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Supplementary Figure 1. SARS-CoV-PLpro and SARS-CoV-2-PLpro substrate

specificity profiles presented as heat maps.



Ub-like domain

'\
B14-B15 loop

SARS-CoV-2 PLpro“"?
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Supplementary Figure 2. Comparision of apo versus VIR250 and VIR251 bound SARS-CoV-2 PLpro. (A) The indicated
structures were superimposed and are shown as ribbons. Zinc atoms are shown as spheres, colored according to their repre-
sentative structure. Regions of conformational variability between apo and VIR250 and VIR251 structures are labeled including
the Finger Domain, the Ub-like domain, and the $14-15 loop. Catalytic cysteine 111 of SARS-CoV-2 PLpro is shown as sticks
with its sg atom shown as yellow sphere. (B) Magnified view of the conformational differences around the $14-315 loop of
SARS-CoV-2 PLpro.
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Supplementary Figure 3. Chemical structures of the Ub/Ubl activity based probes used in Figure 4B.



Table S1. Structures of fixed natural and unnatural amino acids used in the combinatorial

library.

No Structure + code No Structure + code No Structure + code

b

o)
NH NH,
1 0 2 3
H,N o
OH L-Ala o H,N

H,N__NH

HoN OH L-Asn
OH L-Arg
o O~__NH, O.__OH
OH
4 5 6
0o o}
H2N H,N H,N ©
OH L-Asp OH L-GIn OH L-Glu
N=\
NH
7 0 8 = 9
HoN
) /\f O 5
OH Gly H,N H,oN
OH L-His OH L-lle
NH,
10 11 12
o)
o)
H2N o H,N
OH L-Leu H,N OH  L-Ne
OH L-Lys
OH
13 14 15
N O o
0 H HoN
HoN OH L-Pro OH L-Ser
OH L-Phe

OH
OH
16 \/EfO 17  NH 18
H,oN 0
OH L-Thr HAN 0 HoN
2 OH L-Tyr

OH L-Trp



19

22

25

28

31

34

37

H,N
OH L-Val

0
>—NH2

o)
H,N

OH D-Asn

O

J

OH

HoN ©

OH D-Glu

NH,

OH D-Lys

OH D-Ser

OH D-Trp

0)
HoN

OH D-hPhe

23

26

29

32

35

38

O
HoN

OH D-Ala

OH D-Asp
N=\

A/NH

)

HoN
OH D-His

O

OH D-Phe

J

o

HoN

OH D-Phg
HoN ©

OH D-Tyr
H,N o}

OH B-Ala

21

24

27

30

33

36

D-GIn

D-Leu

D-Pro

D-Thr

D-Val

L-Aze



HO
40
gNj\’&O
H

OH L-Hyp
H ,
OH L-Oic
46
0]
%EY
OH L-Tic
49 H2N; }(O
OH AC5C
NH,
0]
e
OH L-Dap
Os__NH,
NH
55
HoN ©
OH L-Cit

o
@)

N
\S)
I=z

41 o L-Hyp(Bzl

(Bzl)
QNUYO
H
OH
H OH L-Pip

OH L-Thz

-—izéD
o

OH L-ldc
)
HN \\
@)
47 48 0
OH Inp HaN
OH L-2Fal

-

|
50 H,N O 51
OH dhAbu HaN
OH dhLeu
NH,
0
53 o 54 HNAO
HoN
OH L-Dab
0
HoN
OH L-Dab(2)
0

NH, NH,

HN
56 57
H,N
H2N 0 OH L-Orn

OH L-hCit

-



58

61

64

67

70

73

H,N

HN

)

OH

HoN

H,N

O

i
-

CF3

L-Lys(TFA)

L-hArg

L-Phe(4-NH.,)

NH

(@]
H L-Dht

o 3

0]

0

OH

L-Asp(O-cHx)

59

62

65

68

71

74

HoN

0]

y ﬁ@
60
0
H,N ° F2N
2 OH L-Lys(2Cl-2)

OH L-Lys(Ac)

: P

T | T
63 (e N
HoN

OH L-Agb N0

OH L-Arg(Z),
Mp §

N (

N/\\
0] ~
OH L-His(Bzl) 0

OH L-His(3-Bom)

HNYNHQ
NH
0

OH L-Phe(4-guan) L-Trp(Me)
HOOC
COOH
0]
HoN
OH L-Gla L-Asp(O-Me)
3 @
(0]
@)
H,N
OH L-Asp(Bzl) L-Asp(All)



76

79

82

&5

88

91

94

£

OH L-Glu(O-Me)

o

OH L-Glu(All)

.

