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Figure S1. Representative structures of complexes between the ACE2 receptor and the spike protein from
different SARS-CoV-2 strains, the wild type strain (WT, left) and the South African strain (SA, right). In the overall
pictures, ACE2 is given in tan, while the spike protein is displayed in silver, with its receptor-binding motif (RBM)
in the receptor-binding domain (RBD) highlighted in red. Inset figures show residues dominant for the interaction,
with those belonging to ACE2 in gold, those belonging to the spike protein RBM in red, and those not belonging to
the spike protein RBM in grey.
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Table S1. Calculated binding free energies (AGgnp) from molecular dynamic trajectories using the MM-GBSA
approach, and their decomposition on a per-residue basis (in kcal mol™).?

Wild-type (WT) South African (SA) strain
AGgnp = —46.6 kcal mol™ AGgnp = —54.8 kcal mol™
ACE2 Receptor  Spike Protein | ACE2 Receptor Spike Protein
Asp355 —-6.51 Tyr505 —6.48 | Asp355 -6.08 Tyr501 -9.11
Tyr83 -2.43 GIn493 -4.20 | Tyr83 -2.57 Tyr505 -6.79
Tyrdl -2.38 Phe486 -3.04 | Asp38 -2.37 GIn493 -4.60
GIn24 -2.23 Thr500 -2.83 | GIn24 -2.11 Phe486 -3.32
Thr27 -2.12 Asn501 -2.41 | Thr27 -2.08 Thr500 -3.31
GIn42 -2.03 Phe456 -2.36 | Ala386 -1.68 Phe456 -2.29
Phe28 -1.47 Leud455 -2.29 | Tyr4l -1.65 Leud455 -2.22
Lys31 -1.45 Gly496 -2.19 | Lys353 -1.52 Tyr489 -1.75
Asp30 -1.12 Ala475 -1.99 | Phe28 -1.46 Asn487 -1.69
Met82 -1.04 GIn498 -1.96 | Met82 -1.14 Gly496 -1.68
Leu79 —-0.90 Tyr489 -1.75| Leu79 -1.02 Ala475 -1.43
His34 —-0.88 Asn487 -1.63 | His34 -1.00 Gly502 -1.43
Leu45 -0.67 GIly502 -1.44 | Lys31 -0.93 GIn498 -0.83
Ala386 -0.65 Tyr449 -0.99 | Gly354 -0.90 Serd77 -0.60
Gly354 -0.65 Lys417 -0.95 | Ala387 -0.76 Phe497 -0.59
Serl9 242 Aspd05 0.99 Serl9 1.54 Asp405 1.01
Arg357 1.65 Glu406 0.80 | Arg357 1.31 Argd03 0.73
Lys26  0.92 Glu484 0.66 | Lys26 0.53 Glu4d06 0.73
Asp38 0.52 GIn474 0.64 | Gly352 0.45 GIn474 0.55
Glu37 0.51 GIn506 0.52 Glu3?7 0.42 Lys484 0.53
Arg393 0.32 Ser4d94 0.44 | Glu329 0.41 Lys458 0.33
Lys353 0.32 Ser443 0.35 | Asn330 0.37 GIn506 0.31
GIn76  0.30 Lys458 0.31 | GIn325 0.36 Ser494 0.29
Kp = 402.5 nM" Kp = 87.6 nM"°

®Residues belonging to the receptor-binding motif (RBM) in the receptor-binding domain (RBD) of the spike
protein are given in shading, while residues mutated in the SA strain are given in bold.

bExperimental dissociation constants (Kp) are taken from ref. [S1] and confirm a higher stability of the SA---ACE2
complex over its WT---ACE2 analogue.
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Figure S2. Overlap of the binding interactions between the SARS-CoV-2 WT (in blue) and SA strains (in red) with
the ACE2 receptor (in grey).
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MAO A---WT MAO B---WT

