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DISCLAIMER: Permission is hereby granted, free of charge, to any person in academic and/or
industrial research and science (independent of their field of interest, country of origin, ethnic
group or political system) to obtain a copy of this information and all associated documentation,
files, models and data, to deal with the information without restriction (that is to say with no
limits to the rights to use, copy, modify, merge, publish, distribute and sublicense copies of the
information) and to permit persons to whom the information is furnished to do so, subject to the
following conditions: The above copyright notice and this permission notice shall be included in
all copies of substantial portions of the information. THE INFORMATION IS PROVIDED “AS IS",
NOT PEER-REVIEWED, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR
COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTH X
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As of January, 23ru 2020, the Wuhan coronavirus (WHO 2019-nCoV)[i], a positive-sense, single-
stranded RNA coronavirus first reported in 2019 is spreading from Wuhan, China, the primary
location outbreak. The Chinese government placed the cities of Wuhan, Huanggang, and Ezhou with
a combined popuIation__of_ajpproximately 15 million people, under lockdown in an attempt to contain
the viral outbreak eg [ . The human-to-human transmission was confirmed in Guangdong,
China, according to Zhong Nanshan, head of the health commission team investigating the
outbreak.[iv] No specific treatment for the new virus is currently available, but existing anti-

virals might be repurposed|v].

According to Wikipedia[vi], sequences of Wuhan betacoronavirus show similarities to beta
coronaviruses found in bats; however, the virus is genetically distinct from other coronaviruses such
as Severe acute respiratory syndrome-related coronavirus (SARS) and the Middle East respiratory
syndrome-related coronavirus (MERS). Like SARS-CoV, it is a member of Beta-CoV lineage B (i. e.
subgenus Sarbecovirus). Eighteen genomes of the novel coronavirus have been isolated and
reported including BetaCoV/Wuhan/IVDC-HB-01/2019, BetaCoV/Wuhan/IVDC-HB-04/2020,
BetaCoV/Wuhan/IVDC-HB-05/2019, BetaCoV/Wuhan/WIV04/2019, and BetaCoV/Wuhan/IPBCAMS-
WH-01/2019 from the China CDC, Institute of Pathogen Biology, and Wuhan Jinyintan

Hospital. Its RNA sequence is approximately 30 kb in length.

The new genome has led to several protein modeling experiments on the receptor-binding protein
(RBD) of the nCoV spike (S) protein. Two Chinese groups, as of 23r January 2020, believe that the S
protein retains sufficient affinity to the SARS receptor (angiotensin-converting enzyme 2, ACE2) to
use it as a mechanism of cell entry.

The RNA genome is replicated and a long polyprotein is formed, where all of the proteins are
attached. Coronaviruses have a non-structural protein - a protease - which is able to separate the
proteins in the chain. This is a form of genetic economy for the virus, allowing it to encode the

greatest number of genes in a small number of nucleotides.[vii]

University of Hong Kong School of medicine, has previously said that SARS has been studied earlier
and found that protease inhibitors and other drugs can effectively treat respiratory diseases such as

SARS, middle respiratory syndrome and other coronaviruses.

There were six kinds of coronaviruses that could infect humans, as well as 24 other kinds that could
infect animals including bats, birds, rats, and cows. As most Wuhan patients had connections with
the Huanan Seafood Market, there was a high chance the unknown coronavirus was transmitted to
wild animals from bats and became mutated before it spread to humans, he said. Usually, a new
disease would not be highly infectious between humans so only people who had very close contact
with the patients could be infected, he said. If the Wuhan disease was similar to SARS, patients could
be potentially cured by doses of ribavirin, protease inhibitor, and interferon.[viii]

Michael Mina, an epidemiologist at the Harvard School of Public Health yesterday said he has heard
that some patients in China are being treated with protease inhibitors, antivirals that were
developed to treat people with HIV and that were used “somewhat successfully” to treat SARS[ix].

Discovering the protease of coronavirus 2019-nCoV

Innophore decided to allocate significant human- and computational resources to support modelling
efforts in this situation. Although Innophore is not active in the field of global epidemics, the
fundamental principles of structural enzymology, our main expertise, are independent of the field of
application. In the last years we had the chance to work with numerous academic- and corporate
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especially HIV1-protease[x] with various stereoisomers of classical inhibitors like Mozenavir.

whiskers

Left: Topology of the HIV-1 protease[xi], Right: HIV-1 protease inhibitor
DMP-450/Mozenavir[xii]

Validating the 2019-nCoV protease sequence

. . . L e.g. [xiii],[xiv] )
Although there are already modeling activities targeting this virus , we decided to start

from scratch to circumvent any potential biases and to focus on the protein class that our team is
most familiar with: The viral protease of 2019-nCoV. Andrew Mesecar, Purdue’s Walther Professor in
Cancer Structural Biology and head of the Department of Biochemistry is also working on structure
prediction of this target enzyme and the interaction with potential inhibitors. We are waiting for
these structures to become publically available. In the meantime, analyzing the viral Wuhan seafood
market pneumonia virus genome (NCBI genome ID MN908947[xv], GenBank: MN908947.3)
published by Wu, F. Et al. today (LOCUS MN908947, 29903 bp, ss-RNA linear VRL 23-JAN-2020) we
identified the potential protease sequence based on multiple sequences alignments with known
SARS coronavirus proteases. The following figure shows the aligning sequence region of 2019-nCoV,
“orf1ab polyprotein” with protein id QHD43415.1[xvi] with the sequence of PDB entry 5N50[xvii], a
structure of SARS coronavirus main protease deposited by Zhang, L., and Hilgenfeld, R. from the
German Center for Infection Research in 2017 using Clustal O:

PDB entry 5N50
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S5N50:A|PDBID|CHAIN|SEQUENCE = ——commmmmmomocceee SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVY 37
QHD43415.1 FSNSGSDVLYQPPQTSITSAVLQOSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVY 3300
B
5N50:A|PDBID|CHAIN | SEQUENCE CPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMONCLLRLKVDTSNPK 97
QHD43415.1 CPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMONCVLKLKVDTANPK 3360
dekddkkdk gk ko ko ko k ok ko ko sk sk g kk ok
5N50:A|PDBID|CHAIN|SEQUENCE TPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNHTIKGSFLNGSCGSVGFNIDYDCV 157
QHD43415.1 TPKYKFVRIQPGQTFSVLACYNGSPSGVYQCAMRPNFTIKGSFLNGSCGSVGFNIDYDCV 3420
R R R R R R R R R R R R e T T T T
5N50:A|PDBID | CHAIN | SEQUENCE SFCYMHHMELPTGVHAGTDLEGKFYGPFVDRQTAQAAGTDTTITLNVLAWLYAAVINGDR 217
QHD43415.1 SFCYMHHMELPTGVHAGTDLEGNFYGPFVDRQTAQAAGTDTTITVNVLAWLYAAVINGDR 3480
ek ke ke ko ko ko ks ek Rk ko ke k3 ok ko ok ok ok ok ok ok
S5N50:A|PDBID|CHAIN | SEQUENCE WFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCAALKELLONGMN 277
QHD43415.1 WFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLONGMN 3540
e e sk e ok ke sk ok ke ko sk e sk sk ek ke ok g ek ko
S5N50:A|PDBID|CHAIN | SEQUENCE GRTILGSTILEDEFTPFDVVRQCSGVTFQm === = e 306
QHD43415.1 GRTILGSALLEDEFTPFDVVRQCSGVTFQSAVKRTIKGTHHWLLLTILTSLLVLVQSTQW 3600

Ikkkkkks shkhhhhkhhh kb hhhkd kK

Using EMBOSS Needle aligning the sequence the translated 2019-nCoV genome with another PDB
entry 3TLO[xviii], a crystal structure of HCoV-NL63 3C-like protease, we get the same aligning region:

# Length: 7097

# Identity: 136/7097 ( 1.9%)

# Similarity: 192/7097 ( 2.7%)

# Gaps: 6795/7097 (95.7%)

# Score: 651.5
SEQUENCE ] s SGLKKMAQPSGCVERCVVRVCYGSTVLNGVWLGDTVT 37

[TasbPlal ol lelelelaale el el

QHD43415.1 3251 QPPQTSITSAVLQSGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVY 3300
SEQUENCE 38 CPRHVIAPSTTVL~IDYDHAYSTMRLHNFSVSHNGVFLGVVGVTMHGSVL 86
GBS 3301 CIEYIC AL TR R ACAG AT 3380
SEQUENCE 87 RIKVSQSNVHTPKHVFKTLKPGDSFNILACYEGIASGVFGVNLRTNFTIK 136
U a—.., | L) L2 | LAt L0 I R U
SEQUENCE 137 GSFINGACGSPGYNVRNDGTVEFCYLHQIELGSGAHVGSDFTGSVYGNFD 186
GHDANIS.L 3401 CEEGECCATEI YDV SV SO EY 3449
SEQUENCE 187 DQPSLQVESANLMLSDNVVAFLYAALLNGCRWWLCSTRVNVDGFNEWAMA 236
GDANIS.L 3450 gAML A A L A 3499
SEQUENCE 237 NGYTSVSS--VECYSILAAKTGVSVEQLLASIQH-LHEGFGGKNILGYSS 283
GHDANIS. T 3500 MEPLODEVI LT A DA RO LT, 3549
SEQUENCE 284 LCDEFTLAEVVKQMYGVNLQ=mmmmmmmmm - 303
QHD43415.1 3550 Lééé;};é;v&;&éécviééSAVKRTIKGTHHWLLLTILTSLLVLVQSTQ 3599

Extracting the putative protease sequence from position X to Y yields a putative protease sequence
of 306 amino acids with a calculated protein weight of 33.8 kilodaltons, which is at the upper range
of typical proteases.

I >QHD43415.1 putative protease by 5N50:A sequence alignment
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LYAAVINGDRWFLNRFTTTLNDEFNLVAMKYNYEPLTQDHVDILGPLSAQTGIAVLDMCASLKELLQNGM
NGRTILGSALLEDEFTPFDVVRQCSGVTFQ

Blasting this sequence again against the PDB revealed proteins with very high sequence similarity
and sufficient resolution for subsequent homology modeling, e.g. PDB entry 2A5K][xix].

PDB Sequence Search:
SGFRKMAFPS GKVEGCMVQV TCGTTTLNGL WLDDVVYCPR HVICTSEDML NPNYEDLLIR KSNHNFLV

Expectation Value = 10.0, Sequence Identity = 0%, Search Tool = blast, Mas

2A5K: Entity 1 containing Chain A, B View File

Crystal structures of SARS coronavirus main peptidase inhibited by an aza-
peptide epoxide in space group P212121

Lee, T.W.. Cherney, M\M,, Huitema, C.. Liv, J.. James, K.E,, Powers, J.C., Eltis, L.D,, James,
M.N.

(2005) J Mol Biol 353 1137-1151

Released: 10/25/2005 Macromolecule:

©3D View Method: X-ray Diffraction 3C-like peptidase (protein)
Resolution: 2.3 A Unique Ligands: AZP
Residue Count: 614

Length: 306 E-value: 6.88846E-156 Score: 548.169bits (1412) Identities: 294/306 (96%) Positives: 302/306 (99%) Gaps: 0/306
(0%)

1 10 20 30 40 50 60 70 80 90 10
(. | . | . | . | . | . | . | . | . | . |

Query SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMONCYVLKLKVDTANPKTPKY
SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDD VYCPRHVICT+EDMLNPNYEDLLIRKSNH+FLVQAGNVQLRVIGHSMONC+L+LKVDT+NPKTPKY
Sbjct SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDMLNPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMONCLLRLKVDTSNPKTPKY

2 10 20 30 40 50 60 70 80 90 100

In total, 138 structures were found meeting a generous expectation value of 10:

