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Transparent Methods
Homology Spike protein blast and sequence alignment.

The Spike protein of (GB: QHR63250.1) was downloaded from NCBI nucleotide
database. The protein sequence were aligned with whole database using BLASTp to
search for homology viral Spike protein (Alogorithm parameters, Max target sequences:
1000, Expect threshold: 10). Multiple-sequence alignment was conducted in BLASTp
online and analysis with DNAMAN and Jalview. The evolutionary history was inferred
using the Neighbor-Joining method in MEGA 7 software package. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test was
determined by 500 replicates. The Spike protein sequence analyses were conducted in
snapgene view.

Furin cleavage site prediction

The prediction of furin cleavage sites were carried out in ProP 1.0 Server

(http://www.cbs.dtu.dk/services/ProP/ ).
Compounds database
Approved drug database was from the subset of ZINC database, ZDD (ZINC drug

database) containing 2924 compounds (Irwin et al., 2012). Natural products database

was constructed by ourselves, containing 1066 chemicals separated from traditional
Chinese herbals in own lab and natural-occurring potential antiviral components and
derivatives. Antiviral compounds library contains 78 known antiviral drugs and reported
antiviral compounds through literature search.
Homology modeling and molecular docking

Corresponding homology models predicted by Fold and Function Assignment System
server for each target protein were downloaded from Protein Data Bank (www.rcsb.org).
Alignment of two protein sequences and subsequent homology modeling were
performed by bioinformatics module of ICM 3.7.3 modeling software on an Intel i7 4960
processor (MolSoft LLC, San Diego, CA). For the structure-based virtual screening, ligands
were continuously resiliently made to dock with the target that was represented in

potential energy maps by ICM 3.7.3 software, to identify possible drug candidates. 3D
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compounds of each database were scored according to the internal coordinate

mechanics (Internal Coordinate Mechanics, ICM) (Abagyan et al., 1994). Based on Monte

Carlo method, stochastic global optimization procedure and pseudo-Brownian
positional/torsional steps, the position of intrinsic molecular was optimized. By visually
inspecting, compounds outside the active site, as well as those weakly fitting to the
active site were eliminated. The software adopted two kind of scoring system. One is
ICM score, which is based on the empirical function of predicted physical interaction,
calculated according to seven parameters, including ligand-target hydrogen bonding
interactions,internal force-field energy of the ligand, desolvation energy of hydrogen
bond donor-acceptor,entropy loss due to conformational differences upon ligand
binding, polar and non-polar solvation energychanges upon ligand binding,electrostatic
energyand hydrophobic free energy (Neves et al., 2012). Another is mfscore, it is a
potential of mean force score and provides an independent score of the strength of
ligand-receptor interaction. It is a measure of statistical probability of interaction
between the ligand and the receptor. It examines interatomic distances of the docked
interaction, and compares that to existing interactions available in PDB (Muegge et al.,
1999).

Compounds with Scores less than -30 or mfScores less than -100 (generally represents
strong interactions) have priority to be selected. Protein-protein docking procedure was
performed according to the ICM-Pro manual.

Expression and purification of furin
The detailed procedures for expression and purification of human furin (UNIPROT ID

P09958) refer to previous work with some modifications (Dahms et al., 2018). Briefly,

the sequence encoding human furin amino acids 23-574 was cloned into PEGMan vector
with N-terminal secretion signal peptide and C-terminal His tag. The expressed plasmid
was transfected in HEK293-GnTI cells using polyethylenimine transfection reagent, and
the transfected cells were cultured in a 10 cm plate with 10 mL of DMEM (Invitrogen)
containing 10% bovine calf serum (HyClone, GE Healthcare) overnight. The medium was

changed to 10 mL of freeStyle 293 Expression Media (Thermo Fisher Scientific), and the



cells were cultured for another 72 h. The conditioned medium was collected and
centrifuged at 4500 g for 20 min. The supernate protein was dialysis against 25 mM Tris,
pH 8.0, 250 mM NaCl, 5 mM CaCl, overnight at 20 °C before purification. The secreted
furin was purified from the culture media using Ni-NTA agarose (Qiagen) affinity
chromatography with gravity flow.
Enzymatic activity and inhibition assays

