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papain-like protease (PLP™)

JBC REVIEWS: The molecular virology of coronaviruses
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Polyprotein processing by viral proteases
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SARS—COV—2 Mal N proteas M pro Narayanan et al. Cmmun Biology (2022)

- Chymotrypsin-like/3C-like protease (3CLP™)

- Homodimer

- ¢is and frans proteolytic activity

- Catalytic dyad: Cys145 and His41

- PAXLOVID: Mrr inhibitor for COVID_19 treatment
- Consensus GlIn (Q) at substrate P1 position

N-P6 PS5 P4 P3 P2 P g PT'P2'P3' P4 PS PG C

C4 T S AV L QT S G F R K M (N-terminal auto-cleavage, nsp4 | nsp5)

C5 8 GV T F QI S AV K R T (Cterminal auto-cleavage, nsp5 | nsp6)

C6 KV ATV QI S KM S D V (nsp6lnsp?)

C7 NRATULQ I Al A S E F (nsp7insps)

C8 S AV KL QI NNEL S P (nsp8linsp9)

C9 ATV RLQI A GNAT E (nsp9lnspi0)
Cl0 RE P ML QI S A D A Q S (nspl0lnspit, nspl0lnspi2)
Cl2 P HTVLQI AV G A C V (nspl2inspid)
Cl3 NV A TL QI A E NV T G (nsp13inspl4)
Cl4a T F T RUL QI S L E N V A (ispl4inspi5)
Cl5 FYPKLOQI S S QA W Q (nspl5inspl6) N\ \
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Figure 3. SARS-CoV nsp7-10 processing monitored by native MS: signal over time of protease, substrate
and products.

SARS-CoV nsp7-10 processing monitored by native MS: signal over time of protease, substrate and products. (A) Substrate Mpro activ e site2
and enzyme. (B) Mass fractions over time show the order of nsp release. (C) Intermediate products. Error bars depict standard
deviation (N = 3). Time points (AVG+SD, N=3): 0.25+0.1h, 1.2+0.1 h,3.3+0.2h, 5.3+0.3h, 6.4 +0.3 h and 20+ 0.5 h. (D)
Schematic illustration of cleavage order and efficiency.
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No MPr 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

Refinements @ . == -- Tabular Report 4 OAIl  Selected &
IENTIFIC NAME OF RCE

glc?GANISh(; 2 pteeli)ag 1 to 25 of 471 Structures Page1of19 P MW 25 § Sort by | Score s
Severe acute respiratory syndrome
coronavirus 2 (471) 5R7Y Download File View File

synthetic construct (15)
Streptomyces exfoliatus (1)
Streptomyces roseus (1)

PanDDA analysis group deposition -- Crystal Structure of COVID-19 main
protease in complex with Z45617795
Fearon, D., Powell, A.J., Douangamath, A., Owen, C.D., Wild, C., Krojer, T., Lukacik, P., Strain-Damerell,

TAXONOMY
C.M., Walsh, M.A,, von Delft, F.
Riboviria (471)
(2020) Nat Commun 11: 5047-5047

other sequences (15)
Bactgria

Released 2020-03-11
EXPERIMENTAL METHOD Method X-RAY DIFFRACTION 1.65 A
X-RAY DIFFRACTION (471) © 3D View Organisms Severe acute respiratory syndrome coronavirus 2
NEUTRON DIFFRACTION (4) Macromolecule  3C-like proteinase (protein)
Unique Ligands CL, DMS, JFM
Protein (471) B5R7Z Download File View File
REFINEMENT RESOLUTION (A) PanDDA analysis group deposition -- Crystal Structure of SARS-CoV-2 main
1.0-15 (50) ; protease in complex with Z1220452176
1.5-2.0(283) ,;'/",‘ Fearon, D., Powell, A.J., Douangamath, A., Owen, C.D., Wild, C., Krojer, T., Lukacik, P., Strain-Damerell,
2.0-2.5(125) e C.M., Walsh, M.A., von Delft, F.
25-3.0(16) N Sy ai
“I‘QQ. (2020) Nat Commun 11: 5047-5047
HE e DAIE = Released 2020-03-11