1LV0, 1P9S, 1P9U, 1Q2W, 1UJ1, 1UK2, 1UK3, 1UK4, 1WOF,1211,121J, 2A5A, 2A5I, 2A5K, 2ALV
2BX3,2BX4,2C3S,2D2D, 2DUC, 2GT7, 2GT8, 2GTB, 2GX4, 2G27,2G28,2G29, 2H27, 2HOB, 2K7X
206D, 206F, 206G, 20C2,2QCY, 2Q0IQ, 2V6N, 2VJ1, 2YNA, 2YNB, 223C, 223D, 223E, 2294, 229G
27U2,27U4,22U5, 3ATW, 3AVZ, 3AW0, 3AW1, 3D23, 3D62, 3E91, 3EAT, 3EA8, 3EA9, 3EAJ, 3EBN
3F9H, 3FZD, 3IWM, 3J1%, 3M3S, 3M3T, 3M3V, 3MOG, 3SN8, 3SNA, 3SNB, 3SNC, 3SND, 3SNE, 3SZN
3TNS, 3TNT, 3V3M, 3VB3, 3VB4, 3VB5, 3VB6, 3VB7, 4F49, 4HI3, 4MDS, 4RSP, 4TWW, 4TWY, 4WMD
4XFQ, 4YLU, 4Y09, 4YOG, 4YOI, 4YOJ, 4ZRO, 4ZUH, 5B60, 5C3N, 5C5N, 5C50, 5EU8, 5GWY, 5GWZ
5NHO, 5NHO, SNHO, SVRF, 5WKJ, SWKK, 5WKL, 5WKM, 520G, 6FV1, 6FV2, 6JIJ

™
For modeling the 3D structure of 2019-nCoV protease, we used our Catalophore  platform as well
as the public Phyre2[xx] server to generate homology models. Both approaches yielded satisfying
results as expected given by the very high sequence similarity.

Phyre2 top model d2duca1 is based on the fold library id d2ducal[xxi], a trypsin-like serine protease
oft the viral cysteine protease of trypsin fold from the SARS coronavirus main proteinase[xxii].
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3. FOIa D.47: ITYPSIN-IIKe Serine proteases [duU4ys] (1 superramily)
¥ barrel, closed; n=6, S=8; greek-key
duplication: consists of two domains of the same fold

4. &% Superfamily b.47.1: Trypsin-like serine proteases [50494] (4 families) 5
5. &= Family b.47.1.4: Viral cysteine protease of trypsin fold [50603] (3 proteins)

6. .. & Protein Coronavirus main proteinase (3Cl-pro, putative coronavirus nsp2) [74979] (3 species)
V7% contains an extra alpha-helical domain

7. ¥ §¥: Species SARS coronavirus [TaxId:227859] [89349] (20 PDB entries)

®

Domain d2ducai: 2duc A:2-301 [146586]
9 automatically matched to d1q2wb

Phyre2 confidence in the model is 100.0%, although we wouldn't go that far.

Model (left) based on template
d2ducal

Top template information

Fold:Trypsin-like serine proteases
Superfamily:Trypsin-like serine
proteases

Family:Viral cysteine protease of
trypsin fold

Confidence and coverage

Confidence: g [1[' A1) Coverage:
300 residues ( 98% of your sequence)
have been modelled with 100.0%
confidence by the single highest
scoring template.

Interactive 3D view in JSmol

For other options to view your
downloaded structure offline see the
Image coloured by rainbow N — C terminus FAQ

Model dimensions (A): X:37.952 Y:75.434 Z:46.236

» . » . » . © . 0 ) @

i
|
|

WAARAARA
Query Sequence GFRKMAF KVEGCMVQVTC LNGLWLDDVVYCPRHVICTSEDMLNPNYEDLLIRK
Template Sequence - F RKMAF KVEGCMVQVTC LNGLWLDDTVYC RBIIC EDMLNPNYEDLLIRK

Template Known Secondary structure ARARATT TT TT GG GG SS SS ’.'.:.'.'."

Template Predicted Secondary structure CRURNARANANN

» . » . » ) © . % ) @

@ . » . ® . » ) 10 . 10

E
g
|

NHNFLV NVQLRVI GHSMQNC VLKLKVD N KY KFVRI Q QTFSVLACYN
N F

Q K
Template Sequence S NHS FLVQAGNVQLRVI GHSMQNC LLRLKVD K KY KFVRI QP GQ VLACYN
Template Known Secondary structure fegefleld] TT TT SS TT TT TT

Template Predicted dary

@ . » . ® . w ) 10 . 10

m . » . w o) . © . w ) *

Query Sequence VYQCAMRPNFTIK FLN C VGFNIDYDCVSFCY MHHMEL VH DLEGNF
Template Sequence VYQCAMRPNHTIK FLN E VGFNIDYDCVSFCY MHHMEL VH DLEGKF
Template Known Secondary structure B-TTS B TT-TT TT TTS TTS B

Template Predicted Secondary structure

n . » . o 19 ) ™ . w ) o
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QIHYSQW LTQDHVDILGPLSAQTGIAVLDMC ASLKELLQNGMNGRTI LGSAL
Te equence L TQDHVDI LGPLSAQTGI AVLDMC AALKELLQNGMNGRTI LGSTIL
Temate Known Semnda structure AAAAAAT ARARAARAT —AAAAAN ARAARARAA—TT—B TTBSS ARAAAAAA
Template Predicted Secondary structure »  LALAAALAAAAAAN ARARAAR ARRAAAAA ARRAARAAN
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You can download the complete Phyre2 run here: d06ff0dcb8400814.tar

In subsequent steps, we will identify cavities in the homology models, annotate them to generate
point clouds.

Innophore’s CatalophoreTM platform predicated a homology model bases on the structural
template 2H2Z[xxiii], chain A, the crystal structure of SARS-CoV main protease with authentic N and
C-termini, with an overall quality “Pretty good”. We expect the protein to be a monomer. You can
download the model as compressed PDB file here: QHD43415_1-putative-protease_cleaned.pdb

QHD43415.1 putative protease

Template: 2H2Z-A (© PDB) Model parameters
Chains (1): A

Quality: Pretty good PSI-BLASTS: 6
Sequence identity: FI——_6.1 % E (PSI-BLAST): 0.5
Sequence similarity: sss——— 8.7 % Templates: 5
Res. aligned/total 100 % (306/306) Alignments: 5

E el 0 Oligomerization: 2
State monomer

Hybrid: Terminal loop size: 10
Z-Score -0.16 [ a2
Dihedrals: 2.292 Acouacy; fast
Packing (1D/2D): -0.65 / -0.513 Sample loops: 50
Worker docker:cb-modelbuilder:1.9.89m Delete residues: ~ None
CATALObase { Downloads pdb | sce | fasta | ali |  S-based profiles: 0