OH L-Phe(3-F)

5]

L-Phe(Fs)

S5

L-Phe(4-Cl)

X

L-Phe(3-)

S

L-Phe(4-NO,)

77

80

&3

86

&9

92

95

OH L-Glu(O-cHx)

OH L-Phe(4-F)

OH L-Phe(3,4-Cly)

I

OH L-Phe(4-l)

“

o
P4

HoN
OH L-3-Pal

78

81

&4

87

90

93

96

e

O
HoN

{4

OH L-Glu(O-Bzl)

H,N

3!

OH L-Phe(2-F)

%—‘n
M

H,N
OH L-Phe(3,4-F,)

Cl

H,N

ol

OH L-Phe(3-Cl)

Br

\3e

H,N
OH L-Phe(4-Br)

HoN

a3

OH L-Phe(4-Me)
2\
S |

O
HoN

OH L-4-Pal



103

106

109

112

(@)
OH

-

L-Ala(2-th)

L-Abu

s
e

OH L-Ser(Bzl)

e
R

OH L-Thr(Bzl)

K@/O\
S L-Cys(4-MeOBzl)
0]

OH

No

OH L- Met(02

98

101

104

107

110

113

s )

OH
0]
HzNJi
OH

o z

L-Ala(Bth)

=

S__N

OH
)

H,N

OH L-hSer

~

0]
OH L-Cys(Bzl)

S/
0]
HZNJff

OH L-Met

A

L-Nle(6-OBzl)

L-Abu(Bth)

:\ O
o

@)
@)

OH L-hSer(Bzl)

~
e

OH L-Cys(MeBzl)

o

OH L-Met(O

; _O
H,N

OH L-Phg



115

118

121

124

127

130

I
N
pd
O :

OH L-hPhe

O

H,N
OH L-hCha

122

o8

H,N
OH L-2-Nal

OH L-2-Aoc

(e}

OH L-Tyr(Bzl)

H,N ‘]fo

OH L-Chg

HzNE §i7o

OH L-Igl

H,N ©

OH L-Bip

;; _O
H,N

OH AC5C

e

OH L-Tyr(Me)

Br O\(O
o

OH L-Tyr(2-Br-2)

117

120

123

126

129

132

HoN

H,N

bl

OH L-Cha

OH L-1-Nal

0]

OH L-Bpa

@)

<

OH L-hLeu



133

0
H,oN

OH L-hTyr(Me)

136 o
NH, OH 2-Abz

134

137

OCH,
0 135  Hzco OCH,4
H,N o
OH L-Nva N
OH TmbGly
H,N
o o)
HoN 138
OH 3-Abz OH 4-Abz



Supplementary Table 2. Crystallographic Data and Refinement Statistics

PDB ID

Source

Wavelength (A)
Resolution Limits (A)
Space Group

Unit Cell (A) a, b, ¢
Unit Cell (°) o, B, ¥
Number of observations
Number of reflections
Completeness (%)
Mean I/cl

CCir

Rmerge a
Rp'm

Refinement Statistics
Resolution Limits (A)

# of reflections (work/free)

Completeness (%)

Protein/solvent/ligand
atoms

Ruyst b
Rfme

Bonds (A)/ Angles (°)

B-factors:
protein/solvent/ligand (A?)

