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S1. List of commercially available aldehydes considered in the study

Formaldehyde, acetaldehyde, trifluoroacetaldehyde, tribromoacetaldehyde, sodium glyoxylate,
chloroacetaldehyde, 2-bromoacrolein, methylglyoxal, propionaldehyde, glyceraldehyde, 2,4-
dichlorothiazole-5-carboxyaldehyde, heptafluorobutyraldehyde, 4-bromothiazole-2-
carboxyaldehyde, 2-thazolecarboxaldehyde, 5-thiazolecarboxyaldehyde, 4-oxazolecarboxyaldehyde,
2-imidazolecarboxyaldehyde, 4-imidazolecarboxyaldehyde, 2-aminothiazole-5-carboxaldehyde,
crotonaldehyde, cyclopropanecarboxaldehyde, methacrolein, butyraldehyde, isobutyraldehyde, 3-
(methylthio)propionaldehyde, 3-methoxy-propionaldehyde, aldol aldrich, 2,2-
dimethoxyacetaldehyde, 3,4-dibromothiophene-2-carboxaldehyde, 4-bromothiophene-2-
carboxaldehyde, 3-bromothiophene-2-carboxaldehyde, 5-bromo-2-thiophenecarboxaldehyde, 4,6-
dichloropyrimidine-5-carboxaldehyde, = 2-amino-4,6-dichloropyrimidine-5-carboxaldehyde,  4-
bromo-2-furaldehyde, 5-bromo-2-furaldehyde, 5-chloro-2-furaldehyde, 5-chloro-2-
thiophenecarboxaldehyde,  5-nitro-2-thiophenecarboxaldehyde, 5-nitro-2-furaldehyde,  5-
formyluracil, 2-thiophenecarboxaldehyde, 3-furancarboxaldehyde, 3-furancarboxaldehyde, furfural,
2-formyl-3-thiopheneboronic acid, 3-formyl-2-thienylboronic acid, 5-formyl-2-thienylboronic acid, 5-
formyl-2-furanylboronic acid, 4-bromo-1-methyl-1H-imidazole-5-carboxaldehyde, pyrrole-2-
carboxaldehyde, 4-methyl-2-thiazolecarboxaldehyde, 2-methylthiazole-4-carboxaldehyde, 4-
methylthiazole-5-carboxaldehyde, 2-methyloxazole-4-carboxaldehyde, 5-methylisoxazole-3-
carboxaldehyde, 2-aminopyrimidine-5-carboxaldehyde, 1-methyl-1H-pyrazole-4-carboxaldehyde, 1-
methyl-2-imidazolecarboxaldehyde, 1-methyl-5-imidazolecarboxaldehyde, 4-methyl-1H-imidazole-
2-carboxaldehyde, 4-methyl-5-imidazolecarboxaldehyde, 3-methylcrotonaldehyde, 4-pentenal,
trans-2-pentenal, tetrahydrofuran-3-carboxaldehyde, methyl 4-oxobutanoate, 3-
dimethylaminoacrolein, = 2-methylbutyraldehyde, isovaleraldehyde, trimethylacetaldehyde,
valeraldehyde, 3,5-dibromo-4-pyridinecarboxaldehyde, 3,5-dibromopyridine-2-carboxaldehyde, 2-
chloro-4-iodopyridine-3-carboxaldehyde, 2-amino-4-chloro-5-formyl-3-thiophenecarbonitrile, 2,4-
dichloropyridine-3-carboxaldehyde, 2,6-dichloro-4-pyridinecarboxaldehyde, 2,6-dichloropyridine-3-
carboxaldehyde, 3,5-dichloro-4-pyridinecarboxaldehyde, 2-bromo-3-pyridinecarboxaldehyde, 2-
bromo-4-pyridinecarboxaldehyde, 5-bromo-2-pyridinecarboxaldehyde, 3-bromo-4-
pyridinecarboxaldehyde, 5-bromo-3-pyridinecarboxaldehyde, 6-bromo-2-pyridinecarboxaldehyde,
6-bromo-3-pyridinecarboxaldehyde, 2-chloro-3-pyridinecarboxaldehyde, 2-chloro-4-
pyridinecarboxaldehyde, 3-chloro-4-pyridinecarboxaldehyde, 5-chloropyridine-2-carboxaldehyde,
6-chloropyridine-3-carboxaldehyde, 2-fluoro-3-pyridinecarboxaldehyde, 3-fluoro-4-
pyridinecarbaldehyde, 4-bromo-3-methylthiophene-2-carboxaldehyde, 2-pyridinecarboxaldehyde,
3-pyridinecarboxaldehyde, 4-pyridinecarboxaldehyde, 2-amino-3-pyridinecarboxaldehyde, 4-
methylthiophene-2-carboxaldehyde, 5-methyl-2-thiophenecarboxaldehyde, 5-methylfurfural, 5-
hydroxymethyl-2-furaldehyde, N-methyl-2-pyrrolecarboxaldehyde, 2,4-dimethylthiazole-5-
carboxaldehyde, 4,5-dimethylthiazole-2-carboxaldehyde, 3-(N-formyl-N-methylamino)-2-
(trifluoromethyl)propionic acid, frans,trans-2,4-hexadienal, 2-methyl-2-pentenal, trans-2-hexen-1-al,
cyclopentanecarboxaldehyde, (R)-(+)-2,2-dimethyl-1,3-dioxolane-4-carboxaldehyde, 2,2-
dimethylbutanal, 2-ethylbutyraldehyde, 2-methylpentanal, 3,3-dimethylbutyraldehyde, hexanal,
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2,3,5,6-tetrafluorobenzaldehyde, 4-bromo-2,6-difluorobenzaldehyde, 3,6-dibromo-2-
fluorobenzaldehyde, 2,4,6-tribromo-3-hydroxybenzaldehyde, 2-chloro-3,6-difluorobenzaldehyde, 3-
chloro-2,6-difluorobenzaldehyde, 4-chloro-2,6-difluorobenzaldehyde, 2,3,6-trichlorobenzaldehyde,
2,3,5-trifluorobenzaldehyde, 3,4,5-trifluorobenzaldehyde, 2,4,5-trifluorobenzaldehyde, 2-bromo-4-
chlorobenzaldehyde, 3-bromo-5-chlorobenzaldehyde, 3-bromo-5-chloro-4-hydroxybenzaldehyde, 3-
bromo-5-chlorosalicylaldehyde, 2-bromo-5-fluorobenzaldehyde, 2-bromo-6-fluorobenzaldehyde, 3-
bromo-4-fluorobenzaldehyde, 4-bromo-3-fluorobenzaldehyde, 4-bromo-2-fluorobenzaldehyde, 5-
bromo-2-fluorobenzaldehyde, 5-bromo-3-fluorobenzaldehyde, 5-bromo-3-fluorosalicylaldehyde, 3-
bromo-5-nitrobenzaldehyde, 4-bromo-5-nitrobenzaldehyde, 3-bromo-5-nitrosalicylaldehyde, 5-
bromo-3-nitrosalicylaldehyde, 2,5-dibromobenzaldehyde, 3,5-dibromobenzaldehyde, 3,5-dibromo-
4-hydroxybenzaldehyde, 2,5-dibromosalicylaldehyde, 2-chloro-4-flurobenzaldehyde, 2-chloro-6-
flurobenzaldehyde, 3-chloro-2-flurobenzaldehyde, 4-chloro-3-flurobenzaldehyde, 3-chloro-5-fluro-
4-hydroxybenzaldehyde, 3-chloro-5-flurosalicylaldehyde, 5-chloro-2-hydroxy-3-iodobenzaldehyde,
2-chloro-5-nitrobenzaldehyde, 2-chloro-6-nitrobenzaldehyde, 4-chloro-2-nitrobenzaldehyde, 4-
chloro-3-nitrobenzaldehyde,  5-chloro-2-nitrobenzaldehyde,  2,3-dichlorobenzaldehyde,  2,4-
dichlorobenzaldehyde, 2,5-dichlorobenzaldehyde, 2,6-dichlorobenzaldehyde, 3,4-
dichlorobenzaldehyde, 3,5-dichlorobenzaldehyde, 2,4-dichloro-6-hydroxybenzaldehyde, 3,5-
dichlorosalicylbenzaldehyde, 2-fluoro-5-iodobenzaldehyde, 2-fluoro-6-iodobenzaldehyde, 2-fluoro-
5-nitrobenzaldehyde, 4-fluoro-3-nitrobenzaldehyde, 2,3-difluorobenzaldehyde, 2,4-

difluorobenzaldehyde, 2,5-difluorobenzaldehyde, 2,6-difluorobenzaldehyde, 3,4-
difluorobenzaldehyde, 3,5-difluorobenzaldehyde, 3,5-difluorosalicylaldehyde, 3,5-
diiodosalicylaldehyde, 3,5-dinitrosalicylaldehyde, 2,4-dinitrobenzaldehyde, 2,6-
dinitrobenzaldehyde, 6-(trifluoromethyl)pyridine-3-carboxyaldehyde, 2,3-difluoro-4-

