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ABSTRACT

Summary: StrBioLib is a library of Java classes useful for develop-
ing software for computational structural biology research. StrBioLib
contains classes to represent and manipulate protein structures,
biopolymer sequences, sets of biopolymer sequences, and align-
ments between biopolymers based on either sequence or structure.
Interfaces are provided to interact with commonly used bioinformat-
ics applications, including (PSI)-BLAST, MODELLER, MUSCLE, and
Primer3, and tools are provided to read and write many file formats
used to represent bioinformatic data. The library includes a general-
purpose neural network object with multiple training algorithms, the
Hooke and Jeeves nonlinear optimization algorithm, and tools for
efficient C-style string parsing and formatting. StrBioLib is the basis
for the Pred2ary secondary structure prediction program, is used to
build the ASTRAL compendium for sequence and structure analysis,
and has been extensively tested through use in many smaller pro-
jects. Examples and documentation are available at the site below.
Availability: StrBioLib may be obtained under the terms of the
GNU LGPL license from http://strbio.sourceforge.net/
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Computational structural biology research often requires time-
consuming development of custom software to analyze data. De-
velopment of such software is facilitated by publicly available
libraries that read and write the multitude of file formats in which
bioinformatic data is stored, implement commonly used algo-
rithms, and otherwise efficiently perform common tasks (Man-
galam, 2002). Object-oriented languages such as Java or C++ are
particularly well suited for such libraries, as judicious choice of an
object representation allows methods to be described and imple-
mented in high level terms, thus facilitating rapid development and
testing of alternative algorithms. In addition, object-oriented pro-
gramming languages facilitate efficient reuse of code through ex-
tension and inheritance of existing classes. StrBioLib is a library
of Java classes that represent objects, concepts, and tools useful for
the development of algorithms for computational structural biology
research. StrBioLib is complementary to existing libraries such as
BioJava (Pocock, et al., 2000) that focus on tools for analysis of
biological sequences. StrBioLib is mature, having been used by
several research groups over more than 10 years; some classes
predate the Java programming language and were ported from
earlier C and C++ versions. A new public release of the library,
version 1.1, was made available through SourceForge in January
2007. Details and applications of StrBioLib are given below.

*To whom correspondence should be addressed.

Molecular Biology Classes

The core of StrBioLib is the org.strbio.mol package, which con-
tains classes that represent objects from the field of structural mo-
lecular biology: Atom, Molecule (composed of Atoms), Monomer
(also containing Atoms), Polymer (an ordered set of Monomers
and associated metadata), Residue (a type of Monomer represent-
ing an amino acid residue), Nucleotide (another subclass of
Monomer), and Protein (a type of Polymer composed of Residues).
The mol package also contains objects that represent groups of
Polymers (PolymerSet) and Proteins (ProteinSet), including spe-
cialized groups such as a Profile (representing a set of sequences
aligned to a Protein). In addition to providing methods to effi-
ciently manipulate the objects in memory, each class also contains
methods to read and write the objects from a variety of file for-
mats, including the widely used FASTA, PDB, MSF, DSSP, HSSP, and
BLAST formats. The mol package also contains an Alignment ob-
ject, an efficient representation of a sequence or structure-based
alignment between two Polymers.

The org.strbio.mol package is supported by classes in the
org.strbio.mol.lib package, which contain objects that represent
and implement more abstract concepts in structural biology, such
as algorithms (e.g., secondary structure prediction, threading, se-
quence searching, and sequence alignment), scoring matrices, and
parameter sets. Tweaking an algorithm is often a simple matter of
extending a class to change functionality; this greatly simplified
development of the MakeRAF software, described below.

Interfaces to Bioinformatic Tools and Databases

StrBioLib also contains classes to interact and exchange data with
many commonly used bioinformatic tools and databases. Tools
that must be installed locally have their corresponding classes in
the org.strbio.local package, and tools that must be accessed over
the Internet correspond to classes in the org.strbio.net package. A
partial listing of tools and databases that StrBioLib can manipulate
or interact with is given in Table I.