DIR | LOG Confidential: Yes
« Request mutant |

» (QHD43415.1 putative protease )

Sequence identity: 96.1 %
Sequence similarity: 98.7 %
Res. aligned/total: 306/306

The comparison of the two independent models showed high similarity, with a final RMSD of 0.396

A:
Match: read scoring matrix.
Match: assigning 300 x 306 pairwise scores.
MatchAlign: aligning residues (300 vs 306)...
MatchAlign: score 1616.000
ExecutiveAlign: 300 atoms aligned.
ExecutiveRMS: 7 atoms rejected during cycle 1 (RMSD=0.89).
ExecutiveRMS: 14 atoms rejected during cycle 2 (RMSD=0.62).
ExecutiveRMS: 12 atoms rejected during cycle 3 (RMSD=0.54).
ExecutiveRMS: 15 atoms rejected during cycle 4 (RMSD=0.49).
ExecutiveRMS: 9 atoms rejected during cycle 5 (RMSD=0.43).
Executive: RMSD = 0.396 (243 to 243 atoms)

We use cookies to ensure that we give you the best experience on our website. If you continue to use this site we will assume that
you are happy with it.

Ok Read more

03/03/2020 a

https://innophore.com/2019-ncov/

19:15



Coronavirus COVID-19 (formerly known as Wuh... https://innophore.com/2019-ncov/

y y Builder Properties Rebuild
You clicked /Phyre2_Mo 161/C8B

Selector: selection "sele" defined with 12 atoms.

PyMOL>ray 2192, 1130

Ray: render time: 5.67 sec. = 634.5 frames/hour (5.67 sec. accum.).

Save: Please wait -- writing session file...

Save: wrote "/Users/cg/Documents/work/Innophore/Projects/2019-nCoV/models/Models.pse”.

PyMOL>
all
Catalophore_Platform_Model
Phyre2_Model

(sele)

The PyMol session file containing both models can be downloaded here: 2019-

nCoV_putative_protease-Models.pse
2019-nCoV active sites considerations

™
For the template structure 2H2Z, our Catalophore  database has point-cloud cavities of 6 cavity

breeds available, calculated under different environments (e.g. pH):

® Cavity breed 3 (2 Procreation) =2
® Cavity breed 4 (2 Procreation) =2
® Cavity breed 10 (2 Procreation) =2
& Cavity breed 12 (2 Procreation) =2
® Cavity breed 15 (2 Procreation) =2
® Cavity breed 1 (2 Procreation) =2

At protonation state pH 7, we have two cavities for the template, both annotated as EC 2.7.48:

12-2H21'3 Protein Data Bank__2

Origin 2H2Z [£ Protein Data Bank] @ pH 5 as cavity 2 of = 2
Chain(s) A (A: 99% NA: 1%)
Volume (Size) 133 A% (2531 points)
Properties QOLLLLLEOV0LLLOLOLVY
Worker
} CATALObase 0 Downloads Cavity | Overview
i Enzyme class A: EC 2.7.7.487
W Residues

m P 3. 3 3
R 1

Cavity search experiment A Procreation | = 24882B10-A20E-4750-B91B-5A1491444460
¥ QCS Quick Catalophore™ search

12-2HZZ‘E" Protein Data llnk_1 -2

Origin 2H2Z (£ Protein Data Bank] @ pH 5 as cavity 1 of = 2

Chain(s) A (A: 96% NA: 4%)

Volume (Size) 152 A3 (2875 points)

Eionetties QOLLLCLLRO00GYLOY00Y

L Worker

We use cookies to ensure that we give you the best experience on our website. If you continue to use this site we will assume that
you are happy with it.

Ok Read more

8 sur 25 03/03/2020 a 19:15



Coronavirus COVID-19 (formerly known as Wuh... https://innophore.com/2019-ncov/

We calculated the active site CatalophoreTM point-cloud for the putative 2019-nCoV protease. Using
standard setting, we obtained three cavities in the 2019-nCoV protease model:

218-QHD43415.1 putative protease® "

Origin QHD43415.1p protease [ ¢ models] @ pH 7 as cavity 3 of
=3
Chain(s) A (A: 100% )
Volume (Size) 56 A3 (1069 points)
properties QOVOVIVRV00TIIVVRY
$ ’ Worker docker:cb-cavitysearch:1.9.76m
' N CATALObase 0 Downloads Cavity | Overview
W Residues [ vsc |
EE mmm,m-
3
¥ QCS Quick Catalophore™ search Cavity search experiment 2 Procreation | = 3ADD9292-4EA0-4DDA-A450-69D172C8DCFB

218-QHD43415.1 putative proteaseﬁ k

Origin QHD43415.1 putative protease [<> Homology models] @ pH 7 as cavity 2 of
=3
Chain(s) A (A: 96% NA: 4%)
Volume (Size) 90 A% (1715 points)
propertis 0000V 00TITO0IY
Worker docker:cb-cavitysearch:1.9.76m
’ CATALObase 0 Downloads Cavity | Overview
W Residues EE3
el - uch sl
:ch Quick Catalophore™ search Cavity search experiment 2 Procreation | = 3ADD9292-4EA0-4DDA-A450-69D172C8DCFB

218-QHD43415.1 putative pr(:tease‘"J L

Origin QHD43415.1 putative protease [<> Homology models] @ pH 7 as cavity 1 of
=3
Chain(s) A (A: 95% NA: 5%)
Volume (Size) 125 A% (2372 points)
3 g 00000200 00TII00A00
§ Worker docker:cb-cavitysearch:1.9.76m
A CATALObase 0 Downloads Cavity | Overview

W Residues [ vsc |
IR R T

Cavity search experiment A Procreation | = 3ADD9292-4EA0-4DDA-A450-69D172C8DCFB

¥ QCs Quick Catalophore™ search

We are currently fingerprinting the most likely candidate for the active site and re-checking our
cavity procreation parameters. We will come back shortly with a downloadable version including the
physicochemical parameter point-clouds and analysis of the differences to the proteases from other

coronaviruses.