formylphenylboronic acid, 2,6-difluoro-3-formylphenylboronic acid, 2,4-difluoro-3-
formylphenylboronic acid, 3,5-difluoro-4-formylphenylboronic acid, 2-bromobenzaldehyde, 3-
bromobenzaldehyde, 4-bromobenzaldehyde, 2-bromo-3-hydroxybenzaldehyde, 2-bromo-5-
hydroxybenzaldehyde, 3-bromo-2-hydroxybenzaldehyde, 3-bromo-4-hydroxybenzaldehyde, 4-
bromo-2-hydroxybenzaldehyde, 5-bromosalicylaldehyde, 2-amino-3,5-dibromobenzaldehyde, 2-
chlorobenzaldehyde, 3-chlorobenzaldehyde, 4-chlorobenzaldehyde, 2-chloro-3-
hydroxybenzaldehyde, 2-chloro-4-hydroxybenzaldehyde, 2-chloro-6-hydroxybenzaldehyde, 3-
chloro-2-hydroxybenzaldehyde, 3-chloro-4-hydroxybenzaldehyde, 5-chlorosalicylaldehyde, 2-
fluorobenzaldehyde, 3-fluorobenzaldehyde, 4-fluorobenzaldehyde, 5-fluorosalicylaldehyde, 3-
fluorosalicylaldehyde,  2-amino-5-(trifluoromethyl)nicotinaldehyde, = 2-iodobenzaldehyde,  3-
iodobenzaldehyde,  4-iodobenzaldehyde,  5-iodosalicylaldehyd,  2-nitrobenzaldehyde,  3-
nitrobenzaldehyde,  4-nitrobenzaldehyde, 2-hydroxy-3-nitrobenzaldehyde, 2-hydroxy-5-
nitrobenzaldehyde, 3-hydroxy-4-nitrobenzaldehyde, 4-hydroxy-3-nitrobenzaldehyde, 5-hydroxy-2-
nitrobenzaldehyde, 2-fluoro-3-formylphenylboronic acid, 2-fluoro-4-formylphenylboronic acid, 3-
fluoro-2-formylphenylboronic ~ acid,  3-fluoro-4-formylphenylboronic ~ acid,  4-fluoro-3-
formylphenylboronic acid, 5-bromo-2-methoxypyridine-3-carboxaldehyde, 6-chloro-2-
methoxypyridine-3-carboxaldehyde, benzaldehyde, 3-hydroxybenzaldehyde, 4-
hydroxybenzaldehyde, salicylaldehyde, trans-3-(2-furyl)acrolein, 2,4-dihydroxybenzaldehyde, 2,3-
dihydroxybenzaldehyde, 2,5-dihydroxybenzaldehyde, 3,4-dihydroxybenzaldehyde, 3,5-
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dihydroxybenzaldehyde, 2,3,4-trihydroxybenzaldehyde, 2,4,5-trihydroxybenzaldehyde, 2,4,6-
trihydroxybenzaldehyde,  3,4,5-trihydroxybenzaldehyde, = 2-formylphenylboronic acid, 3-
formylphenylboronic acid, 4-formylphenylboronic acid, 2-aminobenzaldehyde, 2-methylpyridine-3-
carboxaldehyde, 6-methylpyridine-2-carboxaldehyde, 3-methylpyridine-2-carboxaldehyde, 6-

methylpyridine-3-carboxaldehyde, 2-methoxy-3-pyridinecarboxaldehyde, 6-methoxy-2-
pyridinecarboxaldehyde,  6-methoxy-3-pyridinecarboxaldehyde, 5-methoxy-3-
pyridinecarboxaldehyde, 4,5-dimethylthiophene-2-carboxaldehyde, 5-ethyl-2-

thiophenecarboxaldehyde, 4,5-dimethyl-2-furaldehyde, 5-ethyl-2-furaldehyde, 3,5-dimethylpyrrole-
2-carboxaldehyde, 1-cyclohexene-1-carboxaldehyde, 3-cyclohexene-1-carboxaldehyde,
cyclohexanecarboxaldehyde, 2-chloro-6-methylbenzaldehyde, 2,4-heptadienal, ethyl 2-formyl-1-
cyclopropanecarboxylate, ethyl 3-methyl-4-oxocrotonate, 2,2-dimethyl-4-pentenal, cis-4-hepten-1-al,
trans-2-heptenal, heptenaldehyde, 2,5-dimethoxy-3-tetrahydrofurancarboxaldehyde, N-boc-2-
aminoacetaldehyde, 3,5-difluoro-4-formylbenzonitrile, 2-bromo-5-(trifluoromethyl)benzaldehyde, 3-

bromo-5-(trifluoromethyl)benzaldehyde, 4-bromo-2-cyanobenzaldehyde, 2-chloro-3-
(trifluoromethyl)benzaldehyde, 2-chloro-5-(trifluoromethyl)benzaldehyde, 3-chloro-5-
(trifluoromethyl)benzaldehyde, 4-chloro-3-(trifluoromethyl)benzaldehyde, 5-chloro-2-
(trifluoromethyl)benzaldehyde, 2-fluoro-5-formylbenzonitrile, 4-cyano-3-fluorobenzaldehyde, 2,2-
difluoro-5-formylbenzodioxole, 2-nitro-4-(trifluoromethyl)benzaldehyde, 2-fluoro-4-
(trifluoromethyl)benzaldehyde, 2-fluoro-3-(trifluoromethyl)benzaldehyde, 2-fluoro-5-
(trifluoromethyl)benzaldehyde, 2-fluoro-6-(trifluoromethyl)benzaldehyde, 4-fluoro-2-
(trifluoromethyl)benzaldehyde, 4-fluoro-3-(trifluoromethyl)benzaldehyde, 3-fluoro-5-

(trifluoromethyl)benzaldehyde, 3-bromo-1h-indazole-5-carboxaldehyde, 6-bromo-1,3-benzodioxole-
5-carboxaldehyde, 5-bromo-1,3-benzodioxole-4-carboxaldehyde, 3-chloro-1H-indazole-5-
carboxaldehyde, 2-(trifluoromethyl)benzaldehyde, 3-(trifluoromethyl)benzaldehyde, 4-

(trifluoromethyl)benzaldehyde, 4-(trifluoromethylthio)benzaldehyde, 4-
(trifluoromethoxy)benzaldehyde, 2-(trifluoromethoxy)benzaldehyde, 3-
(trifluoromethoxy)benzaldehyde, 2-hydroxy-5-(trifluoromethoxy)benzaldehyde, 2-

cyanobenzaldehyde, 3-formylbenzonitrile, 4-formylbenzonitrile, benzothiazole-2-carboxaldehyde, 6-
nitropiperonal, 2-bromo-3-chloro-4-hydroxy-5-methoxybenzaldehyde, 3,5-dibromo-2-
methoxybenzaldehyde,  3,5-dibromo-2-hydroxy-4-methoxybenzaldehyde,  6-chloro-2-fluoro-3-
methylbenzaldehyde, 2,6-difluoro-4-methoxybenzaldehyde, 4-(difluoromethoxy)benzaldehyde, 2-
(difluoromethoxy)benzaldehyde, 4-(difluoromethoxy)-3-hydroxybenzaldehyde, 1H-indazole-6-
carboxaldehyde, indazole-5-carboxaldehyde, 7-azaindole-3-carboxaldehyde, 4-(1H-tetraazol-5-
yl)benzaldehyde, phenylglyoxal, 2,3-(methylenedioxy)benzaldehyde, piperonal, 3-formyl-4-
hydroxybenzoic acid, 4-formyl-3-hydroxybenzoic acid, 5-formylsalicylic acid, 2-formyl-4,5-
methylenedioxyphenylboronic acid, 2-bromo-4-methylbenzaldehyde, 3-bromo-4-
methylbenzaldehyde, 3-bromo-4-methoxybenzaldehyde, 2-bromo-4-methoxybenzaldehyde, 2-
bromo-5-methoxybenzaldehyde, 4-bromo-2-methoxybenzaldehyde, 5-bromo-2-
methoxybenzaldehyde, = 2-bromo-3-hydroxy-4-methoxybenzaldehyde, = 5-bromo-2-hydroxy-3-
methoxybenzaldehyde, 5-bromovanillin, 6-bromo-2-hydroxy-3-methoxybenzaldehyde, 2-chloro-4-
methylbenzaldehyde, 2-chloro-6-methylbenzaldehyde, 3-chloro-4-methylbenzaldehyde, 4-chloro-2-
methylbenzaldehyde, 4-chloro-3-methylbenzaldehyde, 2-chloro-3-methoxybenzaldehyde, 3-chloro-
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4-methoxybenzaldehyde,  2-chloro-3-hydroxy-4-methoxybenzaldehyde,  5-chloro-2-hydroxy-4-
methyl-benzaldehyde, 3-chloro-4-hydroxy-5-methoxybenzaldehyde, 5-chloro-2-hydroxy-3-
methoxybenzaldehyde, 2-fluoro-6-methylbenzaldehyde, 3-fluoro-2-methylbenzaldehyde, 3-fluoro-
4-methylbenzaldehyde, 4-fluoro-2-methylbenzaldehyde, 4-fluoro-3-methylbenzaldehyde, 5-fluoro-
2-methylbenzaldehyde, 2-fluoro-5-methoxybenzaldehyde, 2-fluoro-3-methoxybenzaldehyde, 2-
fluoro-4-methoxybenzaldehyde, 2-fluoro-6-methoxybenzaldehyde, 3-fluoro-4-
methoxybenzaldehyde, 4-fluoro-3-methoxybenzaldehyde, 5-fluoro-2-methoxybenzaldehyde, 5-
fluoro-3-methylsalicylaldehyde, 3-fluoro-4-hydroxy-5-methoxybenzaldehyde, 3-iodo-4-
methoxybenzaldehyde, 5-iodo-2-methoxybenzaldehyde, 3-hydroxy-2-iodo-4-
methoxybenzaldehyde, 5-iodovanillin, 4-methyl-3-nitrobenzaldehyde, 2-methoxy-4-
nitrobenzaldehyde, 2-methoxy-5-nitrobenzaldehyde, 3-methoxy-2-nitrobenzaldehyde, 4-methoxy-3-
nitrobenzaldehyde, 2-hydroxy-5-methoxy-3-nitrobenzaldehyde, 3-methoxy-5-nitrosalicylaldehyde,
5-nitrovanillin, 3-bromo-5-formyl-2-methoxyphenylboronic acid, 5-fluoro-3-formyl-2-
methoxyphenylboronic acid, m-tolualdehyde, o-tolualdehyde, p-tolualdehyde, phenylacetaldehyde,
2-(methylthio)benzaldehyde, 4-(methylthio)benzaldehyde, 2-hydroxy-3-methylbenzaldehyde, 2-
hydroxy-5-methylbenzaldehyde, 2-methoxybenzaldehyde, 4-hydroxy-3-methylbenzaldehyde, m-
anisaldehyde, p-anisaldehyde, 2,4-dihydroxy-6-methylbenzaldehyde, 2-hydroxy-4-
methoxybenzaldehyde, 2-hydroxy-5-methoxybenzaldehyde, 2-hydroxy-6-methoxybenzaldehyde, 3-
hydroxy-4-methoxybenzaldehyde, 4-hydroxy-2-methoxybenzaldehyde, vanillin, o-vanillin, 2,4-
dihydroxy-5-methoxybenzaldehyde, 3,4-dihydroxy-5-methoxybenzaldehyde, 5-acetoxymethyl-2-
furaldehyde, 3-formyl-5-methylphenylboronic acid, 2-formyl-4-methoxyphenylboronic acid, 3-
formyl-2-methoxyphenylboronic acid, 3-formyl-4-methoxyphenylboronic acid, 2,6-
dimethoxypyridine-3-carboxaldehyde, ethyl 4-formylpyrrole-2-carboxylate, pyridoxal,
bicyclo[2.2.1]hept-5-ene-2-carboxaldehyde, bicyclo[2.2.1]heptane-2-carboxaldehyde, 5-
(ethoxymethyl)furan-2-carboxaldehyde, 2-butyl-5-chloro-1h-imidazole-4-carboxaldehyde, 2-octynal,
2-ethyl-2-hexenal, trans-2-octenal, 2-ethylhexanal, octanal, boc-l-alaninal, aldehyde name, 2,5-
bis(trifluoromethyl)benzaldehyde, 3,5-bis(trifluoromethyl)benzaldehyde, 3-bromobenzothiophene-
2-carboxaldehyde, 5'-bromo-2,2"-bithiophene-5-carboxaldehyde, 5-bromoindole-3-carboxaldehyde,
6-bromoindole-3-carboxaldehyde, 5-chloroindole-3-carboxaldehyde, 5-fluoroindole-3-
carboxaldehyde, 2,6-difluorocinnamic aldehyde, 3-(1,1,2,2-tetrafluoroethoxy)benzaldehyde, 4-
(1,1,2,2-tetrafluoroethoxy)benzaldehyde, 7-iodoindole-3-carboxaldehyde, 4-nitroindole-3-
carboxaldehyde,  2-ethynylbenzaldehyde,  3-ethynylbenzaldehyde, 4-ethynylbenzaldehyde,
phenylpropargyl aldehyde, benzo[b]thiophene-2-carboxaldehyde, thianaphthene-3-carboxaldehyde,
2,2"-bithiophene-5-carboxaldehyde, 3,3"-bithiophene-5-carboxaldehyde, 2-
benzofurancarboxaldehyde, = a-bromocinnamaldehyde,  trans-4-bromocinnamaldehyde,  4-

