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Abstract
APBS and PDB2PQR are widely utilized free software packages for biomolecular electrostatics
calculations. Using the Opal toolkit, we have developed a Web services framework for these
software packages that enables the use of APBS and PDB2PQR by users who do not have local
access to the necessary amount of computational capabilities. This not only increases accessibility
of the software to a wider range of scientists, educators, and students but it also increases the
availability of electrostatics calculations on portable computing platforms. Users can access this
new functionality in two ways. First, an Opal-enabled version of APBS is provided in current
distributions, available freely on the web. Second, we have extended the PDB2PQR web server to
provide an interface for the setup, execution, and visualization electrostatics potentials as
calculated by APBS. This web interface also uses the Opal framework which ensures the
scalability needed to support the large APBS user community. Both of these resources are
available from the APBS/PDB2PQR website: http://www.poissonboltzmann.org/.

Introduction
The vital role of electrostatic interactions in biomolecular systems has spurred the
development of numerous methods for calculating the properties of these interactions (1–2).
Two broad categories of such methods exist: explicit solvent methods, which consider the
molecules in question in their exact form, and implicit solvent methods, which forego
accuracy at the atomic level in favor of expressing the solvent as a dielectric continuum.
However, both of these methods can be sufficiently computationally-intensive to exclude
users without access to advanced computing resources. As such, this also precludes use on
increasingly-popular mobile computing platforms.
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Web services are applications that communicate via standard HyperText Transfer Protocol
(HTTP) web protocols and provide distributed access to both compute and data resources
(3). Such Web services have become increasingly popular in “cloud” computing
environments where software and data are not localized to a single location but instead
distributed across a broad set of resources. The Opal Toolkit9 (4–5) was developed to
provide a straightforward interface between applications requiring Web service support and
a “back-end” Grid-based computational infrastructure. The goal of Opal was to distance the
user and the application developers from the complexity of managing security, scheduling,
and resource allocation in a Grid environment. This article describes the use of Opal to
address the issue of computational expense in implicit solvent electrostatics calculations. In
particular, we have developed new Opal-based Web services, to support electrostatics
calculations using the APBS software package10 (6). The Web service interface does not
require any coding or additional expertise by the user. Instead, the interface is integrated into
a stand-alone APBS client that operates using standard APBS input syntax and provides
identical functionality to the standard client.

However, computational expense is not the only barrier to the use of electrostatics software
by the scientific and education community. Our past work with the PDB2PQR software
package and web server11 (7–8) addressed the problems of assigning correct biomolecular
titration states with PROPKA (9), rebuilding missing or non-optimal atomic coordinates in
biomolecular structure files, choosing atomic charge and radius parameters for biomolecules
and ligands, and constructing an APBS input file for the electrostatics calculation. While
PDB2PQR has facilitated the calculation of electrostatic properties for many users, there are
still obstacles for users without the experience or resources to download and install their
own copies of APBS and related software for electrostatics visualization. Therefore, we
have implemented a second mechanism for user access to APBS Web services through the
PDB2PQR web server. In particular, PDB2PQR will now use APBS Web services to
perform electrostatics calculations as part of its existing workflow, eliminating the need for
users to download and install separate copies of APBS. Additionally, PDB2PQR now
provides basic functionality for the visualization of electrostatic potentials using the Jmol
web-based visualization tool (10).

There are several reasons for selecting the web. First of all, the majority of users will already
be familiar with the principles behind the web and web-based forms, thus reducing
confusion that could result from an unfamiliar user interface. Equally important is the
automation of updates. Since the electrostatics calculations will be performed on the web
server (or directed to an Opal cluster by that web server), once the software is updated on
the web server and Opal cluster, all users will automatically have access to the latest version
of the software. Removing the need for users to install and update the software is critical, as
the installation process requires one to have technical knowledge that ideally would not be
necessary for the end user to possess. Operation of the software is also made easier for the
end user through the ability to, via the web interface, link together the use of PDB2PQR and
APBS. Due to their respective purposes, the files returned after a PDB2PQR calculation are
frequently used as the input files for subsequent APBS calculations. The web interface
makes transitioning from PDB2PQR to APBS to visualization (via Jmol (10)) a one-click
process. Finally, the web interface significantly reduces the hardware requirements for the
end user's machine. Whereas running PDB2PQR and/or APBS locally would mean that the
time for the calculations to complete would be directly dependent on the abilities of the

9Opal toolkit: http://opal.nbcr.net and https://sourceforge.net/projects/opaltoolkit/
10APBS software package: http://www.poissonboltzmann.org/apbs/
11PDB2PQR software package: http://www.poissonboltzmann.org/pdb2pqr/
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user's computer, the web interface allows anyone with a web browser to complete
calculations within a reasonable time frame regardless of their local hardware.

Software design and methods
The new mechanisms for user interaction with APBS Web services are summarized in
Figure 1 and described in detail below.

Web services support via Opal
Opal is a toolkit that enables users to automatically wrap scientific applications running on
cluster, Grid, and cloud resources as Web services, and provide Web-based and
programmatic access to them, without writing a single line of Web service code. Developers
can simply write an XML-based configuration file for an application and expose it as a Web
service using Opal’s command-line deployment tool. Opal is an open source project that is
freely available for download at SourceForge.

