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SARS-CoV and SARS-CoV-2 3CLpro are each a homodimer
of 306-residue subunits arranged perpendicular to one another
(Figure 1B). Each subunit consists of three domains. Domains
I and II each possess a β-barrel structure and collectively form
the active site cleft, whereas domain III is a globular, α-helix-
rich region implicated in dimerization.4 Unlike the canonical
chymotrypsin catalytic triad Ser/Cys−His−Asp/Glu possessed
by many coronavirus proteases, 3CLpro possesses a catalytic
dyad of Cys145 and His41.16,18 In addition, a bound water
molecule hydrogen bonds to His41 and could be the third
member of a pseudo-catalytic triad.19 Dimerization is strictly
necessary to establish catalytic competency; empirical and
computational evidence shows that the N-terminal residues of
one protomer (the “N-finger”) weave between domains I and
II of the other protomer, completing the active site of the latter
and properly orienting cleft residues to prevent steric clash
with polypeptide substrates.19,20 In particular, the N terminus
of one protomer hydrogen bonds with Glu166 of the other
protomer to prevent the latter from blocking access to the
active site, and the main chain of Ser1′ hydrogen bonds with
the main chain of Phe140A to properly orient the oxyanion
loop of which Phe140 is a part.19 This loop is responsible for
stabilizing the tetrahedral transition state of the nascent acyl-
enzyme intermediate, and a collapsed active site has been
observed in monomeric 3CLpro as a result of missing
interprotomer interactions.19,21 Intriguingly, data suggest that
the two active sites of dimeric 3CLpro are asymmetric and that
only one is active at any given moment (i.e., half-site
reactivity).18,20,22

As a result of the strict conservation between SARS-CoV
and SARS-CoV-2 3CLpro, as well as the greater body of
research available for the former protease, it is tempting to rely
on enzymological values reported for SARS-CoV 3CLpro when
studying the SARS-CoV-2 homologue. Unfortunately, studies
of each enzyme report key parameters that di'er by many
orders of magnitude. For example, reported values of the
catalytic e/ciency (kcat/KM) range from ∼102 to nearly 105

M−1 s−1, even within a series of similar substrates; likewise,
reported values of the dimer dissociation constant, Kd, vary
from low nanomolar to high micromolar. These studies are
confounded by the use of enzymic constructs bearing artificial
a/nity tags (which could inhibit the association of 3CLpro

subunits), suboptimal substrates unable to occupy the enzymic
binding pocket C-terminal to the scissile bond, assay
conditions that impair 3CLpro activity, and enzymatic activity
assays that lack sensitivity. The design and assessment of
3CLpro inhibitors rely on the robust characterization of SARS-
CoV-2 3CLpro catalysis.

Here, we circumvent these many experimental limitations
and employ a novel Bayesian analytical technique to facilitate
the interpretation of 3CLpro enzymology from data obtained
during the full-time course of the reaction, that is, a “progress
curve”. We report that SARS-CoV-2 3CLpro is an undervalued
catalyst. The dimer has a Kd value in the low-nanomolar
regime. The authentic enzyme is highly active, with a measured
catalytic e/ciency that is larger than reported previously. We
also find that SARS-CoV-2 3CLpro activity is attenuated by
increased ionic strength, likely due to the disruption of
dimerization. We hypothesize that the use of artificial enzymic

Figure 1. SARS-CoV-2 3CLpro sequence and structure. (A) ClustalW sequence alignment of SARS-CoV-2 3CLpro (UniProt accession ID:
P0DTD1, positions 3264−3569) with the SARS-CoV homologue (UniProt accession ID: P0C6X7, positions 3241−3546). Conservative mutations
are identified by green font; nonconservative mutations are identified by red font. (B) SARS-CoV-2 3CLpro structure (PDB ID: 6Y2E). Homodimer
protomers are distinguished by light and dark gray. Catalytic dyad residues at the interface of domains 1 and 2 are depicted in ball-and-stick form,
and the dyad and domains of one protomer are labeled. The image was prepared with PyMOL software.
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