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Abstract 

The SARS-CoV-2 main protease (Mpro) has a pivotal role in mediating viral genome replication and 

transcription of coronavirus, making it a promising target for drugs against Covid-19 pandemic. 

Here we present a crystal structure of Mpro disclosing new structural features of key regions of the 

enzyme. We show that the oxyanion loop, involved in substrate recognition and enzymatic activity, 

can adopt a new conformation, which is stable and significantly different from the known ones. In 

this new state the S1 subsite of the substrate binding region is completely reshaped and a new cavity 

near the S2´ subsite is created. This new structural information expands the knowledge of the 

conformational space available to Mpro, paving the way for the design of novel classes of inhibitors 

specifically designed to target this unprecedented binding site conformation, thus enlarging the 

chemical space for urgent antiviral drugs against Covid-19 pandemic. 

 

Introduction 

Mpro is a cysteine peptidase essential for the replication of SARS-CoV-2 (Wu et al., 2020), with 

96% sequence identity and very similar 3D structure to SARS-CoV Mpro (Anand et al., 2003; 

Douangamath et al., 2020; Jin et al., 2020a, 2020b; Kneller et al., 2020c; Yang et al., 2003; Zhang 

et al., 2020). Mpro is involved in the proteolytic processing of the large polyproteins pp1a and pp1ab 

with the formation of individual non-structural proteins (Snijder et al., 2016). Mpro forms a homo-

dimer fundamental for the proper catalytic activity (Anand et al., 2002). A key role is played by the 

“N-finger” as the N-terminal tail of one protomer interacts and stabilizes the binding site (S1 

subsite) of the other protomer (Verschueren et al., 2008). The N-finger and the C-terminus are the 

result of the autoproteolytic processing of Mpro. In mature enzyme both termini of one protomer are 

facing the active side of the other. The enzymatic cleavage of the substrate occurs at the C-terminal 

end of a conserved glutamine in position P1 of the consensus sequence, with His41 and Cys145 as 

catalytic dyad (Anand et al., 2002). An important structural element for the catalytic event is the 

oxyanion loop, residues 138-145, lining the binding site for glutamine P1 and assumed involved in 
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the stabilization of the tetrahedral acyl transition state (Anand et al., 2002; Lee et al., 2020; 

Verschueren et al., 2008). In the vast majority of structures, the oxyanion loop adopts the same 

conformation (here called “canonical”) (Douangamath et al., 2020; Jin et al., 2020a, 2020b; Zhang 

et al., 2020), whose mobility has been described by room temperature x-ray crystallography 

(Kneller et al., 2020b, 2020a). In few cases it can also exist in a different “collapsed” conformation, 

considered catalytically incompetent, often associated with modifications in the N- or C-termini or 

with acidic pH values (Verschueren et al., 2008; Yang et al., 2003). 

 

Results and Discussion 

In a campaign to get structural insights on SARS-CoV-2 Mpro we analyzed 27 different datasets to 

determine the crystal structure of Mpro in complex with inhibitors, namely masitinib, manidipine 

and bedaquiline (Ghahremanpour et al., 2020). Among these, as “positive” controls (i.e. structures 

already known) there were ligand-free Mpro and Mpro in complex with inhibitor boceprevir (Fu et al., 

2020). Almost all tested crystals were monoclinic (space group C2, Table SI), isomorphous to the 

crystals of the free enzyme 6Y2E (Zhang et al., 2020) and to most of the deposited Mpro structures, 

indicating the same crystal contacts. After successful MR and a first round of refinement, in most 

cases the electron density was clearly visible along the entire sequence, indicating a protein matrix 

with a structure very similar to the search models 6Y2E and 5REL (including the complex with 

boceprevir). However, there were a significant number of cases, around 10, where the electron 

density was of much lower quality or even absent in particular portions of the protein, namely for 

residues 139-144 of the oxyanion loop, residues 1-3 of the N-finger and the side chain of His163 in 

the S1 specificity subsite, all residues part of the active site. To cope with the known molecular 

replacement bias problem and to correctly rebuild the ambiguous parts, we performed new MR runs 

using as search model structure 6Y2E deprived of residues 139-144 and 1-3, and with an alanine 

instead of a histidine at position 163 (to remove the His side chain). This allowed to confirm 

perturbations in the conformation of the selected areas for 10 structures while clear electron 
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densities were visible for the remaining cases with the oxyanion loop unambiguously in the 

canonical conformation (Fig. S1 and S2).  