chlorocinnamaldehyde,  4-fluorocinnamaldehyde, = a-chlorocinnamaldehyde, (2-bromo-4-

formylphenoxy)acetic acid, (4-chloro-2-formylphenoxy)acetic acid, 2-methyl-3-
(trifluoromethyl)benzaldehyde, 4-methyl-3-(trifluoromethyl)benzaldehyde, 5-methyl-2-
(trifluoromethyl)benzaldehyde, 2-methoxy-4-(trifluoromethoxy)benzaldehyde, indole-2-

carboxaldehyde, indole-3-carboxaldehyde, indole-4-carboxaldehyde, indole-5-carboxaldehyde,
indole-6-carboxaldehyde, indole-7-carboxaldehyde, 5-cyano-2-methoxybenzaldehyde,  4-

nitrocinnamaldehyde, trans-2-nitrocinnamaldehyde, methyl 3-formyl-4-nitrobenzoate, methyl 4-
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formyl-3-nitrobenzoate, 2-(2-formyl-4-nitrophenyl)sulfanylacetic acid, 2-bromo-3-chloro-5-ethoxy-4-
hydroxybenzaldehyde, trans-cinnamaldehyde, 3-vinylbenzaldehyde, 2,3-dihydrobenzofuran-5-
carboxaldehyde, 3-(2-hydroxyphenyl)-2-propenal, 2-acetylbenzaldehyde, 3-acetylbenzaldehyde, 4-
acetylbenzaldehyde, 1,4-benzodioxan-6-carboxaldehyde, 4-acetoxybenzaldehyde, methyl 3-
formylbenzoate, methyl 4-formylbenzoate, 2-formylphenoxyacetic acid, 4-formylphenoxyacetic acid,
methyl  3-formyl-4-hydroxybenzoate, = 4-bromo-3,5-dimethoxybenzaldehyde, = 5-bromo-2,3-
dimethoxybenzaldehyde, 5-bromo-2,4-dimethoxybenzaldehyde, 5-bromoveratraldehyde, 6-
bromoveratraldehyde, 3-(3-chlorophenyl)propionaldehyde, 2-chloro-3,4-dimethoxybenzaldehyde,
3-chloro-4,5-dimethoxybenzaldehyde, 5-chloro-2,3-dimethoxybenzaldehyde, 3-iodo-4,5-
dimethoxybenzaldehyde, 5-iodo-2,4-dimethoxybenzaldehyde, 3-chloro-6-hydroxy-2,4-dimethyl-
benzaldehyde, 2-iodo-4,5-dimethylbenzaldehyde, indoline-7-carboxaldehyde, 2-(3-
formylphenoxy)acetamide, 4-acetamidobenzaldehyde, 4-ethyl-3-nitrobenzaldehyde, 4-ethoxy-3-
nitrobenzaldehyde, 6-nitroveratraldehyde, 4-dimethylamino-2-nitrobenzaldehyde, 2,4-
dimethylbenzaldehyde, 2,5-dimethylbenzaldehyde, 2,6-dimethylbenzaldehyde, 2-
ethylbenzaldehyde, 2-phenylpropionaldehyde, 3,4-dimethylbenzaldehyde, 3,5-
dimethylbenzaldehyde, 4-ethylbenzaldehyde, hydrocinnamaldehyde, 2-ethoxybenzaldehyde, 3-
ethoxybenzaldehyde, 4-ethoxybenzaldehyde, 4-hydroxy-3,5-dimethylbenzaldehyde, 4-methoxy-2-
methylbenzaldehyde, 4-methoxy-3-methylbenzaldehyde, benzyloxyacetaldehyde, 2,3-
dimethoxybenzaldehyde,  2,4-dimethoxybenzaldehyde, = 2,5-dimethoxybenzaldehyde,  2,6-
dimethoxybenzaldehyde, 2-(2-hydroxyethoxy)benzaldehyde, 3,4-dimethoxybenzaldehyde, 3,5-
dimethoxybenzaldehyde, 3-(2-hydroxyethoxy)benzaldehyde, 3-(methoxymethoxy)benzaldehyde, 3-
ethoxy-4-hydroxybenzaldehyde, 3-ethoxysalicylaldehyde, 2,6-dimethoxy-4-hydroxybenzaldehyde,
3,4-dimethoxy-5-hydroxybenzaldehyde, 4,6-dimethoxysalicylaldehyde, syringaldehyde, 3-ethoxy-5-
formylphenylboronic  acid, 3-formyl-2-methoxy-5-methylphenylboronic  acid, 4-ethoxy-3-
formylphenylboronic acid, 4-(dimethylamino)benzaldehyde, 1-(2-tetrahydropyranyl)-1h-pyrazole-5-
carboxaldehyde, trans,trans-2,4-nonadienal, trans-2,cis-6-nonadienal, (R)-1,4-dioxaspiro[4.5]decane-
2-carboxaldehyde, 4-ethyl-4-formylhexanenitrile, 2,6-dimethyl-5-heptenal, trans-2-nonenal, nonenal,
3,5,5-trimethylhexanal, 3-cyclohexylpropionaldehyde, 3-phenylaziridine-2-carboxaldehyde,

aldehyde name, 6-bromo-4-chloro-3-formylcoumarin, 6,8-dibromo-3-formylchromone, 6-bromo-3-

formylchromone, 7-bromochromone-3-carboxaldehyde, 4-chloro-3-formylcoumarin, 7-
fluorochromone-3-carboxaldehyde, 6-fluorochromone-3-carboxaldehyde, 3-formyl-6-
nitrochromone, 4-chloro-6-fluoro-2H-benzopyran-3-carboxaldehyde, 2-chloro-3-
quinolinecarboxaldehyde, 4,6-dichloro-2H-benzopyran-3-carboxaldehyde, 5-(4-

