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91  Supplementary Note 1

92 Extraction, Isolation and Purification of p-hydroxy-benzaldehyde (HBA)
93

Acalypha torta (3.8 kg)

Dried leaves

I'CHO Extraction with methanol (8 L)
Concentrated under Vaccum

3 [Methanolic Extract (60 g) J

Column chromatography
Hexane: Ethyl acetate

Fraction

Column chromatography
10% Ethyl acetate

[p-Hydroxy-benzaldehyde]

94
95

96 Leaves of Acalypha torta were collected from the flower Kingdom in Ibada, Oyo State, Nigeria.

97  The compound p-hydroxy-benzaldehyde (HBA) was extracted, isolated and purified following
98  the scheme above. The compound was analyzed by Electron Ionization Mass Spectrometry (EI-
99  MYS) that showed a peak with m/z 122, with a fragmentation pattern at m/z 121, 97, 95, 81, 69,
100 and 55. The NMR spectrum is shown below. The MS and NMR spectra of HBA corresponds to
101 the data published before'.
102



103

104
105  Figure S1. NMR spectra of p-Hydroxy-benzaldehyde (HBA)
106
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Supplementary Note 2

Extraction, Isolation and Purification of 4-(2-Hydroxyethyl) Phenol (YRL)

Isolation of endophytic fungi from
leaves of Lawsonia alba

[ Multiplication of fungi]

Extraction of
fungal broth

Ethyl actate phase (6.0 g)
gummy residue

Column chromatography
pet. ether: ethyl acetate

Fraction

Column chromatography
vide experimental
pet. ether: ethyl acetate

Fraction

Prepaparative
thin layer chromatography

[ 4-(2-Hydroxyethyl) phenol J

Endophytic fungi from leaves of Lawsonia alba were collected at ICCBS, University of Karachi,
Karachi, Pakistan. Extraction, isolation and purification of 4-(2-hydroxyethyl) phenol (YRL) is
shown in the scheme above. The compound YRL was analyzed by mass spectrometry that
showed a peak at m/z corresponding to a mass of 138.07 Da. The NMR spectrum is shown

below. Spectral data obtained for the compound were identical to previously reported data”.
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135

Figure S2. NMR spectra of 4-(2-Hydroxyethyl) Phenol (YRL)
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Supplementary Note 3

Extraction, Isolation and Purification of Methyl-3,4-dihydroxybenzoate (HE9)

Tinospora crispa (16.0 kg)
Acerial parts

Extraction with methanol (15 L)
Concentrated under Vaccum

[Methanolic Extract (284 g)]

Solvent-solvent extraction

[Ethyl acetate extract (69 g)]

Column chromatography
Hexane: Ethyl acetate (80: 20)

Fraction

Column chromatography
10-15% Ethyl acetate

[Methyl—?; ,4—dihydroxybenzoate]

Aerial parts of Tinospora crispa Meirs were collected from the herbal gardens of the Laboratory
of Natural Products, University of Putra, Malaysia. Extraction, isolation and purification of
methyl-3,4-dihydroxybenzoate (HE9) is shown in the scheme above. The compound HE9 was
analyzed by mass spectrometry that showed a peak at m/z corresponding to 168.04 Da. The
NMR spectrum is shown below. The spectra are in agreement to previously reported data of the

same compound isolated from Schisandra verruculosa’.
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Figure S3. NMR spectra of Methyl-3,4-dihydroxybenzoate (HE9)
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Figure S4.

Sequence alignment of PLpro domains from selected a-, - and related y- coronaviruses

Sequences of PLpro from SARS-CoV-2, ID: PODTC1; SARS-CoV, ID: POC6X7; MERS-CoV
(Middle East Respiratory Syndrome Coronavirus), ID: K9N638; TGEV (Transmissible
Gastroenteritis Virus), ID: POC6V2; BCoV (Bovine Coronavirus), ID: POC6W7; hCoV-OC43
(Human Coronavirus OC43), ID: POC6X6 are aligned using Espript 3*. The secondary structure
and sequence numbering based on our crystal structure of PLpro (PDB code 7NFV) is depicted
on the top of the alignment. Active site residues are indicated in green triangles, the blocking

9



168  loop in purple, the ISG15 binding S1 site in dark red and the ISG15 S2 allosteric binding site
169  overlapping with the inhibitor binding site is shown in light blue.
170
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Figure

TYR 72

SS.