 

 

Fig. 1. Final electron densities. 2FO-FC maps contoured at 1.0 σ level are shown. In panel a and b two views 

of the final electron density for the oxyanion loop in the new conformation. Leu141 and solvent exposed 

Phe140 and Lys137 side chains have incomplete densities indicating various degree of flexibility. Panel c, 

simulated-annealing omit map (oxyanion loop residues 138-146 were omitted), view as in b. Panel d, 

electron density in the inter protomers (intra-dimer) interaction area between the oxyanion loop of one 

protomer and the N-finger of the other protomer (residues Ser1’-Met6’).  

 

In some cases, the electron density was so poor that the tracing of the chain was very problematic, 

and it was not possible to reliably rebuild entirely the mobile zones (Fig. S1b). For four structures it 

was possible to efficiently model residues 139-144, 1-3 and the side chain of His163 in “new” 

conformations, different from the “canonical” and “collapsed” ones (Fig. S1c). In summary, we 

found three different conformational states for the oxyanion loop: canonical (Fig. S1a), flexible (i.e. 

with poor electron density, Fig. S1b) and, strikingly, in a new state (Fig. S1c), clearly different from 
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the canonical and the collapsed ones (Fig. S3). All structures, including the one with the oxyanion 

loop in the new state (hereinafter called “new-Mpro”), refer to a correctly autoprocessed and 

functional protein, produced and crystallized with procedures similar to those of canonical 6Y2E 

(Zhang et al., 2020), showing the same crystal contacts (see Methods). All structures are the result 

of very similar experimental procedures, performing multi-parallel experiments, with no apparent 

reasons for this diversity of conformations if not for the coexistence in solution of different 

conformational states (denoting high mobility) for the oxyanion loop, in mutual equilibrium.  

Here we describe one of the structures of Mpro determined in the new state (no relevant differences 

exist between the four new-Mpro structures). Data collection and final model statistics are reported 

in Table SI, final electron densities for the oxyanion region in Fig. 1. 

 

 
 
Fig. 2. Details of new-Mpro. a, the new conformation of the oxyanion loop is stabilized by several hydrogen bonds 

(blue dashed lines). The side-chain of catalytic Cys145 has a double conformation. b, comparison between new (green) 

and canonical (light magenta, PDB-ID 6Y2E) oxyanion loop. There are large movements (blue dashed lines) for the 

side-chains of Asn142 and Phe140. Gly143-NH (G-NH), involved in the stabilization of the tetrahedral intermediate, 

moves 8.8 Å away. c, substrate glutamine in S1 subsite of new-Mpro (modelled based on the acyl-intermediate 7KHP, in 

yellow) can still interact with Glu166-Oe and Phe140-CO, even if with a different geometry. His163 is no more 

available for binding but can be replaced by His172 that moves towards the S1 subsite. The new cavity near the S2´ 

subsite is indicated by a red asterisk. 

 

The most striking property of new-Mpro is the different conformational state of the oxyanion loop 

characterized by two consecutive b-turns with hydrogen bonds between Ser139-CO and Gln142-

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 4, 2021. ; https://doi.org/10.1101/2021.03.04.433882doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.04.433882
http://creativecommons.org/licenses/by/4.0/


 6 

NH and between Leu141-CO and Ser144-NH (Fig. 2a). The loop is stabilized by other hydrogen 

bonds. In the new conformation Asn142-Ca and the side-chain of Phe140 move away from the 

canonical position of 9.8 Å and around 7.5 Å, respectively (Fig. 2b). Notably, Gly143-NH, assumed 

stabilizing the tetrahedral oxyanion intermediate during catalysis (Anand et al., 2002; Lee et al., 

2020; Verschueren et al., 2008), is moved 8.8 Å apart, raising the possibility that this new 

conformation is catalytically incompetent. However, the position of the catalytic dyad is not altered 

(Fig. S4), with Cys145 side chain in double conformation.  