chlorophenyl)isoxazole-3-carboxaldehyde,  5-(4-fluorophenyl)isoxazole-3-carboxaldehyde,  3,5-
dichloro-4-(prop-2-yn-1-yloxy)benzaldehyde, 3-formyl-1H-indole-5-carbonitrile, 3-formylchromone,
3-(4-Fluorophenyl)-1H-pyrazole-4-carboxaldehyde, 2-quinolinecarboxaldehyde, 3-
quinolinecarboxaldehyde, 4-quinolinecarboxaldehyde, 4-isoquinolinecarboxaldehyde, isoquinoline-
5-carboxaldehyde, 2-thiazol-2-yl-benzaldehyde, 6-(2-thienyl)-2-pyridinecarboxaldehyde, 6-(3-
thienyl)pyridine-2-carboxaldehyde,  5-phenylisoxazole-3-carboxaldehyde, = 3-phenylisoxazole-5-
carboxaldehyde, 8-hydroxy-2-quinolinecarboxaldehyde, 2-amino-3-formylchromone, 1-phenyl-1H-
pyrazole-4-carboxaldehyde, 3-phenyl-1H-pyrazole-4-carboxaldehyde, 4-(1H-imidazol-1-
yl)benzaldehyde, 3-methylbenzo[b]thiophene-2-carboxaldehyde, 5-(5-methylthiophen-2-
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yl)thiophene-2-carbaldehyde, 3-(prop-2-yn-1-yloxy)benzaldehyde, 2-formylcinnamic acid, 4-
formylcinnamic acid, 6-hydroxychromene-3-carboxaldehyde, 2-(4-bromo-2-
formylphenoxy)propanoic acid, (2-bromo-4-formyl-6-methoxyphenoxy)acetic acid, (2-chloro-4-
formyl-6-methoxy-phenoxy)-acetic acid, (5-chloro-4-formyl-2-methoxy-phenoxy)-acetic acid, 1-
methylindole-3-carboxaldehyde, 1-methylindole-2-carboxaldehyde, 1-methyl-1H-indole-6-
carboxaldehyde, = 2-methylindole-3-carboxaldehyde, = 2-methylindole-7-carboxaldehyde,  5-
methylindole-3-carboxaldehyde, 5-methoxyindole-3-carboxaldehyde, 3-methyl-1H-indole-2-
carboxaldehyde, 5-formyl-2-furanboronic acid MIDA, a-methyl-trans-cinnamaldehyde, 2-
allyloxybenzaldehyde, 3-allyl-4-hydroxybenzaldehyde, 3-allylsalicylaldehyde, 4-
allyloxybenzaldehyde, 4-hydroxy-3-methoxycinnamaldehyde, 2-(4-formylphenoxy)propanoic acid,
vanillin acetate, (4-formyl-2-methoxyphenoxy)acetic acid, 4-(2-bromoethoxy)-3-
methoxybenzaldehyde, 4-(3-fluoropropoxy)benzenecarbaldehyde, 3-bromo-2-isopropoxy-5-
formylphenylboronic  acid, 2,4,5-trimethylbenzaldehyde, 4-iso-propylbenzaldehyde, 2-iso-
propylbenzaldehyde, 3-iso-propylbenzaldehyde, 3-phenylbutyraldehyde, 4-propylbenzaldehyde,
mesitaldehyde, 2,3-dimethyl-4-methoxybenzaldehyde, 2,5-dimethyl-4-methoxybenzaldehyde, 3-(4-
methoxyphenyl)propionaldehyde, 3-benzyloxypropionaldehyde, 4-propoxybenzaldehyde, 2,4-
dimethoxy-3-methylbenzaldehyde, 2,4-dimethoxy-6-methylbenzaldehyde, 2-ethoxy-3-
methoxybenzaldehyde, 3-ethoxy-4-methoxybenzaldehyde, 4-ethoxy-3-methoxybenzaldehyde, 2,3,4-
trimethoxybenzaldehyde, 2,4,5-trimethoxybenzaldehyde, 2,4,6-trimethoxybenzaldehyde, 3,4,5-
trimethoxybenzaldehyde, 2-ethoxy-3-formyl-5-methylphenylboronic acid, 3-formyl-4-
isopropoxyphenylboronic ~ acid, = 3-formyl-5-isopropoxyphenylboronic =~ acid, = 3-formyl-5-
propoxyphenylboroni,  3-[(dimethylamino)methyl]-4-hydroxybenzaldehyde, = N-methyl-N-(2-
hydroxyethyl)-4-aminobenzaldehyde, N-boc-pyrrole-2-carboxaldehyde, (1R)-(-)-myrtenal, (S)-(-)-
perillaldehyde, alpha-cyclociral, citral, trans,trans-2,4-decadienal, Boc-L-prolinal, Boc-D-prolinal,
citronellal, cis-7-decenal, cis-4-decenal, decanal, 7-hydroxycitronellal, 6-chloro[1,3]dioxolo[4,5-
glquinoline-7-carboxaldehyde, 5-(4-chloro-2-nitrophenyl)furfural, 5-(2,4-dichlorophenyl)furfural, 5-
(2,5-dichlorophenyl)furfural, 5-(3,4-dichlorophenyl)furfural, —1-bromo-2-naphthaldehyde, 5-(4-
bromophenyl)furfural, 5-(2-chlorophenyl)furfural, 5-(3-chlorophenyl)furfural, 5-(4-
chlorophenyl)furfural, 4-chloro-3-formyl-6-methylcoumarin, 6-chloro-3-formyl-7-methylchromone,
4-fluoro-1-naphthaldehyde, 1-nitro-2-naphthaldehyde, 5-(2-nitrophenyl)furfural, 3-(4-
bromophenyl)-5-methylisoxazole-4-carboxaldehyde, 2-chloro-6-methylquinoline-3-carboxaldehyde,
2-chloro-8-methylquinoline-3-carboxaldehyde, 3-(4-chlorophenyl)-5-methylisoxazole-4-
carboxaldehyde, 3-(4-fluorophenyl)-5-methylisoxazole-4-carboxaldehyde, 5-(4-
formylphenyl)pyrimidine, 1-naphthaldehyde, 2-naphthaldehyde, 4-(2-thienyl)benzaldehyde, 4-
phenylthiophene-2-carboxaldehyde, 5-phenylthiophene-2-carboxaldehyde, 1-hydroxy-2-
naphthaldehyde,  2-hydroxy-1-naphthaldehyde,  4-hydroxy-1-naphthaldehyde,  5-phenyl-2-
furaldehyde, 3-formyl-6-methylchromone, 6-methoxychromone-3-carboxaldehyde, 1-(4-
bromophenyl)-5-methyl-1H-pyrazole-4-carboxaldehyde, 1-(4-fluorophenyl)-5-methyl-1H-pyrazole-
4-carboxaldehyde, 5-chloro-3-methyl-1-phenyl-4-pyrazolecarboxaldehyde, 1-acetyl-3-
indolecarboxaldehyde, (3-formyl-1-indolyl)acetic acid, 5-(4-methoxyphenyl)isoxazole-3-
carboxaldehyde,  1-(phenylsulfonyl)-2-pyrrolecarboxaldehyde,  5-(4-methylphenyl)isoxazole-3-
carboxaldehyde, 5-methyl-3-phenylisoxazole-4-carboxaldehyde, 5-methyl-1-phenyl-1H-pyrazole-4-
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carboxaldehyde,  3-methyl-1-phenyl-1H-pyrazole-4-carboxaldehyde, = 4-(4-hydroxybut-1-yn-1-
yl)benzaldehyde, methyl 4-formylcinnamate, (2-chloro-6-ethoxy-4-formylphenoxy)acetic acid, 5-
methoxy-4-methylindole-3-carboxaldehyde,  4-[(2-cyanoethyl)methylamino]benzaldehyde,  6-
methoxyindane-5-carbaldehyde, trans-3,5-dimethoxy-4-hydroxycinnamaldehyde, methyl 2-formyl-
3,5-dimethoxybenzoate, 4-[bis-(2-chloroethyl)amino]benzaldehyde, 4-(1-pyrrolidino)benzaldehyde,
4-(dimethylamino)cinnamaldehyde, 4-(4-morpholinyl)benzaldehyde, 3-
[(benzyloxycarbonyl)amino]propionaldehyde, = 4-butoxy-3-nitrobenzaldehyde, = n-(3-formyl-2-
pyridinyl)-2,2-dimethylpropanamide, 2,3,5,6-tetramethylbenzaldehyde, 4-butylbenzaldehyde, 4-
isobutylbenzaldehyde, 4-tert-butylbenzaldehyde, 2-(tert-butylthio)benzaldehyde, (1,s)-3-benzyloxy-
2-methylpropionaldehyde, 3-tert-butyl-2-hydroxybenzaldehyde, 4-(tert-butyloxy)benzaldehyde, 4-
butoxybenzaldehyde, 2,3-diethoxybenzaldehyde, 2,4-diethoxybenzaldehyde, 2,5-
diethoxybenzaldehyde, 3,4-diethoxybenzaldehyde, 5-tert-butyl-2-hydroxybenzaldehyde, 3-butoxy-
5-formylphenylboronic acid, 3-formyl-2-isopropoxy-5-methylphenylboronic acid, 3-formyl-5-
methyl-2-propoxyphenylboronic acid, 4-diethylaminobenzaldehyde, 4-
(diethylamino)salicylaldehyde, 4-[N,N-bis(2-hydroxyethyl)amino]benzaldehyde, hexylthiophene-2-
carboxaldehyde, 2,6,6-trimethyl-1-cyclohexene-1-acetaldehyde, 1-boc-piperidine-4-carboxaldehyde,
N-boc-cycloleucinal, (R)-(+)-3-boc-2,2-dimethyloxazolidine-4-carboxaldehyde, undecanal, 5-[2-
chloro-5-(trifluoromethyl)phenyl]furfural, 5-[2-(trifluoromethyl)phenyl]furfural, 2-chloro-5-
phenylpyridine-3-carboxaldehyde, 6-(4-chlorophenyl)-2-pyridinecarboxaldehyde, 6-(4-
fluorophenyl)-2-pyridinecarboxaldehyde, 5-[3-(trifluoromethyl)phenyl]furfural, 6-(3-nitrophenyl)-2-
pyridinecarboxaldehyde, 5-(3-chloro-4-methoxyphenyl)furfural, 4-(2-pyridyl)benzaldehyde, 4-(4-
formylphenyl)pyridine, 4-(pyridin-3-yl)benzaldehyde, p-formylbenzoic acid N-hydroxysuccinimide
ester, 2-methoxy-1-naphthaldehyde, 4-methoxy-1-naphthaldehyde, 2-methyl-1-naphthaldehyde, 6-
methoxy-2-naphthaldehyde, 6-ethyl-3-formylchromone, 2-formylphenylboronic acid MIDA ester, 3-
formylphenylboronic acid MIDA ester, 4-formylphenylboronic acid MIDA ester, 1-(4-
methoxyphenyl)-5-methyl-1h-pyrazole-4-carboxaldehyde, ~ 4-antipyrinecarboxaldehyde,  4-(3-