Interaction network of the three compounds in PLpro complex structures

a. YRL

a. YRL interactions with PLpro are mediated by hydrogen bonds of the phenolic
hydroxyl to amino acid residues Val 11 and Val 57. The aliphatic hydroxyl substituent of
YRL has an alternate conformation with equal occupancy in the complex. Both
conformations are stabilized by hydrogen bonds to backbone carbonyl oxygens of Thr 74
and Asp 76. Hydrophobic interactions (black dashed line) with Val 11, Pro 59, Tyr 72
and Leu 80 complete the interaction network. YRL is represented as green sticks and the
amino acid residues in blue sticks.

b. Fo-Fc electron density map contoured at a sigma level 3.0 for YRL

11



186

TYR 72

187

188  Figure S6.
189  Interaction network of the three compounds in PLpro complex structures

190 a. HBA binds in a hydrophobic cavity with interactions to Val 11, Pro 59, Tyr 72 and Leu
191 80. The binding pattern is similar to that of YRL, including the hydrogen bond to Val 57.
192 HBA is represented as yellow sticks and the amino acid residues in blue sticks.

193

194 b. Fo-Fc electron density map contoured at a sigma level 3.0 for HBA.

195

196
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197
198  Figure S7.

199  Interaction network of the three compounds in PLpro complex structures

200 a. HE9 binding to PLpro is mediated by hydrophobic interaction with Phe 69 and n-
201 stacking (green dashed line) with His 73. A hydrogen bond with the side chain of Glu 70
202 completes the interaction network of HE9 to PLpro. HE9 is represented as pink sticks and
203 the amino acid residues in blue sticks.

204

205 b. Fo-Fc electron density map contoured at a sigma level 2.5 for HE9.

206 c. Fo-Fc electron density map contoured at a sigma level 3.0 for HE9.

207

208
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MERS-CoV ON[e/HSLY|LADNLTADETKALKEL|Y|GP V|pJP TF|LHR[F|Y KAAVH KMVVC
TGEV DVEOKVIKAIDIDWQ. .. .|.|. AHYGEFR. . . AAAF|SASSHDAY EVVTH
BCoV YK[EKVFFQFDNLSSEDLKAVIRSSF|N . FRIOKE|LLAYYNMLVNCS QVVFN
hCov-0C43 YKEKVFFQFDNLSSEDLKAVRSSEN . FOKELLAYYNMLVNCF QVVVN

Ad AAA A
Ub binding (S2)/ 1SG15 binding (S2)

Figure S8.
Comparison of the ISG15-S2 allosteric binding site in SARS-CoV, SARS-CoV-2 and
MERS-CoV PLpro

a. Superposition of the crystal structures of SARS-CoV PLpro (PDB: 2FES in light pink),

SARS-CoV-2 PLpro (PDB: 7NFV in slate blue) and MERS-CoV PLpro (PDB: 4RNA in
light green). The zinc fingers domain, ubiquitin-fold domain and the blocking loop 2 (BL2)
are the most variable regions among the three PLpro structures.

b. The S2 binding ISG15 site in PLpro consisting of residues Phe 69, Glu 70, Tyr 72, His 73
and Leu 80 is conserved between SARS-CoV and SARS-CoV-2.

c. The sequence alignment for the region corresponding to the S2 ISG15 binding site shows
that the MERS-CoV differs in critical binding residues; Phe 69 in SARS-CoV-2 PLpro is
replaced by a lysine residue (F69K), Tyr 72 to a leucine residue (Y72L) and His 73 to a
glycine residue (H73G).
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239
240
241
242

SARS PLpro bound to Lys48-dipbiquitin (5E6))

Lys 48

S2 Ub distal site

Figure S9.
The binding of the three natural compounds disrupts interaction of the K48-linked di-
ubiquitin molecule to PLpro

a. Superposition of the crystal structures of SARS-CoV PLpro complex with Lys48 linked
di-Ub (PDB code 5E6J, PLpro in grey, di-Ubiquitin domain in green) with SARS-CoV-2
PLpro+HE9 (PDB code 70FU, in slate blue). The natural compound (HE9) is represented
with red spheres.

b. Close-up view of the S2-Ub binding site. The di-ubiquitin molecule is shown in green
cartoon representation with the interacting residues Lys 11, Ile 44 and Lys 48 shown in
sticks. The bound inhibitor compound HE9 (red spheres) clearly prevents the binding of the
di-ubiquitin molecule in the S2 binding site of PLpro.
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a , MERS-CoV PLpro complex with hISG15 (6BI8)

'r i Bhg ) SARS-CoV-2 PLpro with HE9 (7OFU)
ISG15 -

—%
 a))

S2 helix

biquitin fold domain

b
Met 23
u 2 Ser 22
he 69
Lys 69
His 73
/
Figure S10.

The binding of HE9 prevents interaction of the ISG15 molecule in MERS-Co-V PLpro
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249 a. Superposition of the crystal structures of MERS-CoV PLpro complex with ISG15

250 (PDB code 6BI8, PLpro in wheat, ISG15 molecule in green) with SARS-Cov-2
251 PLpro+HE9 (PDB code 70FU, in slate blue). The natural compound (HE9) is
252 represented as spheres.

