conierenceserles.cnm Laurentiu Spiridon et al., J Phy;é:lhjrg540727;/13621(3(1)29;/—0(g:r10e32
5" International Conference on

Physical and Theoretical Chemistry

October 11- 13, 2018 | Edinburgh, Scotland

Generalized coordinates hybrid Monte Carlo using high speed robotics algorithms

Laurentiu Spiridon' and David Minh?
'Institute of Biochemistry - Romanian Academy, Romania
2lllinois Institute of Technology, USA

Simulations of large molecules, like proteins and DNA, are crucial for understanding chemical processes, relevant for medicinal
and biochemical applications. As the information about macromolecular systems is accumulating from different types of
experimental analysis the studied systems become larger and more complex - e. g. multimeric proteins - making their simulation
ever more difficult. Even for simple systems, covering the conformational space while sampling from their proper Boltzmann
distribution has proven challenging despite the recent increase in the computational power such as GPU (graphics processing
unit) acceleration. One of the reasons for this drawback is that samplers that explore all the thermally accessible configuration
space often become trapped in local minima. One way to overcome this is to use holonomic constraints on high-frequency degrees
of freedom and group atoms into rigid bodies. One easy way to keep the constraints without imposing additional forces is to
give up the Cartesian coordinates and encode the system in an alternate set of generalized coordinates such as BAT coordinates.
However, when using arbitrary sets of generalized coordinates for low-frequency degrees of freedom solving the equations of
motion requires the costly O(n3) inversion of the mass metric tensor. One solution is to use Jain spatial operator algebra (SOA)
developed for robotics which allows to carry this inversion with O(n) complexity. Using recent generalizations of the equipartition
principle, Fixman potential and Jain SOA in hybrid Monte Carlo trials to simulate molecular systems in generalized coordinates we
were able to reproduce the Boltzmann distribution by drawing highly uncorrelated samples. Furthermore, by mixing fully flexible
and random rigid body dynamics, we can achieve ergodicity by stratified sampling. The software needed for the abovementioned
type of simulations is freely available online packed in a user-friendly easy to install package called Robo Sampling.

Figure 1: Regular MD (blue) vs., GCHMC (red) simulations of a 9 amino acids tyrosinase peptide - YMD.

Recent Publications

1. Spiridon L and Minh D D L (2017) Hamiltonian Monte Carlo with constrained molecular dynamics as Gibbs sampling.
Journal of Chemical Theory and Computation. 13(10):4649-4659.

2. Sela H et al. (2014) Three-dimensional modeling and diversity analysis reveals distinct AVR recognition sites and
evolutionary pathways in wild and domesticated wheat Pm3 R genes. Molecular Plant Microbe Interactions. 27(8):835-
8345.

3. Slootweg E J et al. (2013) Structural determinants at the interface of the ARC2 and leucine-rich repeat domains control
the activation of the plant immune receptors Rx1 and Gpa2. Plant Physiology. 162(3):1510-1528.

4. Ciubotaru M et al. (2013) RAG and HMGBI create a large bend in the 23RSS in the V(D)J recombination synaptic
complexes. Nucleic Acids Research. 41(4):2437-2454.

Journal of Physical Chemistry & Biophysics Volume 8
ISSN: 2161-0398

Page 47



conferenceseries.com

5" International Conference on

Physical and Theoretical Chemistry

October 11- 13, 2018 | Edinburgh, Scotland

5. Marin M B et al. (2012) Tyrosinase degradation is prevented when EDEMI lacks the intrinsically disordered region.
PLoS One. 7(8):e42998.

Biography

Laurentiu Spiridon is currently working at the Institute of Biochemistry of the Romanian Academy, Romania. He has his work focused on creating a remote homology
modelling method, SLIDE, a structural glycobiology software suite, Glyco Pack and a database of glycosylation sites named SAGS as. He is also working on optimizing
the software package Robo Sampling which was developed during his Postdoctoral Fellowship (2013 - 2016) in Professor David Minh’s group at the lllinois Institute of
Technology (IIT) in Chicago, USA. At IIT, he focused on developing enhanced sampling methods and for this software specifically - generalized coordinates Hamiltonian
Monte Carlo using spatial operator algebra. His areas of interests include: force field development, more precisely he developed and implemented a flat-bottom harmonic
potential that restricts ligands within the range of a specific pose during binding.

spiridon.laurentiu@gmail.com

Notes:

Journal of Physical Chemistry & Biophysics Volume 8
ISSN: 2161-0398

Page 48





