Molecular Biology
Accession: YP_009725301
Entry Clone Source: SYNTHETIC
Protein Region: S1-Q306
Vector: pGEX-6P-1
Tag: N-GST;C-3CPROTEASE;C-6HIS
Host: BL21(DE3)-R3-pRARE2

Sequence (with tag(s)):  MSPILGYWKIKGLVQPTRLLLEYLEEKYEEHLYERDEGDKWRNKKFELGLEFPNLPYYIDGDVKLTQSMAIIRYIADKHNMLGGCPKERAEISMLEGAVLDIRYGVSRIAYSKDFETLKVDFLSKLPEMLKMFEDRLCHKTYLNGDHVTHPDFMLYDALDVVLYMDPMCLDAFPKLVCFKKRIEAIPQIDKYLKSSKYIAWPLQGWQATFGGGDHPPKSDLEVLFQGPLGSAVLQSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQGPHHHHHH
Sequence after tag cleavage: SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCVSFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGMNGRTILGSALLEDEFTPFDVVRQCSGVTFQ
DNA Sequence: ATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGACTTCTTTTGGAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGGTGATAAATGGCGAAACAAAAAGTTTGAATTGGGTTTGGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTATATAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGATATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGAAATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGTTGTATGACGCTCTTGATGTTGTTTTATACATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAACGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTTGCAGGGCTGGCAAGCCACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATCTGGAAGTTCTGTTCCAGGGGCCCCTGGGATCCGCTGTCTTACAGTCCGGTTTCCGTAAGATGGCCTTCCCGTCAGGCAAAGTGGAAGGCTGTATGGTGCAAGTAACGTGCGGGACCACAACGTTGAACGGTTTGTGGTTAGATGATGTGGTTTACTGTCCACGTCATGTTATCTGTACAAGTGAGGACATGCTTAATCCAAATTATGAGGACTTGTTGATCCGCAAAAGCAACCATAATTTCCTGGTACAGGCAGGCAACGTTCAGTTACGTGTCATTGGTCATTCAATGCAAAACTGCGTGTTGAAGCTGAAAGTAGATACAGCCAACCCGAAAACCCCGAAATATAAATTTGTCCGTATTCAGCCAGGCCAGACCTTTTCGGTTCTGGCGTGCTACAACGGTAGCCCATCTGGGGTCTACCAGTGCGCTATGCGTCCTAACTTTACAATTAAGGGCAGTTTCTTGAACGGTAGCTGCGGAAGCGTTGGCTTTAATATTGACTACGATTGTGTGTCATTTTGCTATATGCACCACATGGAGTTACCCACTGGAGTTCACGCGGGAACTGACCTGGAGGGGAACTTCTATGGGCCATTTGTGGATCGCCAGACGGCGCAGGCGGCCGGAACGGATACTACTATTACCGTGAATGTCCTTGCTTGGTTATACGCGGCCGTCATTAACGGTGACCGTTGGTTTTTAAACCGTTTCACCACGACCCTTAATGATTTTAATTTGGTGGCTATGAAGTATAACTACGAACCCCTGACGCAGGACCACGTAGATATTTTGGGGCCGCTGTCGGCACAGACGGGAATTGCAGTGTTAGATATGTGTGCTTCATTGAAAGAGTTGTTACAGAACGGTATGAATGGACGCACAATTTTGGGATCAGCATTATTAGAGGATGAGTTTACTCCGTTTGATGTTGTGCGTCAGTGCTCGGGTGTAACTTTCCAGGGGCCGCACCATCACCACCATCATTGA
 
Protein Expression
Medium: Auto Induction Medium (AIM) Terrific Broth Base Including Trace Elements - Formedium 
Antibiotics: Carbenicillin
Procedure: Multiple transformant colonies were used to inoculate a starter culture supplemented with 100 µg/ml Carbenicillin. The culture was then grown to log phase for approximately 8 h.  10 ml of the starter culture was used to inoculate 1 litre of Auto Induction Medium supplemented with 10 ml of glycerol and 100 µg/ml Carbenicillin. The cultures were grown at 37 °C, 200 rpm for 5 h then switched to 18 °C, 200 rpm for 10 h. The cells were harvested by centrifugation and stored at -80 °C 
 