hydroxy-3-methylbut-1-yn-1-yl)benzaldehyde, 4-acetoxy-3-methoxycinnamaldehyde, 6-
isopropylindole-3-carboxaldehyde, 6-isopropylindole-3-carboxaldehyde, 4-(1-
piperidinyl)benzaldehyde, 2-(boc-amino)benzaldehyde, 4-(boc-amino)benzaldehyde,

pentamethylbenzaldehyde, 3-(diethoxymethyl)benzaldehyde, 4-(diethoxymethyl)benzaldehyde, 2-
butoxy-3-formyl-5-methylphenylboronic acid, 4-[3-(dimethylamino)propoxy]benzaldehyde, N-boc-
4-piperidineacetaldehyde, = dodecyl, aldehyde name, 4'-chloro-3'-fluoro[1,1"-biphenyl]-2-
carbaldehyde, 3',4'-dichloro[1,1-biphenyl]-2-carbaldehyde, 3-(3,4-dichlorophenoxy)benzaldehyde,
3-(3,5-dichlorophenoxy)benzaldehyde, 4-(2,4-dichlorophenoxy)benzaldehyde, 4-(6-formylpyridin-2-
ylbenzonitrile,  3-(6-formylpyridin-2-yl)benzonitrile, =~ dibenzofuran-4-carboxaldehyde,  4-(4-
bromophenoxy)benzaldehyde, 2'-chloro-biphenyl-2-carbaldehyde, 3-(4-chlorophenyl)benzaldehyde,

4'-chloro-biphenyl-4-carbaldehyde, 2-(4-chlorophenoxy)benzaldehyde, 3-(4-
chlorophenoxy)benzaldehyde, 4-(3-chlorophenoxy)benzaldehyde, 4-(4-
chlorophenoxy)benzaldehyde, 2-(4-fluorophenyl)benzaldehyde, 2-fluorobiphenyl-4-

carboxaldehyde,  4-(4-fluorophenoxy)benzaldehyde,  4-fluoro-3-phenoxybenzaldehyde,  4-(4-
nitrophenoxy)benzaldehyde, 1H-benzo[g]indole-3-carboxaldehyde, 5-
acenaphthenecarboxaldehyde, biphenyl-2-carboxaldehyde, biphenyl-3-carboxaldehyde, biphenyl-4-
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carboxaldehyde,  3-phenoxybenzaldehyde,  4-phenoxybenzaldehyde,  2-(4-formylphenyl)-6-
(hydroxymethyl)pyridine, 6-(4-methoxyphenyl)-2-pyridinecarboxaldehyde, 6-[4-
(methylsulfonyl)phenyl]-2-pyridinecarboxaldehyde, 2,3-dimethoxy-1-naphthaldehyde, 3,8-
dimethoxy-2-naphthaldehyde, 4,7-dimethoxy-1-naphthaldehyde, 4-dimethylamino-1-
naphthaldehyde, 1-boc-7-azaindole-3-carboxaldehyde, 3-(1-Methyl-1H-indol-3-yl)butyraldehyde,
2,6-difluoro-4-formylphenylboronic acid, 2-fluoro-5-formylphenylboronic acid pinacol ester, 2-(1,3,3-
trimethylindolin-2-ylidene)acetaldehyde, 2,3,6,7-tetrahydro-8-hydroxy-1h,5h-benzolijlquinolizine-
9-carboxaldehyde, 2-methyl-N-ethyl-n-(2-cyanoethyl)-4-aminobenzaldehyde, 2-
cyclohexylbenzaldehyde, N-benzylpiperidine-4-carboxaldehyde, trans-4-
(diethylamino)cinnamaldehyde, 2-methyl-3-phenylpropanal, 3-(4-tert-butylphenyl)propanal, 2-
(hexyloxy)benzaldehyde, 4-(hexyloxy)benzaldehyde, 4-(4-hydroxy-4-methylpentyl)-3-cyclohexene-
1-carboxaldehyde, tridecanal, 3-formylphenyl 2,4-dichlorobenzoate, 3-formylphenyl 2-
chlorobenzoate, 3-formylphenyl 4-chlorobenzoate, 2'-trifluoromethyl-biphenyl-4-carbaldehyde, 2-[4-
(trifluoromethyl)phenyl]benzaldehyde, 3'-(trifluoromethyl)-1,1"-biphenyl-2-carboxaldehyde, 3-[3-
(trifluoromethyl)phenoxy]benzaldehyde, 4-(4-formylphenoxy)benzonitrile, fluorene-2-
carboxaldehyde, 4-(4-bromobenzyloxy)benzaldehyde, methyl 3-(6-formyl-2-pyridinyl)benzoate,
methyl 4-(6-formylpyridin-2-yl)benzoate, 3-(4-methylphenyl)benzaldehyde, 4-(4-
methylphenyl)benzaldehyde, diphenylacetaldehyde, 2'-methoxy-biphenyl-2-carbaldehyde, 2-
benzyloxybenzaldehyde, 3-benzyloxybenzaldehyde, 4-benzyloxybenzaldehyde, 3-(4-
methylphenoxy)benzaldehyde, 4-(4-methylphenoxy)benzaldehyde, 2-(3-
methoxyphenoxy)benzaldehyde, 2-(4-methoxyphenoxy)benzaldehyde, 3-(4-
methoxyphenoxy)benzaldehyde, 4-(4-methoxyphenoxy)benzaldehyde, 4-(benzyloxy)-2-
hydroxybenzaldehyde, 2-[(phenylsulfonyl)methyl]benzaldehyde, N-boc-indoline-7-
carboxaldehyde, a-amylcinnamaldehyde, N-Boc-phenylalaninal, 2-(4-tert-
butylbenzyl)propionaldehyde, 4-(heptyloxy)benzaldehyde, 3-isobutylaziridine-2-carboxaldehyde, 4-
[3,5-bis(trifluoromethyl)phenyl]benzaldehyde, 9-anthracenecarboxaldehyde, 10-chloro-9-
anthraldehyde, 9-phenanthrenecarboxaldehyde, phenanthrene-4-carbaldehyde, 3-(2-
furoyl)quinoline-2-carboxaldehyde, trans-4-stilbenecarboxaldehyde, 4'-bromostilbene-4-
carboxaldehyde, = 2-methyl-9-acridinecarboxaldehyde, = 2-phenylindole-3-carboxaldehyde, (-
phenylcinnamaldehyde, methyl 4-(3-formylphenyl)benzoate, methyl 4-(4-formylphenyl)benzoate, 9-
ethyl-3-carbazolecarboxaldehyde, 2-benzyloxy-3-methoxybenzaldehyde, 3-benzyloxy-4-
methoxybenzaldehyde, 4-benzyloxy-3-methoxybenzaldehyde, [3aR(3ac,4cx,53,6aa)]-(—)-5-
(benzoyloxy)hexahydro-2-oxo-2H-cyclopenta[b]furan-4-carboxaldehyde, 4-[bis[2-
(acetyloxy)ethyl]amino]benzaldehyde, a-hexylcinnamaldehyde, 4'-formylbenzo-15-crown-5, 3,5-di-
tert-butylbenzaldehyde, 3,5-di-tert-butyl-2-hydroxybenzaldehyde, 3,5-di-tert-butyl-4-
hydroxybenzaldehyde, 4-octylbenzaldehyde, 4-(dibutylamino)benzaldehyde, farnesal, oncrasin-1, 1-
benzylindole-3-carboxaldehyde, 5-benzyloxyindole-3-carboxaldehyde, 1,3-diphenyl-1h-pyrazole-4-
carboxaldehyde, 10-methylanthracene-9-carboxaldehyde, 4-benzyloxy-3,5-dimethylbenzaldehyde,
1-boc-4-(4-formylphenyl)piperazine, 1-boc-4-(2-formylphenyl)piperazine, 3,5-di-tert-butyl-2-
methoxybenzaldehyde, cis-11-hexadecenal, 1-pyrenecarboxaldehyde, 3-(4-tert-
butylphenoxy)benzaldehyde, 4-(decyloxy)benzaldehyde, 3-(1-methylindol-3-yl)-3-
phenylpropionaldehyde, 4-(diphenylamino)benzaldehyde, 2-(diphenylphosphino)benzaldehyde, 3-
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(3',5'-di-tert-butyl-4"-hydroxy)phenyl-2,2-dimethylpropanal, = 3,5-dibenzyloxybenzaldehyde, 3,4-

dibenzyloxybenzaldehyde.

