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Computational Microscopy of SARS-CoV-2
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Data centric computational simulations integrate and extend experimental data
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Molecular Dynamics Simulations as a Computational Microscope
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The spike protein latches onto ACE2 to infect the host cell

virus

Host cell



Modeling of the spike’s head
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Gaps in the Cryo-EM structures corresponding to flexible loop were modeled using MODELLER



N- and O-linked 

Glycans





RBD-up (Open)
RBDs-down (Closed)

~1.7 million atoms

Charmm36 force field
NAMD2 on TACC Frontera
~ 60 ns/day on 256 nodes

> 4 microseconds for each system



The glycan shield

Simulations showed 
us the glycan shield,


 a sugary coat that 
experiments cannot 

see

This is crucial 
information for vaccine 

& drug design



Simulations showed WHY the spike opens and closes
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McLellan Lab (UT Austin)

Collaboration



Simulations established a structural 
role for glycans

• They act as part of the viral 
weaponry itself

• They “lock & load” the spike for 
infection

Casalino, Gaieb et al., ACS Central Science (2020)

BEYOND shielding...



Standard MD simulations of spike opening could take years!    

http://www.hopespath.org/
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Progress Coordinate

Too much time 
spent here...

Not enough time 
spent here.

closed
open

Huber and Kim, Biophys. Journal (1996)
Zuckerman and Chong, Ann. Rev. Biophys. (2017)

Weighted ensemble MD focuses on functional transitions  

Generates unbiased, continuous pathways with orders of 
magnitude less computing than standard MD.

Efficiency scales exponentially with the free energy barrier.



Weighted ensemble MD is >12,000x more efficient 
than standard MD!

Weighted Ensemble MD Standard MD

Number of pathways 310 1

Wall-clock time 23 days 805 years 

(seconds timescale)*

~500K atoms

100 NVIDIA V100 GPUs

~100 TB of data


*Lu et al. Cell Host Microbe, 28: 880-891 (2020).





McLellan Lab (UT Austin)

CollaborationSztain, Ahn, et al., bioRxiv (2021)

A glycan gate controls opening of SARS-CoV-2 spike



Rapid assessment of (escape) mutants & Variants of Concern





Weighted ensemble simulations show HOW the spike opens

& AI acts as a multiscale ‘glue’ to bridge capability gaps



New dimensions for studying viral infection and therapeutics 



The Gordon Bell Team



Worldwide Collaboration & Sharing

> 200 groups signed on!

Open science (for COVID19) embraced by community, March 2020

Frontera datasets shared > 
4k times



NAMD+VMD Molecular Modeling Tools 

NAMDNAMD

Advanced 

Methods

Weighted Ensembles

AI Driven MD

Collective Variables

…
Importance of community software, open access



Est. 22 March 2020

Making compute cycles rapidly available
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