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Single-molecule and single-particle biophysics

|. Individuals (spatial and temporal

trajectories) can be idenditfied in an ensemble 2. Stochastic events may be discovered
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Life-cycle steps of a virus can be best explored with
single particle methods

Structural maturation:

 Capsid expansion, wall
thinning

+ gp10 N-terminal helix
unfolds, swings across
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- DNA packaging (ATP-dependent,
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The new coronavirus: SARS-CoV-2

Cryo-electron mlcroscopy on flxed and frozen virions
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Infectious cycle
. : ; : . . ; : Proteins are glycosylated Viral capsids are Vesicle fusion
Spike proteins of Fusion with host Viral RNA is released ' Viral RNA is : :
CoV bind to ACE2 cell membrane into the host cell translated thro;ggatgcteu(:olgl assembeled and viron release
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What are the structural, dynamic and mechanical
properties of the native, unfixed SARS-CoV-2 virus!?




Affinity binding enhances surface
adsorption of SARS-CoV-2

Anti-spike protein antibody:

Direct binding to mica surface ~100x enhancement in particle number




Spikes can be resolved on the surface
of fixed SARS-CoV-2 virions
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SARS-CoV-2 particle analysis

m 100

80

60

40

20

Height (nm) Volume (nm?) Diameter (nm) n

Fixed 62 + 8 574 000 =212 000 120+ 16 51
Native 83+ 7 490 000 £+ 107 000 99 £ 11 47
Heated (90 °C) 82+ 10 600 000 + 152 000 108 + 12 37




SARS-CoV-2

Frequency

spike analysis
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Spikes display rotational freedom




Spike dynamics increase
apparent virion diameter
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Uncovering virus capsid mechanics
with nanoindentation
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SARS-CoV-2 is highly
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Nest-like organization of RNP in
SARS-CoV-2 may yield to
nanoindentation

RNP hexon
the “Eggs-in-a-nest”
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Global structure of SARS-CoV-2 is
heat tolerant




Summary

* The spikes on the SARS-CoV-2 virion are highly dynamic -
potential role in infectiousness.

* SARS-CoV-2 is the most compliant virion known to date.

* The SARS-CoV-2 virion is mechanically resilient and its
structure recovers after multiple mechanical interventions
(“self-healing” ability).

* The global structure of SARS-CoV-2 is rather resistant to
thermal exposure; its thermal sensitivity is likely caused by
the dissociation of its spikes.
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