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Computer Simulations of Biological Systems
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CPU vs. GPU Performance Track Record
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Many-core GPU performance is faster and increasing more quickly than
Single-core CPUs
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Group In the News
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Folding of Human Telomerase RNA Pseudoknot Using lon-Jump and
Temperature-Quench Simulations
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Videogame GPUs reappropriated for
biological simulations
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ABSTRACT: Globally RNA folding occurs in multiple stages involving chain compac-
tion and subsequent rearrangement by a number of parallel routes to the folded state.
However, the sequence-dependent details of the folding pathways and the link between
collapse and folding are poorly understood. To obtain a comprehensive picture of the
thermodynamics and folding kinetics we used molecular simulations of coarse-grained
model of 2 pseudoknot found in the conserved core domain of the human telomerase
(hTR) by varying both temperature (T) and ion concentration (C). The phase diagram
in the [T,C] plane shows that the boundary separating the folded and unfolded state for
the finite 47-nucleotide system is relatively sharp, implying that from a thermodynamic
perspective hTR behaves as an apparent two-state system. However, the folding kinetics
following single C-jump or T-quench is complicated, involving multiple channels to the
native state, Although globally folding kinetics triggered by T-quench and C-jump are
similar, the kinetics of chain compaction are vastly different, which reflects the role of

Video games take role in treating
cancer at Wake Forest
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initial conditions in directing folding and collapse. Remarkably, even after substantial reduction in the overall size of hTR, the

f Y 0 mee [ 1wt ¢ ensemble of compact conformations are far from being nativelike, suggesting that the search for the folded state occurs among the

= W= ensemble of low-energy fluidlike globules. The rate of unfolding, which occurs in a single step, is faster upon C-decrease compared to

2 jump in temperature. To identify “hidden” states that are visited during the folding process we performed simulations by
periodically interrupting the approach to the folded state by lowering C. These simulations show that hTR reaches the folded state
through a small number of connected clusters that are repeatedly visited during the pulse sequence in which the folding or unfolding
is interrupted. The results from interrupted folding simulations, which are in accord with non-equilibrium single-molecule folding of
a large ribozyme, show that multiple probes are needed to reveal the invisible states that are sampled by RNA as it folds. Although we
have illustrated the complexity of RNA folding using hTR as a case study, general arguments and qualitative comparisons to time-
resolved scattering experiments on Azoarcus group I ribozyme and single-molecule non-equilibrium periodic ion-jump experiments
establish the generality of our findings.
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Can a video game cure cancer? ' FAOM VIDEO GAMES TO CumMG CARGER
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Spotlights on Recent JACS Publications
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M, N.C. — In a resoarch |ab at Wake Forest University, 1he cure for cancer
deo games
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W RAPID, REAL-TIME CELL SECRETION ASSAY
SYSTEM

Cytokines—proteins involved in communication between cells
and important as markers for medical diagnoses—are essential
to immunological research. Many cytokine analysis techniques
take a long time, must be repeated for each marker, or cannot
be used in a large-scale study. Now, Matthew S. Luchansky and
Ryan C. Bailey have developed a fast and simple new system
that allows concentrations of multiple 2nalyte molecules to be
detected in real time (DOI: 10.1021/j22087618).

The team used their biosensing chip to simultaneously
quantitate several human eytokines from cell culture samples.

W NEW RNA SIMULATION KNOWS WHEN TO FOLD
‘EM

Ribonucleic acid (RNA) is vital to a wide range of processes in
nearly all living cells, including reaction catalysis, regulation of
gene expression, and communication of cellular signals. How
RNA folds into precise, active structures has 2 role in its
function. To better understand this process, D. Thirumalai and
co-workers have presented new computer simulations for the
folding and unfolding kinetics of human telomerase (hTR), a
RNA responsible for adding junk DNA to the end of our
chromosomes to prevent the loss of important coding
i i ; 3)




Current Biophysics Projects

Protein-RNA Interactions Protein-Nanoparticle Interactions Fibrinogen Elasticity
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Qualifications:

* Interest in Biophysics, Computer Science, and/or Biochemistry.

* Some computer programming experience preferred.

* Unafraid to talk to people outside your discipline about your research.
* Must commit to one year of research (undergraduate only).
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