 

 
 
Fig. 3. Comparison between new (green) and canonical (light magenta) Mpro.  a, in the new structure the side chain 

of His163 rotates away to avoid steric clashes with the oxyanion loop: in the canonical conformation (PDB-ID 6Y2E) 

the His163 side chain is at 1.2 Å from the new position of Gly143-CO. Note also the movement of His172. b, the new 

oxyanion loop of one protomer pushes away residues 1´-3´ of the other protomer; however, the key salt-bridge between 

Arg4´ and Glu290 is conserved. c, overall superposition of canonical and new-Mpro shows that, besides in the oxyanion 

loop (red ellipsoid), major differences are located in the N-finger and the C-terminal tail (not visible in new-Mpro). 

 

The superposition of the new conformation with the canonical one in the complex with the acyl-

intermediate 7KHP (Lee et al., 2020) does not show evident steric clashes for the substrate, 

indicating that new-Mpro could bind P1 glutamine with Glu166-Oe and Phe140-CO, even if with a 

different geometry (Fig. 2c). Although His163 is no more available for binding as it rotates away to 

avoid steric clashes with Gly143-CO (Fig. 3a), it can be replaced by His172 that moves towards the 

S1 subsite (Fig. 3a and 2c). As consequence of the new oxyanion conformation of one protomer, 

residues 1-3 of the N-finger of the other protomer (protomer´) moves away (Fig. 3b and 3c), with 

Gly2´-CO at 3.2 Å from Ser139-NH. Remarkably, Arg4´ does not move and the inter-protomers 
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salt bridge with Glu290 (important for catalytic activity and dimer formation) is still present (Fig. 

3b). Another characteristic of the new structure is the destabilization of the C-terminal tail whose 

electron density is not visible anymore from residue 301 on, indicating high flexibility. This is due 

to the rearrangement of the interactions between the oxyanion loop of one protomer and the N-

finger and C-terminal portion of the other (Fig. 4).  

Notably, the new conformation of the oxyanion loop generates a new cavity near position S2¢ as 

evident from the comparison of the new structure and the SARS-CoV-2 acyl-enzyme 7KHP (Lee et 

al., 2020) and the SARS-CoV 11mer substrate complex 2Q6G (Xue et al., 2008) (Fig. S5 and Fig 

2c).  

 

 
Fig 4. Dimeric architecture of Mpro. a, the new conformation of the oxyanion loop (loop) causes changes in 

the interface between protomer-A (blue) and protomer-B (light blue) at the level of the N-finger (NF) and the 

C-terminal tail (C-term). b, local differences between the new structure (blue-based colors as in a) and 

canonical 6Y2E (brown-based colors, with intact C-terminus): shift of Leu141 side chain seems to have 

major effects in destabilizing the C-terminal tail of the new structure.   

 

This new structure was derived from crystals obtained with Mpro pre-incubated with inhibitors 

masitinib, manidipine or bedaquiline, however in no cases electron densities indicating the presence 

of the inhibitors were detected. This is explainable by the reported medium/low IC50 (in the range 

2.5-19 µM) (Drayman et al., 2020; Ghahremanpour et al., 2020) and by the very low aqueous 

solubility of the molecules (when inhibitors in 100% DMSO were added to the protein solution 
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visible white precipitates appeared). Notably, some structures from crystals coming from co-

crystallization experiments with the same inhibitors pre-incubated with Mpro show the oxyanion 

canonical conformation, indicating that these molecules are not strict determinants for the new 

conformation. However, it seems that these inhibitors can somehow favor the new conformation of 

the oxyanion loop, which is enough stable to be selected by the crystallization process. 

To test the stability and to model dynamics of new-Mpro, in particular of the oxyanion loop, we 

performed crystallographic ensemble refinement (Burnley et al., 2012) and MD simulations. The 60 

structures generated by ensemble refinement, compatible with the crystallographic restraints, 

confirm the new conformation of the oxyanion loop, and reveal that its flexibility is not higher than 

that of other portions of the substrate-binding region (residues 43-51 and 188-198) (Fig. S6). 

Interestingly, in 4 out of 60 structures the oxyanion loop conformation is similar to the canonical 

one, in line with the observation of a residual electron density compatible with the presence of a 

small fraction of this conformation.   

1 µs MD simulations show that both the canonical and the new structure maintain the initial state, 

denoting the stability of the new oxyanion loop conformation (Fig. S7). A pronounced fluctuation 

of the C-terminus of new-Mpro is observed in agreement with the absence of electronic density for 

this region. The mobility pattern displayed by MD matches that deduced by the ensemble 

refinement approach, in particular for regions 43-51 and 188-198, part of the substrate binding 

region (S3 and S4 subsites), and region 272-279 in the C-terminal domain III (Fig. S6 and S7). 