In brief, the activity of human furin was measured by a continuous kinetic assay, with
the substrate Boc-Arg-Arg-Ala-Arg-AMC (GL Biochem) or Boc-Arg-Val-Arg-Arg-AMC (GL
Biochem), using wavelengths of 36040 nm and 46040 nm for excitation and emission,
respectively. Furin was added in assay buffer containing 100 mM HEPES buffer, pH 7.0,
0.2% (v/v) Triton X-100, 2 mM CaCl, and 0.1 mg/mL BSA. The assay started by
immediately mixing with different concentrations of substrate (0.39-200 uM). The
fluorophore, 7-amino-4-methylcoumarin (AMC) group released from Boc-RRAR-AMC or
Boc-RVRR-AMC was monitored in the form of relative fluorescence units as a function of
time (RFU/min) using a BioTEK Synergy H1 multimode microplate reader at 37 °C. The
ICso values were calculated by fitted regression equation using the-log plot (GraphPad
Prism). Each value was expressed with the means + SD of three independent tests, each

with three replicates.
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| gblarszi470.0/1-1037
| gblarneo324.0/1-1037
gb|ALK30291.1/1-1037
gb|ALWE2742.1/1-1037
2blALIS54488.1/1-1037
| gb|EYED9289.0/1-1037
gbALIS¢455.1/1-1037
| gblastposos.i/i-1037
| gblakwi 1074.0/1-1037
| gblanF20173.1/1-1037
| gblasueooss.iii-1037
gblAJG44080.1/1-1037
| gblosrsossa.rsr-1037
gblAIY60578.1/1-1037
gblASLR0527.1/1-1037
gblQDP16195.1/1-1037
| gblaLrsesoo.11-1037
| gblanczssrs.1/1-1037
| gblarcssass.i/i-1037
| gblaLaewesso.n1-1037
| gblasveosi.in-1037
| gblaLrsesse.rn-ioz?
| gblaciossr9.1/1-1037
| gblasiwosz9.1/1-1037
| gblanF20261.1/1-1037
| gblastwos.iii-1037
| gblagz4i2es.101-1037
gblAID55090.1/1-1037
gblADZ41282.1/1-1037
| gblarksoz6l.isi-1037
| gblastpoi7s./1-1037
| gblaLpsiops.isi-1037
| gblaLs20350.141-1037
| gblaswwooro.iii-t037
| sblariiess2s.1-1037
| gblaLiseda6.0/1-1037
| gblaLrseasian-i037
| gblaLsossii.in-1037
| gblarsziazo.1/1-1037
| gblarngesz4.1/i-1037
-| gbIALK80291.1/1-1037
- ZbIALW82742.1/1-1037
. gblALI5#488.1/1-1037
- gblEYED9289.1/1-1037
- gblALIS4455.1/1-1037
- gblASLR0604.1/1-1037
- gblAKNI1074.1/1-1037 -
- gblANF20173.0/1-1037 - SV - - - -
- gblASUB9955.1/1-1037 - SV - - - -
- gblAJG44080.1/1-1037 - SV - - - -
- | gblOBF80554.0/1-1037 - SV - - - -
- gblAIY60578.1/1-1037 - SV - - - -
- gblASVO527.1/1-1037 - SV - - - -
- gblQDP16195.1/1-1037 - SV - - - -
gblALI54500.1/1-2037 -8V - - - -
- gblANC28678.1/1-1037 - SV - - - -
- gblATG84833.0/1-1037 - S8V - - - -
gblALA49640.1/1-1037 -8V - - - -
gblASYP9811.1/1-1037 - SV - - - -
gblALIS4456.1/1-1037 - SV - - - -
- gblAGVD8379.1/1-1037 - SV - - - -
gblASTR0320.1/1-1037 - SV - - - -
gblANF29261.1/1-1037 - SV - - - -
gblASUD0340.1/1-1037 - SV - - - -
gblAQZ41285.1/1-1037 - SV - - - -
- gblAID55090.1/1-1037 - 8V - - - -
- gblaQz41282.1/1-1037 - SV - - - -
- gblALK80261.1/1-1037 - SV - - - -
- gblASTROI75.0/1-1037 - SV - - - -
- gblALDS1904.1/1-1037 - SV - - - -
- gblALS20350.1/1-1037 - SV - - - -
- gblASTR0010.1/1-1037 - SV - - - -

- gblAFI48528.1/1-1037 - 8V - - - -
- gblALJS#446.1/1-1037 - SV - - - -
- gblALJS4#451.1/1-1037 - SV - - - .

- gblALBO8311.1/1-1037 - SV - - - -
gblAYJI71470.1/1-1037 -8V - - - -
gbIAVN89324.1/1-1037 - SV - - - -
gblALK80201.1/1-1037

Figure S1. Multiple sequence alignment of 1000 Spike proteins(1-486). Related to Figure 1.