(b)
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LABUAT T LLICICINGD USUVETIT WIS LWIHPICA SUWLIMITS UL 1Y 1 QI \J1 LAJO-TY 14 (@) MUUUIWE 130 \U) JUpPSE PUSIuuIL Ul
the substrate-binding pockets in protomer A of GPLGS-WT and that in protomer A* of WT. In the WT-N3 complex
structure, the NH, group of Serl in protomer B* was still hydrogen-bonded to the carboxylate group of Glu166 and the
carbonyl group of Phel40 in protomer A*, stabilizing the S1 pocket. In the GPLGS-WT-N3 complex structure, however,
the two hydrogen bonds described above were not found. Instead, an ordered water molecule was observed in the S1
pocket. Protomer A* of WT is in blue; protomer A of GPLGS-WT is in yellow; inhibitor N3 (complexed with WT) is in
magenta; inhibitor N3 (complexed with GPLGS-WT) is in red; protomer B* of WT is in green; protomer B of GPLGS-
WT is in cyan.

By aligning PDB entry 2H2Z from Yang, H. Et. al 2006[xxiv] with our model and mapping the residues
Glu166 and Phe140 (figure above) of the inhibition site to our point-cloud CatalophoresTM sites, we

could identify cavity “1” to be a potential target site for inhibition.

1
+ structures
+ cavity 1-999D4
+ cavity_ 2-B7ABD
- cavity 3-EAS42

2h2z
! aln_2h2z_to_cavi

(sele

[lvlvlonlnlvlolnl

Sugsequentially we will search our CatalophoreTM databases for similar point clouds in hope of
identifying proteins with similar distribution patterns in the physicochemical property space with
known inhibitors to potentially find inhibitors that bind to the protease of the Wuhan virus as well.

Update January, 24rd 2020 1:24 UTC: Catalophore search started

We reallocated 3/4 of our computational resources - several thousand cores - to screen 535.879
cavities derived from the PDB overnight. The estimated total CPU time for this screening is
approximately 23 days.

Matches
E
(V) W4

0% 20% 40% 60% 80% 100%
Powered by ZingChart

© Completion 15% ¢ Remaining: 01 h40 m 48 s & CPU: 22 days 23 h56 m 25 s

One of the first meaningful matches out of the 15% that were screened until now is a cavity match

with a point-cloud from PDB entry 2A5I (https://www.rcsb.org/structure/2A51, Crystal structures of

CARC rAarAnaviriic main nantidaca inhihitad hv an a7a_nantida annvida in tha cnara orainn 2
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Match Total score 0.03919460
Match Distance score 0.00555660
Match Overlap 1 79 %
Match Overlap 2 52 %

Score: CDDEE285-3E3F-11EA-A0D6-0242C0D(

QHD43415.1 putative protease # 999D4418-A2A2-45... 2A5] ® 9F16B310-5264-4841-B633-306F14970479
Group: Class: A
OERED S 79% Overlap 52%

‘ * SA N
OA NA

Best score: 0.02241601
This score: 0.0391946
Difference: 0.01677859

Crystal structures of SARS coronavirusm ... [£
Protein Data Bank]
ec2.7.7.48
QHD43415.1 putative protease query 2A51

Although the cavity overlap is not perfect, the alignment of the protein structures solely based on
the cavity rotation-translation matrix is satisfying.

Left: active site of the putative 2019-nCoV protease, right: database entry FDBB501F-
1EF4-4AC9-8AA3-0CE76, the point-cloud of the SARS coronavirus peptidase inhibited by an aza-
peptide epoxide:
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Overlay of the compound AZP (https://www.rcsb.org/ligand/AZP) based on the cavity matching
alignment. This is not a docking result - the coordinates of the ligand were transformed based on
the cavity match and transferred onto the 2019-nCoV protease.

Ethyl (5S,8S,14S)-11-(3-amino-3-oxopropyl)-8-benzyl-14-hydroxy-5-isobutyl-3,6,9,12-
tetraoxo-1-phenyl-2-oxa-4,7,10,11-tetraazapentadecan-15-oate
Molecular Formula: C32H43N509

Average mass: 641.712 Da
Monoisotopic mass: 641.306091 Da
ChemSpider: ID4450034

IxJBE\ //‘:,18[1
CD, CBC
B /CG\ B CBB\ o
OAL CB CD, OAY CBA 0OBQ CBT
//CAF\ /CAG\H /CAI\ /CA\ l\.JA:?h‘ /CAU\ . /I\.I/-‘«;\ /CBM\ /CBP\ /CBS
CAA CAE OAH N C CAT NAX CBK CBO OBR
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Update January, 24rd 2020 2:16 UTC: Catalophore search finished

E 3 : A Matches
J|I|J “+
’

T 1
0% 20% 40% 60% 80% 100%
Powered by ZingChart

© Completion 100% & Remaining: & CPU: 23 days 08 h15m 41 s

Our in-silico Catalophore screening completed after 01 h 38 m 21 s real-time, roughly the expected
23 CPU days. We now filtered the results for Catalophore point-clouds in the database with an
overlap of more than 70% with the 2019-nCoV virus protease point-cloud and favored cavities were
crystallographic ligands were bound before calculating the cavities. We limited the results to cavities
larger than 150AA3 covering the complex ligand to enrich medium- to large-sized organic
compounds in the ranked list.

Disclaimer: This following list does not take into account any pharmacological-, toxic- or side effect
nor does it represent compounds directly suggested as potential drugs against 2019-nCoV. The list
currently contains 148 organic compounds in total, that bind to protein cavities that share high
physicochemical similarity to the 2019-nCoV protease active site cavity based on our multi-
dimensional point-cloud matching.

The preliminary top 5 hits potentially binding to the putative 2019-nCoV protease are listed in the

following table - after further inspection, the remaining candidates will be available too:

Catalophore Score Compound Formula InChiKey
0.023 G75 k (2; PIZHLOUXQJUQHF-VXNXHJTFSA-N

0.026 G82 @”A (Kfc/*“ MMMLJIROCXIHMV-XJYHXZFBSA-N

0.027 DTZ HS —Zn—5H  KEQKAMYELZXRRN-UHFFFAOYSA-L
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0.030 R30 ) TWIVXCFEBRGEKY-UHFFFAOYSA-N

.8

0.031 3X5 Q\j VZCULZJNALRGNB-DNZWLJDLSA-N

Update January 24th 2020, 16:00UTC

Since we were mentioned in the Wikipedia article today about the novel coronavirus 2019-nCoV
having published comparative models and preliminary inhibitors of the #2019-nCoV protease we are
in contact with several official bodies to further contribute to the field.

