OVERVIEW OF STRUCTURAL BIOINFORMATICS

e Structural bioinformatics is a subfield of bioinformatics that focuses on the study of the three-
dimensional structures of biological macromolecules, such as proteins, DNA, and RNA.

e It involves the use of computational methods and tools to analyze, predict and interpret the
structural information of biomolecules that helps in understanding their functions, interactions,
and mechanisms of action.

® The major goal of structural bioinformatics is to develop new ways for analyzing biological
macromolecular data in order to address biological problems and discover new information.

e Structural bioinformatics is based on the protein structure-function paradigm, which states that
the function of a macromolecule is dictated by its 3D-structure.

e Field of structural bioinformatics is broadly divided into two main areas: structural genomics
and molecular modeling.

e Structural genomics aims to determine the 3D structures of all proteins in a particular organism
or group of organisms, using high-throughput experimental methods such as X-ray
crystallography, NMR spectroscopy, and electron microscopy. The resulting structural data can
be used to identify new drug targets, understand the mechanisms of diseases, and design new
therapies.

e Molecular modeling involves the use of computational methods to predict the structures and
functions of biological macromolecules, based on their amino acid or nucleotide sequences. This
can be achieved through techniques such as homology modeling, molecular docking, and
molecular dynamics simulations, which can provide insights into protein-protein and protein-
ligand interactions, and the dynamics of biomolecules.

e Core areas of structural bioinformatics include protein structure prediction, validation,
comparison and alignment, inferring protein function from structure, predicting protein-ligand
and protein-protein interactions.

e Structural bioinformatics also involves databases and software tools to analyze and visualize
structural data, such as Protein Data Bank (PDB) - a repository of experimentally determined
protein structures. Programs such as PyMOL, RasMol, Chimera, etc. allow us to visualize and
manipulate molecular structures.

e Overall, structural bioinformatics plays a critical role in understanding the structure and function
of biological macromolecules. It has important applications in drug discovery, biotechnology,
and medicine.

APPLICATIONS:

Protein 3D structure can be revealed through X-Ray crystallography.
NMR spectroscopy data can be analyzed. (NMR analyzes 2D data where each peak
corresponds to a chemical group).

e Target selection can be done by comparing potential targets to databases of known structures
and sequences. Targets can also be chosen based on their protein domains.


https://www.longdom.org/peer-reviewed-journals/bioinformatics-53691.html

UNDERSTANDING STRUCTURAL BASIS FOR BIOLOGICAL PHENOMENA

e Understanding the structural basis for biological phenomena is a crucial goal in the field of
structural biology. The structures of biological macromolecules, such as proteins, nucleic acids,
and lipids, determine their function and interactions with other molecules. Here are some of the
ways in which understanding the structural basis of biological phenomena is important:

e Protein structure and function: The three-dimensional structure of a protein determines its
function. Knowing the structure of a protein can provide insight into how it interacts with other
molecules, and can also help in the design of drugs that target the protein.

e Enzyme catalysis: Enzymes are proteins that catalyze chemical reactions in the body. The
structure of an enzyme is critical to its function, and understanding the structure can help to
explain how the enzyme catalyzes a particular reaction.

e Protein-protein interactions: Proteins often interact with other proteins to carry out biological
functions. Understanding the structural basis of these interactions helps to explain how the
proteins recognize and bind to each other.

e Nucleic acid structure and function: The structure of DNA and RNA is important for their
function in storing and transmitting genetic information. Understanding the structure of nucleic
acids provides insight into how they interact with other molecules, such as proteins.

e Membrane proteins: Membrane proteins are proteins that are embedded in cell membranes and
play a variety of roles, such as transport of molecules across the membrane. Understanding the
structure of membrane proteins is important for understanding their function, as well as for
developing drugs that target membrane proteins.

e Disease mechanisms: Many diseases are caused by defects in the structure or function of
biological macromolecules. Understanding the structural basis for these defects can provide
insight into the disease mechanisms and can help in the development of drugs to treat the disease.

e Overall, understanding the structural basis for biological phenomena is crucial for understanding
the function of biological macromolecules and for developing drugs to treat diseases.

Structural biology techniques, such as X-ray crystallography, NMR, and Cryo-EM, are used to
determine the structures of biological macromolecules, and computational methods are used to
analyze and interpret the structural data.

CHALLENGES IN STRUCTURAL BIOINFORMATICS

e Structural bioinformatics is a field that combines computational techniques with experimental
data to understand the structure, function, and interactions of biomolecules, such as proteins,
nucleic acids, and lipids. While it has led to many exciting discoveries and insights, there are
several challenges that researchers in this field face. Here are some of the most significant
challenges in structural bioinformatics:

e Data quality: Structural bioinformatics relies heavily on data from experimental techniques like
X-ray crystallography, NMR, and Cryo-EM. However, the data obtained from these methods
may not always be accurate, complete, or consistent, which can hinder the accuracy of the models
generated by computational methods.

e Data size: The size of biological macromolecules can be enormous, and the amount of data
generated by experimental techniques can be overwhelming. This means that efficient
computational algorithms are required to handle and analyze large datasets.



e Computational complexity: Generating accurate models of biomolecules requires sophisticated
computational algorithms that can handle the complex physics and chemistry involved.
However, many of these algorithms are computationally intensive, requiring large amounts of
memory and computational power.

e Software availability: There are a large number of computational tools and software packages
available for structural bioinformatics, but it can be difficult to choose the right one for a given
research question. Additionally, some software may be proprietary and not easily accessible,
limiting the number of researchers who can use it.

e Interpretation of results: Generating a structural model of a biomolecule is only the first step.
The real challenge is interpreting the results and relating the structural features to biological
function. This requires a deep understanding of both biology and computational methods.

e Dynamic nature of biomolecules: Biomolecules are constantly changing their shape and
structure in response to their environment. Therefore, it is important to understand the dynamics
of biomolecules to fully understand their function. However, incorporating dynamic effects into
structural models is a challenging task.

e Predicting protein-protein interactions: Understanding how proteins interact with each other is
critical for understanding many biological processes. However, predicting protein-protein
interactions is a complex problem that has not yet been fully solved.

e These are just a few of the challenges facing researchers in structural bioinformatics. Addressing
these challenges will require continued development of new computational methods, as well as
continued improvement of experimental techniques.

INTEGRATING STRUCTURAL DATAWITH OTHER DATA SOURCES

e The challenges for the field of structural bioinformatics are clearly abundant and significant. A
primary challenge in structural bioinformatics is the integration of structural information with
other biological information to yield a higher resolution understanding of biological function.

e The success of genome-sequencing projects has created information about all the structures that
are present in individual organisms.

e Bioinformatics techniques are used to create homology models of most structural genomic
components. These structures are studied with respect to how they interact and perform their
functions.

e The emergence of microarray expression measurements provides an ability to consider how the
expression of macromolecular structures is regulated at a structural level (including the key
structural machinery associated with transcription, translation, and degradation).

e Mass spectroscopic methods which allow the identification of structural modifications and
variations (such as genetic mutation or post-translational modifications) are integrated with
structural models to understand how they alter functional characteristics.

e Cellular localization data allow us to place 3D molecular structures into compartments within
the cell as we build more complex models of how cells are organized structurally in order to
optimize their function.

e Organization and physical structure of entire cells represented in computational models provides
insight into how thousands of structures within a cell work together to create the functions
associated with life.