487-589
gbIQBF80521.1/1-1037 B

gblAWUS9321.1/1-1037 DIl SV -

gblQBM11737.1/1-1037 B - SV - - - -
gblAHI48737.1/1-1037 'Bfl- SV - - - -
gblAVNS9365.1/1-1037 BV
gblAHI48616.1/1-1037 ‘Bl SV - - - -
£bl4GI08438.1/1-1037 Bl - SV - - - -
gbIBYD89444.1/1-1037 sV.

gOIANF29272.1/1-1037 SV..--
gblALX27228.1/1-1037 B~ SV - - - -
gblALIS4508.1/1-1037 ‘B~ SV - - - -
gblALA¥9462.1/1-1037 X~ SV - - - -
gbIALA49473.1/1-1037 8V iz
8bIQDP16206.1/1-1037 SN s
gblQBF80499.1/1-1037 El- SV - - - -
gbIANI69922.1/1-1037 BVsmia
SbLANIC9878.1/1-1037 BV.reies.
£bIALK80251.1/1-1037 5 z i
SbLAMWD0843.1/1-101 : M aaloi
gbIALIS4502.1/1-1037 -
gbIAPB87325.1/1-1027 S Vo
SbIAHLI8090.1/1-1036 v

SbLANIC9889.1/1-1037 ., b o

8blAKN24812.1/1- 1037 C.s .
SbIAPBE7331.1/1-1023 oy | |

gblaPBs7337.1/1-1013 ol oy
gblastw1284.1/1-1037 ol <y
gblOCC20713.1/1-1023 7 A - - .

gblAFO11507.1/1-1232 @ Ra. . . .
gbl44830950.1/1-1232 W R A .
golaror1517.1/1-1232 W A .
splp11225.0/1-1232 [ RA- - - .

refilYP_009513010.1/1-ky N . NT - - -
8blAGCS1116.1/1-994 |IDB.LT- - -
gblAGX27810.1/1-1022 YN . NT - - -
8bl44D45229.1/1-1220 .- RA- - -
gblAVV62537.1/1-901 TT.RS- - -
8VIABNI0848.1/1-939 3y <4
gbIAGPO4917.1/1-939 ‘SY: SA. : o
gbIAGP04924.1/1-939 s i
reflYP_001039953.1/1-93¢
gbIABNI0857.1/1-939
gbLAGO98871.1/1-911
gbIAVII 5053.1/1-929
8bIANA9G039.1/1-933
8bIABN10866.1/1-939
8bIQAY30020.1/1-738
gbIAVIL 5052.1/1-929
gbIACB30203.1/1-929
pdb|SXS9\4/1-984
8bIABDI8916.1/1-929
gbIABDI8911.1/1-929
gbIABDI8908.1/1-929
8bIABDI8917.1/1-929
gbIAAX38496.1/1-929
gbIAAX28492.1/1-929
gbIAFR48827.1/1-911
gbIAMD23497.1/1-911
gbIACG75895.1/1-929
SDIACB30200.1/1-929
SOLAMO23494.1/1-911
ZOLAMO23493.1/1-911
8bIAVI1 5000.1/1-911
SHIAMQ23499.1/1-929
gbIADF21335.1/1-929
gbIADP21336.1/1-929
£bIABDI8909.1/1-929
8bIABDI8930.1/1-929
gbIACI35486.1/1-1101
8bIABDI8913.1/1-929
8blAGO98882.1/1-911
gbIAGO98883.1/1-911
gbIABP73656.1/1-911
gbIABP38313.1/1-929
8bIABDI8914.1/1-929
gbIAAX38491.1/1-929
gblAIZ74439.1/1-811
gbIACI66977.1/1-929
8bIAAX38489.1/1-929
gblAFE48817.1/1-911
gblABP38253.1/1-929
8bIAAX38494.1/1-920
pdb|SWOH|A/1-979
gblAGO98859.1/1-920
gbIQBG67078.1/1-929
gblABDI8934.1/1-929
gbIACTI0983.1/1-1101
8bIACI66990.1/1-929
8blABP38236.1/1-929
gHIACI66961.1/1-929
8IACI66946.1/1-929
SHIASTD0450.1/1-641
gblAVZ61119.1/1-929
gbIAAF25499.1/1-929
5p|P25192.1/1-929
gLIQOWS7585.1/1-929
SpIQPQAQ8.1/1-929
8bIABP38306.1/1-929
8blAAX38495.1/1-929
gblAG0988068.1/1-911
gblAZS64223.1/1-929
8blOBG67079.1/1-929
gbIQBYI0673.1/1-929
gblAMQ23489.1/1-911
8blAGO98867.1/1-911
£b1A2564222.1/1-1101
gbIAMQ23498.1/1-929
gbIABID3999.2/1-929
gblAG098885.1/1-911
8blAZS64221.1/1-929
gbIAVIL5011.1/1-929
81AVZ61109.1/1-929
gblAGO988381.1/1-911
gbIABDI8928.1/1-929

:| gblaGO98ss6.1/1-911 -

:| 8blABDI8936.1/1-929 -

590-692

SblAMQ23408.1/1-929 -
gblABI3990.2/1-929 -
£blAGO98885.1/1-911 -
gblAZS64221.1/1-929 -
gblAVII 5011.1/1-929
gblAVZ61109.1/1-929 .
gblAGO98881.1/1-911 -
gblABDI8928.1/1-929 .