MAO A---SA

Figure S3. Different binding poses for the WT (top) and SA (bottom) SARS-CoV-2 spike protein in complex with the
MAO A (left) and MAO B (right) enzymes obtained through docking simulations. MAO enzymes are coloured in
grey, while different spike protein colours indicate different binding positions. The structure of the membrane is
omitted due to clarity.
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Figure S4. Representative structures of complexes between the SARS-CoV-2 WT strain and the MAO enzymes,
MAO A (top) and MAO B (bottom). In the overall pictures, the MAO enzymes are given in tan, while the spike
protein is displayed in silver, with its receptor-binding motif (RBM) in the receptor-binding domain (RBD)
highlighted in red. Inset figures show residues dominant for the interaction, with those belonging to the MAO
enzymes given in gold, those belonging to the spike protein RBM in red, and those not belonging to the spike
protein RBM in grey.
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Figure S5. Representative structure of complexes between the SARS-CoV-2 SA strain and the MAO enzymes, MAO
A (top) and MAO B (bottom). In the overall pictures, the MAO enzymes are given in tan, while the spike protein is
displayed in silver, with its receptor-binding motif (RBM) in the receptor-binding domain (RBD) highlighted in red.
Inset pictures show residues dominant for the interaction, with those belonging to the MAO enzymes given in
gold, those belonging to the spike protein RBM in red, and those not belonging to the spike protein RBM in grey.
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Table S2. Calculated binding free energies (AGgnp) from molecular dynamic trajectories using the MM-GBSA
approach for the WT and SA strains with the MAO A enzyme, and their decomposition on a per-residue basis (in
kcal mol ™).

MAO A Enzyme
Wild-type (WT) South African (SA) strain
AGgip =—38.3 kcal mol™ AGgp = —49.0 keal mol™
MAO A Spike Protein MAO A Spike Protein

GIn293 —-3.97 Phe486 -5.39 | His282 -4.12 Leu455 -4.76
Glu329 -3.71 Serd77 -5.36 | Aspl53 -3.25 Asn417 -4.08
lledl5 -1.74 Thr478 -4.14 | GIn418 -3.12 Phe486 -3.41
Glul59 -1.69 Thr500 -3.31 | His187 -2.80 GIn409 -2.79
Arg356 -1.58 Tyr489 -3.23 | Arg297 -2.41 Thr4l5 -2.61
Tyrl75 -1.47 Tyr505 -3.06 | Thr156 -2.14 Tyrd421 -2.52
His187 -1.19 Phe456 -2.38 | Thr417 -2.07 Asn487 -2.47
Glyd14 -1.12 GIn498 -2.14 | Thr245 -2.05 Phe456 -2.10
Ala289 -0.87 Gly4d76 -1.46 | Pro413 -1.85 GIn414 -2.00
Lys357 -0.84 Tyrd73 -1.19 | GIn296 -1.61 Argd08 -1.61
Arg297 -0.76 Leud55 -0.89 | Glyd1l4 -1.46 Tyrd53 -1.54
Argl72 -0.76 Glud06 -0.56 | GIn293 -1.09 Asp405 -1.26
Prol86 -0.68 Phe490 -0.54 | Tyr419 -1.05 Tyr489 -1.21
Leu354 -0.54 Lys417 -0.39 | lle4l5 -1.03 Argd54 -1.06
Lys154 -0.47 Gly502 -0.35| Pro412 -0.91 Gly4l6 -0.55
Glul88 1.77 Argd03 1.06 | Glul59 0.82 Lys424 1.26
Lys168 0.62 GIn474 0.63 | Glu286 0.51 Asp420 1.21
Asp330 0.59 Argd08 0.62 | Asn292 0.43 Lys378 0.98
Arg360 0.45 Asn501 0.51 | Glu399 0.39 Argd03 0.91
Lys102 0.44 Lys458 0.50 | Lysl63 0.39 Asn422 0.76
Argl71 0.42 Argd54 0.36 | Argd21 0.38 Asp427 0.62
Lys151 0.42 Argd57 0.30 | Glu257 0.38 Lys458 0.56
Lys163 0.40 Ser494 0.26 | Lys151 0.38 GIn474 0.54

