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Gaming technology unravels one of the most
complex entities in nature

October 31 2013

Researchers at the University of Manchester's Institute of Biotechnology
have used the power of off-the-shelf computer gaming technology to
capture previously unobservable atomic movements. The research is
helping to chart one of nature's most complex entities known as
"glycomes" - the entire complement of carbohydrates within a cell.

This novel solution provides a new understanding of these vital
biomolecules which play a role in everything from neuronal
development, inflammation and cell structure, to disease pathology and
blood clotting.

Understanding the shapes of major biological molecules has
revolutionised areas like drug development and medical diagnostics, but
the shape of complex carbohydrates has been largely ignored.

The research, reported in a series of six peer-reviewed scientific
publications (see notes) with the most recent (published today) appearing
in Carbohydrate Research, provides a new view of these biochemical
barcodes and present new opportunities in the science of carbohydrates,
such as designing drugs or biomaterials that mimic carbohydrate shape
and interpreting burgeoning functional glycomics data.

Dr Ben Sattelle from the Faculty of Life Sciences said: "Carbohydrate
activity stems from 3D-shape, but the link between carbohydrate
sequence and function remains unclear. Sequence-function relationships
are rapidly being deciphered and it is now essential to be able to interpret
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these data in terms of molecular 3D-structure, as has been the case for
proteins and the DNA double-helix.

"By using technology designed for computer games, we have been able
to investigate the previously unseen movements of carbohydrates at an
atomic scale and over longer timescales than before. The insights relate
carbohydrate sequence to molecular shape and provide information that
will be vital for many industries.

"Carbohydrates remain extremely difficult to characterise in 3D using
experiments and advances in computer technology, which exploit
computer-gaming technology, have enabled us to use and develop
methods that can routinely provide accurate 3D-data for this important
class of biomolecules. The ability to model atomic motions in large
carbohydrate polymers promises to transform our understanding of
fundamentally important biological processes. For example, our
approach has potential applications in the design of carbohydrate-based
biomaterials, pharmaceuticals and foods."

Modelling carbohydrate motions in water is computationally demanding,
meaning that simulations have been limited to short nanosecond
timescales using conventional software and central processing unit
(CPU) based computers. The team from Manchester achieved
simulations ranging from one microsecond (the time it takes for a strobe
light to flash) to twenty-five microseconds by exploiting the extra
computational power of graphics processing units (GPUs) that are
commonly used in game-play to produce moving images. Compared to
CPU-based computers, or even supercomputing clusters of them, GPU
technology allows many more simultaneous calculations to be
performed.

The researchers produced the first predictions of microsecond molecular
motions in glycomic building blocks and oligosaccharides. Previously
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unobservable atomic movements were predicted and found to be
sensitive to the carbohydrate sequence. Building on these new insights,
the researchers developed a new physics-based model and GPU software
that allows far more realistic simulations of long carbohydrate sequences
(polymers) - on microsecond and micrometer scales. Using heparan
sulphate chains (Figure 1, see notes) the researchers showed that
including both flexible degrees of freedom in their model, polymer
linkage and ring motions, is crucial to reproduce experimental shape data
and ring dynamics were implicated in sequence-dependent biological
activity.

The research has culminated in a computational GPU-based method and
protocol that can now be used by other researchers to explore the 3D-
landscape of largely unchartered organismal glycomes in unprecedented
detail.

More information: (1) dx.doi.org/10.1016/j.carres.2013.10.011

(2) pubs.acs.org/doi/abs/10.1021/bm400067g

(3) pubs.acs.org/doi/abs/10.1021/jp303183y

(4) pubs.rsc.org/en/Content/Articl ... g/2012/CP/c2cp40071e

(5) glycob.oxfordjournals.org/content/21/12/1651

(6) pubs.acs.org/doi/abs/10.1021/ja1054143
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