gbIABDI8O12.1/1-
8bIAYRI8616.1/1- IGW
SPIQ9QARS.1/1-929
8b|ABP382790.1/1-929 -
8bIAXP11688.1/1-929 -
8blQBG67072.1/1-929 -
8bIAAX38490.1/1-929 -
8blQBG67077.1/1-929 -
gbIQBG67074.1/1-929 -
8bIQBG67076.1/1-929 -
blAZS64230.1/1-929 -
8blACGO98873.1/1-911 -
8bIAYRI8599.1/1-895
8blABP38295.1/1-929 -
8blAGO98889.1/1-911 R|
gblABDI18910.1/1-929 -
8blAGO08890.1/1-938 -
8bIAGO98888.1/1-938 R|
8blAGO08877.1/1-911 -
8blABG89288.1/1-929 -

8blAGO98876.1/1-911 -
8bIAAX38407.1/1-929 -
SHIQGW57588.1/1-929 -
YIACT11019.1/1-929 -
8blAGO98886.1/1-911 -

SDIAIDI6649.1/1-893 R|
gblAGO98872.1/1-911 -
gblAXX83351.1/1-935 -
£blAGO98861.1/1-911 -
SbIAIDI66S5.1/1-893 R
8bIALG38241.1/1-917 -
splP25194.1/1-918 -
8bIAHAS0776.1/1-911 -
gbIAZS64229.1/1-929 -
dbj|BAF75631.1/1-918 -
ref\WP_148724042.1/1--
emb|CCE89338.1/1-929- W -
8IAZS64232.1/1-906 -
emb|CCES9330.1/1-9. -
8bIAZS64231.1/1-929 -
8blAG098887.1/1-91i -
gblAZS64224.1/1-929 -
8bIACF21936.1/1-911 -
gblAXP11696.1/1-929 -
emb|CCE89340.1/1-
sp|P25191.1/1-929
emb|CAAS3661.1/1-91
gbLANIO4717.1/1-929 -
SDLATPG6744.1/1-907.
SbLANIO4728.1/1-929 -
gblAVNES332.1/1-930 -
SOIQGWS7586.1/1-92 -
sp\P15777.1/1-929
splP25190.1/1-929
gbATPG6773.1/1-893;
dbj|BABOGOS6.1/1-92: -
gbIQGWS7589.1/1-92 -
8bIACLI2996.1/1-92¢ -
gbLACB30202.1/1-929 -
gbLACB30201.1/1-929 -
dbj|BAIO4696.1/1-732 A

gbIATP66756.1/1-112:K
gblABG78748.1/1-926 -
emb|CAAS3660.1/1-9: -
gIACLO3318.1/1-911 -
dbj|BAG48179.1/1-93 -
gbIABDI8932.1/1-925 -
SIATP66762.1/1-1 1 1K
SBIACN89743.1/1-733 |
8bIABDI8935.1/1-917 -
ZOIAQT26498.1/1-911 -
SIACLO3319.1/1-911 -
$blAGTS1541.1/1-110 -
$p|P25193.2/1-929
gbIAGTS1551.1/1-110. -
gbIABDI8933.1/1-897 -
SbIATPL6757.1/1-110: -
ZbIAIX10752.1/1-1105 -
ZIAGTS1431.1/1-110. -
8bIAGTS1402.1/1-110. .
£IAGTS1610.1/1-110.
gbIATP66727.1/1-909 K|
$bIACLO3320.1/1-911 .
£bIABMG6810.1/1-929
ZIAGTS1451.1/1-110. .
ZDIAGTS1740.1/1-110. .
gIAGTS1461.1/1-110.
gbIATI00440.1/1-1131 .
gblAGTS1422.1/1-110. .
SbIAYRIS661.1/1-894 %,
SbIAHNG4774.1/1-956
gbIALX10749.1/1-1105
2bIAGTS1590.1/1-110.
gbIAFING4783.1/1-11%
gblALAS0080.1/1-112 .
gOIARKDS670.1/1-935. 5
gbIAGTS1412.1/1-110 .
gbIQDH43726.1/1-93; 3
gblAVQ05264.1/1-935 5
gbIQEYI0625.1/1-953

