Supplementary Information (SI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2024

Supplementary Information
Toward safer and more sustainable by design biocatalytic amide-bond coupling

Elisabeth Séderberg ®, Kerstin Felicitas von Borries ¢, Ulf Norinder ¢, Mark Petchey ¢, Ganapathy Ranjani #®,Swapnil Chavan ,
Hanna Holmquist & Magnus Johansson ", lan Cotgreave f, Martin A. Hayes ¢, Peter Fantke ¢, Per-Olof Syrén &b

2School of Chemistry, Biotechnology and Health, Science for Life Laboratory, KTH Royal Institute of Technology, Tomtebodavagen 23 171 65, Solna,
Sweden

b.School of Engineering Sciences in Chemistry, Biotechnology and Health, Department of Fibre and Polymer Technology, KTH Royal Institute of
Technology, 114 28 Stockholm, Sweden

¢Quantitative Sustainability Assessment, Department of Environmental and Resource Engineering, Technical University of Denmark, Bygningstorvet
115, 2800 Kgs. Lyngby, Denmark

dDepartment of Computer and Systems Sciences, Stockholm University, 164 25 Kista, Sweden

e Discovery Sciences, BioPharmaR&D, AstraZeneca, 431 83 Mdlndal, Sweden

f The Research Institute of Sweden RISE, Chemical and pharmaceutical toxicology, 151 36 Sédertilje, Sweden

9VL Swedish Environmental Research Institute, Aschebergsgatan 44, 411 33 Goteborg, Sweden

h-Early CVRM Medicinal Chemistry, BioPharmaR&D, AstraZeneca, 431 83 MéIndal, Sweden



Table of Contents

T o] o1 E=T 4 g T=T 0 = [ 20 N\ [ SRR 4
Literature study ATP-dependent amide bond SYNTNETASES ..........uuiiiiiiiiiiiee e e e e e e e e e e anraeeeas 4
L8] o 0D G 1Y L=T = == O N 4

Table S1. Average CF values for safechems and their corresponding amides............ccceeviieeeirciieeciiee e 4

Table S2. Percentile of average CF values for the subset of safechems used in the experimental coupling compared to

the percentile of the average CFs for the 16 acids and 17 amines with lowest CF values. ..........cccccuveeeeeiieiiiiiieee e, 4

1Y/ =1 4 0o To IO PP P PP PPPUPRTON 5
Protein expression and PUITICAtION .......i i e et e e st e e e s ta e e s sasaeeesssteeeentaeeesnsaeeesnsaeeeassneesnnnees 5