Protein Purification
Procedure: Cells were resuspended in 50 mM Tris pH 8, 300 mM NaCl, 10 mM Imidazole, 0.03 μg/ml Benzonase. The cells were disrupted on a high pressure homogeniser (3 passes, 30 kpsi, 4 °C). The lysate was clarified by centrifugation at 50,000 g. The supernatant was then applied to a Nickel-NTA gravity column and washed and eluted with 50 mM Tris pH 8, 300 mM NaCl, and 25-500 mM imidazole pH 8. N-terminal His tagged HRV 3C Protease was then added to the eluted protein at 1:10 w/w ratio. The mixture was then dialysed overnight at 4 °C against 50 mM Tris pH 8, 300 mM NaCl, 1 mM TCEP. The following day, the HRV 3C protease and other impurities were removed from the cleaved target protein by reverse Nickel-NTA. The relevant fractions were concentrated and applied to an S200 16/60 gel filtration column equilibrated in 20 mM Hepes pH 7.5, 50 mM NaCl buffer.  The protein was concentrated to 30 mg/ml using a 10 kDa MWCO centrifugal filter device. 

Columns: Column 1: Ni-NTA; Column 2: Reverse Ni-NTA; Column 3: S200 16/60
Concentration: 30 mg/ml
Mass-spec Verification: Intact mass correct
 
 
Crystallization and Structure Determination
Crystallization: Protein was thawed and diluted to 5 mg/ml using 20 mM Hepes pH 7.5, 50 mM NaCl. The sample was centrifuged at 100 000 g for 15 minutes. Initial hits were found in well F2 of the Proplex crystallisation screen, 0.2 M LiCl, 0.1M Tris pH 8, 20% PEG 8K. These crystals were used to prepare a seed stock by crushing the proteins with a pipette tip, suspending in reservoir solution and vortexing for 60 s in the reservoir solution with two seed beads. Following optimisation the final crystallisation condition was 0.1 M MES pH 6.5, 15% PEG6K, 5% DMSO with a seed stock dilution of 1/640. The seeds were prepared from crystals grown in the final crystallisation condition. The drop ratios were 0.15 µl protein, 0.3 µl reservoir solution, 0.05 µl seed stock. Crystals were grown using the sitting drop vapor diffusion method at 20°C and appeared within 24 hours.
Data Collection: Data was collected at beamline I04-1 at 100K.
Data Processing: Data was processed to a resolution of approximately 2.0 Å using XDS and either xia2 or autoPROC, or DIALS.

Fragment Screening
Screening: Fragments from the DSi-poised library (Enamine), Mini Frags (Astex) and FragLites (Newcastle university) in 100% DMSO (of various stock concentration, see: https://www.diamond.ac.uk/Instruments/Mx/Fragment-Screening/Fragment-Libraries.html),  were added directly to crystallisation drops using the ECHO liquid handler (final concentration 50 mM, 10% DMSO) and incubated for approximately 1 hour prior to mounting and flash freezing in liquid nitrogen.
Electrophile fragments were soaked following the same procedure as for the other libraries. In addition, they were also co-crystallised in the same crystallisation condition as for the apo structure. The protein was incubated with 10 to 20 fold excess compound (molar ratio) for about 1h prior to the addition of the seeds and reservoir solution (following Resnick et al. JACS 2019).
Data Collection: Data was collected at beamline I04-1 at 100K.
Data Processing: Data was processed to a resolution of approximately 1.8 Å using XDS and either xia2 or autoPROC or DIALS.
[bookmark: _Hlk35262878]Data Analysis: Datasets were clustered based on electron density maps and difference maps generated using DIMPLE and a ground-state model corresponding to each cluster. Ligand binding events were identified using PanDDA V2 (pre-release, https://github.com/ConorFWild/pandda), ligands modelled using event maps in Coot and structures refined with Refmac.
Mass Spectrometry screening of electrophiles 
[bookmark: _GoBack]Procedure: Following the protocols in Resnick et al 2019 (https://doi.org/10.1021/jacs.9b02822), a primary screen of 993 electrophilic fragments was performed against Mpro protease expressed and purified as above.  2 µM of Mpro was incubated with pools of 5 electrophile fragments (each at 200 µM) at 4℃.  After 2h the incubation was quenched by adding formic acid at a final concentration of 0.4%. The % labeling was quantified by intact protein mass spectrometry.  A secondary screen of promising hits was performed identically, except that that compounds were at 5 µM, not pooled, and incubated at 25℃ for 1.5h before quenching. 

 