gblAIX10755.1/1

" | gblarLegsos.1/1-935

693-796
gbIAACO6124.1/1-930 -
SbIAIDI6631.1/1-893
dbj|BAM15656.1/1-90: -
gbLABP§7990.1/1-906 -
gIAIXI0758.1/1-935 -
gbIAIX10757.1/1-935 -
2bIOBP84759.1/1-935 1
gbIAIX10760.1/1-935 -
SOAILI0#92.1/1-935 -
ZDLAILI0484.1/1-935 -
gbIAYRI8679.1/1-894 K.
bIQGWS7587.1/1-9 -
gblAYRI8652.1/1-89K
gbIAYRI8625.1/1-89K|
gb|ABS87264.1/1-898
gDIAIL49489.1/1-934"
gblAXX83327.1/1-93"
gbIAIL#9493.1/1-938"
gbIAAX84791.1/1-93
bl AIL49488.1/1-93% |
gblATP66750.1/1- 39

gbIAYRI8643.1/1-89 .
gblAZURG6327.1/1-93 -
gIAIX10753.1/1-935
gbIANZ78847.1/1-935
gIAIL49487.1/1-935
gbIQEG03776.1/1-93.
ref|\YP_009555241.1/i "
splQOZME7.1/1-891
£bIQBQO1839.1/1-93.
gHIANZ78841.1/1-935
gbIQBG032803.1/1-93.
gIAXX83369.1/1-935
gblABD75513.1/1-891 g |
SbIARBO7438.1/1-883
ZOIAAMS5464.1/1-73 1
gIAIL49486.1/1-935
abj|BAS18856.1/1-90¢ _
gbIAARDIO1S.1/1-935
gblAXX83309.1/1-935
gbIAZS52618.1/1-891 |
gblABD75505.1/1-891 g|

- | gblAavRI8607.1/1- 393,(
- | gblarLeoass.isi-93s
- | dbj|BAIS2885.1/1-90¢
- | gblAx10756.1/1-935
- | gbloE¥10670.1/1-91C
- |splo14880.1/1-883 g
* | dby|BAs18866.1/1-906 .
" | gbIQEY10641.1/1-878 .
" | gb144067205.1/1-906 .
" |gblacTI7758.1/1-883
" | gblaBD75545.1/1-883
" | dvy|88420986.1/1-883R|

8bIAATS4362.1/1-931 |

8blAIX10748.1/1-931 |

- | solgerI0671.111-910 _
. | sblarLeoag6.1/1-935
. | gblasB17086.1/1-737 g
. | aby\BAN18703.1/1-90¢ _
- | bl4BD75625.1/1-891 g
- | 8blAYRI8670.1/1-893 ¢
- |spiP36334.0/1-031
- | gblarLe9490.1/1-935

- | 8b1AMKS9677.1/1-935 ¢
- | gblQEYI0649.1/1-878
- | dty|88420982.1/1-935
- | gbl4RCO5219.1/1-109.

- | gblacTS1521.1/1-936 "
- | gblaRCYS211.0/1-113
- |8bl4GTS1630.1/1-114)"
- | 8bIARCD5203.1/1-112.0
- |igblasosoes7.i11-900 %]
- |8blacTsis01.1/1-936 "
- | 8b144¥68297.1/1-113:
- | gblALx10750.1/1-936

- | gblacTs1700.1/1-114"
- | gbl4GTS1600.0/1-114"
* | 8blAGTS1441.1/1-936 ~
“ | gblQEY10633.1/1-860 ~

8bIAGTS1650.1/1-936 ~

" | gblAGTS1760.1/1-936 ~
" | gblaGTS1620.1/1-936

8blAGTS1690.1/1-936 "
BOIAGTS1311.1/1-93¢ -
8bIANZ78845.1/1-114 -

_ |lgblarals421.1/1-912 -

8bIANZ78844.1/1-114 -

" |lgblarLeosor.1/1-936 -
_ | gblaBN19358.1/1-93¢ -
_ | 8blaTP66733.1/1-948 T
- | gvlarkD8661.1/1-912 -

8bIAGTS1481.1/1-114 -

- | 8bIQEBY10657.1/1-86C -
- | gblAIX10751.1/1-936 -

gbIAIL49528.1/1-936 -

| gblapN78776.1/1-93¢ -
- | gblaiLeos38.1/1-936 -
-| gblAaTS1790.1/1-93¢ -

spIP112242/1-914 K|

" gblAAR9)025 1/1-914 K|
- | gblanz78849.0/1-114 -
*| gblacnso723.0/1-11¢R
| gblapN78656.1/1-93¢ -