2020 - 2024 (471) Method X-RAY DIFFRACTION 1.59 A



Preparations of (A) MP-C145A derivative (B) nsp7-10
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Cryo-EM structure of the polyprotein and MP™ complex
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Comparison of the Mpr structures in the apo-form
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A. Polyprotein driven model

Limited number of the recognition sites are exposed on surface of polyprotein for recruiting MP©. Releasing protein exposes
additional recognition sites to continue processing.

nsp8

Mpr™ and nsp7-10 complex

recognition

nsp9/10 site recruits MP© nsp10 release exposes the 2™ nsp9 release exposes the 3™
for processing cleavage site cleavage site
~ mpre nsp7-10 polyprotein
— ﬁ nspg*nsm
nsp8
active nsp10 .
center

nsp8

Extra contact(s) between MP® and nsp9 and/or nspl10 (blue and
green arrows) recruits MP™ to the 1% cleavage site

B. Mrre driven model
Recognition sites are already exposed on surface of polyprotein. MPr selects a preferred cleavage site based on its affinity to Mpr.



(o an |
WM
p—
(v
PROTEIN DATA BANK

COVID-19 / SARS CoV 2
The first sequence:
The first structure of Mpro:

Jan 11, 2020
Feb 05, 2020

Experimental Method (total 807)
» X-ray Diffraction: 803
* Electron Microscopy: 4
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Structure Determination
Methodology

experimental (807)
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Download File ' View File

6LU7

Scientific Name of Source

Organism The crystal structure of COVID-19 main protease in complex with an inhibitor N3
Severe acute respiratory syndrome Liu, X., Zhang, B., Jin, Z., Yang, H., Rao, Z.
coronavirus 2 (807)
synthetic construct (24) (2020) Nature 582: 289-293

O z’":“‘:""s_‘a’ Released 2020-02-05

= &C:Sﬂl:h:z::?;l;s 2 Method X-RAY DIFFRACTION 2.16 A
Streptomyces exfoliatus (1) Organisms Sevter:etacute rtespi:atory syndrome coronavirus 2
Streptomyces roseus (1) synthetic construct

© 3D View Macromolecule 3C-like proteinase (protein)

Taxonomy N-[(5-METHYLISOXAZOL-3-YL)CARBONYLJALANYL-L-VALYL-N~1~-((1R,2Z)-4-(BENZY
Riboviria (807) LOXY)-4-OX0O-1-{[(3R)-2-OXOPYRROLIDIN-3-YL]JMETHYL}BUT-2-ENYL)-L-LEUCINAMI
other sequences (24) DE (protein)

Eukaryota (5)
Bacteria (3) 6Y2E Download File | View File

Experimental Method Crytstal structure of the free enzyme of the SARS-CoV-2 (2019-nCoV) main

protease

X-RAY DIFFRACTION (803)

ELECTRON MICROSCOPY (4) Zhang, L., Sun, X, Hilgenfeld, R.

NEUTRON DIFFRACTION (4) (2020) Science 368: 409-412
Polymer Entity Type Released 2020-03-04
Protein (807) Method X-RAY DIFFRACTION 1.75 A
Organisms Severe acute respiratory syndrome coronavirus 2
Refinement Resolution (A) Macromolecule 3C-like proteinase (protein)
1.0-1.5(62)
1.5 - 2.0 (456) Download File | View Fil
2.0-25(241) 6Y2F A
2.5-3.0 (46) Crystal structure (monoclinic form) of the complex resulting from the reaction
30-35() between SARS-CoV-2 (2019-nCoV) main protease and tert-butyl (1-((S)-1-(((S)-4-
35-40Q) (benzylamino)-3,4-dioxo-1-((S)-2-oxopyrrolidin-3-yl)butan-2-yl)amino)-3-
cyclopropyl-1-oxopropan-2-yl)-2-oxo-1,2-dihydropyridin-3-yl)carbamate (alpha-
Release Date ketoamide 13b)

2020 - 2024 (807) Zhang, L., Lin, D., Sun, X., Hilgenfeld, R.

(2020) Science 368: 409-412

Enzyme Classification Name

Hydrolases (804) Released 2020-03-04
Transferases (761) ©.DView Method X-RAY DIFFRACTION 1.95 A
Lyases (760) Organisms Severe acute respiratory syndrome coronavirus 2
Macr 3C-like proteinase (protein)
Symmetry Type Unique Ligands  DMS, 06K
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