B TR e 1S = 1 o 11 1 YRR 5
UPLC-IMIS ettt ettt e e e e et ettt e e e e e e aa b ettt e e e e e e unba et e e e e e e e an bbbt e e e e e e e nbab e e e e e e e eaan bbb et e eeeeaa e bebeeeeeeeea e nnreeeeeeesennnreeeeas 5
Synthesis of 3-Hydroxy-N-(3-phenylpropyl)DeNzamide.........ccoiuieiieciiie et e e e e e s e e et e e e eanaeeesneeeean 5
Synthesis of 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide and N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide.......... 5
Table S3. Sequence identity (%) between McbA and its aNCESLOrs AL-Ad........cccvevieiiiieiieeiieeneeeseeesee e e saeesre e e saessseeessaeereeen 7
Table S4. Melting temperature (Tm) of McbA and ancestors A1-A4 measured by nano differential scanning fluorimetry. ......... 7
Table S5. Protein expression levels of MCDA @nd @NCESTOTS. ....iiiiuiiiiieiiecciee e e e e e s e e et e e e ste e e e s treeessnsaeessnsaeeesnsseesanes 7
Figure S1. Crude protein content of MCbA and anCestOr AL-Ad.. ...........uoviieieee i et e st e e e e e ste e e s saae e e s sraeeeesstaeeeensaeeesnreeean 7
Figure S2. Thermal unfolding by MCDBA and anCeStOrs AL-Ad ..........uuiiiii i i e e e e e ecree e e e e e e s e sbate e e e e e e seesbbaaeeeeeesesnsraaeeeas 8
Figure S3. Phylogenetic tree of McbA used to compute ancestral SEQUENCES .......eeiecviieiiiiieeesiieeeerieeeeere e e sree e e rere e e eeereeesnreeeas 8
Figure S4. Alignment used for the phylogenetic tree CONSLIUCTION. ..occc.viiiieciii e e e e e e e snees 12
Figure S5. Alignment of MCDA and anCESTOIS AL-Ad.........uuiiiii et e e e e st e e e e e e st baeeeeaeeesesabbaaeaeeeeseassataesaaeesessssraneeas 12
Figure S6. 'H-NMR of synthesised 3-Hydroxy-N-(3-phenylpropyl)benzamide (standard). ........cccooeevevviviieeieiereececeeeeeese e 13
Figure S7. 13C-NMR of synthesised 3-Hydroxy-N-(3-phenylpropyl)benzamide (standard). .........ccevvevveeeeeeeceeeereeeereeeeee e 13
Figure S8. 'H-NMR of the enzymatic synthesis of 3-Hydroxy-N-(3-phenylpropyl)benzamide (crude NMR). ....cccccvevveevevreereennne. 14
Figure S9. 13C-NMR of the enzymatic synthesis of 3-Hydroxy-N-(3-phenylpropyl)benzamide (crude NMR). ....cccoeovevvveverrernnnne. 14
Figure S10 3C-NMR (left) and *H-NMR (right) of 3-hydroxybenzoic acid, 3-phenyl-1-propylamine, and the enzymatic synthesis
of 3-Hydroxy-N-(3-phenylpropyl)benzamide (Crude NIVIR)........cuuieiiiiiie e ccee e ettt e eeeee e stre e e e seta e e ssaeeeeessteeeensseessssneeesnsseenanes 15
Figure S11. *H-NMR of synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide (standard). .........coceeverveverveererreennnne. 16
Figure S12. *3C-NMR of synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide (standard). .........cccovvevevevvevverernnnne. 16
Figure S13. *H-NMR of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide .........cccoevveveevivvernrrnnnne. 17
Figure S14. 13C-NMR of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide ..........ccceevevveeveereerennne. 17
Figure S15. DEPT spectra of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide ............ccc.uuee......e. 18
Figure S16. *H-NMR of synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide (standard). .......ccccoeerirreiveeeenecere e, 19
Figure S17. 13C-NMR of synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide (standard). ........cccecvevevereeeeeerveereereereane. 19
Figure S18 *H-NMR of biocatalytic synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide .........ccccecveveveeeecveneereereeneane. 20
Figure S19 3C-NMR of biocatalytic synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide .........ccccovvrreivieienvecesesnae, 20
Figure S20. DEPT spectra of biocatalytic synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide ..........ccccceeeecuvireecrneeennnee. 21

Figure S21. 305 nm UV absorption calibration curve of different 3-hydroxybenzoic acid concentrations. ........ccccccvvevevveeennee. 22



Figure S22. HPLC-MS chromatogram of a sample taken from the upscaled biocatalytic synthesis of 3-Hydroxy-N-(3-

PhENYIPrOPYIDENZAMILE ..ot sttt ettt a e st e s b e b e st e re s anesaeesreesre e reen e e ar e enneeneenreens 22
Figure S23. HPLC-MS chromatogram of 3-Hydroxy-N-(3-phenylpropyl)benzamide standard...........ccccceeevieiicieeecciie e 23
Figure S24. 305 nm UV absorption calibration curve of different 3-acetylbenzoic acid concentrations..........cccccvvevveeeieccnniennn. 23
...................................................................................................................................................................................................... 23
Figure S25. HPLC-MS chromatogram of a sample taken from the upscaled biocatalytic synthesis of 3-acetyl-N-(4-