2blANZ78834.1/1-114 ©

797-899

2blANZ78838.1/1-936 -
gOLAIL49SI3.1/1-936 -
SOLAXN83345.0/1-1147 -
SOLANN83339.0/1-1147  ~
gblAIL#9520.1/1-936  *
SOLARKDS679.1/1-912  ~
gOlAIL49S19.1/1-936 -
gOAIL49S07.1/1-936 -
dbj|BBA20979.1/1-1110  *
SBLAONT8704.1/1-936 -
refiINP_045300.1/1-914 R
gbLAPUSIOI6.1/1-912  ~
gblAIL49495.1/1-936  *
gbIAVRI0344.1/1-912  ~
SOLAXX83333.0/1-1147  ~
gblAIL49499.1/1-936  *
gOLARKDS6S1.1/1-912 .
gblATN37896.1/1-914 B
gblAIL9526.1/1-936  °
gblAIL4OS43.1/1-936
gblAIL40545.1/1-936
gbIARE30008.1/1-936
gbIAIL49531.1/1-936
gbIAILAO518.1/1-936
gblAIL49523.1/1-936
gbLAGTS1570.1/1-936
gblAIL49502.1/1-936
gblAIL49536.1/1-936
gDIAIL49501.1/1-936
gbIARB07433.1/1-936  ~
gHIAGTS1800.1/1-936  ~
2blAIL49508.1/1-936
£blAIL49542.1/1-936
SblAIL49505.1/1-936
gblAIL49525.1/1-936
gbIATN30872.1/1-912
gblAIL49530.1/1-936
gblAAX84702.1/1-936
gOIAIL9548.1/1-936
gHIAXXS3380.1/1-912  °
gbIAILIOSI6A/1-936
2blAIV41831.1/1-936
£bIAIL49509.1/1-936
gHlAIL4OS46.1/1-936  °
SOIAIVS1831.1/1-936
2bIAIL49509.1/1-936
ZbIAIL40546.1/1-936
SpIQ8JSPS.1/1-899
gblAIV41909.1/1-936
2bLARKDS635.1/1-936
SplQ8BB25.1/1-1133
gbIAIL#0529.1/1-936
2b|ALYD9807.1/1-936
gbIATP66779.1/1-905
SIAAF60344.1/1-914
gDIAAX84795.1/1-936
gbIAVRA0342.1/1-936
SbIAXXS3303.1/1-1147 .
SO|ANL/8830.1/1-930 o
dbj|BBA20976.1/1-1147 .
gbLANZ78839.1/1-1110
gbIQBP84731.1/1-936
gblAPUSI936.1/1-912
gbLAON78768.1/1-936
gblAIL49515.1/1-936
gbLAYC76638.1/1-936
gblAARD2026.1/1-914
gbIABN19366.1/1-936
$p|Q02385.1/1-910
gOLAILIOSI2.1/1-1147 -
gblAIL49550.1/1-936 R
gblAAAST062.1/1-733 -
ref|\YP_209233.1/1-1175 -
gbLACNS9696.1/1-1175
gLAON78744.1/1-1148
gbLAWWI3566.1/1-912
oblAWW13519.1/1-1148 .
/1-

e

gblAGO98860.1/1-911 -
ref\INP_150077.1/1-929 -
gblABP38243.1/1-929 -
gblAVZ61129.1/1-920 -
gbIAMO23500.1/1-911 -
gbIABDI8O1S.1/1-929 -
gblAZS64233.1/1-929 -
BbIAMO23495.1/1-929 -
gbIACF21935.1/1-911 -
gbLAFE48805.1/1-911 -
refIYP_005454245.1/1-91 -
gblAMD23491.1/1-911

gblAGO98878.1/1-911  ~
gbIAGO98864.1/1-900 -
sp|Q8V436.1/1-929 .
gblABDI8931.1/1-929 -
gblAZS64228.1/1-929 -
gbIABDI8929.1/1-920 -
SHIAZUD6312.0/1-920  *
gbIOGY72123.1/1-929 -
gblAZUP6230.1/1-929 -
gblOBG67073.1/1-920  *
gblAMO23490.1/1-911  *
gblAMO23487.1/1-911  *
gblAMO23492.1/1-911  ~
gbIQEYI0672.1/1-929  *
gblAGO98865.1/1-911  ~
gbLAXP11698.1/1-920 -

gblALG38240.1/1-917 ]

-RA-
~RS-
<RS=
SRS
-RS-.
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Figure S2. Multiple sequence alignment of 1000 Spike proteins(487-1000). Related to Figure 1.
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ProP 1.8: predicted propeptide cleavage sites in Sequence, furin-specific prediction
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Figure S3. Result of furin cleavage site pridiction of Spike protein in SARS-CoV-2, which predicted

by online method ProP 1.0 Server. Related to Table 1.

Fig S4 Protein-protein docking calculation model of SARS-CoV-2 spike RBD (light blue) with
human ACE2 (yellow), original RBD conformation was shown in orange. The calculated free
energy is -50.13 Kcal/mol. Related to Figure 3.



Fig S5 Comparison of SARS-CoV-2 spike RBD (orange) and SARS spike RBD (yellow). The complex
with ACE2 (left part, yellow) was shown. The homology model of SARS-CoV-2 spike RBD built
from SARS spike RBD was shown as blue. Related to Figure 3.
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Figure S6. Expression levels of Furin, ACE2 and TMPRSS2 in various tissues. The data is from

pubmed. Related to Figure 2B.