S2. Full list of enzymes and the best inhibitors

Table S1. The full list of enzymes with preferred P1’ substituents that were the most favored, had the best

interaction with the catalytic metal ion via the phosphinate group, and were the most specific. The

stereochemistry of the ligands and the calculated Gibbs free energy of binding in the active center are

included. Known inhibitors are given as the references, with inhibition potency (Ki or IC50) and calculated AG

values.
AG
Enzyme Inhibitor P1’ substituent Configuration
[kJ/mol]
The best found
MO01.001 4-Hydroxy-3-methoxyphenyl S,S -53.82
Metal-interacting
Homo sapiens
AFYT The most specific 5-Amino-thiophen-2-yl RS -34.19
Known, Ki=0.69 nM R =4-(Aminomethyl)phenyl [1] -64.11
The best found
MO01.001
Metal-interacting 4-Boronophenyl MIDA ester R.R -39.09
Sus scrofa
The most specific
4FKE
Known, ICso=8.10 uM Bestatin [2] -45.38
The best found
MO01.003 3-Isobutylaziridin-2-yl RS -38.80
Metal-interacting
Homo sapiens
LK The most specific 1-Methyl-1H-imidazol-5-y1 RS -26.34
Known, Ki=75 pM Bestatin [3] -7.54
The best found 2-Borono-5-methoxyphenyl RS -57.39
MO01.004
Metal-interacting none
Homo sapiens
AMKT The most specific 2-Butyl-5-chloro-1H-imidazol-4-yl RS -40.94
Known, Ki=200nM Bestatin [4] -53.73
The best found
MO01.005 3,4-Dihydroxyphenyl RE -49.91
Metal-interacting
Escherichia coli
The most specific none
3B34
Known, Ki=1.5nM Ala-P[(O)(OH)CH:]-Phe-Phe [5] -50.47
The best found
M01.011 3-(Furan-2-carbonyl)quinolin-2-yl R,S -117.58
Metal-interacting
Homo sapiens
The most specific none
5MJ6
Known, Ki=1.7 nM IVDE?7 [6] -53.58
4-(6-(Hydroxymethyl)pyridin-2-
MO01.021 The best found (&-(Hy Y yDpy R,S -37.43
yl)phenyl
Thermoplasma
Metal-interacting 6-Ethyl-4-oxo0-4H-chromen-3-yl R,S -37.15
acidophilum
The most specific -37.15
1Z5H
Unknown Bestatin -6.42
MO01.024 The best found 2-Benzyloxyphenyl R,S -76.49
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Homo sapiens Metal-interacting Phenanthren-4-yl RZ -36.15
5AB0 The most specific Diphenylmethyl RZ -52.41
Known, ICso =237 nM DABA-Trp derivative [7] -54.74
MO01.029 The best found 3-Hydroxy-4-methoxyphenyl RS -63.40
Plasmodium Metal-interacting
falciparum The most specific 4-(2-Pyridyl)phenyl RE -63.35-
3EBH Known, ICs = 6 nM BDM14471 [8] -37.38
M01.031 The best found
Colwellia Metal-interacting 2-(tert-Butylthio)phenyl RR -76.28
psychrerythraea The most specific
3CIA Unknown value Bestatin -66.93
MO01.034 The best found
3,5-Di-tert-butylphenyl S,R -53.62
Saccharomyces Metal-interacting
cerevisiae The most specific 3-phenyl-1H-pyrazol-4-yl R.R -44.73
2XQ0 Unknown Bestatin -47.06
MO1.un The best found
Quinolin-4-yl RE -54.98
Neisseria Metal-interacting
meningitides The most specific Biphenyl-2-yl RE -45.78
2GTQ Known, Ki=54 nM R =4-Hydroxyphenyl [9] -26.61
The best found 3-(4-Chlorophenyl)phenyl -90.35
M17.001
Metal-interacting
Bos taurus 4,6-Dichloro-2H-chromen-3-yl -82.09
The most specific
1LAM
Known, Ki=22nM L-leucinthiol [10] -40.78
The best found 4-Borono-3-fluorophenyl R,R
M17.002
Metal-interacting 3-Boronophenyl RS
Solanum
The most specific 3-Methylbenzo[b]thiophen-2-yl S5,S
lycopersicum
Known, Activity = 0%
4KSI Bestatin -39.99
for 0.1 mM inhibitor
The best found
M17.003 N-phenylpiperidin-4-yl S,E -86.01
Metal-interacting
Escherichia coli
The most specific 2,2'-Bithiophen-5-yl R,S -75.42
1GYT
Unknown Bestatin -40.66
M17.016 The best found
3-Borono-6-ethoxyphenyl S,Z -81.94
Helicobacter Metal-interacting
pylori The most specific None
4Z1LA Known, ICs=49 nM Bestatin [11] -26.60
M17.A05 The best found 4-Borono-2-fluorophenyl R,R -78.00
Caenorhabditis Metal-interacting 3-Borono-5-Bromo-4-methoxyphenyl RZ -68.29
elegans The most specific Benzofuran-2-yl RR -66.70
2HC9 Unknown Bestatin -35.60
M17.uns The best found 6-(3-Cyanophenyl)pyridin-2-yl SZ -92.97

12



Biomolecules 2020, 10, x FOR PEER REVIEW 13 of 32
Pseudomonas Metal-interacting
putida The most specific
3H8G Unknown Bestatin [12] -37.17
M17.uns The best found 3-Brorono-5-methylphenyl S,S -81.84
Xanthomonas Metal-interacting 3-Borono-2-methoxy-5-methylphenyl S,S -76.81
oryzae The most specific 3-(4-Fluorophenyl)propyl RS -77.93
3JRU Unknown Bestatin -46.58
The best found 4-(4-cyanophenoxy)phenyl R.R -78.72
M18.002 1-(4-fluorophenyl)-5-methyl-1H-
Metal-interacting RS -74.22
Bos Taurus pyrazol-4-yl
3VAT The most specific 4-(4-cyanophenoxy)phenyl R,R -78.72
Known, Phenantroline [13] -28.47
The best found 3,4-Dibenzyloxyphenyl R,S -88.05
M18.002 The most specific None
Homo sapiens Metal-interacting 5-(Ethoxymethyl)furan-2-yl 5,5 -46.49
4DYO Known,
Phenantroline [13] -16.74
C =50 pg/ml -50%
M18.002 The best found
Imidazo-2-yl S,E -67.88
Pseudomonas Metal-interacting
aeruginosa The most specific Ethyl SR -37.17
4NJR Known Phenantroline [13] -16.83
The best found 3,5-Dihydroxyphenyl RS -80.32
M18.003
Metal-interacting
Plasmodium 3-Cyano-4-fluorophenyl S5,S -60.49
The most specific
falciparum
(R)-Glu a-phosphonic amino acid
4EME Known, Ki=0.34 uM -29.94
derivative [14]
M18.004 The best found Acenaphthen-5-yl1 R,R -117.11
Clostridium Metal-interacting
8-Hydroxyquinolin-yl R.E -111.17
acetobutylicum The most specific
2GLJ Unknown Bestatin -88.90
M18.004 The best found
Thermotoga Metal-interacting 3,4-Dichlorophenyl R.R -63.23
maritima The most specific
2GLF Unknown Bestatin -31.90
The best found
M24.001 3-Isobutylaziridin-2-yl S,R -65.96
Metal-interacting
Escherichia coli
»GGC The most specific 4-(1H-Imidazol-1-yl)phenyl RR -41.39
Known, ICso = 67 nM Inhibitor 2 [15] -28.38
M24.001 The best found 3-Borono-6-ethoxyphenyl RR -50.98
Mycobacterium Metal-interacting None
tuberculosis The most specific 3-Borono-4-methoxy-5-Bromophenyl RE -28.25
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1YJ3 Unknown value Inhibitor 2 [15] -46.56
M24.001 The best found Isoquinolin-5-y1 RE -77.66
Rickettsia Metal-interacting Dimethylpropyl SR -75.66
prowazekii The most specific Isoquinolin-5-yl RE -77.66

