SIMULATION BREAKS
TIME BARRIER

COMPUTATIONAL CHEMISTRY: Made with
surplus computing power, prediction of

how receptor works is lengthiest by far
G (GPCRs) regulate many biological processes and
are targets of about one-third of marketed drugs,
scientists are eager to learn as much as possible about
how they function. A new theoretical study carried out
in the “cloud”—on Internet computer servers—reveals
new evidence about how a key GPCR likely works, infor-
mation previously inaccessible with dedicated lab com-

puters. The feat confirms that Internet computing could
contribute to future insights into biological problems.

IVEN THAT G protein-coupled receptors

The study used Exacycle, a research program that per- |

mits scientists to run parallel computations on Google’s
servers when idle. A Stanford University-Google

group used Exacycle to carry out a molecular dynamics
simulation of activation and deactivation of the GPCR
[3,-adrenergic receptor, a protein that plays arole in dia-
betes, obesity, and asthma. Molecular dynamics predicts
physical movements of atoms in a protein or other mol-
ecule as it functions.

The simulation watched the receptor’s actions for
two milliseconds—about an order of magnitude longer
than ever before. The previous record, several hundred
microseconds, was achieved on a computer designed
specifically for molecular dynamics.

The study was carried out by Kai J. Kohlhoff of Stan-
ford and Google; Diwakar Shukla, Morgan Lawrenz,
Russ B. Altman, and Vijay S. Pande of Stanford; and co-
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workers (Nat. Chem. 2013, DOI: 10.1038/nchem.1821).
They performed their molecular dynamics computa-
tions on Exacycle and then used a technique called
Markov state modeling to string the computed pieces
together into a simulation of 3,-adrenergic receptor
activation and deactivation. The simulation agrees
with previous computational and experimental results
and provides new information about how signaling
molecules affect receptor function.

“Even setting the interesting biological results
aside, a simulation this long
represents animportant f
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methodological mile-
stone,” comments com- {
putational chemist Jacob
Durrant of the University

of California, San Diego. The
technique could lead to “more
accurate computer-aided e,
drug design methods for
predicting small-molecule

binding, thereby improving the hit \d - s

rates of subsequent validation experi-

ments and potentially accelerating the

drug discovery process.” TECH SUPPORT Simulation

Molecular dynamics expert Ursula
Réthlisberger of the Swiss Federal Insti-
tute of Technology, Lausanne, notes that
the approach currently requires preexist-
ing structural information about the tar-
get,and “it will really be interesting to see
ifit can be extended to cases where the
active form has not been crystallized.”
Nevertheless, she says, the study shows
that the cloud can be used “to tackle
some of the hardest computing problems we have at the
moment.”—STU BORMAN

made with surplus computing
power predicts interconversions
(arrows) among 10 states (ribbon
representations) of f,-adrenergic
receptor. Structure size is
proportional to population in
activation pathway, and arrow
weight is proportional to transition
probability. ?