Opal provides the benefit of straightforward server installation. In most cases, the Opal
server can be installed in a matter of hours. Complex features such as scheduler support at
the back-end (such as Condor, and the Sun Grid Engine (SGE)) are optional, and can be
configured as needed. Once an Opal server is deployed, an application can be immediately
exposed as a Web service by writing a simple XML file. When an Opal server is installed,
administrators get access to a dashboard that provides access to system and usage
information, and automatically generated Web interfaces for testing and debugging that are
generated from the application configuration. Opal manages the execution of concurrent
user jobs by creating new working directories for every job and staging input and output
files to and from that working directory, and storing the job status in a monitoring database.
Finally, Opal provides a number of ways to ensure that only authorized users are able to
access the Web services, including GSI and IP-based authentication and authorization.

APBS and PDB2PQR use the Python interface to Opal. In order to provide maximum
flexibility, Opal integration exists both in web and command line interfaces to APBS. If an
Opal cluster is not specified at install time, the software will default to a cluster specified in
the current APBS release, thus ensuring that server and client versions of the software
remain synchronized. Server software version checking is also performed by the Opal client
software to further ensure correct functionality and version identification.

Currently the PDB2PQR server is supported by the National Biomedical Computation
Resource using a 200 node cluster, with 2 GB of RAM per CPU and a total of 400 CPUs.
Historically, the PDB2PQR server has supported approximately 40 PDB2PQR and 20 APBS
web services jobs per day.

Command line Web services
Support for APBS command line Web services is available at install or compile time. The
APBS compilation script automatically configures and enables the Opal Web service
support if the appropriate Python functions are available. Pre-compiled versions of APBS
already contain the appropriate Web service support but assume the availability of Python
on the target machine. The command line Web services interface to the APBS Web services
is a Python script which is invoked using the same basic syntax as the standard APBS
executable with a few additional options. Importantly, the Web services command line
interface accepts the same APBS input files and provides the same execution and output.
However, the Web services command line interface provides a few additional options to
control the mode of interaction with the Web services. In particular, the user will have the
option to either run a blocking or non-blocking calculation. A blocking calculation will
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pause after its launch and wait until the Opal job has been completed before downloading
the results and exiting. This allows the user to interact with the APBS command line Web
services interface in the same way they interact with the standard APBS command line
interface, thereby preserving functionality for visualization plugins, such as those available
in PyMOL (11) and VMD (12). In the case of the non-blocking calculation, the APBS
command line Web services interface sends the calculation request to the Opal server but
then exits, providing the user with a Universal Resource Locator (URL) at which the output
can be found. The user can then check the status of the calculation and download the results
using this URL. The URL can either be visited directly with a web browser or provided to
the APBS command line Web services client to have it automatically check the calculation
status and retrieve the results.

Integration with the PBD2PQR web server
The new APBS Web services functionality has also been integrated into the PDB2PQR 1.7
web server workflow (7–8). This integration complements the existing PDB2PQR
functionality with a scalable framework to allow users to run APBS calculations from the
PDB2PQR web server. Previously, PDB2PQR web server users were presented with an
option to create an APBS input using “default” settings representing best practices for APBS
visualization calculations. In version 1.7 of PDB2PQR, web server users are asked if they
want to execute the APBS calculation based on the PDB2PQR results and have the option
for later visualization. Upon accepting, users are then presented with a screen to configure
the APBS calculation. To simplify the APBS calculation to a “one click” process, the APBS
configuration web page is (1) pre-populated with the “best practices” settings described
above and (2) organized to display the most commonly adjusted settings to the user.
Additional settings can be revealed by clicking on a Javascript-enabled element of the page.
However, these settings are hidden by default to avoid generating user confusion.

Once the APBS calculation is configured on the web server, PDB2PQR executes the job
through the Opal Web services configured above. The APBS job is executed in non-
blocking mode and PDB2PQR periodically checks for completion of the Opal job. The user
is informed of the job status through a unique URL that is frequently updated to display the
job status and the calculation results, if available. This URL remains available for 12–24
hours, so users can close the web browser and check the status of their calculation at a later
time from any computer. Upon completion of the calculation, the user is given the
opportunity to download the output for visualization on their local computer and preview the
electrostatic potential online.

Online visualization with JMol
Online visualization of the electrostatic potential is provided through version 12.1 of the
Jmol Java-based molecular graphics program (10). Jmol is compatible with most modern
browsers and offers extensive functionality for biomolecular visualization. With the recent
addition of surface potential visualization, Jmol is an ideal choice for previewing
electrostatic potentials calculated with APBS through the PDB2PQR web server. Users are
presented with multiple surface choices and a default range of potentials for surface
visualization; these ranges can be adjusted for molecules with different ranges of
electrostatic potential. Additionally, users can toggle display of the biomolecular surface as
well as change to translucent representations to better visualize the underlying structure. The
molecular structure itself can be rendered using a variety of standard representations and
color schemes. Finally, the resulting images and JMol scenes can be saved to the local
computer for additional manipulation and display.
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Conclusions
Usage of both the PDB2PQR and APBS software packages has been significantly enhanced
through the addition of Opal Web services support and the creation of a web interface for
APBS calculation and visualization. In particular, use of these software packages has been
greatly simplified for end users who lack either the necessary technical knowledge or the
local computing resources required for electrostatics calculations and visualization. Via
these developments, we aim to make PDB2PQR and APBS more accessible to both the
science research and science education communities. The latest versions of PDB2PQR and
APBS support the services described above; both software packages can be accessed from
http://www.poissonboltzmann.org/.
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Figure 1.
An overview of how users can interact with APBS Web services either through the
standalone client or through the PDB2PQR web server. The web server offers the additional
benefit of Jmol visualization without the requirement for additional software installation.
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