Ramachandran plot
statistics (%)

favored
allowed
outliers
MolProbity score

SARS-CoV-2
PLpro/VIR250 complex

6WUU
APS 24 IDC
0.979
94.9-2.79 (2.93-2.79)
P21
58.4, 189.7, 63.1
90, 98.7, 90
237255
33589 (4431)
99.6 (99.1)
10.1 (1.1)
0.996 (0.437)
0.158 (1.79)
0.064 (0.753)

94.9-2.79 (2.86-2.79)
31489 (1992)
99.3 (98.0)
10122/8/144

0.195 (0.299)
0.230 (0.333)
0.004/0.737
81.2/84.8/78.2

95.3
4.6
0.1

1.48- 100™ percentile
(N=4482, 2.79 A + 0.25A)

SARS-CoV-2
PLpro/VIR251 complex

BWX4
APS 24 IDC
0.979
90.7-1.65 (1.68-1.65)
1222
44.9, 1135, 151.1
90, 90, 90
611490
46470 (2152)
99.5 (91.0)

15.5 (1.2)
0.998 (0.531)
0.094 (1.73)
0.027 (0.513)

90.7-1.65 (1.70-1.65)
44301 (2000)
99.5 (94.0)
2545/194/35

0.170 (0.241)
0.196 (0.256)
0.006/0.844
37.7/43.5/30.6

97.0
3.0
0

1.19- 99" percentile
(N=789, 1.65 A + 0.25A)

Parentheses indicate statistics for the high-resolution data bin for x-ray data.
a. Rmerge = Y hkl Y i|l(hkl)i - <I(hkl)>|/3hkly i <I(hki)i>.

b. Reyst = Y hkl |Fo(hkl)-Fc(hkl)|/3 hkl |Fo(hkl)|, where Fo and Fc are observed and calculated structure factors,

respectively.




Table S3. Codon optimized DNA and protein sequences of CoV-2 PLpro constructs used in this study.

Codon optimized SARS CoV-2 PLpro [N-terminal GST tagged]- DNA sequence

GGATCCCGTGAAGTTCGTACCATTAAGGTGTTTACCACCGTTGATAATATTAATCTGCATACCCAGGT
GGTGGATATGAGCATGACCTATGGTCAGCAGTTTGGTCCGACCTATCTGGATGGTGCCGATGTTACC
AAAATTAAGCCGCATAATAGCCATGAAGGTAAAACCTTTTATGTGCTGCCGAATGATGATACCCTGCG
TGTGGAAGCCTTTGAATATTATCATACCACCGATCCGAGTTTTCTGGGCCGTTATATGAGTGCACTGA
ATCATACCAAAAAATGGAAATATCCGCAGGTTAATGGTCTGACCAGTATTAAGTGGGCAGATAATAAT
TGTTACCTGGCAACCGCCCTGCTGACCCTGCAGCAGATTGAACTGAAATTCAATCCGCCGGCCCTG
CAGGATGCCTATTATCGCGCCCGCGCAGGTGAAGCCGCCAATTTTTGCGCCCTGATTCTGGCATATT
GTAATAAGACCGTTGGTGAACTGGGTGACGTGCGTGAAACCATGAGTTATCTGTTTCAGCATGCCAA
TCTGGATAGTTGTAAACGCGTGCTGAATGTTGTTTGCAAAACCTGTGGCCAGCAGCAGACCACCCTG
AAAGGTGTGGAAGCAGTGATGTATATGGGTACCCTGAGCTATGAACAGTTTAAAAAAGGTGTGCAGA
TTCCGTGTACCTGTGGCAAACAGGCAACCAAATATCTGGTTCAGCAGGAAAGCCCGTTTGTTATGAT
GAGTGCCCCGCCGGCCCAGTATGAACTGAAACATGGCACCTTTACCTGTGCAAGTGAATATACCGG
TAATTATCAGTGTGGTCATTATAAACATATCACCAGTAAAGAAACCCTGTATTGTATTGATGGCGCACT
GCTGACCAAAAGCAGCGAATATAAAGGCCCGATTACCGATGTTTTCTATAAAGAAAATAGCTACACCA
CCACCATTAAGCCGTAAGCGGCCGC

Codon optimized SARS CoV-2 PLpro [uncleavable C-terminal 6x His tag]- protein sequence after
Precision Protease cleavage of GST tag

GPLGSREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFYVLPNDDTL
RVEAFEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYLATALLTLQQIELKFNPPALQD
AYYRARAGEAANFCALILAYCNKTVGELGDVRETMSYLFQHANLDSCKRVLNVVCKTCGQQQTTLKGVE
AVMYMGTLSYEQFKKGVQIPCTCGKQATKYLVQQESPFVMMSAPPAQYELKHGTFTCASEYTGNYQCG
HYKHITSKETLYCIDGALLTKSSEYKGPITDVFYKENSYTTTIKP