(hydroxymethyl)phenethyl) DENZAMIAE. ........oii it e e s e e e e e e ear e e e s et e e e estaeesensaeeesnsreeeaseeeennnnes 24
Figure S26. HPLC-MS chromatogram of 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide standard..............ccceeeeureennnen. 24
Figure S27. 305 nm UV absorption calibration curve of different benzoic acid concentrations............cccccveeeiiieeicciiieccciee e, 25

Figure S28. HPLC-MS chromatogram of a taken from the upscaled biocatalytic synthesis of N-(2-(piperidin-1-

AL 01 3 £ Y a1V L oY= 0 A2 )L o= a2 T 41 Tc 1= SRR 25
Figure S29. HPLC-MS chromatogram of N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide standard..........ccccccocvvieeeirireeccieeennnen. 26
Table S6. Derivation of USEtox input parameters’ mean and standard deviation from in-silico model prediction and

[T [ol=Ta = 110} oY PPt 27
Table S7. Overview of uncertainty factors applied onto the model-specific uncertainty.........cccceveviiieievcir e, 28

Figure S30.USEtox characterization factors vs in-silico screening scores of safechems and subset of filtered out aromatic acids
e BT 41 1= TP PP PR PR PP 28

Figure S31. Predicted toxicity and environmental score of detected amides from the experimental coupling considering only a
subset of possible safechems in comparison to all possible amides from the whole safechem panel. ........cccccovveviieviiceeennns 28

Figure S32. Toxic effects coupled to the molecular weight of amines and acids. .........ccueeviiiiiiiriiniennee e 29

Figure S33. Scatter plot of the USEtox CFs of amides with in silico hazard score equal to or lower than ten (figure 3) compared

to the sum of the CFs of their constituent acid and amine MOIELIES. .....c..couiriiiiiiieee e e 29
Table S8. CONVEIrSION DY IMICDA (1N %6).. veeeiiiiieeeeiie e ettt et e ettt e e et e e e et e e e estta e e esabeee e e bbeeeeastaeeeassaaeesasseeeassaeesaasasaeantseeeanssaesennsenas 30
Table S9. CONVEISION DY AL (IN 26). cuveeeeeeiieeeee ettt esee ettt estte e stte e st e e s teeestee e baeeeaee e baeeseeessaeanseeassaeaseeensaeaseeensaeanseesnsasanseeensaeenseennss 31
Table S10. CONVEISION DY A2 (1N %6).. cuveeeeiiiieeeeiie e ectte e e eeee e ettt e e ette e e etaeeeesataeeesataea e e bseseassaeseassaseesssseeeassaesaassaseeantseseansssessnnsenns 32
Table S11. List of safechem amines from in SiliCO SCrEENING. .......ccviiiiiiiie ettt ere e e et re e e e stra e e e rbae e e stbeeeenataeeeensaeas 33
Table S12. List of safechem acids from in SiliCO SCrEENINEG. ......cocuiiiiiii et st 35
Table S13. The exact masses of detected and potential amides in the experimental coupling in figure 4. ......ccccovvevveriienneenne 37

INOTES AN FEIRIENCES ... ceicee ittt ettt ettt et ettt e e st eas st eaee s sbeebssateaee s ebesaeeassase s sasabesasensessaeebesasese e sbssrsabesanesstesasebesanestesns 38