®Residues belonging to the receptor-binding motif (RBM) in the receptor-binding domain (RBD) of the spike
protein are given in shading, while residues mutated in the SA strain are given in bold.
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Table S3. Calculated binding free energies (AGgnp) from molecular dynamic trajectories using the MM-GBSA
approach for the WT and SA strains with the MAO B enzyme, and their decomposition on a per-residue basis (in
kcal mol™).2

MAO B Enzyme

Wild-type (WT) South African (SA) strain
AGginp = —38.1 kcal mol™ AGgnp = —62.7 keal mol™
MAO B Spike Protein MAO B Spike Protein

Arg307 -4.04 Tyr449 -5.42 | Arg242 (A) -7.35 Arg346 -6.54
Glu78 -2.08 Val483 -4.02 | Glu232(B) -5.27 Ser469 -4.12
Tyr53 —2.00 Tyr351 -3.84 | Asp227 (B) -3.31 Phe490 -3.74
Tyr80 -1.97 Phe490 -3.61 | Glu253(B) -2.81 Asn481 -3.62
Val211 -1.91 lle4d68 -2.93 | Arg220(B) -2.51 1le468 -3.60
Glu219 -1.90 Leud452 -2.82 | Leu250(B) -2.42 Thr345 -3.45
Leu224 -1.73 Thr345 -2.61| Leu75(B) -2.33 Argd66 -3.32
Argd7 -1.36 Asn481 -2.10| Argd7(B) -1.91 Ala352 -3.32
Pro333 -1.35 Asn450 -2.02 | Ala35(B) -1.76 Leu452 -2.89
Asp223 -1.06 Phe347 -1.61 | Asn251(B) -1.69 Asn354 -2.69
Leu77 -0.80 GIn493 -1.47 | Leu231(B) -1.63 Ser349 -2.66
Val85 —-0.79 Tyrd51 -0.86 | Met222 (B) -1.54 Ala348 -2.42
GIn49 -0.73 Thr470 -0.81 | Tyr237(A) -1.45 Trp353 -2.38
Gly212 -0.68 Gly446 -0.77 | Pro234(B) -1.43 Glu340 -2.13
Lys81 -0.51 Arg346 -0.72 | Arg38(B) -1.13 GIy482 -1.92
Glu334 1.47 Glud84 1.73 | Lys230(B) 3.55 Lys356 1.76
Arg208 1.26 Lys444 1.03 Asn3 (B) 1.69 Lys444 1.38
Lys73 0.80 Glu4d71 0.65 | Arg36(B) 1.68 Thr333 0.92
Lys21  0.59 Argd54 0.60 | Lys386(B) 0.98 Glu465 0.74
Glu74 0.55 Asn354 0.50 | Glu219(B) 0.77 Arg509 0.73
Glu86  0.53 Argd66 0.48 | Lys52(B) 0.68 Argd54 0.63
Lys332 0.48 Val445 0.43 | Lys357(B) 0.62 Asn448 0.60
Arg228 0.41 Ser443 0.39 | Glu34(B) 0.61 Glud71 0.49

®Residues belonging to the receptor-binding motif (RBM) in the receptor-binding domain (RBD) of the spike
protein are given in shading, while residues mutated in the SA strain are given in bold. Markings (A) and (B)
denote a particular subunit of the dimeric MAO B.
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Figure S6. Evolution of distances between the side chain carboxylic C-atom of Glu340 in the SA strain and the side
chain guanidinium C-atom of Arg242 from the subunit A of the dimeric MAO B enzyme in the MAO B-::SA
complex, indicating a stable and persistent interaction in the last 180 ns of MD simulations following the initial
equilibration.
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Figure S7. Evolution of distances between the protonated amine N-atom in PEA and (i) the side chain amide O-
atom of GIn215 in MAO A (left) and (ii) the carbonyl O-atom of the FAD cofactor in MAO A (right). Top displays
correspond to the native MAO A, while bottom displays pertain to the MAO A---WT complex, with both

