for predicting potential
interacting complexes of small molecules in protein binding sites, that information are
crucial to structure-based drug design (SBDD). Several docking programs, such as
DOCK, GOLD, Autodock, Glide, LigandFit and FlexX [1-6] etc. have proved
themselves useful in the pipeline of the in-silico drug discovery. The basic method
behind molecular docking simulation is to generate all potential conformations of a
docking molecule and evaluate among them for the most favorable orientation as the
binding mode of the molecule by using a scoring function. To search exhaustively all
correct conformations of a compound is a very time consuming process. Therefore, a
successful docking simulation for large-scale high-throughput screening (HTS) will
consume large computing resources [7]. For instance, it requires a few Tera-flops per
job to exercise docking of thousands of compounds to one target protein. However,
the existing tools are lack of simple way to provide concise procedures for regular
users to arrange resources to conduct a massive molecular dockings.
Grid technology starts a new era of virtual screening due to its efficiency as
well as its cost effectiveness [7,8]. The cost of traditional in vitro testing is usually
extremely high when large-scale screening is conducted. Virtual screening provides
scientists an effective tool to select the potential compounds for in vitro testing. As a
result, virtual screening could indeed save enormous amount of money comparing to
the traditional in vitro testing.

With the help of the high-speed computing and huge data managing capabilities
of the Grid, possible drug components can be screened and studied very rapidly by the
available computer modelling applications. This will free up medicinal chemists’ time
to better respond to instant, large-scale threats. Moreover, one can concentrate one’s
biological assays in the laboratory on the most promising components, the ones
expected to have the greatest impact.
In this study, state-of-the-art Grid technology was deployed in order to execute
a massive docking on Autodock [3]. Compared to the traditional high performance
computing (HPC), the Grid computing environment has the capability of integrating
the dynamic computing resources and the scalability in providing the computing
services. In a production Grid environment, thousands of CPUs can be easily
allocated and formed an enormous computing power for massive docking tasks. For
example, more than 2000 computers under the Enabling Grids for E-sciencE (EGEE,
funded by the European Commission) Biomed Virtual Organisation (VO, a.k.a
Application Community) were employed in 4 weeks for Avian Flu Data Challenge
(DC) in 2005 [9,10].
To make the large-scale molecular docking running on Grid environment,
ASGC developed the GVSS (GAP-enabled virtual screening service) application
package that incorporates the EGEE gLite middleware DIANE2/GANGA [12] and
AMGA [13]. As illustrated by Figure 1, all computing jobs are managed by
GAP/DIANE to distribute the Grid computing workers to the Grid. The computing
results are managed by AMGA metadata catalogue to store on the storage elements.
GVSS also uses Autodock as the docking engine. The GVSS was created by
integrating several frameworks designed for Grid applications. They are described in
the following subsections with further details.

3. Fostering Asia Biomed e-Science: In-silico docking against dengue fever
Dengue fever is now epidemic due to its geographic spread as well as
increasing incidents. According to the World Health Organization (WHO), about 2.5
billion people, two fifths of the world’s population, are at risk from dengue fever. It is
estimated that approximately 50 million cases of dengue infection worldwide every
year. A majority of cases (around 95 %) are among children of less than 15 years of
age in many countries of South-East Asia.
Several flaviviruses are important human pathogens, including dengue virus, a
disease against which neither a vaccine nor specific antiviral therapies currently exist.
The dengue diseases are caused by the four antigenically distinct dengue virus
serotypes, DENV 1-4. We will looked for the favorable drug leads to combat the
related dengue, hepatitis C, West Nile, and Yellow fever viruses by the in silico
simulation. The NS3 protease is an enzyme critical for virus replication, and its amino
acid sequence and atomic structure are very similar among the different
disease–causing flaviviruses. Furthermore, it is proven as drug target in Hepatitis C
Virus (HCV) studies. Currently no drugs could effectively treat the disease. The
discovery of both broad–spectrum and specific antiviral drugs is expected to
significantly lower the mortality. The NS3 protease is an enzyme critical for dengue
virus replication; therefore it was considered as the target for developing the
therapeutic against dengue fever.
Inspired by the successful experiences on Avian Flu Data Challenges, ASGC
coordinated the Dengue Fever Data Challenge via EUAsiaGrid VO in June 2009. The
objective was to utilize the GAP-enabled screening service (i.e. GVSS) for
structure–based computation to identify small molecule protease inhibitors. A total of
300,000 compounds from CDI (ChemDiv Inc., San Diego, USA) compound library, a
commercially available compound library, were selected for virtual screening.

