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SARS-CoV-2 proteases
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• Cysteine protease with dimeric structure

• Responsible for the cleavage of 11 sites of the polyprotein, including its own N 
and C-terminal

• Over 600 structures deposited on PDB (March 2023)

• Key target for antiviral development 

• Lack of information about its self-maturation process
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SARS-CoV-2 Main Protease (Mpro)



• If the protein is active only as a dimer, how copies of immature Mpro,
still as part of the entire viral poliprotein, get together to conduct its
self-cleavage ?

• The N and C-terminus processing occurs within a dimer (cis-cleavage)
or between two distinct dimers (trans-cleavage)

• What are there conformational changes involved ?

• Can NEW CAVITIES be identified in the immature Mpro , that could be
explored for early inhibition of the protease activity ?

Immature Mpro

protomers

j.jmb.2021.167118

SARS-CoV-2 Main Protease Maturation

https://doi.org/10.1016/j.jmb.2021.167118
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SARS-CoV-2 Mpro constructs

• Immature form

• Mature or native 

• C145S mutant

NOSKE, G.D. et al, JMB, 2021
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SARS-CoV-2 Main Protease 

In-solution characterization:

• IMT-Mpro has reduced activity and is monomeric in solution

• C145S Mpro is inactive and a mixture of oligomeric states ranging from monomers to tetramers

FRET-based Activity Assay SEC-MALS

NOSKE, G.D. et al, JMB, 2021



SARS-CoV-2 Main Protease

j.jmb.2021.167118

https://doi.org/10.1016/j.jmb.2021.167118


SIRIUS, Campinas – SP - September 2020

1st SIRIUS External users experiment 
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Crystal structure of IMT-Mpro

NOSKE, G.D. et al, JMB, 2021
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Crystal structure of C145S Mpro

Adapted from NOSKE, G.D. et al, JMB, 2021
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C145S Mpro self-cleavage analysis

Adapted from NOSKE, G.D. et al, JMB, 2021



C145S Mpro self-cleavage analysis
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Model for Mpro maturation process

Both cis and trans?

What does triger dimerization?

Adapted from NOSKE, G.D. et al, JMB, 2021



j.jmb.2021.167118

https://doi.org/10.1016/j.jmb.2021.167118
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Cryo-EM structure of C145S Mpro

Homogeneous refinement (C2 symmetry)

Non-uniform refinement (C2 symmetry)

Refine3D (227,534  particles)

CTF Refine

Bayesian polishing

~4.1 Å  

~3.8 Å  

~3.6 Å  

imported in cryoSPARC v3.2.0

Initial model and 3D Classification (569,725  particles)

2D Classification (3 rounds)

Import 13,770 Movies in Relion v3.1

MotionCor2, CTFFIND v4.1

39%

Local refinement (C2 symmetry)

3.5 Å  

Particle picking crYOLO (1,956,496 particles)
20 nm

Adapted from NOSKE, G.D. et al, Nat. Commun, 2023



Cryo-EM of Mpro - Only 68 kDa at 3.5 A !! 

SARS-CoV-2 main
protease@CIBFAR

Current Opinion in Structural Biology 2020, 64:9–16
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Cryo-EM structure of C145S Mpro

Adapted from NOSKE, G.D. et al, Nat. Commun, 2023
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Cryo-EM structure of C145S Mpro

Adapted from NOSKE, G.D. et al, Nat. Commun, 2023
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Native MS - C145S Mpro

NOSKE, G.D. et al, Nat. Commun, 2023
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Inhibitor effects in oligomerization

MAT-POS-e194df51-1
Developed by The Moonshot Consortium

pIC50 7.5
Non-covalent binding mode

Nirmatrelvir
Developed by Pfizer

pIC50 7.7
Covalent binding mode



Native MS - C145S Mpro

C145S Mpro monomers



Native MS - C145S Mpro

C145S Mpro tetramers
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Crystal Structure of Mpro in complex with nirmatrelvir

Adapted from NOSKE, G.D. et al, Nat. Commun, 2023

Chain B

Chain A
Nirmatrelvir
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Overview of Mpro cleavage process

NOSKE, G.D. et al, Nat. Commun, 2023



• N-terminal cleavage is NOT critical for dimerization

• Dimerization is induced by covalent linkage

• Multiple oligomeric states can co-exist and act both cis and trans during 
maturation 

• Structural information can guide the development of a new generation of Mpro

inhibitors targeting intermediate steps of the maturation process
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Conclusions and perspectives

Adapted from NOSKE, G.D. et al, JMB, 2021
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