Supplementary Notes
Literature study ATP-dependent amide bond synthetases

Many of the characterised ABS enzymes have been identified in genome mining projects of gene clusters responsible for the
biosynthesis of various medically relevant secondary metabolites. NovL, (1) CloL, (2) SimL, (3) and Coul (4,5) are involved in the
biosynthesis of aminocoumarin antibiotics novobiocin, clorobiocin, simocyclinone D8, and coumermycin A1l (figure 2A, panel C).
Another group of ABS-reminiscent enzymes that share sequence motifs and similar reaction mechanisms to ABS-enzymes, are
Annl, (6) AsuD1 (7) and ORF33 (figure 2A, panels B, D, E) (8,9). These enzymes are involved in the synthesis of 2-amino-3-
hydroxycyclopent-2-enone (C5N) and tailoring of polyketides. Recently, a group of CfaL enzymes responsible for the ligation of
coronafacic acid (CFA) and coronamic acid (CMA) in the bacterial plant hormone-mimic phytotoxin coronatine (COR) was
characterised and screened against different acyl and amine substrates (figure 2A, panel F). The enzymes accepted a broad range
of both acyl and amine substrates; aliphatic, aryl, and heteroaryl carboxylic acids, and non-proteogenic amino acids. (10) The
enzymes also managed to utilize carboxylic acids carrying other reactive functionalities, groups that would have needed to be
protected if the substrate were to be used in chemical synthesis; again, emphasizing the potential of biocatalysts in amide bond
synthesis.

USEtox average CF:s

The average values of the CFs of the subset of arbitrarily selected safechems that were used in the experimental coupling did not
differ much compared to the average values of all safechems (table S1). The average human CFs of the acids used were slightly
lower than those of all safechem acids, while the opposite was true for the amines. For ecotoxicity, amines and acids in the subset
were predicted slightly more toxic compared to all safechems. As for the amides made by the subset safechems, their average CFs
did not differ much from the average of all amides made by safechems passing the established threshold (figure 3, table S1). The
percentiles of the average CF values of the subset were between 44.3 to 55.4 %. The average CF percentile value of an equally
large subset of safechem acids and amines could go as low as 19.9 and 4.7%, respectively (table S2). If we had implemented USEtox
after the in silico filtering and before the experimental coupling, we could have reduced the human and ecotoxicity of the panel
used in the experimental coupling even further.

Table S1. Average CF values for safechems and their corresponding amides. For Table S2. Percentile of average CF values for the subset of safechems used in the
reference, the average CFs are presented separately for all safechems, their responding  experimental coupling compared to the percentile of the average CFs for the 16
amides and for the subset that was used in the experimental coupling, respectively. acids and 17 amines with lowest CF values. Data is shown for each of the four
Amides (row 5) are the amides passing the established threshold in the in silico filtering categories.
(figure 3).
Freshwater ecotoxicity Human toxicity Percentile of average CF
(CF's) (CF’s) Fresl er ecotoxicity Human toxicity
Type Air Freshwater Air Freshwater Type Air Freshwater Air Freshwater
Safechem acids -1.34 0.34 -4,07 -4.48 Subset of
Safechem acids 16 acids
' ! 50.8 46.9 52.2 a1a
used in the used in the
) -1.18 0.43 -4.15 -4.60 .
experimental coupling
coupling 16 acids
fi n -0, . -3, -4, with the
Safechem amines 0.72 1.16 3.97 17 19.9 23.9 26.4 308
Safechem amines lowest CF
used in the value
. -0.67 1.15 -3.94 -4.13
experimental Subset of
17 amines
coupling ) 47.4 44.3 54.4 46.4
All amides -0.11 1.50 -3.02 -3.50 used in the
Amides from coupling
safechems used 17 amines
| - . with the
in the 0.01 1.64 3.05 3.53 5.3 47 6.3 6.1
experimental lowest CF
coupling values