In summary, we had the opportunity to capture a new state for Mpro expanding the knowledge of the 

conformational space accessible to the enzyme. The remodeling of the S1 subsite in new-Mpro and 

the formation of the nearby cavity offer attractive possibilities for the design of novel antiviral 

drugs targeting Mpro. The plasticity properties of new-Mpro are also relevant for the debated issue 

whether Mpro proteolytic recognition is based on structural selection or on substrate-induced subsite 

cooperativity (Behnam, 2021). Intriguing is also the possibility that the remodeling of the S2´ 
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subsite can be correlated to the high amino acid variation in position P2´ of SARS coronaviruses 

non-structural proteins (nsp) cleavage sites, Mpro autoprocessing included (Behnam, 2021). 

 

METHODS 

Protein expression and purification 

The plasmid PGEX-6p-1 encoding SARS-CoV-2 Mpro (Zhang et al., 2020) was a generous gift of 

Prof. Rolf Hilgenfeld, University of Lübeck, Lübeck, Germany. Protein expression and purification 

were adapted from Zhang, L. et al. (Zhang et al., 2020) (where the structure of Mpro 6Y2E in the 

canonical form was presented). The expression plasmid was transformed into E. coli strain BL21 

(DE3) and then pre-cultured in YT medium at 37 °C (100 µg/mL ampicillin) overnight. The pre-

culture was used to inoculate fresh YT medium supplied with antibiotic and the cells were grown at 

37 °C to an OD600 of 0.6–0.8 before induction of overexpression with 0.5 mM isopropyl-D-

thiogalactoside (IPTG). After 5 h at 37 °C cells were harvested by centrifugation (5000g, 4 °C, 15 

min) and frozen. The pellets were resuspended in buffer A (20 mM Tris, 150 mM NaCl, pH 7.8) 

supplemented with lysozyme, DNase I and PMSF for the lysis. The lysate was clarified by 

centrifugation at 12000 g at 4 °C for 1 h and loaded onto a HisTrap HP column (GE Healthcare) 

equilibrated with 98% buffer A/2% buffer B (20 mM Tris, 150 mM NaCl, 500 mM imidazole, pH 

7.8). The column was washed with 95% buffer A/5% buffer B and then His-tagged Mpro was eluted 

with a linear gradient of imidazole ranging from 25 mM to 500 mM. Pooled fractions containing 

target protein was subjected to buffer exchange with buffer A using a HiPrep 26/10 desalting 

column (GE Healthcare). Next, PreScission protease was added to remove the C-terminal His tag 

(20 µg of PreScission protease per mg of target protein) at 12 °C overnight. Protein solution was 

loaded onto a HisTrap HP column connected to a GSTtrap FF column (GE Healthcare) equilibrated 

in buffer A to remove the GST-tagged PreScission protease, the His-tag, and the uncleaved protein. 

Mpro was finally purified with a Superdex 75 prep-grade 16/60 (GE Healthcare) SEC column 

equilibrated with buffer C (20 mM Tris, 150 mM NaCl, 1 mM EDTA, 1 mM DTT, pH 7.8). 
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Fractions containing the target protein at high purity were pooled, concentrated at 25 mg/ml and 

flash-frozen in liquid nitrogen for storage in small aliquots at -80 °C.  

 

Protein characterization and enzymatic kinetics 

Correctness of Mpro DNA sequence was verified by sequencing the expression plasmid. The 

molecular mass was determined as follows: the recombinant SARS-CoV-2 Mpro, diluted in 50% 

acetonitrile with 0.1% of formic acid, was analyzed by direct infusion electrospray ionization (ESI) 

on a Xevo G2-XS QTOF mass spectrometer (Waters). The detected species displayed a mass of 

33796.64 Da, which matches very closely the value of 33796.81 Da calculated from the theoretical 

full-length protein sequence (residues 1-306). A representative ESI-MS spectrum is reported in Fig. 