Table S1

Potential furin inhibitors from ZINC drug database, related to Figure 4

Pharmacological

No. Drug Name Structure
functions
o O, OH
2 OH
1 Aminopterin N%NYNQANW Anti-tumor
|
HzN)\\N N7 "
o OO Vitamin B9,
- OH necessary material for
. . (0] N
2 Folic acid HN)tN\ NQ)LHW the  growth  and
Sy ‘Nf"' reproduction of body
cells
oy
3 Sulfoxone O\\s“ Antibacterial effect
o]
HN/©/
N
OH
OH
. Silvbi on Hepatoprotective
ilybin HO g .
Y ©[ “ effect
O
NH NH
5 Diminazene ”ZN)n . @AN“Z Insecticidal effect
N~ \H
NH,
. N7 N
Fludarabine PN
6 FONT N Anti-tumor
phosphate HO!- O o O
HO HO’P\OH
NH 9 Nutritional
. Y
7 L-Arginine HoN H%OH
2 supplement
NH
Hydroxystilbamidin HaN O on
8 Z O Antifungal effect
e NH,
NH
O,
on Antineoplastic,
9 Methotrexate e \ HN
HN— )N N4©—<\ oH

antirheumatic effects

10




Treatment of

HO O OH
10 L-dopa L@[
HoN OH Parkinson's disease
(o)
= N
11 Irinotecan CNCH(O eV Anti-tumor
o HO":
Nﬁ
(o
12 Cefoperazone e Antibacterial effect
O on ZTNN
(0]
oH Folic acid
13 Folinic acid }
HN— N HN OH
supplement
Glycerol o OH Intermediate for
14 /\\P\/O\/\/OH ) ]
3-phosphate HO™ oH serine synthesis
o, Nm 0
15 Valganciclovir H&NVO/“CC’THQ Antivirus
OH
H,N
EJ\@}E Treatment of nausea
o ©/F and vomiting
16 Fosaprepitant OO
By induced by
O%ZIF%H chemotherapy
PSS
17 Lomefloxacin OY[(\@ Antibacterial effect
F
OH O
oH /N o 0 Hepatoprotective
18 Glutathione AN A I~
o H NH, effect
HoN 0\‘5":‘H2
SV Treatment of
19 Famotidine o
NH, H
HZNJ\\N)/:\ gastrohelcosis
20 Imatinib N Anti-tumor
Chenodeoxycholic
21 Dissolving gallstones

acid




Table S2 Potential furin inhibitors from in-house natural product database, related to Figure 5

Pharmacological

No. Drug Name Structure Source
functions
o o ~~~‘©[0H Ant.ioxidation, Camellia
1 (-)-Epigallocatechin gallate \©Oo anti-tumor,
on o?\@f)” treatment of sinensis
[ depression
on Antioxidant
effect, Camellia
2 Theaflavin 3,3'-di-O-gallate
anti-tumor, sinensis
anti-virus
Ficus
Anti-virus
3 Biorobin benjamina
14-deoxy-11,12- E Anti-virus, Andrographis
4 didehydroandrographiside Ho anti-inflammato aniculata
! orep g%)OO:/OH P
E?,’,,OH ry effect
(1S5,2R,4aS,5R,8aS)-1-formam
ido-1,4a-dimethyl-6-
methylene-5-((E)-2-(2-ox0-2, N - .
5- dihydrofuran- P Anti-virus, Andrographoli
5 3-yl)ethenyl) 0 anti-inflammato | de derivatives
decahydrona'ph.thalen-z-yl Wg i< ry effect
5-((R)-1,2-dithiolan-3-yl) Tg
pentanoate
26,306-dihydroxy-3,4-seco-fr Anti-virus Viola diffusa
6

iedelolactone-27-lactone

12




Qwﬁ@( Antivi Phyllanthus
w 1, . nti-virus
7 Phyllaemblicin G7 «&k fonss emblica
SO
. 3 o Anti-virus, Andrographis
|
8 Andrographolide : anti-inflammato paniculata
HO'  eon ry effect
O . .
NN Anti-virus, '
14-deoxy-11,12- y Andrographis
9 . anti-inflammato
didehydroandrographolide paniculata
HO™ o ry effect
(1S,2R,4aS,5R,8aS)-1-formam g;o
ido- -di _6- Anti-virus,
ido-1,4a-dimethyl-6-methyle s Andrographoli
10 ne-5-((E)-2-(2-ox0-2,5- NHp~ A~ anti-inflammato
dihydrofuran-3-yl)ethenyl) oio\«@/ de derivatives
decahydronaphthalen-2-yl Hop M ry effect
2-aminoacetate °
2-[[2-0-(6-deoxy-a-L-manno o H Anti-virus, Swertia
11 | pyranosyl)-6-D-xylopyranosyl o o on ° I anti-inflammato
Joxy]-1,8-dihydroxy-6-ethoxy 0 ~OH kouitchensis
-9H-xanthen-9-one ~o o O on ry effect
Ho:é)\ Anti—virus,
HO” > Yo Swertia
12 Kouitchenside J o o anti-inflammato
o oH kouitchensis
“ O o O QOH ry effect
Spatholobus
Antioxidant
13 Stigmast-5-en-3-ol Suberectus
effect
o dunn
o oﬁ,m Anti—virus, s
oo, wertia
14 Kouitchenside F OH O o anti-inflammato
kouitchensis