illustrating very similar PEA binding poses.
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Figure S8. Evolution of distances between the protonated amine N-atom in PEA and (i) the side chain amide O-
atom of GIn206 in MAO B (top), (ii) the backbone amide O-atom of 11e198 in MAO B (middle), and (iii) the side
chain hydroxy O-atom from Tyr435 in MAO B (bottom), all in the native MAO B during MD simulations.
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Figure S9. Evolution of distances between the protonated amine N-atom in PEA and (i) the side chain amide O-
atom of GIn206 in MAO B (top), and (ii) the side chain hydroxy O-atom of Tyr326 in MAO B (bottom), all in the
MAO B---WT complex during MD simulations. The results pertain to the MAO B subunit directly interacting with
the matching spike protein.
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Figure S10. Evolution of distances between the protonated amine N-atom in SER and (i) the carbonyl O-atom of
the FAD cofactor in MAO A (top) and (ii) the side chain amide O-atom of GIn215 in MAO A (middle), and between
the hydroxy O-atom in SER and (iii) the backbone amide O-atom of Gly443 in MAO A (bottom), all in the native
MAO A during MD simulations.
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Figure S11. Binding positions of SER and DOP within the active sites of native MAO A and MAO B enzymes, and
following their complex formation with the WT strain as obtained from MD simulations. The results for the MAO
B---WT complex pertain to the MAO B subunit directly interacting with the matching spike protein.
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Figure S12. Evolution of distances between the hydroxy O-atom in SER and the backbone amide O-atom of
Asn181 in MAO A (top), and the protonated amine N-atom in SER and the backbone amide O-atom of 11e207 in
MAO A (bottom), all in the MAO A---WT complex during MD simulations.
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Figure $13. Evolution of distances between the protonated amine N-atom in DOP and (i) the side chain hydroxy

O-atom of Tyr435 in MAO B (top row, left), (ii) the backbone amine O-atom of Cys172 in MAO B (top row, right),
and (iii) the side chain hydroxy O-atom of Tyr188 in MAO B (bottom row, left), and between the hydroxy O-atom
in DOP and the side chain amide O-atom of GIn206 in MAO B (bottom row, right), all in the native MAO B during

MD simulations.
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Figure S14. Evolution of distances between the protonated amine N-atom in DOP and the side chain hydroxy O-
atom of Tyr188 in MAO B (top), and between the hydroxy O-atom in DOP and the side chain hydroxy O-atom of
Tyr326 in MAO B (bottom), all in the MAO B---WT complex during MD simulations. The results pertain to the
MAO B subunit directly interacting with the matching spike protein.
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Table S4. Calculated binding free energies (AGgnp) from molecular dynamic trajectories using the MM-GBSA
approach for MAO A substrates, and their decomposition on a per-residue basis in the MAO A enzyme (in kcal
mol™).?