S8. To characterize the enzymatic activity of our recombinant Mpro, we adopted a FRET-based 

assay using the substrate 5-FAM-AVLQ↧SGFRK(DABCYL)K (Proteogenix). The assay was 

performed by mixing 0.05 µM Mpro with different concentrations of substrate (1-128 µM) in a 

buffer composed of 20 mM Tris, 100 mM NaCl, 1 mM EDTA, 1 mM DTT, pH 7.3. Fluorescence 

intensity (Ex = 485 nm/Em = 535 nm) was monitored at 37 °C with a microplate reader VictorIII 

(Perkin Elmer). A calibration curve was created by measuring multiple concentrations (from 0.001 

to 5 µM) of free fluorescein in a final volume of 100 µL reaction buffer. Initial velocities were 

determined from the linear section of the curve, and the corresponding relative fluorescence units 

per unit of time (ΔRFU/s) was converted to the amount of the cleaved substrate per unit of time 

(µM/s) by fitting to the calibration curve of free fluorescein. The catalytic efficiency kcat/Km 

resulted 4819± 399 s-1 M-1, in line with literature data (Ma et al., 2020; Zhang et al., 2020). 

 

Crystallization and data collection 

A frozen aliquot of Mpro was thawed in ice, diluted in a 1:2 ratio with buffer C (20 mM Tris, 150 

mM NaCl, 1 mM EDTA, 1 mM DTT, pH 7.8) to a final concentration of 12.5 mg/mL and cleared 

by centrifugation at 16000 g. Inhibitors masitinib, manidipine, bedaquiline and boceprevir were 
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dissolved in 100% DMSO to a concentration of 100 mM. The protein was crystallized both in apo 

form and in presence of inhibitors by co-crystallization. In all cases, final crystal growth was 

obtained by microseeding starting from small crystals of the free enzyme. The protein in the apo 

form was crystallized using the sitting-drop vapor-diffusion method at 18 °C, mixing 1.0 µL of Mpro 

solution with 1.0 µL of precipitant solution (0.1 M MMT (DL-malic acid, MES, and Tris base in 

molar ratio 1:2:2), pH 7.0, 25% PEG 1500) with 0.2 µL of seed stock (diluted 1:500, 1:1000 or 

1:2000 with precipitant solution) and equilibrated against a 300 µL reservoir of precipitant solution. 

Crystals appeared overnight and finished growing in less than 48 h after the crystallization drops 

were prepared. In the case of co-crystallization, Mpro was incubated for 16 h at 8 °C with 13-fold 

molar excess of inhibitor (final DMSO concentration 5%). After incubation a white precipitate 

appeared and the solutions were cleared by centrifugation at 16000 x g; then the protein was 

crystallized under the same conditions described for the apo form. For data collections, crystals 

were fished from the drops, cryo-protected with a quick deep into 30% PEG 400 (with 5 mM 

inhibitor in the case of co-crystals) and flash-cooled in liquid nitrogen. Crystals were monoclinic 

(space group C2, Table SI), isomorphous to the crystals of the free enzyme 6Y2E, with one 

monomer in the asymmetric unit, the functional dimer being formed by the crystallographic two-

fold axis. 

 

Structure determination and refinement 

Data collections were performed at ESRF, beamlines ID23-2 and ID23-1. Diffraction data 

integration and scaling were performed with XDS (Kabsch, 2010), data reduction and analysis with 

Aimless (Evans and Murshudov, 2013). Initially, structures were solved by Molecular Replacement 

(MR) with Phaser (McCoy et al., 2007) from Phenix (Liebschner et al., 2019), using as search 

model structures 6Y2E and 5REL (Mpro in complex with PCM-0102340) (Douangamath et al., 

2020). To limit MR model bias in critical zones (namely residues 139-144, 1-3 and the side chain of 

His163) we then performed new MR runs using as search model structure 6Y2E without residues 
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139-144 and 1-3, and with an alanine instead of an histidine at position 163. Only for co-

crystallization experiments with boceprevir electron density relative to the ligand was clearly 

visible since the beginning of the refinement (Fig. S2), and the 3 final structures, modelled from 

residue 1 to 306 (to compare with the “new” structure modelled until residue 301), are virtually 

identical to the PDB deposited ones (Fu et al., 2020). In all other cases, no electron densities 

indicating the presence of inhibitors masitinib, manidipine or bedaquiline in the active site (or 

elsewhere) were detectable. For four structures it was possible to efficiently model residues 139-

144, 1-3 and the side chain of His163 in “new” conformations. The final structures were obtained 

by alternating cycles of manual refinement with Coot (Emsley and Cowtan, 2004) and automatic 

refinement with phenix.refine (Afonine et al., 2012). The final electron density for the new 

oxyanion conformation and the N-finger are reported in Fig. 1. At the end, the model was submitted 

to ensamble.refinement (Burnley et al., 2012) by Phenix with default parameters. Statistics on data 

collection and refinement are reported in Table SI. 

