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ABSTRACT
Science gateways are a mechanism for delivering scientific software
as a service, especially when the software requires high perfor-
mance computing (HPC) resources to run effectively. The existence
of a science gateway eliminates the user’s need to learn to work
with HPC systems and to manage software installations and up-
dates. With well-designed user interfaces, users can more quickly
become effective users of scientific applications and can manage
information needed for replicating, modifying, and sharing results.
All of these efficiency gains enable users to focus more on their
research. In addition, science gateways are being identified as an
effective educational tool, a tool to be used in classroom environ-
ments as a method to get students quickly into research on domain
specific questions. In the absence of a science gateway, students
are likely to need a considerable time to learn to work with HPC
systems, and any time spent on such will reduce their time on the
actual science. This poster presents how the Louisiana State Univer-
sity (LSU) gateway for the Computational System Biology Group
(CSBG) - (www.brylinski.org) was updated and improved to be a
classroom teaching tool. This work makes extensive use of Apache
Airavata’s group management capabilities.

CCS CONCEPTS
•Computingmethodologies→Modelingmethodologies; Sim-
ulation environments; Simulation tools;Model verification and
validation; • Software and its engineering → Software as a
service orchestration system.
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1 INTRODUCTION
Science gateways simplify the process for gaining access to scien-
tific application tools on HPC systems. In addition to supporting
research, gateways are effective teaching tools for classroom en-
vironments. The LSU CSBG gateway was initially launched with
focus on building research community around it and is now expand-
ing its use as a teaching tool for both advanced undergraduate and
graduate students in biological sciences. As part of the Extended
Developer Support (EDS) services from the Science Gateways Com-
munity Institute (SGCI) [1], the principle investigator (PI) started to
discuss the requirements to upgrade the gateway to be more class-
room or student friendly. The LSU CSBG gateway is deployed and
maintained by SciGaP.org gateway services [2] and together with
the EDS consultants, PI, and the gateway team, the new gateway
features were designed and implemented.

2 CSBG TOOLS
LSU CSBG offers a variety of tools for Structural Bioinformatics to
support the prediction of protein structure and function from raw
sequence data (Table 1).

Table 1: CSBG tools for Structural Bioinformatics

Application Purpose
eThread Protein structure modeling
eFindSite Drug-binding site detection
eMatchSite Ligand binding sites alignment
eMolFrag Molecular fragment extraction
eFindSitePP I Protein-binding site detection
eSynth Virtual molecular synthesis
eVolver Protein sequence design
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eThread is a template-based protein structure prediction ap-
proach. Template structures are selected from the Protein Data
Bank with meta-threading and machine learning. Protein models
are assigned confidence scores, which correlate with the actual
model quality [3],[4].

eFindSite is a ligand-binding site prediction and virtual screening
algorithm detecting common ligand-binding sites in a set of evolu-
tionarily related proteins identified with threading/fold recognition.
eFindSite also performs ligand-based virtual screening against iden-
tified pockets [5], [6].

eMatchSite is a sequence order-independent algorithm to align
and match ligand binding sites. eMatchSite accurately identifies
those pockets binding similar compounds even in proteins with
different global structures. Furthermore, it tolerates, to a large ex-
tent, structural distortions in protein models, thus experimentally
solved structures are not required [7], [8].

eMolFrag is an automated method to extract molecular frag-
ments from compound libraries. Fragments are categorized as core
fragments (bricks) and flexible linkers. These chemical building
blocks can subsequently be used to construct virtual screening
libraries for targeted drug discovery [9].

eFindSitePP I is a program to detect protein binding sites and
residues with meta-threading. eFindSitePP I also predicts interfa-
cial geometry and specific interactions stabilizing protein-protein
complexes, such as hydrogen bonds, salt bridges, aromatic and
hydrophobic interactions [10],[11].

eSynth is an automated method to synthesize virtual compounds
by reconnecting building blocks obtained by fragmenting parent
molecules. The synthesis process employs an exhaustive graph-
based search algorithm following connectivity patterns extracted
from the input compounds. The primary application of eSynth is
the rapid construction of virtual screening libraries for targeted
drug discovery [12].

eVolver is an optimization engine evolving protein sequences to
stabilize the respective structures by a variety of potentials, which
are compatible with those commonly used in protein threading. The
scoring function implemented in eVolver combines several energy
terms, a burial potential, secondary structure preferences, a distant-
dependent contact potential, sequence profiles and anti-bunching
restraints [13], [14].

3 CSBG USAGE IN CLASSROOM
The LSU CSBG gateway is deployed and developed for bioinformat-
ics research work. While the gateway was being used for research,
the PI wanted to start using the gateway in the classroom as well.
A single gateway to be used by advance researchers as well as
students required several layers of configurational as well as code
level changes. The gateway team and the PI discussed what are the
requirements that needed to be available in order to bring novice
students to use the gateway. Those features were implemented,
tested and made available for the gateway to configure as needed.

Three tools are currently used in classroom: eThread, eFindSite,
and eSimDock. Students taking project-oriented courses, Biophysics
of Macromolecules for undergraduate students and Computational
Biology for graduate students, complete their projects using the

gateway. These projects consist of three tasks. First, structure mod-
els of known drug targets are constructed with eThread, which is
followed by drug binding site prediction with eFindSite. The last
task is to dock a drug molecule with eSimDock to the predicted
binding site.

An example of the completed project is shown in Figure 1. This
3D structure model of a ligand-protein complex was built by an
undergraduate student from the amino acid sequence of a protein
target and the chemical structure of a ligand using our gateways.
The PI is currently developing additional projects, including protein
design with eVolver, prediction of drug side-effects with eMatchSite,
and fragment-based drug discovery with eMolFrag and eSynth.
These new projects will be available to students in Fall 2019.