Methods

Protein expression and purification

The four consensus sequences were codon optimised for expression in Escherichia Coli by GeneArt (Thermo Fisher Scientific).
Kanamycin resistance gene and N-terminal His-tag were included in all constructs, and each construct was delivered in pET-28a(+)
plasmids. BL21(DE3) competent cells were transformed with approximately 2 ng plasmid, and selection was made by growing the
cells on 30 pg/mL kanamycin lysogeny broth (LB) agar plates. For protein expression, overnight cultures grown in LB supplemented
with 30 pug/mL kanamycin were added to LB with 30 pug/mL kanamycin to a start OD600 of 0.1. When the OD600 reached 0.6, 1
mM IPTG was added. McbA, A3, and A4 were set to grow overnight at 16 °C and 180 rpm, while A2 and A3 at 30 °C. The cells were
harvested by centrifugation at 5,000 g for 20 min, and pellets were resuspended in 50 mM phosphate buffer (pH 7.5) with 10 %
glycerol (w/v), 300 mM NaCl, and 40 mM imidazole. The cell suspensions were kept on ice while being sonicated at 30s x 3 bursts
with 1.5 minute breaks using Branson Sonifier 450 (35% duty cycle and output control 5). Afterwards, the sonicated cell
suspensions were centrifuged for 30 min at 4 °C and 14,000 g. The supernatants were injected into the AKTA explorer protein
purification system (Cytiva) at 4 ml/min, equipped with a 5 mL HP-HisTrap column (Cytiva) equilibrated with ten column volumes
of binding buffer. After washing the column with 20 column volumes of binding buffer, the proteins were eluted by a gradient
going from 40 mM to 300 mM imidazole over 20 column volumes. Elution fractions were analysed by Invitrogen NuPAGE 4-12%
Bis-Tris gel (Thermo Fisher Scientific), and desalted with PD10 columns (Sigma-Aldrich) equilibrated with 50 mM phosphate buffer
(pH 7.5) and 300 mM NaCl. Concentration of protein samples was made with MacroSep 10 kDa cut-off centrifugation filters (Pall
Laboratory). Protein concentration was measured with NanoDrop. 80% glycerol solution in pH 7.5 phosphate buffer with 300 mM
NaCl was added to the protein samples to a final concentration of 10%. The proteins were aliquoted to 1.5 mL microcentrifuge
tubes, snap-frozen in liquid nitrogen, and stored at -80 °C.

Thermostability

The thermostability of the proteins was assessed by nano differential scanning fluorimetry using Prometheus NT.48 nanoDSF
(NanoTemper Technologies). Samples of 2 mg/mL protein solution were prepared in glass capillaries. The fluorescence of the
proteins at 330 and 350 nm was measured at a temperature gradient going from 20 to 95 °C at 1 °C/min. The derivate of the ratio
between the two measured wavelengths over the temperature interval was used to determine the melting temperature of the
proteins.

UPLC-MS

The reactions were quenched with 30 pL acetonitrile supplemented with 1 mg/mL 1,2,3-tribromobenzene, and the plates were
sealed by Velocityll’s PlateLoc. The plates were shaken in a short burst followed by centrifugation at 4000 g for 10 min. Waters
Acquity UPLC equipped with a photodiode array detector, and a 3100 mass spectrometer was used for analysis. 3 uL samples were
injected into an Acquity UPLC HSS C18 column (1.8 um, 2.1 mm X 50 mm). The mobile phases were prepared by adding 0.5 mL of
acidic solution (pH 3 solution consisting of 126.3 g water, 151.8 g formic acid, and 21.8 g ammonium hydroxide solution 25-30%)
to 1 L of water (mobile phase A), and 1 mL of the acidic solution was added to 1 L 95% acetonitrile (mobile phase B). The mobile
phase went from 10% to 99% B in 2 minutes. The conversions of the reactions were measured as the amide peak area percentage
of the total amide and acid peak area using MassLynx (Waters).