3MX6 Known, ICs0 = 0.6 uM Furoic acid derivative (6) [16] -42.62
The best found 4-Borono-2,3-difluorophenyl R,S -84.15
M24.002 —
The most specific 3-(3-Chlorophenyl)propyl 55 -55.00
Homo sapiens
Metal-interacting Phenylethyl 55 -59.33
1B6A
Known, Ki=26 nM Beloranib [17] -28.39
The best found 4-Boronophenyl RE -85.18
M24.017 The most specific 4-Borono-3-fluorophenyl R,R -51.19
Homo sapiens 4-(6-
Metal-interacting L S,R -77.96
2GZ5 (hydroxymethyl)pyridinyl)phenyl
Known, Ki=10nM Barbiturate-based inhibitor (10)[18] -53.46
M24.035 The best found
Pyrococcus Metal-interacting 2-Bromo-3-pyridinecarboxaldehyde RS -66.07
furiosus The most specific
1XGS Known, Ki=2 uM Bestatin-like inhibitor (A311263) [19] -32.44
The best found
M24.036 Benzo[1,3]dioxol-5-yl RR -93.88
Metal-interacting
Staphylococcus
qurels The most specific 2-Methylindol-7-yl R,S -59.33
1QXY Known, ICso=7 pM 3-Amino-1- -3455
(cyclopropylamino)heptan-2-one [20]
M24A . .uns The best found 2-Methyl-3-phenylpropyl S,5R -106.79
Encephalitozoon Metal-interacting
1-(Benzyloxy)ethyl SRS -103.11
cuniculi The most specific
3FM3 Known, ICso =95.0 nM TNP-470 [21] -61.73
The best found bicyclo[2.2.1]heptan-2-yl S5,S -80.36
M24.004
Metal-interacting 6-Methoxyindan-5-yl1 S,z -57.65
Escherichia coli
IWLo The most specific (2-(Benzyloxycarbonyl)amino)ethyl S,R -57.93
Known, Ki=14 pM Apstatin [22] -44.43
The best found 4-Borono-2-fluorophenyl RR -51.91
M?24.009
The most specific 2-Boronophenyl S,S -41.61
Homo sapiens
Metal-interacting None
3CTZ
Known, Ki =260 nM GW796406! [23] -42.11
The best found 3-Phenylaziridin-2-yl RS -102.22
M?24.026
The most specific 2-Borono-6-fluorophenyl RR -68.93
Homo sapiens
549 Metal-interacting 3-Borono-5-isopropoxyphenyl RR -83.35
Known, Ki =640 nM Apstatin [22] -103.24
M24.031 The best found
Thermotoga Metal-interacting 4-Bromophenyl R,E -67.12
maritima The most specific
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275G Unknown Bestatin -37.08
M24.038 The best found 4-(Pyridin-3-yl)phenyl SR -83.36
Plasmodium Metal-interacting
1,3-Diphenyl-1H-pyrazol-4-yl S,E -67.21
falciparum The most specific
5]R6 Known, Ki=20.2 uM Apstatin [24] -47.01
M24.A11 The best found
2-(Carboxymethoxy)-5-chlorophenyl S,S -91.54
Xanthomonas Metal-interacting
campestris The most specific 5-(Ethoxycarbonyl)-1H-pyrrol-3-yl RR -60.77
5CDE Unknown Bestatin -18.85
M28.003 The best found
1H-Indazol-6-yl R,S -72.68
Streptomyces Metal-interacting
griseus The most specific 2-Hydroxy-5-methoxyphenyl R,R -56.82
1Cpr7 Unknown Phenantroline [25] -33.12
M28.uns The best found
3,4-Dihydroxyphenyl RS -74.32
Clostridium Metal-interacting
acetobutylicum The most specific 2,4-Dichloro-6-hydroxyphenyl R.R -73.68
3K9T Unknown Phenantroline -12.89
M28.uns The best found 2,3,4-Trihydroxyphenyl S5Z -63.56
Parabacteroides Metal-interacting None
distasonis The most specific 6-Hydroxychromen-3-yl SR -37.56
3TC8 Unknown value Phenantroline -34.67
M28.002 The best found 3-Methylpyridin-2-yl RR -98.84
Vibrio Metal-interacting 2-Ethylpropyl S5,S -74.28
proteolyticus The most specific 6-Methylpyridin-2-yl SR -92.41
1RTQ Known, Ki=18 nM Bestatin [26] -71.01
M28.020 The best found
Aneurinibacillus Metal-interacting 6-Methyl-4-oxo-4H-chromen-3-yl S5,S -54.56
sp. AM-1 The most specific
2EK8 Unknown Bestatin -59.12
M29.001 The best found 3-Borono-5-isopropoxyphenyl S,z -64.62
Thermus Metal-interacting
] 2,3-Dihydrobenzofuran-5-yl R.E -59.81
thermophiles The most specific
2AYI Unknown Bestatin -40.69
M29.005 The best found
5-Chlorofuran-2yl R,R -72.55
Staphylococcus Metal-interacting
aureus The most specific 2-Bromophenyl R,R -55.22
1ZJC Unknown value Bestatin -44.63
4-[N,N-Bis(2-
M42.001 The best found S,Z -50.59

Bacillus subtilis
1VHE
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hydroxyethyl)amino]phenyl

Metal-interacting

None

The most specific

None




Unknown value Bestatin -15.31
The best found
M42.001 2-Chloro-5-phenylpyridin-3-yl RZ -67.27
Metal-interacting
Streptococcus
4-(Difl hoxy)-3-
pneumoniae The most specific (Pifluoromethoxy)-3 R,S -56.17
hydroxyphenyl
3KL9 .
Known, Ki=292 nM Bestatin® [27] -41.97
M42.003 The best found
3,4-Dibenzyloxyphenyl S,S -71.91
Pyrococcus Metal-interacting
horikoshii The most specific 4-(Dimethylamino)phenyl RE -40.93
2CF4 Unknown value Bestatin -35.03
M42.004 The best found 2,3-Dimethoxynaphtha-1-yl R Z -58.55
Pyrococcus Metal-interacting
4-(4-Methylphenoxy)phenyl RZ -50.41
horikoshii The most specific
1Y0Y Unknown value Bestatin -27.75
M42.009 The best found Indol-7-yl SR -57.37
Pyrococcus Metal-interacting
3-lodo-4-hydroxy-5-methoxyphenyl SR -51.41
horikoshii The most specific
2VPU Unknown value Bestatin -42.42
The best found
M55.001 Indol-4-yl SR -86.11
Metal-interacting
Bacillus subtilis
The most specific Biphen-3-yl S5Z -68.89
1HI9
Unknown value Bestatin -55.27

S3. ADMET properties of the best selected inhibitors from the Table S1.

Table S2. Selected ADMET properties for the best inhibitors: MW — molecular weight, H-acc — H-bond

acceptor number, H-don — H-bond donor number, LogP —logarithm of partition coefficient, GI —

gastrointestinal absorption, Lipinski — if the compound does not fulfill basics of the rule of five the outside

value is mentioned.

P1’ group MW  H-acc H-don LogP Watersolubility GI Lipinski
Moderately
4-Hydroxy-3-methoxyphenyl  406.39 6 2 0.5 Low Yes
soluble
5-Amino-thiophen-2-yl 381.41 4 2 0.16 Soluble Low Yes
Moderately
4-Boronophenyl MIDA ester 515.28 8 1 -1.61 Low 1 (MW)
soluble
3-Isobutylaziridin-2-yl 368.41 4 2 -1.13 Soluble High Yes
1-Methyl-1H-imidazol-5-yl 365.36 4 2 -0.64 Soluble High Yes
2-Borono-5-methoxyphenyl 434.21 7 3 -1.07 Soluble Low Yes
2-Butyl-5-chloro-1H-imidazol-4-
440.88 5 2 1.19  Poorly soluble  Low Yes
3,4-Dihydroxyphenyl 390.35 6 3 0.12 Soluble Low Yes
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3-(Furan-2-carbonyl)quinolin-2-
. 505.48 7 1 1.62 Poorly soluble  Low 1 (MW)
Y
4-(6-(Hydroxymethyl)pyridin-2-
(-Hy Y yhpy 467.47 6 2 1.02  Poorly soluble  Low Yes
yl)phenyl
6-Ethyl-4-oxo-4H-chromen-3-yl =~ 456.45 6 1 1.33  Poorly soluble  Low Yes
2-Benzyloxyphenyl 466.49 5 1 2.1 Poorly soluble  High Yes
Diphenylmethyl 448.47 4 1 2.34  Poorly soluble  High Yes
Phenanthren-4-yl 458.47 4 1 2.67  Poorly soluble  High Yes
Moderately
3-Hydroxy-4-methoxyphenyl  406.39 6 2 0.38 Low Yes
soluble
4-(2-Pyridyl)benzaldehyde 435.43 5 1 1.38  Poorly soluble  High Yes
2-(tert-Butylthio)phenyl 448.54 4 1 2.09  Poorly soluble  Low Yes
3,5-Di-tert-butylphenyl 472.58 4 1 3.28 Poorly soluble ~ High Yes
3-Phenyl-1H-pyrazol-4-yl 426.43 5 2 0.77  Poorly soluble  Low Yes
Moderately
Quinolin-4-yl 409.39 5 1 1.04 High Yes
soluble
Biphenyl-2-yl 434.44 4 1 2.27  Poorly soluble  High Yes
3-(4-Chlorophenyl)phenyl 471.91 5 3 3.82  Poorly soluble  Low Yes
4,6-Dichloro-2H-chromen-3-yl ~ 484.31 6 3 3.02  Poorly soluble  Low Yes
Moderately
4-Borono-3-fluorophenyl 423.18 8 5 0.33 Low Yes
soluble
3-Boronophenyl 405.19 7 5 0.03 Soluble Low Yes
3-Methylbenzo[b]thiophen-2-yl =~ 431.48 5 3 3.2 Poorly soluble ~ Low Yes
Moderately
N-phenylpiperidin-4-yl 442.49 5 3 2.41 High Yes
soluble
2,2'-Bithiophen-5-yl 449.52 5 3 3.24  Poorly soluble  Low Yes
Moderately
3-Borono-6-ethoxyphenyl 447.23 8 5 0.24 Low Yes
soluble
Moderately
4-Borono-2-fluorophenyl 423.18 8 5 0.33 Low Yes
soluble
3-Borono-5-Bromo-4- Moderately
512.1 8 5 0.51 Low 1MW)
methoxyphenyl soluble
Moderately
Benzofuran-2-yl 401.39 6 3 2.33 High Yes
soluble
6-(3-Cyanophenyl)pyridin-2-yl ~ 460.44 7 2 1.63 Poorly soluble ~ Low Yes
Moderately
3-Brorono-5-methylphenyl 419.22 7 5 0.32 Low Yes
soluble
3-Borono-2-methoxy-5- Moderately
449.24 8 5 0.28 Low Yes
methylphenyl soluble
3-(4-Fluorophenyl)propyl 407.42 6 3 2.98 Poorly soluble  High Yes
4-(4-cyanophenoxy)phenyl 478.48 7 3 3.03  Poorly soluble  Low Yes
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1-(4-fluorophenyl)-5-methyl-1H-