MAO A
SEROTONIN PHENYLETHYLAMINE
AGgnp (kcal/mol)  -20.1 -15.5 -23.0 AGgnp (kcal/mol)  -16.8 -17.0 -15.8
Residue MAOA MAOA---WT MAO A---SA Residue MAOA MAOA---WT MAO A---SA
FAD -6.65 -2.70 -3.04 GIn215 -4.86 -3.91 -3.40
Tyrd07 -2.52 -2.24 -2.18 FAD -2.58 -3.28 -1.36
Tyrd44 -2.32 -1.30 -5.42 Tyrd07 -1.98 -2.23 -1.00
GIn215 -1.98 -0.44 -1.85 Phe352 -1.06 -0.89 -1.05
Gly443 -1.76 -0.12 0.19 Tyr69 -0.83 -0.79 -0.45
Asn181 -1.06 -4.39 -3.81 Phe208 -0.65 -0.82 —-0.50
Tyr69 -0.85 -0.16 -0.35 lle335 -0.41 -0.45 -1.19
Phe208 -0.75 -0.05 -0.79 Tyrd44 -0.40 -0.61 -0.72
Phe352 -0.57 -1.08 -0.25 lle180 -0.40 -0.30 -0.55
Val182 -0.48 —0.55 —-0.48 Leu337 -0.39 -0.31 —-0.50
Ile207 -0.36 -1.54 -0.33 Val210 -0.19 0.00 -0.33
Thr408 -0.32 -0.28 -0.05 Trp441 -0.14 -0.10 -0.14
lle335 Tyr197 Glu436 Asn181
—0.30 —3.09 —-0.15 —0.22
lle180 1le180 lle207
-0.19 -0.90 -0.15
Glu436
—-0.30

®Residues are selected to list those most dominant for the binding of each substrate to the native MAO A, while
residues with an increased importance in the complexes with the WT and SA strains are additionally presented in
shading.
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Figure S15. Graphical representations of the most dominant residues governing the binding of PEA (top) and SER
(bottom) to the native MAO A enzyme, and their changes induced by complex formation with the WT and SA
strains, as obtained from the MM-GBSA analysis.
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Table S5. Calculated binding free energies (AGgnp) from molecular dynamic trajectories using the MM-GBSA
approach for MAO B substrates, and their decomposition on a per-residue basis in the MAO B enzyme (in kcal
mol™).?

MAO B
DOPAMINE PHENYLETHYLAMINE
AGgnp (kcal/mol)  —20.7 -15.4 -23.0 AGgyp (kcal/mol)  -12.0 9.4 -14.8
Residue MAOB MAOB--WT MAO B---SA Residue MAOB MAOB---WT MAO B---SA
Tyr435 -5.27 -3.65 -2.21 GIn206 -3.28 -0.63 -0.24
FAD -3.63 -3.98 —0.99 lle198 -2.95 -0.13 -0.11
GIn206 -2.37 -0.17 -0.75 Tyrd35 -0.97 -1.64 —4.55
Cys172 -2.13 —0.08 -1.51 Tyr326 —0.73 -0.77 -0.51
Tyr398 -2.07 —4.64 -2.40 Tyr398 -0.72 -1.40 -2.11
Phe343 -1.25 -1.36 -0.12 Tyr60 -0.60 -0.22 -0.09
Tyr188 -0.96 -0.50 -3.48 lle199 —-0.60 -0.06 -1.08
Tyr60 -0.86 -0.63 -0.07 Cys172 -0.57 -0.09 -2.23
1le199 -0.76 —-0.25 -1.52 FAD -0.52 —4.54 -0.71
Tyr326 -0.57 -0.56 -0.86 Leul71 -0.52 0.03 -0.62
Vall73 -0.53 -0.02 -0.33 Leu328 -0.38 -0.06 -0.02
Glu427 -0.22 -0.21 -0.44 Ser200 -0.25 0.00 -0.09
Gly58 Ser433 Phe343 Tyrl88
-0.29 —-3.60 —0.44 -1.57
Asp55 Leul71 Asp55 Vall73
—0.22 -2.38 -0.23 -0.51
Thr399 Cys192 Thr399 Glu427
-0.20 -2.15 -0.19 -0.24
1le198 Gly58 Cys192
—-0.64 -0.17 -0.21
GIn191 Gly434 Thrl74
-0.26 -0.16 —-0.18
Trp184 Vall173
-0.25 -0.11
Gly434
-0.25

®Residues are selected to list those most dominant for the binding of each substrate to the native MAO B, while
residues with an increased importance in the complexes with the WT and SA strains are additionally presented in
shading. The results for the WT/SA---MAO B complexes pertain to the MAO B subunit directly interacting with the
matching spike protein.