Synthesis of 3-Hydroxy-N-(3-phenylpropyl)benzamide

3-hydroxybenzoic acid (0.511 g, 3.70 mmol) was dissolved in DCM (10 mL). To this, 1H-benzo[d][1,2,3]triazol-1-ol hydrate (0.623
g, 4.07 mmol) and 3-phenylpropan-1-amine (0.526 ml, 3.70 mmol) were added. Following this, diisopropylmethanediimine (0.573
ml, 3.70 mmol) was added to the mixture and the reaction was mixed for 4 h. Upon completion of the reaction, the diisopropylurea
was filtered away and the DCM layer was washed with saturated bicarbonate solution (1x15 mL) and 2 M HCI (1x15 mL). The
organic layer was dried over anhydrous sodium sulfate and the solvent was then removed under reduced pressure. The crude
product was purified by flash column chromatography (Ethyl acetate: Heptane gradient 5 — 50% over 12 CV) to yield the desired
product as a white solid in 40% yield. TH NMR (500 MHz, DMSO) 6 9.60 (s, 1H), 8.37 (t, J = 5.6 Hz, 1H), 7.34 — 7.14 (m, 8H), 6.92 —
6.86 (m, 1H), 3.25 (td, J = 7.1, 5.6 Hz, 2H), 2.65 — 2.58 (m, 2H), 1.81 (qd, J = 7.7, 6.4 Hz, 2H). 13C NMR (126 MHz, DMSO) & 166.3,
157.3,141.8,136.2, 129.2,128.3, 128.3, 125.7,117.9, 117.6, 114.2, 38.8, 32.6, 30.9.

Synthesis of 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide and N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide

In a round bottom flask the acid (1.0 equiv.), EDC (1.5 equiv.), HOBt (1.0 equiv.), the amine (1.2 equiv.), and DCM: DMF (10:1) were
added. The reaction mixture was stirred at room temperature overnight, and diluted with DCM. The organic phase was washed
with saturated NaHCOs, and brine, dried over MgSQ,, filtered, and concentrated in vacuo. The crude was purified by preparative



TLC (2%-10% MeOH-CHCl3) to afford the corresponding amide compound.
3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide: R= 0.44 (MeOH/CHCl3 (10:90)), Colourless solid, Yield (16 mg, 44%)

14 NMR, 400 MHz, DMSO-ds: 8.80 (t, J=5.6 Hz, 1H), 8.4 (s, 1H), 8.08 (t, J=8.0 Hz, 2H), 7.62 (t, J=7.8 Hz, 1H), 7.22 (dd, J=16, 8.0 Hz,
4H), 5.12 (t, J=5.7 Hz, 1H), 4.45 (d, J=5.7 Hz, 2H), 3.49 (dd, J=14.0, 6.6 Hz, 2H), 2.84 (t, J=7.4 Hz, 2H), 2.63 (s, 3H). 13C NMR, 400 MHz,
DMSO-ds: 197.7, 165.4, 140.4, 137.8, 136.8, 135.0, 131.8, 130.8, 128.9, 128.4, 126.8, 126.6, 62.8,41.1, 34.8, 26.9.
N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide: R= 0.5 (MeOH/CHCl; (2:98)), Colourless solid, Yield (5.0 mg, 34%)

14 NMR, 400 MHz, DMSO-ds: 9.07 (t, J=5.5Hz, 1H), 7.95 (d, J=7.2Hz, 2H), 7.84 (d, J= 7.7 Hz, 1H), 7.65 (t, J=7.5 Hz, 1H), 7.58 (t,
J=7.1Hz, 1H), 7.53-7.47 (m, 4H), 4.85 (d, J=5.9 Hz, 2H), 3.10 (t, J=5.2 Hz, 4H), 1.57 (br, 4H), 1.47 (d, J=4.3Hz, 2H)

13C NMR, 400 MHz, DMSO-de: 166.6, 138.5, 134.5, 134.0, 133.2, 131.5, 129.8, 128.4, 127.7, 127.3, 127.1, 45.7, 39.6, 24.9, 23.1



Table S3. Sequence identity (%) between McbA and its ancestors A1-A4.