459.45 252  Poorly soluble  Low Yes
pyrazol-4-yl
3,4-Dibenzyloxyphenyl 573.62 4.32 Insoluble Low 1 (MW)
Moderately
5-(Ethoxymethyl)furan-2-yl 409.41 1.56 High Yes
soluble
Imidazo-2-yl 349.32 0.46 Soluble High Yes
Ethyl 313.33 1.34 Soluble High Yes
3,5-Dihydroxyphenyl 393.37 1.1 Soluble Low Yes
Moderately
3-Cyano-4-fluorophenyl 404.37 1.84 Low Yes
soluble
Acenaphthen-5-yl 437.47 3.18  Poorly soluble  High Yes
Moderately
8-Hydroxyquinolin-yl 428.42 1.64 Low Yes
soluble
3,4-Dichlorophenyl 430.26 3.06  Poorly soluble  High Yes
3-Isobutylaziridin-2-yl 368.41 0.88 Soluble High Yes
Moderately
4-(1H-Imidazol-1-yl)phenyl 427.43 1.76 High Yes
soluble
Moderately
3-Borono-6-ethoxyphenyl 449.24 0.27 Low Yes
soluble
3-Borono-4-methoxy-5- Moderately
512.1 0.51 Low 1 (MW)
Bromophenyl soluble
Moderately
Isoquinolin-5-yl 410.4 1.95 High Yes
soluble
Moderately
Dimethylpropyl 354.4 1.4 High Yes
soluble
Moderately
4-Borono-2,3-difluorophenyl 441.17 0.63 Low Yes
soluble
3-(3-Chlorophenyl)propyl 422.86 2.04  Poorly soluble  High Yes
Moderately
Phenylethyl 374.39 1.27 High Yes
soluble
4-Boronophenyl 402.17 -1.06 Soluble Low Yes
Moderately
4-Borono-3-fluorophenyl 422.17 -0.73 Low Yes
soluble
4-(6-
(hydroxymethyl)pyridinyl)phen  468.48 1.99  Poorly soluble  Low Yes
yl
2-Bromo-3- Moderately
441.26 1.76 High Yes
pyridinecarboxaldehyde soluble
Benzo[1,3]dioxol-5-yl 425.46 1.85 Soluble High Yes
2-Methylindol-7-yl 413.43 1.32  Poorly soluble  High Yes
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Moderately
2-Methyl-3-phenylpropyl 403.45 2.72 High Yes
soluble
Moderately
1-(Benzyloxy)ethyl 419.45 2.24 High Yes
soluble
bicyclo[2.2.1]heptan-2-yl 379.43 2.32 Soluble High Yes
Moderately
6-Methoxyindan-5-yl 429.45 2.54 High Yes
soluble
(2- Moderately
462.48 1.92 Low Yes
(Benzyloxycarbonyl)amino)ethyl soluble
Moderately
4-Borono-2-fluorophenyl 423.18 0.33 Low Yes
soluble
2-Boronophenyl 405.19 0.03 Soluble Low Yes
Moderately
3-Phenylaziridin-2-yl 402.42 1.09 High Yes
soluble
Moderately
2-Borono-6-fluorophenyl 423.18 0.33 Low Yes
soluble
Moderately
3-Borono-5-isopropoxyphenyl  463.27 0.52 Low Yes
soluble
Moderately
4-Bromophenyl 440.27 2.73 High Yes
soluble
4-(Pyridin-3-yl)phenyl 438.46 2.48  Poorly soluble  High Yes
1,3-Diphenyl-1H-pyrazol-4-yl ~ 503.53 2.81  Poorly soluble  High 1 (MW)
2-(Carboxymethoxy)-5- Moderately
469.85 1.93 Low Yes
chlorophenyl soluble
5-(Ethoxycarbonyl)-1H-pyrrol-3- Moderatel
{ Y y) by 422.41 1.41 Y Low Yes
yl soluble
Moderately
1H-Indazol-6-yl 401.4 1.62 Low Yes
soluble
Moderately
2-Hydroxy-5-methoxyphenyl 407 4 1.35 Low Yes
soluble
3,4-Dihydroxyphenyl 393.37 1.11 Soluble Low Yes
Moderately
2,4-Dichloro-6-hydroxyphenyl  446.26 2.47 Low Yes
soluble
1 (NHor
2,3,4-Trihydroxyphenyl 407.35 0.74 Soluble Low
OH>5)
Moderately
6-Hydroxychromen-3-yl 431.42 1.73 Low Yes
soluble
Moderately
3-Methylpyridin-2-yl 376.39 1.5 High Yes
soluble
Moderately
2-Ethylpropyl 355.41 2.33 High Yes
soluble
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Moderately

6-Methylpyridin-2-yl 376.39 1.43 High Yes
soluble
6-Methyl-4-oxo-4H-chromen-3-yl 443.43 2.14  Poorly soluble  Low Yes
Moderately
3-Borono-5-isopropoxyphenyl ~ 461.25 0.49 Low Yes
soluble
Moderately
2,3-Dihydrobenzofuran-5-yl 401.39 1.93 High Yes
soluble
Moderately
5-Chlorofuran-2yl 385.78 1.75 High Yes
soluble
Moderately
2-Bromophenyl 440.27 2.58 High Yes
soluble
4-[N,N-Bis(2- 1 (NH or
450.42 0.52 Soluble Low
hydroxyethyl)amino]phenyl OH>5)
Moderately
2-Chloro-5-phenylpyridin-3-yl ~ 394.79 1.65 High Yes
soluble
4-(Difluoromethoxy)-3- Moderately
443.38 2.11 Low Yes
hydroxyphenyl soluble
Moderately
4-(Dimethylamino)phenyl 402.42 1.86 High Yes
soluble
2,3-Dimethoxynaphtha-1-yl 469.47 2.77  Poorly soluble = Low Yes
4-(4-Methylphenoxy)phenyl 465.48 3.48  Poorly soluble  Low Yes
Moderately
Indol-7-yl 400.41 1.96 High Yes
soluble
3-Iodo-4-hydroxy-5- Moderately
533.29 2.07 Low 1 (MW)
methoxyphenyl soluble
Moderately
Indol-4-yl 400.41 2.06 High Yes
soluble
Biphen-3-yl 435.45 3.29  Poorly soluble  High Yes
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S4. Additional figures mentioned in the main text

Glu418 His388

Thr384

Gly352

Figure S1. Modeled binding mode of a phosphinic dipeptide analog containing a 5-amino-thiophen-2-yl P1’
fragment in the active center of human aminopeptidase N (PDB: 4FYT). Inhibitor and enzyme amino acid
residues are shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are

shown as thin dashed lines.
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Ala258

Val290

Met256

Hydrophobicity
3.00

2.00 Tyr372

1.00
0.00
-1.00
-2.00
-3.00

Figure S2. Modeled binding mode of a phosphinic dipeptide analog containing a quinolin-4-yl P1’ fragment in
the active center of Neisseria meningitides aminopeptidase (PDB: 2GTQ). Inhibitor and enzyme amino acid
residues are shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are

shown as thin dashed lines. Surface represents the hydrophobicity of side chains the cavity amino acids.

22



Biomolecules 2020, 10, x FOR PEER REVIEW 23 of 32

Glu294

/
.

His293

Pro118
Phe271

Hydrophobicity

3.00
2.00
1.00
0.00
-1.00
-2.00
-3.00

Figure S3. Modeled binding mode of a phosphinic dipeptide analog containing quinolin-4-yl (carbon atoms are
colored light green) and biphenyl-2-yl (carbon atoms are colored gray) P1’ fragments in the active center of
Neisseria meningitides aminopeptidase (PDB: 2GTQ). Inhibitor and enzyme amino acid residues are shown as
sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are shown as thin dashed

lines. Surface represents the hydrophobicity of side chains the cavity amino acids.
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v

4 Val367

Aromatic
Edge

Phe450
Face

Figure S4. Modeled binding mode of a phosphinic dipeptide analog containing a 2-benzyloxyphenyl P1’
fragment in the active center of ERAP2 aminopeptidase (PDB: 5AB0). Inhibitor and enzyme amino acid residues
are shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are shown as
thin dashed lines. Surface represents the type of possible aromatics interactions with the side chains of the cavity

amino acids.
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Aromatic
Edge

Face .

Figure S5. Modeled binding mode of a phosphinic dehydrodipeptide analog containing a diphenylmethyl P1’
fragment in the active center of ERAP2 aminopeptidase (PDB: 5ABO0). Inhibitor and enzyme amino acid residues
are shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are shown as
thin dashed lines. Surface represents the type of possible aromatics interactions with the side chains of the cavity

amino acids.
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, \
/ \ Leu343

Ala171

Figure S6. Modeled binding mode of a phosphinic dipeptide analog containing a 2-tert-butylthiophenyl P1’
fragment in the active center of cold-active aminopeptidase (PDB: 5AB0). Inhibitor and enzyme amino acid
residues are shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are

shown as thin dashed lines.
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Thr356

Glu360

Phe474

Ala358

Val390

<

Tyra79

Figure S7. Modeled binding mode of a phosphinic dipeptide analog containing a 3-isobutylaziridin-2-yl P1’
fragment in the active center of Aminopeptidase A (PDB: 4KX7). Inhibitor and enzyme amino acid residues are
shown as sticks, while zinc ion as a grey sphere. Hydrogen bonds and non-polar interactions are shown as thin

dashed lines.
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His359 Lys358
His440

Glu301

Figure S8. Modeled binding mode of a phosphinic dipeptide analog containing a 3,4-dibenzyloxyphenyl P1’
fragment in the active center of aspartyl aminopeptidase (PDB: 4DYO). Inhibitor and enzyme amino acid
residues are shown as sticks, while zinc ions as a grey spheres. Hydrogen bonds and non-polar interactions are

shown as thin dashed lines.
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His424

Glu451
Val316

His420 Pro112

His314

Figure S9. Modeled binding mode of a phosphinic dipeptide analog containing a 3-phenylaziridin-2-yl P1’
fragment in the active center of aminopeptidase P3 (PDB: 5X49). Inhibitor and enzyme amino acid residues are
shown as sticks, while manganese ions as a purple spheres. Hydrogen bonds and non-polar interactions are

shown as thin dashed lines.
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Glu364

# Asn329

Lys249

Ser224

Figure S10. Modeled binding mode of a phosphinic dipeptide analog containing a 4-borono-2,3-difluorophenyl
P1' fragment in the active center of methionyl aminopeptidase 2 (PDB: 1B6A). Inhibitor and enzyme amino acid
residues are shown as sticks, while cobalt ions as a purple spheres. Hydrogen bonds and non-polar interactions

are shown as thin dashed lines.
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