ry effect

13




Table S3

Potential furin inhibitors from the common antiviral drugs database, related to Figure 6

Pharmacological
No. Drug Name Structure
functions

°Y©(Ni©/T©i“j©\f° DNA topoisomerase

NH N.
1 Suramin S Q\s\gj’” o ‘O £
° s " Il inhibitor
3

Human

H
O _N
0 X . . .
: 7< immunodeficiency
2 Indinavir N Ny A
N

virus Protease (HIV

PR), anti-malaria

Serine protease

;@ Hepatitis C virus
N— " "'NH
H N><

3 Boceprevir o N Y 9 H
NS3/4A (HCV
HoN
o NS3/4A) Modulator
HaN | HIV-1, HBV
o -
N
Tenofovir )\o&-"“o KN ) N/) nucleotide reverse
4 HN,, «
alafenamide O'P\/Oj) transcriptase
@ inhibitor
(0] (0] (0]
)\oko/\o”i\o/\o)koj\
Tenofovir )(; HIV, HBV nucleotide
5
disoproxil \N _N reverse transcriptase
N /
@N inhibitor
H,N
. I (\3\ 9 FN O . s .
Acycloguanosine HO,P~O/P~O/P~O/\/OVN\2\( Thymidine kinase of
6 OH OH OH N NH
triphosphate o herpesvirus
2

14




Telaprevir

Hepatitis C virus
Serine protease
NS3/4A (HCV
NS3/4A) Modulator

triphosphate

g 9 9
Ho-P~0-F~o-F-o
OH OH OH

Human
O . d f- .
o) immunodeficiency
8 Dolutegravir /@\/\ﬂ //N/m
F F O virus Integrase (HIV
OH O
IN)
EF 1.C-C chemokine
receptor type 5
9 Maraviroc o NH@ (CCR5)
©/'\/‘ 2.CCR5 messenger
N
I W/(
N-N RNA(CCR5 mRNA)
™) Inhibitor of
10 Cobicistat il J;n il . cytochrome P450 3A
vy Coweg |
( @ (CYP3A) enzymes
Nucleoside analogue
reverse transcriptase
Stavudine
11

inhibitor used in the
treatment of HIV

infection
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Table S4. In vitro furin inhibitory effects of screening hits. Related to Figure 7.

Compounds name In vitro furin protease IC50 (uM)
inhibition percentage at
100uM(%0)

Aminopterin 72 >30
Folic acid <30 >30
Sulfoxone <30 >30
Silybin 74 >30
Diminazene 95 5.42 +0.11
Fludarabine phosphate <30 >30
L-Arginine <30 >30
Hydroxystilbamidine <30 >30
Methotrexate 73 >30
L-dopa <30 >30
Irinotecan <30 >30
Cefoperazone <30 >30
Folinic acid 44 >30
Glycerol 3-phosphate <30 >30
Valganciclovir <30 >30
Fosaprepitant <30 >30
Lomefloxacin 40 >30
Glutathione <30 >30
Famotidine <30 >30
Imatinib 58 >30
Chenodeoxycholic acid <30 >30
Suramin <30 >30
Indinavir <30 >30
Boceprevir <30 >30
Tenofovir alafenamide <30 >30
Tenofovir disoproxil 38 >30
Acycloguanosine
triphosphate <30 >30
Telaprevir <30 >30
Dolutegravir <30 >30
Maraviroc <30 >30
Cobicistat <30 >30
Stavudine triphosphate <30 >30
(-)-Epigallocatechin gallate

<30 >30
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Theaflavin
3,3'-di-O-gallate

Biorobin

14-deoxy-11,12-
didehydroandrographiside
Phyllaemblicin G7

Andrographolide

14-deoxy-11,12-
didehydroandro
grapholide
Kouitchenside J
Stigmast-5-en-3-ol

Kouitchenside F

<30

<30

<30
<30

<30

<30

<30
<30
<30

>30

>30

>30
>30

>30

>30

>30
>30
>30
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