S21



PHENYLETHYLAMINE
GIn206 11e198 Tyr435 Tyr326 Tyr398 Tyr60 Ile199 Cys172 FAD Leul71 Leu328 Ser200

0 I. - I III I I.' I'I I- II I_I I" |
-1

AG / kcal mol*

-4

EMAOB ®MAOB+WTSPIKE = MAOB + SASPIKE

DOPAMINE
Tyr435 FAD GIn206 Cys172 Tyr398 Phe343 Tyr188 Tyr60 Ile199 Tyr326 Vall73 Glu427

EMAOB ®MAOB+WTSPIKE ®MAOB + SASPIKE

o

[uny

N

w

AG / kcal mol-!

-4

Figure S16. Graphical representations of the most dominant residues governing the binding of PEA (top) and DOP
(bottom) to the native MAO B enzyme, and their changes induced by complex formation with the WT and SA
strains, as obtained from the MM-GBSA analysis. The results for the WT/SA---MAO B complexes pertain to the

MAO B subunit directly interacting with the matching spike protein.
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Figure S17. Evolution of distances between the protonated amine N-atom in PEA and (i) the side chain amide O-
atom of GIn215 in MAO A (top), and (ii) the carbonyl O-atom of the FAD cofactor in MAO A (bottom), all in the
MAO A::-SA complex during MD simulations.
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Figure $18. Evolution of distances between the hydroxy O-atom in SER and (i) the carbonyl O-atom of the FAD
cofactor in MAO A (top row, left) and (ii) the side chain amide N-atom of GIn215 in MAO A (top row, right), and
between the protonated amine N-atom in SER and (iii) the side chain hydroxy O-atom of Tyr444 in MAO A
(middle row, left), (iv) the side chain hydroxy O-atom of Tyr197 in MAO A (middle row, right), and (v) the side
chain amide O-atom of Asn181 in MAO A (bottom row), all in the MAO A-::SA complex during MD simulations.
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results pertain to the MAO B subunit directly interacting with the matching spike protein.
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Figure S20. Evolution of distances between the protonated amine N-atom in DOP and (i) the side chain hydroxy
O-atom of Tyr188 in MAO B (top row, left), (ii) the side chain thiol S-atom of Cys192 in MAO B (top row, right), (iii)
the backbone amide O-atom of Ser433 in MAO B (bottom row, left), and between the hydroxy O-atom in DOP
and (iv) the backbone amide O-atom in Leu171 (bottom row, right), all in the MAO B--:SA complex during MD
simulations. The results pertain to the MAO B subunit directly interacting with the matching spike protein.
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COMPUTATIONAL DETAILS

Preparation of MAO proteins within a membrane

The X-ray crystal structures of human MAO A in a complex with harmine (PDB ID: 2Z5X)[S2] and human MAO B in
a complex with N-methyl-1(R)-aminoindan (PDB ID: 2C67)[S3] were used as starting points for the analysis. The
co-crystallized ligands, water molecules and ions were removed, while the protonation states of protein ionizable
residues were set according to PROPKA3.1 server predictions[S4] and by inspecting hydrogen bonding networks in
their closest vicinity. The missing hydrogen atoms were added using the tleap module in AmberTools16.[S5]
Structures of MAO enzymes obtained in this way were then inserted into a lipid bilayer consisting of zwitterionic,
electrically neutral 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) using the CHARMM-GUI web-server.[S6] For
MAO A, we used 75 molecules in both layers, while for the dimeric MAO B, the number of DOPC molecules in
each layer was 120. The position of both MAO enzymes in the membrane was determined using the OPM
database through the PPM web server.[S7] Each complex was solvated using explicit TIP3P water molecules
above and below the membrane, while making sure that the entire protein structure is located within the solvent
box. Also, an overall concentration of 0.15 M of K" and CI” ions was distributed around the system using the
Monte-Carlo methodology within CHARMM-GUI to maintain the net zero charge in all systems. The obtained
structures were parameterized using the AMBER ff14SB and LIPID17 force fields for the protein and lipid
components, respectively, while the parameters for the MAQ's FAD cofactor in its oxidized form were taken from
our earlier study.[S8] These were submitted to geometry optimization in the AMBER16 program package,[S5]
employing periodic boundary conditions in all directions. In all instances, optimized systems were gradually
heated from 0 to 300 K and equilibrated during 30 ps using NVT conditions, followed by a productive and
unconstrained MD simulation of 300 ns, employing a time step of 2 fs at a constant pressure (1 atm) and
temperature (300 K), the latter held constant using a Langevin thermostat with a collision frequency of 1 ps ™. The
long-range electrostatic interactions were calculated employing the Particle Mesh Ewald method,[S9] and were
updated in every second step, while the non-bonded interactions were truncated at 11.0 A. Such a setup was
identically applied to all MD simulations employed in this work. Following the MD simulations, we extracted
representative structures of both MAO isoforms immersed in the membrane (Figure S21) and used them for the