McbA Al A2 A3 A4

McbA 100.0 70.0 62.4 50.4 40.0
Al 70.0 100.0 85.2 65.0 48.8
A2 62.4 85.2 100.0 75.4 54.8
A3 50.4 65.0 75.4 100.0 66.8
A4 40.0 48.8 54.8 66.8 100.0

Table S4. Melting temperature (T,) of McbA and
ancestors A1-A4 measured by nano differential scanning

fluorimetry.
Enzyme Tm 1(°C) Tm 2 (°C)
McbA 48.1
Al 73.1
A2 66.0 79.3
A3 43.8 73.3
A4 67.9

Table S5. Protein expression levels of McbA and

ancestors
Enzyme Approximate mg
protein per g pellet
McbA 10
Al 7
A2 8
A3 14
A4 8

Figure S1. Crude protein content of McbA and ancestor A1-A4. Samples were normalized by OD600, two dilutions
of each sample were loaded onto the gel. The molecular weight marker is SeeBlue Plus2.

Crude protein extract
A2 A3 A4

McbA A1

62 kDa

49 kDa
38 kDa
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Figure S2. Thermal unfolding by McbA and ancestors A1-A4, measured by change in fluorescence ratio at wavelengths 350 and 330 nm by Prometheus NT.48
nanoDSF (NanoTemper Technologies).
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Figure S3. Phylogenetic tree of McbA used to compute ancestral sequences. The numbers shown on the nodes are the bootstrap values (1000 bootstrap).



1 10 20

AGL76720.1_Marinacti th Llerans = . . e e e e e e e e e MGYAl....... RR[VMDG|I|. . .|.|GEVAVTG. -AG
WP_051713392.1_Actinoalloteichus_c cyanogriseus ... ... ... ..o ae e MDY[V|....... RRVLAG|I|A . .[PIQDDVLVS . -EN
WP_073481158.1_Streptoalloteichus_hindustanus . ... ....... ... . .00 MGYL|....... HR[VV|E G|LIKAN|A EALV|S . .AD
WP_210842583.1_Nocardiopsis_sp._B62 = L. e B P e+« MESAGDRNVIVN....GA
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7 MRP . v v s s sn i nanan .MGYI s 0 e« SQIVHGVESAGDRDVIVD, . ..GP
WP_178378553.1_Nocardiopsis_flavescens = . ............c.0eeaae.JMGYVILL L. SR|IVIRG|LEESI|GTKEAVV|L. .DG
WP_179079716.1_Streptomyces_rectiverticillatus . ............... MSVAALPFRSE" ....... DD|ILDA|L{GAD|P|/AIREALV|H . . QG
WP_208608527.1_Amycolatopsis_pretoriensis = . ... ... ... ... o e e Moo DDILDS[LEAAPERERLVH. -YG
WP_150246336.1_Streptomyces_albofaciens . ... ............ MPDTAHDFRTYV|....... EENLDA|LGAD|PIERVALVH. -0G
WP_053802994.1_Streptomyces_rimosus 00000 ... .. .....eea..n. MPDTAHDFRTYV|....... EENLDALGTDP|GRVALVH. - QG
WP_106677009.1_Streptosporangium_nondiastaticum ................ MTATAQQFRTYWV|....... ERNLD I[L{GAD[P|TR[TRAVVH. .HD
WP_184939538.1_Kitasatospora_kifunensis = . ............... MPGDTQQFRSY[V|....... EENLDALAQWPQREAVVY....GD
WP_150485975.1_Streptomyces_nitrosporeus = . .............. METPVTPAFRNYV....... EDILDGLRNTPGREIILV/A.GERGE
WP_204453063.1_Actinockineospora_baliensis MRS...... RPWEGAAMSAAAPEFRNYWV....... ED|ILDG|LS . .|.|GREVVV|S. .GD
WP_121391275.1_Actinckineospora_cianjurensis . ............... MSTTAPGFRNYWV|....... ED|ILDG|LS . .|.|GPEVVV|S . .GD
WP_075137134.1_Actincophytocola_xinjiangensis s ies st s e s eaaeess s MPVFHNYWV.......EDVLDGLSAEPGREVLVS....GE
WP_025359162.1_Kutzneria_albida I SSTAGATGSANYV|....... ETILRG|LSRD|SDHIAFHL. .E.DG
WP_083474567.1_Pseudonocardia_sp._AL041005-10 MSADLDSATAPRNG.AATQSGAALHSDV|....... EDLLDALAADRGRERLVH. -RD
WP_208819870.1_Pseudonocardia_alni MSVDPDSATAPRNG.AATQSGAALHSDV|....... EELLDALAADRGREALVH. -RD
WP_083658735.1_Pseudonocardia_autotrophica MSADLDSATAPRHG.AATQOSGAALHSDV|.......EELLDALAADRGREAVVH. ...RD
WP_068798175.1_Pseudonocardia_sp._HH130630-07 . ..............0.0... MGTGARTDV|. .. .... EELLAALAADIPGREALVE . .GE
WP_043911969.1_Kitasatospora_griseocla = = ... .iiiceeeeaean MPDAEFVSGP. .« « v« AMVLIRS[LIAADPDRIQAVVD. . A .AG
WP_117489816.1_Kitasatospora_xanthocidica = = .................. MPDAEFVSGP|. « « « v« ALILQTLAADPDRQAVVIT. .A.DG
OKJ05654.1_Kitasatospora_sp._CB01950 . ... ... .. MSDGEFVSGP|. v+ s v« ALVLRS[LAADPDRRAIVD. .A.DG
WP_068523008.1_Tsukamurella_ tyrosSinoSolvens = . ... ..t vu v v nnnnnnnnanenn MDDLHREPLAGD I|LL|GS[L{AAY|P|D|SVAVHVTGADGD
WP_126196109.1_Tsukamurella_paurometabola = = . ...... ... ... uuninnnnnn MDDLHREPLAGD I|LL|GS[L{AAY|PDRVIAVHVTGPDGD
WP_068744906.1_T rella_pseudospumae = . ... ... i.e e e ee e a e e MDD|L{HREPLAGD I|LL|GS[L|GAY|S|ERITAVHVTGPQGD
WP_006543910.1_Frankia_sp. _EUN1f = ... ....... ..., MSRGLPEAADDLIYRGAFLPDLLV|GALRRD[PAKPATY .GE
WP_161991522.1_Natronorubrum_aibiense = = . .........0.0.0... MSVQTLP..... H SLILT|T T|I|SRR|PIERIALR .ET
WP_007190185.1_Haloarcula_californiae [VLIRR[Y|E SA[P|. .GD

