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SARS-CoV-2 Spike Proteins  are  Versatile and Adaptable Molecular Machines 
that can accommodate many mutational variants 
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Name(s) Distribution Notable mutations Potential effects on 
transmissibility, 
virulence, and immune 
escape

B.1.1.7, 
20I/501Y.V
1, 
VOC20201
2/01

First identified in late 
December in the UK, 
it has spread to 62 
countries in Europe, 
Asia, the US, and 
elsewhere.

17 recent mutations, 
including N501Y, 
P681H, HV 69–70 
deletion, and four more
on the spike protein; the 
ORF8 Q27stop mutation 
outside the spike protein

• Thought to have 
greater than 40 percent
increased transmissibility
• Increased virulence 
suggested but remains 
unresolved
• Little concern around 
current vaccine efficacy

B.1.351, 
20C/501Y.V
2

Identified in late 
December in South 
Africa and now 
spotted in Africa, 
Europe, Asia, and 
Australia

21 mutations, including 
N501Y, E484K, and 
K417N on the spike 
protein, and ORF1b 
deletion outside the 
spike protein

• Suggested to have 
heightened 
transmissibility
• No evidence of 
increased virulence
• In vitro studies suggest 
a potential for immune 
escape following natural 
infections and a small 
effect on the potency of 
vaccine-induced 
antibodies

P.1, 
20J/501Y.V
3

Discovered in 
travelers from Brazil 
during screening at a 
Japanese airport in 
January; now known 
to widely circulate in 
Brazil’s Amazonas 
state and also 
observed in the Faroe 
Islands, South Korea, 
and the US

17 amino acid changes, 
including N501Y, 
E484K, and K417N on 
the spike protein; 
ORF1b deletion outside 
the spike protein

• Effect on 
transmissibility and/or 
virulence unknown
• Anecdotes of 
reinfections reported, but 
potential for immune 
evasion remains 
unresolved

The virus is mutating in  positions to 
avoid antibodies

Antibodies from hospitalized patients 
with more severe disease were more 
effective against the virus compared to 
those who had only mild symptoms

Novel variants may reduce the capacity of the antibodies to 
neutralize the virus in individuals who have previously contracted, 
or had a vaccination against, COVID-19. 

https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://cov-lineages.org/global_report_B.1.1.7.html
https://www.the-scientist.com/news-opinion/first-us-case-of-uk-sars-cov-2-variant-detected-68312
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://www.the-scientist.com/news-opinion/mutation-in-sars-cov-2-variant-does-not-affect-vaccine-study-68330
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://twitter.com/EricTopol/status/1352737311281168385
https://www.the-scientist.com/news-opinion/data-hint-b-1-1-7-could-be-more-deadly-than-thought-68383
https://www.the-scientist.com/news-opinion/mutation-in-sars-cov-2-variant-does-not-affect-vaccine-study-68330
https://www.biorxiv.org/content/10.1101/2021.01.18.426984v1
https://www.medrxiv.org/content/10.1101/2020.12.21.20248640v1
https://cov-lineages.org/global_report_B.1.351.html
https://twitter.com/EricTopol/status/1352737311281168385
https://www.businessinsider.com/south-africa-coronavirus-variant-more-contagious-us-2021-1?r=DE&IR=T
https://www.the-scientist.com/news-opinion/new-sars-cov-2-variant-could-evade-antibodies-68375
https://investors.modernatx.com/news-releases/news-release-details/moderna-covid-19-vaccine-retains-neutralizing-activity-against
https://www.cdc.gov/coronavirus/2019-ncov/more/science-and-research/scientific-brief-emerging-variants.html
https://cov-lineages.org/global_report_P.1.html
https://apnews.com/article/us-news-minnesota-minneapolis-coronavirus-pandemic-africa-d0963d677563e975f9c1e9aea1c84b7f
https://virological.org/t/genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586


Neutralizing antibodies and Deep mutational mapping of viral variants that  escape antibodies
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In silico  Deep mutational scanning



Molecular simulations

Hierarchical network 
modeling

Mutational  sensitivity 
analysis

Allosteric regulatory 
Model of Spike Protein 

Binding 

Structurally Adaptable Allosteric Communication Hotspots  Define  Spike Sites 
Targeted by  Global Circulating Mutations and Antibody-Escaping Mutations

Perturbation response 
scanning 

SARS-CoV-2 RBD-ACE2

S1/RBD-ACE2 

SARS-CoV-2 RBD-REGN/COV2

Integrated  Biophysical Modeling 
REGN10933REGN10987



SARS-CoV-2 RBD

CB6 CR3022

SARS-CoV-2 RBD

ACE2 CR3022

Perturbation response scanning 



B

Discovery of Allosteric Binding Site on SARS-CoV-2 Spike 



Hepcidin is the key regulator of iron metabolism in humans 
through its inhibition of the iron-exporting protein 
ferroportin

In Quest for Allosteric  Modulators of the SARS-CoV-2 Spike 





Machine Learning Strategies  



Experiment-Guided Machine Learning Strategies  



Small-Molecule In Vitro Inhibitors of the Coronavirus Spike – ACE2 Protein-
Protein Interaction as Blockers of Viral Attachment and Entry for SARS-CoV-2



Biochemical and pseudovirus entry assays for screening and validation 
of allosteric modulators of the SARS-CoV-2 protein targets.
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