Codon optimized SARS CoV-2 PLpro [uncleavable C-terminal 6x His tag]- DNA sequence

ATGCGTGAAGTTCGTACCATTAAGGTGTTTACCACCGTTGATAATATTAATCTGCATACCCAGGTGGT
GGATATGAGCATGACCTATGGTCAGCAGTTTGGTCCGACCTATCTGGATGGTGCCGATGTTACCAAA
ATTAAGCCGCATAATAGCCATGAAGGTAAAACCTTTTATGTGCTGCCGAATGATGATACCCTGCGTGT
GGAAGCCTTTGAATATTATCATACCACCGATCCGAGTTTTCTGGGCCGTTATATGAGTGCACTGAATC
ATACCAAAAAATGGAAATATCCGCAGGTTAATGGTCTGACCAGTATTAAGTGGGCAGATAATAATTGT
TACCTGGCAACCGCCCTGCTGACCCTGCAGCAGATTGAACTGAAATTCAATCCGCCGGCCCTGCAG
GATGCCTATTATCGCGCCCGCGCAGGTGAAGCCGCCAATTTTTGCGCCCTGATTCTGGCATATTGTA
ATAAGACCGTTGGTGAACTGGGTGACGTGCGTGAAACCATGAGTTATCTGTTTCAGCATGCCAATCT
GGATAGTTGTAAACGCGTGCTGAATGTTGTTTGCAAAACCTGTGGCCAGCAGCAGACCACCCTGAAA
GGTGTGGAAGCAGTGATGTATATGGGTACCCTGAGCTATGAACAGTTTAAAAAAGGTGTGCAGATTC
CGTGTACCTGTGGCAAACAGGCAACCAAATATCTGGTTCAGCAGGAAAGCCCGTTTGTTATGATGAG
TGCCCCGCCGGCCCAGTATGAACTGAAACATGGCACCTTTACCTGTGCAAGTGAATATACCGGTAAT
TATCAGTGTGGTCATTATAAACATATCACCAGTAAAGAAACCCTGTATTGTATTGATGGCGCACTGCT
GACCAAAAGCAGCGAATATAAAGGCCCGATTACCGATGTTTTCTATAAAGAAAATAGCTACACCACCA
CCATTAAGCCGCTCGAGCACCACCACCACCACCACTGA

Codon optimized SARS CoV-2 PLpro [uncleavable C-terminal 6x His tag]- protein sequence

MREVRTIKVFTTVDNINLHTQVVDMSMTYGQQFGPTYLDGADVTKIKPHNSHEGKTFYVLPNDDTLRVEA
FEYYHTTDPSFLGRYMSALNHTKKWKYPQVNGLTSIKWADNNCYLATALLTLQQIELKFNPPALQDAYYR
ARAGEAANFCALILAYCNKTVGELGDVRETMSYLFQHANLDSCKRVLNVVCKTCGQQQTTLKGVEAVMY
MGTLSYEQFKKGVQIPCTCGKQATKYLVQQESPFVMMSAPPAQYELKHGTFTCASEYTGNYQCGHYKHI
TSKETLYCIDGALLTKSSEYKGPITDVFYKENSYTTTIKPLEHHHHHH




LC-MS analysis of synthesized chemical compounds

Ac-Leu-Arg-Gly-Gly-ACC
HRMS for C,H.N,O, (m/z..., = 644.3151; m/z,... = 644.3158)
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Intensity

Ac-Abu(Bth)-Dab-Gly-Gly-ACC
HRMS for C.H.N.O.S (m/z... = 693.25; m/z..., = 693.13)
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Intensity

Ac-hTyr-Phe(guan)-Gly-Gly-ACC

HRMS for C.H.N,O, (m/z..., =756.31; m/z,,.. = 756.23)
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Ac-Abu(Bth)-Dap-Gly-Gly-VME
HRMS for C.H.N,O,S (m/z... = 519.2026; m/z... = 519.2034)
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Ac-hTyr-Dap-Gly-Gly-VME
HRMS for C,H,N.O, (m/z.., = 478.2302; m/z,,.. = 478.2291)
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