subsequent docking studies and molecular dynamic simulations.

Preparation of the ACE2 receptor and the spike protein S1 receptor-binding domain subunit from the SARS-
CoV-2 wild type and its South African B.1.351 variant

The X-ray crystal structure of the h-ACE2 receptor in complex with the spike protein from the SARS-CoV-2 wild
type (PDB ID: 6M0J)[S10] was used to extract the geometry of the receptor and the S1 receptor-binding domain
from the WT strain, while an analogous structure corresponding to the South African mutant variant B.1.351 was
taken from the PDB ID: 7LYN.[S11] The co-crystallized ligands, water molecules and ions were removed, and the
resulting structures were separately submitted to docking studies in order to verify the procedure in terms of the

obtained binding positions and their comparison with the original crystal structures.
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Protein-protein docking studies and subsequent molecular dynamic simulations

Protein-protein docking was performed to determine relevant binding poses for the spike protein in the complex
with the ACE2 receptor in one case, and with both MAO isoforms in the other. In all instances, the structures of
the obtained complexes were used for subsequent analysis, while the elucidated spike protein---ACE2 binding
conformations were additionally employed to validate the docking procedure through the comparison with the
mentioned crystal structures. At this point, it is worth to reiterate that MAO enzymes were, in all cases, submitted
to docking analysis as immersed in the DOPC membrane determined earlier, which prevented the spike protein to
artificially bind areas around the MAO enzymes that are otherwise inaccessible due to the membrane presence.
We came to this decision after initially performing docking analysis without the explicit membrane, which
resulted in WT/SA:--MAO complexes having the spike protein bind the membrane-bound areas in MAO enzymes
as the most favorable positions.

Docking studies were performed using the HDOCK web-server[S12] with default parameters for all
docking runs. HDOCK server uses an iterative knowledge-based scoring function referred to as an ITScore-PP[S13]
to rank the top 10 binding poses. In the case of the WT/SA---ACE2 complexes, only the most stable binding
interaction was considered, after realizing that it matches the corresponding crystal structure. For the WT---MAO
interactions, all ten binding poses were clustered into three distinct positions for the monomeric MAO A, while
for a more complex dimeric MAO B, all ten poses appeared to bind different MAO regions, and were all
considered for further analysis. Analogously, in the case of the SA:--MAQO interactions, with both MAO isoforms
we recognized five discrete binding positions, which were further considered as such.

