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Polyprotein processing by viral proteases

Hartenian, E. et al. The molecular virology of coronaviruses. J Biol Chem 295, 12910–12934 (2020) 

• papain-like protease (PLpro)
• main protease (Mpro)  



SARS-CoV-2 Main proteas Mpro

• Chymotrypsin-like/3C-like protease (3CLpro)
• Homodimer
• cis and trans proteolytic activity
• Catalytic dyad: Cys145 and His41
• PAXLOVID: Mpro inhibitor for COVID_19 treatment
• Consensus Gln (Q) at substrate P1 position

PDB: 7LBN
Narayanan et al. Cmmun Biology (2022)
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No Mpro structure studied by Cryo-EM
COVID-19 / SARS-CoV-2
The first viral genome sequence: Jan 11, 2020
The first structure of Mpro:  Feb 05, 2020



Preparations of (A) Mpro-C145A derivative (B) nsp7-10 
polyprotein and (C) Mpro/polyprotein complex
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Cryo-EM structure of the polyprotein and Mpro complex

C2 symmetry C1 symmetry

Narwal, Murakami et al., JBC (2023)
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Cryo-EM structure of the wild-type Mpro (MW: 68 kDa)

Narwal, Murakami et al., JBC (2023)
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Comparison of the Mpro structures in the apo-form 
and in the polyprotein (nsp7-10) complex
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A. Polyprotein driven model
Limited number of the recognition sites are exposed on surface of polyprotein for recruiting Mpro. Releasing protein exposes 
additional recognition sites to continue processing.

nsp10 release exposes the 2nd 
cleavage site 
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cleavage site 
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B. Mpro driven model
Recognition sites are already exposed on surface of polyprotein. Mpro selects a preferred cleavage site based on its affinity to Mpro. 
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Extra contact(s) between Mpro and nsp9 and/or nsp10 (blue and 
green arrows) recruits Mpro to the 1st cleavage site



COVID-19 / SARS_CoV_2
The first sequence: Jan 11, 2020
The first structure of Mpro: Feb 05, 2020

Experimental Method (total 807)
• X-ray Diffraction: 803
• Electron Microscopy: 4
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