Update January 24th 2020, 22:00UTC

Thanks to our colleagues from the GISAID initiative, tonight we have gained access to 17 additional
nCoV genome data sets recently derived from patients.

Update January 25th 2020, 00:30UTC

We are so proud to be working with a group of bioinformaticians from a major pharmaceutical
company in Beijing and the Chinese CDC since 1 a.m. to search our Catalophore databases for
potential experimental or approved drug targets that could bind to the #2019-nCoV protease and to
review our data with our colleagues in China.

Update January 25th 2020 09:30UTC

More than 20 research groups incl. the Shanghai Institute of Materia Medica, Chinese Academy of
Sciences and Shanghai University of Science and Technology’'s Institute of Immunochemistry joined
the emergency response team against #2019-nCoV virus infection, using the accumulated anti-SARS
drug research experience to conduct anti-2019-nCoV drug research. A list of potential compounds
was published just now. The HIV-1 protease inhibitor DMP450 we mentioned yesterday night in our
post is not in the list, however many of the entries are HIV inhibitors. We were informed by CDC, that
Innophore’s top 2 ranked candidate molecules from yesterday, G75 and G82 are missing drug
status. So the search will be focused on approved drugs only now. Still, these molecules are
supposed to be the potentially the best binders, derived from the analysis of the previously
published crystal complexes e.g. by Lee Et. al (https://www.rcsb.org/structure/2A51). Molecular
dynamics analysis will be available in 4-5 hours. Some of the compounds listed by the emergency
response team are found in crystal structures of complexes and are highly ranked in cavities of our
yesterday Catalophore search, meaning having a total score under 0.1, e.g. Lopinavir (is the Top3
candidate of the Chinese emergency response team) and scored in our search with a Catalophore
total score of 0.085939 by matching our cavity of 2019-nCoV protease cavity with the cavity of PDB

We use cookies to ensure that we give you the best experience on our website. If you continue to use this site we will assume that
you are happy with it.

Ok Read more

14 sur 25 03/03/2020 a 19:15



Coronavirus COVID-19 (formerly known as Wuh... https://innophore.com/2019-ncov/

TRESR
» ﬁﬁ(ft'.l—‘lr L2 EfEMRH% P
Tedinavi © AR

~J . o HIV

Saquinavir (e L
i* #, HIV

L L
IV

Chinese emergency response team against 2018-nCoV virus infection January 25 2020

Update January 25th 2020 10:03UTC

As mentioned, we are working with a group of biocinformaticians from a major pharmaceutical
company in Beijing and the Chinese CDC since 1 a.m. to search our Catalophore databases for
potential experimental or approved drug targets that could bind to the #2019-nCoV protease and to
review our data with our colleagues in China. We have to coordinate the file transfers and
communication with our partners in China, therefore we stop to publish now to get the work done.
Cross your fingers and if you have any suggestions, contact us anytime.

Update January 25th 2020 10:25UTC

Since the last days, the requests for our webserver are continuously increasing. Since this night, it's
even growing much faster. Our website is hosted at an external provider - if the server breaks under
the load we will migrate to AWS or Google with the following updates - if any. We would post the
links on LinkediIn.

Mits in the last 10 days

Update January 29th 2020 16:10UTC

We were rather busy since Saturday to confirm, reevaluate, screen and communicate our data about
ncov protease. Refering strictly only to public media here, f.i. NYT from yesterday without any
other governmental, industrial or scientific or medical source from any continent, it's officially
confirmed since yesterday that China tests Lopinavir for the treatment of the coronavirus in
hospitals. Lopinavir was identified as one of the top targets by Innophore Catalophore search last
week. This compound has already shown promising results in SARS that has a structurally very
similar protease. We finished running the (short) MD simulations on different conformations based
on the Catalophore point-cloud alignment and (re)- docking lopinavir into the 2019ncov virus
protease model. The docking experiment produced 8 clusters of possible conformations, we chose 6
out of 8 conformers and ran an all-atom 300 ps MD at 310 K (=36.85°C) for each one of them. The
conformers have heen named | P1 (highest bhinding enerov) to | P6 (lowest binding enerev) based on
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The conformer in the video is the number LP1.

00:00 00:33

Update January 28th 2020 21:30UTC

A 2019-ncov protease model was published by Xu etl al. yesterday. Their sequence alignment is
basically identical to ours from 23rd of January. However, we couldn't find the structure files for
download. If anybody has access to a model that differs significantly from hours, please let us know.

S0

| | | | 1,

SARS \'"“ SGFREMAFPSGKVEGCMVQVTCGTTTLNGLWLDDTVYCPRHVICTAEDML
2019-nCov_Mpr SGFRKMAFPSGKVEGCMVQVTCGTTTLNGLWLDDVVYCPRHVICTSEDML
SARS Mo PP PP PP PP PP AP PP DU AP SRR |
SARS NPNYEDLLIRKSNHSFLVQAGNVQLRVIGHSMQNCLLRLKVDTSNPKTPK
2019-nCov_Mp™ NPNYEDLLIRKSNHNFLVQAGNVQLRVIGHSMQNCVLKLKVDTANPKTPK
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SARS_MP TLNVLANLYARV INGDRWFLNRF T TR LNDENLYAMKYNYEPLTQDHVDEE
2019-nCov_Mre TVNVLAWLYAAVINGDRWFLNRFTTTLNDFNLVAMKYNYEPLTQDHVDIL

SARS_MP ik %ﬂ ““ “
2019-nCov_Mpre GPLSAQTGIAVLDMCAS

SARS_Mpo IH.A|A,.. \....l.A.AI..A. |....|A,.<|
2019-nCoy_Mpre ‘

Figure 1. Sequence alignment of 2019-nCov MP™ and SARS MP™,

Update January 29th 2020 00:05UTC

We created DOIs for this information, please refer to 10.6084/m9.figshare.11752749 if you want to
cite this document or to 10.6084/m9.figshare.11752752 if you want to refer to the model and the
renderings in your publications.

Update January 29th 2020 01:10UTC
Standby.
Update January 29th 2020 18:55UTC

Yesterday we started to look for further enzymes in the genome of the 2019-ncov virus. We have no

data available until now.