 

Molecular Modeling 

Molecular Dynamics trajectories were collected on a heterogeneous NVIDIA GPU cluster 

composed of 20 GPUs whose model span from GTX1080 to RTX2080Ti. For structures 

preparation, the coordinates of the canonical conformation of SARS-CoV-2 Main Protease (Mpro) 

were retrieved from the Protein Data Bank (PDB-ID: 7K3T). Coordinates for both the canonical 

and the newly identified conformation of SARS-CoV-2 Main Protease were processed with the aid 

of Molecular Operating Environment (MOE) 2019.011 (“Chemical Computing Group (CCG) | 

Research,” n.d.) structure preparation tool. At first, the functional unit of the protease (the dimeric 

form) was restored applying a symmetric crystallographic transformation to each asymmetric unit. 

Residues with alternate conformation were assigned to the highest occupancy alternative. The last 6 

residues of the non-canonical structures were added using MOE Loop Modeler tool. MOE 

Protonate3D tool was used to assign the most probable protonation state of each residue (pH 7.4, T 
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= 310 K, i.f. = 0.154). Finally, ions and each co-crystallized molecule except for water were 

removed. The system setup for the MD simulations was carried out using tleap software 

implemented in the AmberTools14 (Case et al., 2005) suite. AMBER ff14SB (Maier et al., 2015) 

was adopted for system parametrization and partial charges attribution. Protein structures were 

explicitly solvated in a rectangular prism TIP3P (Jorgensen et al., 1983) periodic water box whose 

borders were placed at a distance of 15 Å from any protein atoms. Na+ and Cl- atoms were added to 

neutralize the system until a salt concentration of 0.154 M was reached. Molecular Dynamics 

simulations were then performed using ACEMD3 (Harvey et al., 2009) software, which is based 

upon OpenMM 7.4.2 (Eastman et al., 2017) engine. At first, 1000 steps of energy minimization 

were executed using the conjugate-gradient algorithm. Then, a two steps equilibration procedure 

was carried out: the first step consisted of 1 ns of canonical ensemble (NVT) simulation with 5 kcal 

mol-1A-2 harmonic positional constraints applied to each protein atom while the second one 

consisted of 1 ns of isothermal-isobaric (NPT) simulation with 5 kcal mol-1A-2 harmonic positional 

constraints applied only to protein alpha carbons. The production phase consisted of three 

independent MD replica for each protein conformation. Each simulation had a duration of 1 µs and 

was performed using the NVT ensemble at a constant temperature of 310 K with a timestep of 2 fs. 

For both the equilibration and the production stage, the temperature was maintained constant by a 

Langevin thermostat. During the second step of the equilibration stage, the pressure was maintained 

at the fixed value of 1 bar. For Molecular Dynamics simulation analysis, MD trajectories were 

aligned using protein α-carbon atoms from the first trajectory frame as a reference, wrapped into an 

image of the system under periodic boundary conditions (PBC) and subsequently saved using a 200 

ps interval between each frame and removing any ion and water molecule using Visual Molecular 

Dynamics 1.9.2 (Humphrey et al., 1996) (VMD) software. Root Mean Squared Deviation (RMSD) 

and Root Mean Squared Fluctuation (RMSF) of atomic positions along the trajectory were 

calculated for protein alpha carbons exploiting the ProDy (Bakan et al., 2011) Python module. The 

collected data was then plotted making use of the Matplotlib (Hunter, 2007) Python library. 

.CC-BY 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 4, 2021. ; https://doi.org/10.1101/2021.03.04.433882doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.04.433882
http://creativecommons.org/licenses/by/4.0/


 14 

 

Data availability 

Coordinates and structure factors for SARS-CoV-2 new-Mpro have been deposited in the Protein 

Data Bank (PDB) under accession code 7NIJ.  
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