253

254 b. Close-up view of the S2-Ub binding site. The ISG15 molecule is shown in green
255 cartoon representation with the interacting residues Ser 22, Met 23 and Glu 27 shown
256 in sticks. The bound inhibitor compound HE9 (red spheres) clearly blocks the binding
257 of the ISG15 molecule to the S2 binding site of MERS-CoV PLpro. The Phe 69 to Lys
258 and His 73 to Gly change contribute to the regional different surface charge properties
259 of MERS-CoV PLpro.

260
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262  Figure S11.
263  Inhibition of PLpro by the three natural compounds in deISGylation assay with ISG15-Rh

264  substrate and comparison with catalytically inactive PLpro mutant (C111S)
265

266 Wild type PLpro (WT PLpro) at 10nM concentration represents 100% of deISGylation
267 activity and the three natural compounds YRL, HBA and HE9 at 50 uM show clear
268 inhibition of PLpro enzymatic activity. As experimental control, catalytically inactive
269 PLpro mutant C111S at 10nM concentration was used. ISG15-Rh at a concentration of
270 100nM was used as the substrate. Measured fluorescence values were blank corrected
271 with buffer containing substrate and were measured in triplicates over 60 min with one
272 read per minute.

273
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Figure S12:
Data quality indicators of the diffraction datasets by X-ray screening of a library of 500

natural compounds

Approximately 2000 crystals of PLpro co-crystallized with the library of 500 compounds
were harvested for data collection. More than one dataset per compound was collected
that resulted in about 2500 datasets. A total of 1469 datasets were processed with the
previously established automatic pipeline’. Data quality indicators, resolution (left), CC
(middle) and Wilson B-factor (right) are shown.
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Figure S13.
Conformational changes in PLpro by the binding of the inhibitor compounds

a.

Superposition of the crystal structures of SARS-CoV-2 PLpro-C111S in complex with
mouse-ISG15 (PDB code 6YVA, in light green) with SARS-CoV-2 PLpro+YRL (PDB
code 70FS, in light orange), SARS-CoV-2 PLpro+HBA (PDB code 70FT, in grey) and
SARS-CoV-2 PLpro+HE9 (PDB code 70FU, in slate blue). It can be clearly seen that the
Ubiquitin-fold domain and the BL2 loop regions are the most dynamic regions in the
PLpro molecule.

Close-up view of the ISG15 binding site. The residue Leu 80 (sticks in slate blue, apo
structure) has to rotate in the complex structures to accommodate the inhibitor molecule.
Glu 70 adopts a different side chain conformation when 4-hydroxybenzaldehyde (HBA)
interacts with PLpro.
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Figure S14.
a.

Inhibition assay experiment of the SARS-CoV-2 Main protease (Mpro) applying
the three natural compounds in a FRET based activity assay and utilizing 2-
AbzSAVLQSGTyr(3-NO2)R-OH as substrate. The compounds were incubated
with Mpro for 6h at 10°C and fluorescence was measured for 15 min with read-
out time of 1 min. The known inhibitor GC-376 was used as the positive control.

IC50 determination was performed with 2-AbzSAVLQSGTyr(3-NO2)R-OH as
the substrate. A gradient concentration of all three compounds YRL, HBA, HE9,
a negative DMSO control, and the known inhibitor GC-376 as positive control, in
a concentration range from micromolar to nanomolar values. The compounds
were incubated with the Mpro for 30 minutes. The IC50 values were calculated by
the dose-response-inhibition function after the normalization of the enzymatic
activity values with the negative control. The IC50 value for the control
compound GC-376 is 1.1 uM and is in agreement with the published data °.
Individual data points represent mean = SD from triplicates.
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360
361  Figure S15.

362  Fluorescence titration signal (nDSF) for PLpro binding studies at 330nm and 350 nm
363  wavelength in the presence of the inhibitors HBA (A) and HE9 (B).
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366

367  Figure S16.

368

369  PLpro enzymatic activity utilizing ISG15-Rh and Ubiquitin-Rh as substrates
370

371 PLpro at a concentration of 10nM and ISG15-Rh, Ubiquitin-Rh at a concentration of
372 100nM were used as substrates. Measured fluorescence values were blank corrected with
373 buffer containing substrates and were measured in triplicates for 60 min with one read-
374 out per minute. The inset shows a enlarged view of the relative fluorescence units with
375 ubiquitin-Rh as substrate. PLpro activity can be clearly seen with ISG15-Rh as substrate
376 and the activity is not significant applying ubiquitin-Rh as substrate.
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