Figure 1: Example of a protein structuremodeled by eThread
(solid ribbons) with a ligand docked by eSimDock (color
sticks) to a putative binding site predicted by eFindSite
(transparent surface).

4 GATEWAY FOR EDUCATIONWITH SCIGAP
SERVICES

4.1 Gateway Setup
The initial LSU CSBG gateway was developed and deployed with
the support from SGCI EDS consultations. The gateway is hosted
and managed by the multi tenanted SciGaP [2] gateway platforms
with storage facilities for gateway user files. The SciGaP platform
uses Apache Airavata [15] middleware for computational job con-
struction, job submission to HPCs and to manage job data files,
inputs and outputs.

Apart from the primary services such as user identity manage-
ment, accounts, authorization, and access to multiple high per-
formance computer (HPC) resources from campus and national
resource providers, the gateway had specific requirements in order
to make it ’classroom friendly’. The web client used for the user
interactions with the middleware is developed using python based
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Django Framework and together with Apache Airavata middle-
ware both are hosted by the SciGaP servers at Indiana University.
The current gateway and middleware system layout is depicted in
Figure 2.

Figure 2: CSBG LSU Gateway with Apache Airavata

4.2 Gateway Users & Groups
In order to enable the gateway for educational use, it needed to
be able to support multiple classrooms at a given time, with each
classroom having to be able to use specific application tools. The
gateway is implemented in a such way where each classroom can
be represented by a ’Group’ within the gateway. We use Apache
Airavata’s Sharing Service [16] to associate application tools and
HPC resource allocations with a group for each classroom.

For a classroom, a representative, teacher assistant (TA) can
be named as the administrator to manage students within this
gateway group. The appointed classroom administrator can add
students to the group and give them the proper role within the
group to use the gateway. Students can share their work within
their group as well as with their fellow gateway users. The students
or researchers can create their own user groups, mainly for data
and experiment sharing purposes. In order to be added to a group,
the students or the gateway user needs to create a gateway account.
The gateway account creation can be done locally to the gateway or
by using existing institute logins through federated authentication
system, CILogon [17]. The SciGaP gateways user authorization
and authentication is managed by Keycloak [18], an open source
identity and access management system.

4.3 CSBG Tool Configuration
With Apache Airavata’s Django-based gateway, administrators
can control application tool access within the gateway. Gateway
administrators can add tools for the gateway users. Through the
sharing feature, the application tools can be exposed only to the
intended user groups. When users log in to the gateway, they only
see the tools that are shared with them in the ’Workspace’. The
’Workspace’ is the space that users could launch ’Experiments’ to
submit jobs to HPC resources. The ’Experiment’ is the metadata
properties required for the job execution in remote HPC resource
[19].

Since the gateway PI is using the gateway for teaching, the gate-
way team had to implement advanced application input properties
and validations to minimize erroneous inputs. Reducing the er-
rors in inputs saves time and HPC resources from waste. Science
gateway application input basic types are either string, number
or file uploads. To extend these basic types, several new ways are
introduced for gateway administrators to use when configuring
their applications. Using option selections, check boxes and lists
the users are provided the inputs they could select, and for number
inputs the administrator can specify a range, whether decimals
are allowed, and similar restrictions. (Figure 3). The gateway also
supports cascading input lists, so users will only be able to select
from the provided lists, thus reducing the chances of making mis-
takes. The gateway also provides validating input file types, which
validate the extensions to be of the pre-specified types in order to
make sure users upload the correct files. All the validations are
done at the web portal side to minimize any delays.

Figure 3: eFindSitePP I Experiment Creation - Option selec-
tions, Checkboxes and String inputs with Character length
validations

4.4 Group Resource Profile
In order to facilitate multiple user groups and to configure the
level of resources that are available for each, a Group Resource
Profile (GRP) data model was added to Airavata’s Registry Service,
with API methods to manage them. The GRP is a configuration of
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compute resource availability in terms of nodes, CPUs and walltime
for a group. Multiple GRPs can exist in the gateway. Using user
interfaces in the Django portal, gateway administrators can create
them and add multiple HPC resources or configure in other ways
as needed. The gateway administrator can create as many SSH
keys/credentials using the gateway credential store [20] for these
GRPs and assign them for secure communications with compute
and storage resources. The GRPs then can be shared with user
groups, and those GRPs will be available for users to select at
experiment creation. A single user can belong to multiple user
groups.

4.5 Gateway Theme and Branding
In previous PHP-based Airavata gateways, the gateway theme and
branding were managed through a git repository, and updates to
the gateway content required knowledge of git as well as consider-
able time. With the Django-based gateway, this process has been
changed to use the Wagtail Content Management System (CMS)
[21] to manage the gateway theme. Wagtail CMS provides in-place
methods for administrators to directly update and review content
changes prior to publishing them. When the gateway is used in
classroom, the content will need frequent updates to provide infor-
mation to users. Having it done through a CMS with its editors to
add or update content is time saving. Gateway administrators can
delegate the task to teaching assistants to add the relevant content
for their classrooms.

5 FUTUREWORK
We will continuously improve the LSU CSBG Gateway in order to
expand the research and student user community. Our goal is to
make all tools developed by CSBG available for the research and
education communities through the gateway. We plan to introduce
the gateway to other institutes and their classroom environments
as well as to focus on post processing and visualization tool inte-
gration.

6 CONCLUSIONS
The gateway PI and his team at LSU CSBG will continue to improve
their tools and make them available for the community of both
advanced researchers and students through the gateway. The users
can use the latest tools through the gateway without going through
the trouble of compiling the tools, updating when changes take
place and also without worrying about HPCs availability for com-
putations. Each user group will have their own space within the
gateway, share their work and continue as they progress through
each layer of research from student to advanced researcher.
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