General Purpose Tools

StrBioLib also contains packages of tools that are useful in a wide
range of applications beyond the field of structural biology. While
some of the objects are now provided in current releases of the
JDK, StrBioLib contains implementations that are also compatible
with earlier versions of Java. The org.strbio.util package contains
a neural network object that implements both traditional Steepest
Descent and Scaled Conjugate Gradient (Meller, 1993) algorithms.
It also contains an algorithm for nonlinear optimization using the
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Table I: Tools and Databases accessible through StrBioLib 1.1

Tool Purpose Access

BLAST (Altschul, et al., 1990)
CATH (Orengo, et al., 1997)
Dssp (Kabsch & Sander, 1983)
ExpAsy (http://expasy.org)
Maxsub (Siew, et al., 2000)

Search for similar sequences L, W
Protein domain classification L
Secondary structure calculation L
Predicted sequence properties W
Evaluate guality of models L
MELTING (Le Novere, 2001) Polynucleotide Tm calculation L
Mfold (Mathews, et al., 1999) Polynucleotide fold prediction L
MINAREA (Falicov & Cohen, 1996) Structural alignment L
MODELLER (Sali & Blundell, 1993) Comparative modeling L
MuscLE (Edgar, 2004) Multiple sequence alignment L
NACCESS (Hubbard, unpublished) Solvent accessibility calculationL
PbB (Berman, et al., 2000) Protein/nucleic acid structures L

Primer3 (Rozen & Skaletsky, 2000)PCR primer design L
PsI-BLAST (Altschul, et al., 1997) Profile-based sequence search L, W
Pubmed (http://pubmed.gov) Literature searches W
Scop (Murzin, et al., 1995) Protein domain classification L, W
TargetpB (Chen, et al., 2004) Structural genomics data w

A partial listing of bioinformatics resources that can be accessed through StrBioLib
objects is shown above, along with the method StrBioLib uses to access each re-
source. L = local installation required; W = web-based access.

direct search method of Hooke and Jeeves (1961), and a double-
linked list that allows efficient random access to any element. The
org.strbio.io package contains an extensive library of string func-
tions for implementing C-style formatted I/O without the overhead
of creating and destroying objects; these methods are essential for
supporting the multitude of file formats used by bioinformatic
programs with speed comparable to that of C code. The
org.strbio.math package contains classes to support matrix algebra,
as well as statistical objects that provide calculations such as Pear-
son and Matthews correlation coefficients (Matthews, 1975). The
org.strbio.util.ui package contains classes useful for developing
graphical user interfaces, and the org.strbio.util.graph package
contains classes useful for graphing data.

Applications

StrBioL.ib has been used to develop a number of published applica-
tions, including secondary structure prediction software (Chando-
nia and Karplus, 1995; Chandonia and Karplus, 1996; Pred2ary,
Chandonia and Karplus, 1999), threading methods (JThread,
Chandonia and Cohen, 2003), and the makerAF software that cre-
ates mappings between the sequence and experimentally observed
residues from PDB files in the ASTRAL database (Chandonia, et al.,
2002). MakeRAF provides an example of how to create a custom-
ized function for scoring gaps in sequence alignments by imple-
menting the org.strbio.mol.lib.GapModel interface. Both makerRAF
and Pred2ary are included with StrBioLib, along with instructions
for stand-alone installation and testing, and sample output useful
for validation.

Several additional programs are included with StrBioLib in the
org.strbio.app package. These programs may be run as stand-alone
utilities or used as models for further application development.
ConvertProtein is an application for converting between various
protein file formats and performing basic data manipulation (e.g.,
rotation and translation of protein structure, or elimination of par-
ticular atoms or residues). Align is a front end to the sequence
alignment algorithms included in StrBioLib. FindProteins and

SplitProteins are utilities to manipulate large sets of proteins; they
work, respectively, by separating particular proteins from a group
by name, and splitting a group into multiple subsets of equal size.
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