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Overview of Computational Biophysics Lab

iophysics is a field of study that aims to understand

biological phenomena using the principles and tools
of physics. Every living organism must be following
the laws of physics; however, our understanding of
biological systems is still limited due to their complexity.
B laboratory focuses on studying biomolecules such
as proteins and nucleotides that perform many vital
cellular functions, and whose dysfunctions result in
severe diseases. To understand diseases and develop
treatments, the functional mechanisms of these complex
biomolecules must be elucidated. A crucial step in this
process is the characterization of their structures and
dynamics. We use computational techniques, often in
collaboration with experimental groups, to study these
biomolecules.

Our current research focuses on:

Molecular Dynamics Simulation to study
Biological Functions

Biomolecules are highly dynamics due to their
interactions with other molecules (small chemical or
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biological molecules). Such dynamics are essential for
their functions; however, at the atomic level, direct
observation of their motions is still difficult with current
experimental techniques. Molecular dynamics simulation
is a powerful computational technique to obtain
additional insights as it can provide atomistic level
details of molecular motions. In this approach, a potential
energy function represents the physicochemical
properties of biomolecules. Newton's equation of motion
is then numerically solved using high-performance
computers to obtain a complete description of atomic
motions. We study biomolecules using molecular
dynamics simulations to discover new insights that are
not accessible from experimental studies. Recent studies
include circadian clock proteins as well as multiple
enzymes.

Hybrid Approaches - Computational Modeling
and Experimental Data

Information on the 3-dimensional (3D) structures and
dynamics of biomolecules is essential to understand their
functions’ mechanisms. X-ray crystallography and cryo-
electron microscopy (cryo-EM) provide 3D structures
of protein complexes. However, such 3D structures
represent frozen snapshots of the molecule and cannot
alone provide all the information on the conformational
dynamics responsible for biological functions. Other
experimental techniques can provide information closer
to physiological conditions, room temperature, and in
solution (Small Angle X-ray Scattering, Atomic Force
Microscopy, Fluorescence Energy Transfer, X-ray Free
Electron Lasers); however, the resolution of the data is
still limited for constructing detailed atomic models of
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biomolecules. Each experimental technique has its own
strengths and weakness. Therefore, the integrative
use of multiple experimental data is essential for an
in-depth understanding of biomolecular dynamical
mechanisms under physiological conditions. We develop
new computational modeling techniques, which utilize
concepts of mechanics in physics and combine them
with various experimental data (hybrid approach) to
model the structure and dynamics of biomolecules.
Multi-scale modeling, which describes the system
at different levels of detail, is used to study various
biological systems. Accurate descriptions of molecular
mechanics and computational algorithms for efficient
sampling are critical components to these projects.
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