Molecular dynamics simulations of the comparative model of novel coronavirus 2019-nCoV protease
Mpro in complex with 6 different conformations based on the Catalophore point-cloud alignment
and (re)- docking of lopinavir into the 2019ncov virus protease model are now available for
download here 10.6084/m9.figshare.11764158. The initial docking experiment produced 8 clusters
of possible conformations, we chose 6 out of 8 conformers and ran an all-atom 300 ps MD at 310 K
(=36.85°C).

® The two images in the main folder refer to the docked structures before the MD simulation.

® The file all_centroids.pse contains the frames representing the centroid of the subsequent MD
simulation for each docking cluster.

® Each archive contains the centroid in PDB format, the starting frame of the simulation in GRO
format and the compressed trajectory in XTC format. In the directory “other_files” there are other
data generated during the simulation, i.e. heatmap representing the contact frequency between

the ligand atoms and the ones belonging to the homology model.

Update January 29th 2020 21:08UTC
LP1 heatmap representing the contact frequency between the ligand atoms and the ones belonging

to the homology model.

]
ma

We use cookies to ensure that we give you the best experience on our website. If you continue to use this site we will assume that
you are happy with it.

Ok Read more

17 sur 25 03/03/2020 a 19:15



Coronavirus COVID-19 (formerly known as Wuh... https://innophore.com/2019-ncov/

me 111
1
1
]
W urme fman

Update February 1st 2020 17:01UTC

Yesterday (31.1.2020 15:45UTC) we published an analysis (download at
10.6084/m9.figshare.11778750) showing the H-bond network established during the 6 molecular
dynamics simulations of coronavirus 2019-nCoV protease model in complex with different
conformations of lopinavir (see figure from Update January 29th 2020 16:10UTC above). The dashed
lines reported in the said structures do not necessarily reflect the presence of a hydrogen bond in
the particular frame displayed (the “centroid” of the simulation), but indicate that the bonds
occurred at least once during the simulation. Point clouds generated by the Catalophore platform
are represented in sphere mode and their color represents the buriedness index. Point clouds were
calculated on the whole active site of the enzyme disregarding the presence of a ligand. A textual list
of the H-bond interactions is below. This data could help to design improved variants of the ligand.
In the following figure, LP1 is shown. The PyMol download file includes all LPs.
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sc: sidechain, bb: backbone

e LP1
Met49 sc: H4-HO4
Asn142 sc: 05
Gly143 bb: O5
Glu166 bb: H3
GIn189 sc: 04-HO4-02
e LP2
Asn142 sc: 05
Glu166 bb: 04
GIn189 sc: 02
e |P3
Ser46 sc: 03-05
Asn142 sc: 04
Met165 sc: HN2
GIn189 sc: 01-H3
Thr190 bb: O1-HN2
* LP4
Thr24 sc: O1
Ser46 sc: 01-02-04-HO4
Met165 sc: H4
GIn189 sc: 04
e LP5
Thr24 bb: HN2
Ser46 bb/sc: bb: 02; sc: 04-HO4
Met165 sc: H4
GIn189 sc: H4-04-HO4-05
® LP6
Thr26 bb: HN2
Asn142 sc: 02-05

Al A0 L. AN
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Met165 sc: HO4
Glu166 bb/sc: bb: H4-04-HO4; sc: H4

Side note: We double checked our and the other groups alignments of the protease and did not
identify representative insertions that are found in other species.

Comparison to other 2019-ncov homology models

In the meantime, additional models were built, the RMSD to our published models are in the range
of 0.3 and 0.9A. The Zhang lab yesterday published on their website models for all protein
products of 2019-ncov virus (https://zhanglab.ccmb.med.umich.edu/C-I-TASSER/2019-nCoV/). The
mPro protease we are dealing with is called “QHD43415_5 (L=306)" on their website. The alignment
yields an RMSD of 0.9A:

Match: read scoring matrix.

Match: assigning 306 x 306 pairwise scores.

MatchAlign: aligning residues (306 vs 306)...

MatchAlign: score 1646.000

ExecutiveAlign: 306 atoms aligned.

ExecutiveRMS: 3 atoms rejected during cycle 1 (RMSD=1.47).
ExecutiveRMS: 5 atoms rejected during cycle 2 (RMSD=1.00).
ExecutiveRMS: 4 atoms rejected during cycle 3 (RMSD=0.95).
ExecutiveRMS: 3 atoms rejected during cycle 4 (RMSD=0.92).
ExecutiveRMS: 4 atoms rejected during cycle 5 (RMSD=0.91).
Executive: RMSD = 0.886 (287 to 287 atoms)

Executive: object “aln_QHD43415_5_to_Catalophore_Platform_Model” created.

Green: Catalophore Platform, cyan: Phyre2, yellow: I-TASSER, rose: SwissModel
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The active site constellations are close. Still, we will publish a detailed cavity comparison of the

available models in the next days.
Update February 2nd 2020 21:05UTC

Our partners Horacio Pérez-Sanchez, José Pedro Cerén-Carrasco, Jorge Pefia-Garcia and
Antonio Jesus Banegas-Luna from the Structural Bioinformatics and High Performance
Computing Research Group (BIO-HPC, http://bio-hpc.eu) from Universidad Catélica de Murcia
(UCAM, http://www.ucam.edu) used SBVS and LBVS methods to screen for potential inhibitors and

sent us the results yesterday to publish on our channels.

A) first list (SBVS), first we used our Blind Docking approach. We wanted to check if a blind
redocking calculation would allow the co-crystallized ligand when put out apart from the protein
to 1) find the active site, and 2) align it to the crystal pose with less than 2A RMSD. Our BD
method is reported in https://www.nature.com/articles/s41589-019-0278-6.

We tried several docking engines at the same time underneath the BD approach; Autodock Vina,
Autodock 4, Lead Finder, FRED (Open Eyes). And we found FRED could do it and LF was rather
close. So from then one we just used those two methods. With them we processed DrugBank
and FoodBank and applied for both methods a consensus scoring approach, so in quick way,
compounds in the top 1% rank for both methods were selected to visual inspection by me. Then
| also checked bibliography and selected the ones of the table, first list.