Ordinary users, usually not Grid experts, can select compounds and targets, submit
simulation jobs, monitor the progress, and visualize the results by utilizing the GVSS.
This study aims to look for the favourable drug leads to combat the dengue
viruses by the in silico simulation on the EUAsiaGrid production environment. We
prepared the compound library, ZINC CDI that is a free database of commercially
available compounds for virtual screening. It is composed of total 300,000 compounds
that we delivered. For this phase, we proposed the well determined NS3 protein (PDB
id is 2vbc) against the production ZINC CDI database on the GVSS.
Two hundred of CPU-cores from EUAsiaGrid VO were allocated. Eleven
institutes from Asia and Europe joined this activity, they were: Genomics Research
Center, Academia Sinica and Academia Sinica Grid Computing Centre (ASGC) from
Taiwan; Ateneo de Manila University (AdMU) and Advanced Science and
Technology Institute (AIST) from Philippines; Universiti Putra Malaysia (UPM) and
MIMOS Berhad from Malaysia; Hydro and Agro Informatics Institute (HAII) and
National Electronics and Computer Technology Center (NECTEC) from Thailand;
Institute of Applied Mechanics and Informatics (IAMI), Vietnam; Institut Teknologi
Bandung (ITB), Indonesia; and CESNET, Czech Republic. We estimated the total
computing power is 4,167 CPU-day to support this. For the phase I, a total of 46 GB
of the computing results from execution of the 300,000 jobs were generated. We
analyzed the binging energy profile to seek for the more useful informatics database.
A large portion of computing jobs were submitted and executed on the ASGC
computing resources. The rest of the computing jobs are also distributed to the other
grid computing resources of EUAsia VO. The maximum number of the concurrent
CPU resources is 100 CPUs and the average distribution efficiency is 69.44% (Table
1). The distribution efficiency reflects reasonable computing usage when sharing with
other computing jobs. This further proves the availability and reliability of the
EUAsia grid infrastructure.

Table 1: Statistical Summary of the DIANE Activity via GAP
Total number of completed dockings

300,000

Estimated duration on 1 CPU

4,167 days

Duration of the experiment

60 days

Cumulative number of Grid jobs

4,015

Maximum number of concurrent CPUs

100

Number of used Computing Elements

6

Crunching factor

69.44

Approximated distribution efficiency

69.44%

4. Summary
Contemporary drug discovery, strengthened by automatic high-throughput
screening (HTS) techniques, can now screen millions of compounds in a time span of
a week. However, the HTS approach is affected by the time required to develop stable
screening assays for a disease target at hand. Molecular docking is a useful method to
predict potential interacting complexes of small molecules in a protein binding site.
That information can be applied as modeling HTS to funnel out a majority of less
potential compounds from a huge chemical database or in-house collection so as to
reduce time taken for useful information of active compounds.
Therefore, allocation of enough resources from a production Grid to accelerate
the screening throughput in an effective way is a feature that present technology is
capable of. ASGC develops GVSS to enable users to access Grid technology and
resources seamlessly whilst providing flexible control over their docking jobs on the
Grid. The GVSS GUI hides the complexity of deploying and utilizing massive
molecular dockings.
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We introduce GVSS which is a user-friendly graphical user interface desktop
application for using this Grid-enabled virtual screening service. Through the GUI,
the end-users can easily take the advantage of GRID computing resources for
large-scale virtual screening. Furthermore, they can even upload their own target and
ligands, and do the same docking process, visualization and analysis with this GUI, of
course including the advanced refinement docking simulations. The end-users can
finally have a real GRID-enabled desktop utility for the virtual screening service for
their daily research. Moreover, we expected to foster the biomedical grid activities
and promote the e-Science collaboration between partners in Asia and Europe.

FIGURE CAPTIONS
Figure 1: The GAP-based Virtual Screening Service (GVSS): Users prepare the
large-scale virtual screening tasks in the GVSS Graphic User Interface, and then
select the Grid computing resources to submit jobs. Those computing jobs are
managed by GAP/DIANE to distribute the Grid computing workers to the Grid. The
computing results are managed by AMGA metadata catalogue to store on the storage
elements.

Figure 2: Distribution of the grid jobs via GAP in EUAsia infrastructure. The total
computing power is 4,167 CPU-day to support this. Moreover, the storage of 46 GB
of the computing results from execution of the 300,000 jobs were generated.
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