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Science motivation: Studying complex biological
systems and processes is important
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insights into how their 3D structure evaluate drug binding to discover uncover large-scale dynamics necessary
enables function novel inhibitors e.g. Papain-like to understand systems such as SARS-CoV-2
e.g. FSD-EY (BB a) protease (PLPro)

Casalino, L. et al, Al-driven multiscale simulations illuminate mechanisms of SARS-CoV-2 spike dynamics,
https://doi.org/10.1177/10943420211006452 (SC'20 Gordon Bell Award for HPC in COVID-19 Research) 2
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What is molecular dynamics and why do we do it¢

*  Molecular dynamics (MD) can act as a

computational microscope

* Integrates Newton’s second law of motion to
advance each atom in the system forward in

time along a potential energy gradient
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Membrane simulation

R. O. Dror et al. Biomolecular simulation:

A computational microscope for molecular biology



Multiscale simulations impose new requirements on
emerging hardware /software

Traditional Analytics + Simulation
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In situ analytics
Reduced data
movement

Online monitoring
and feedback

Large simulations generate > O(100 TB) of data

Humanly impossible to peek into “biologically”

interesting events!

Traditional method is unsustainable at exascale



Al-enabled MD simulations with DeepDrive WE

Coordinates, contact maps, other features
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Ensemble MD simulations
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Deep Learning/ Artificial Intelligence
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Track over sampled
states and resample
with WESTPA

Build physically interpretable
embeddings
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“Interesting conformations”, population sampled

Learning Everywhere
Jha & Fox. In “Visionary Track”, 15th International Conference eScience (2019), San Diego, California



DeepDrive WE with Academy for stateful execution

e  Architecture: Each module is an

. L independent agent in Academy
DeepDrive \ - -
S *  Modularity: Decoupled design of
- Orchestrate Loop ‘& .
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. Sheckpoint Stats v - parallelism (e.g., 100s of parallel
simulation tasks) and plug and play
I Trajectory Products ' .
algorithms
Simulation Training Inference \G~ AR
Run MD Sim = Train Embedding =" Detect Outliers
Save Trajectory Export Weights WESTPA Resample
f Restart Points I

Kamatar, A. et al., Patterns and Experiences from Deploying Agents in Scientific
Applications. https://papers.ssrn.com/sol3/papers.cfm?abstract id=7344668

Rajiv Venkatesh
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Globus compute executors enable global orchestration
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DeepDriveWE accelerates protein folding simulations

while preserving rate constant estimates
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Brace, A. et al., Achieving 100X faster simulations of complex biological phenomena by coupling ML to HPC ensembles.

Leung, J. et al. Unsupervised Learning of Progress Coordinates during Weighted Ensemble Simulations: Application to NTL9 Protein Folding.




Building the bridge between worlds with biological

foundation models
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Thank you!

GenSLMs: Genome-scale language models
reveal SARS-CoV-2 evolutionary dynamics
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Questions?

Contact:

abrace@uchicago.edu

Reference:
https://github.com/ramanathanlab/deepdrivewe-academy
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