B) LBVS; given the tight deadline | applied a fast method called DBVS (Descriptor Based Virtual
Screening). In a nutshell, using DRAGON, we calculated all descriptors for DrugBank, FoodBank
and also the query compounds known to be active in coronavirus. | focused first on the one
coming from the Shanghai crystal. Then | screened the compound against the two databases,
and only cases in which the Euclidean distance between matching descriptors with exact same
values was less than 10, then | selected them for further visual inspection and bibliography.

IN this LBVS scheme we will also apply this scheme: https://chemrxiv.org/articles
/Optimizing_Electrostatic_Similarity_for_Virtual_Screening_A_New_Methodology/10044272/1

Disclaimer: This following list does not take into account any pharmacological-, toxic- or side effect
tested in clinical trials nor does it represent compounds directly suggested as potential drugs against
2019-nCoV. Innophore is not taking responsibility (please see our disclaimer on the top of the page).

The list we received yesterday can be downloaded from our server here: https://innophore.com
/download/BIO-HPC_UCAM_list_1_of_selected_hits_submitted_to_Innophore_20200201.xIsx.

UPDATE February 5th 202013:34UTC

The crystal structure of the protease of our partner Prof. Yang group from ShanghaiTech is oficially
released: https://www.rcsh.org/structure/6LU7. An alignment is posted below, we updated our DOI

dataset containing the crystal structure: 10.6084/m9.figshare.11752752.

Yellow: X-ray, Other colours: Models
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We are going to publish the MD, catalophore and docking data we produced with the crystal
structure in the last 8 days very soon. Overall, the now available crystal structure of the nCov
protease is very similar to the homology model previously proposed by Innophore. A Calpha-
alignment resulted in an rmsd of 0.6 Angstrém for 282 out of 306 superimposed Calpha-atoms. As
expected, several side-chains, especially on the surface of the protein, exhibit different
conformations in the two structures. Such differences are also seen for residues lining the putative
active site (see figure: Innophore model (orange), x-ray structure (cyan)). Particularly the differing
conformations of the H41 and D187 might influence the outcome of e.g. a docking calculation if not
taken into account.

I
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23 sur 25

coordinate and manage an international effort for allocating significant funding together with the
University of Graz as legal coordinator to fight against the current outbreak of 2019-nCoV. In a
collaborative systematic effort of in-silico and in-vitro techniques with careful balance between state-
of-the art established methods fortified with emerging new technologies we aim at rapidly finding
and testing chemical compounds and methods that inhibit the 2019-nCoV M(pro) protease, which is
our primary target. World-wide leading institutions, active in bioinformatics, drug- screening and
design supported by major European HPC facilities will be redundantly cross-linked with high-
throughput experimental in-vitro and in-vivo validation methods. The consortium covers the whole
pipeline, from the 2019-ncov genome isolated from patients down to the testing of compound in
2019-ncov cell cultures. Our website (currently only listing the partners) was launched yesterday:
fastcure.net

UPDATE February 13th 2020 13:48UTC

Yesterday we published the next series of molecular dynamics simulations on SARS-CoV-2 (formerly
2019-nCoV) main protease (Mpro) as open data. We explicitly invite to use the data for further

analysis: https://figshare.com/projects/Coronavirus_2019-nCoV/74982.

Three-fold replicates of 0.5ns molecular dynamics simulations at 310 K of the crystal structure of
SARS-CoV-2 Mpro solved by our consortium partner Prof. Yang's from ShanghaiTech in complex with
potential ligand(s) in different conformations. Our consortium now has access to extensive

computational resources and will continue its bioinformatic analysis.

References

We use cookies to ensure that we give you the best experience on our website. If you continue to use this site we will assume that

you are happy with it.

Ok Read more

03/03/2020 a 19:15



Coronavirus COVID-19 (formerly known as Wuh... https://innophore.com/2019-ncov/

® [i] https://www.who.int/publications-detail/surveillance-case-definitions-for-human-infection-with-
novel-coronavirus-(ncov)

® [ii] https://www.bbc.com/news/world-asia-china-51217455

® [iii] https://edition.cnn.com/2020/01/23/china/wuhan-coronavirus-update-intl-hnk/index.htm]

® [iv] https://www.cbc.ca/news/health/coronavirus-human-to-human-1.5433187

® [v] https://www.reuters.com/article/us-china-health-pneumonia-who-idUSKBN1ZD16)

® [vi] https://en.wikipedia.org/wiki/Novel_coronavirus_(2019-nCoV)

® [vii] https://link.springer.com/protocol/10.1007%2F978-1-4939-2438-7_1

® [viii] https://www.asiatimes.com/2020/01/article/wuhan-disease-spread-by-bats-animals-expert/

® [ix] https://www.webmd.com/lung/news/20200122/what-to-know-about-new-coronavirus-from-
china

® [x] https://proteopedia.org/wiki/index.php/HIV-1_protease

® [xi] https://bmcgenomics.biomedcentral.com/articles/10.1186/1471-2164-15-S7-S5

® [xii] https://pubchem.ncbi.nlm.nih.gov/compound/Mozenavir

® [xiii] https://www.biorxiv.org/content/10.1101/2020.01.20.913368v1

® [xiv] https://www.biorxiv.org/content/10.1101/2020.01.20.913368v1

® [xv] https://www.ncbi.nlm.nih.gov/nuccore/MN908947

® [xvi] https://www.ncbi.nIm.nih.gov/nuccore/MN908947.3?location=266:13468,13468:21555

® [xvii] https://www.rcsb.org/structure/5N50

® [xviii] https://www.rcsb.org/structure/3TLO

® [xix] https://www.rcsb.org/structure/2A5K

® [xx] http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cgi?id=index

® [xxi] http://scop.berkeley.edu/sunid=146586&ver=1.75

® [xxii] https://www.rcsb.org/structure/2DUC

® [xxiii] https://www.rcsb.org/structure/2H2Z

® [xxiv http://europepmc.org/article/med/17189639

Notice: In the current situation our highest priority is the rapid production and publication of
data to make available for scientists everywhere to continue this work and no time and no
resources are wasted by starting from scratch every time.

We are of course double-checking our data and trying to make sure to produce high-quality
calculations and simulations. However, if you find any inconsistencies or errors please

contact us anytime via mail, the website, LI, social media or phone.
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