All of the obtained structures, one for the WT::-ACE2 and SA---ACE2 complexes, three for the WT---MAQO A
complex, five for the SA:--MAO A and SA:--MAO B complexes, and ten for the WT--:-MAO B complexes, were
solvated in a truncated octahedral box of TIP3P water molecules spanning a 10 A-thick buffer, and submitted to
molecular dynamic simulations in AMBER16 using the same setup as already described. The obtained MD
trajectories, and thereof considered protein-protein complexes, were evaluated and ranked by the protein-
protein binding free energies, AGgyp, Using the established MM-GBSA protocol [S14,515] available in
AmberTools16,[S5] and in line with our earlier reports.[S16,517] MM-GBSA is widely used for calculating the
relative binding free energies from snapshots of the MD trajectory with an estimated standard error of 1-3 kcal
mol~.[S14] For that purpose, 3.000 snapshots, collected from the last 30 ns of the corresponding MD trajectories,
were used. The calculated MM-GBSA binding free energies were decomposed into specific residue contributions
on a per-residue basis according to an established procedure.[S18,519] This protocol evaluates AGgnp
contributions from each amino acid residue and identifies the nature of the energy change in terms of interaction
and solvation energies or entropic contributions. The trajectories corresponding to the most exergonic binding

were used to extract the representative structures of each complex, which were used in the subsequent analysis.
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Docking of the neurotransmitter substrates to the active site of native MAO enzymes and MAO enzymes
complexed with the WT/SA spike protein and subsequent molecular dynamic simulations

To evaluate changes in the activity of the MAO enzymes following the complex formation with the WT/SA spike
protein, we performed docking studies of phenylethylamine (PEA) to both MAO isoforms, and their more specific
substrates, serotonin (SER) to MAO A, and dopamine (DOP) to MAO B. In all cases, the docking analysis was used
separately for native MAO enzymes and their complexes with the spike protein from both the WT and the SA
strains. All three substrates were considered with a protonated amino group, since their aqueous phase pK,
values are found to be between 9-10 in all cases,[S20] while earlier experimental[S21] and computational[S22]
studies confirmed that MAO substrates bind within the active site as monocations.

Docking was performed using the AutoDock Vina program,[23] which uses dispersion, hydrogen bonds,
electrostatic, and desolvation components to determine the most probable complex conformation. Structures of
native MAO enzymes and MAO enzymes complexed with the WT/SA spike protein were taken as representative
structures from the aforementioned molecular dynamics simulations. For docking purposes, all water molecules
were omitted from the analysis, hydrogen atoms were added were necessary, and all Lys, Arg, and His side chains
were protonated, while all Asp and Glu side chains were deprotonated, and both amino and carboxyl ends were
charged using the UCSF Chimera 1.14. program (University of California, USA),[S24] which was also used for
results visualization and interpretation. For all docking attempts, a grid map of size 40 x 40 x 40 A was generated
by the AutoGrid program[S25] and centered at the FAD cofactor centre of mass coordinates (in case of MAO B,
docking to both subunits was performed). The receptor molecule was regarded as rigid, except the FAD cofactor
and active site residues, while all single bonds within each ligand were allowed to rotate freely. All studies were
run with both exhaustiveness and number of modes set to 100.

After docking protocol identified the most stable binding positions for all substrates within each
considered biomolecular system, the obtained structures were submitted to the MD simulations using the same
setup as already described. To parameterize the amine substrates for the MD simulations, their geometries were
optimized in the Gaussian16 program,[S26] employing the M06—2X/6—-31+G(d) level of theory and implicit SMD
water solvation, while their RESP charges were calculated using the HF/6-31G(d) model to be consistent with the
subsequently employed AMBER GAFF force field. All MD simulations for this part of the work were done in
quadruplicates, and all trajectories were submitted to the MM—-GBSA analysis to calculate the matching substrate
binding affinities, AGgnp. In each case, the trajectory corresponding to the substrate binding affinity closest to the

average of the mentioned four AGgp values was used for further analysis.
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Figure S21. Equilibrated structures of MAO A (left) and MAO (B) immersed in a bilayer DOPC membrane following
MD simulations. These structures were subsequently employed in all docking studies and molecular dynamic
simulations, with the idea to prevent the docked spike protein and MAO substrates to artificially reside in the
areas occupied by the membrane.
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