30 40 60
AGL76720.1_Marinactinospora_thermotolerans GSVT|GARLRHQVIRLL AHRATLITEAGT] HERTWRIAT A L RJLEVQ TIrRP
WP_051713392.1_Actincalloteichus_cyanogriseus RELNGAETHRLVAGMAAVLARFGV| H T|P EJA[V L L RILIA V|Q| LIRP
WP_073481158.1_Streptoalloteichus_hindustanus RRLTGAETLEEIHRTARALAAQGL H| GVERAVVLEIAVQ LRP
WP_210842583.1_Nocardiopsis_sp._B62 HRITGEQLLRR[C|SALSRALADQ|GL H T|ID|A|V I AR[LIA VR LRP
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7 HRITGEQLLRRIC|S|VLS|RT LADQ(GL H T|I D|A|VV A R[LIA VIO LRP
WP_178378553.1_Nocardiopsis_flavescens HRVS|GEQVLRRC|S|ALAGALIAD QG L HGIIS|I ES[V AV RLIAVIQ LIRP
WP_179079716.1_Streptomyces_rectiverticillatus RRITAGEFRDLVIHRLAHALRAQGL S LPEALAVRY[AAN|L LIYN
WP_208608527.1_Amycolatopsis_pretoriensis RR[ITIAGQFRDLV|HRLAQATLRAQGL S L|P E|JA|LA T R[Y|A AN .LIYD
WP_150246336.1_Streptomyces_albofaciens RRVTAGEFRALVIHRMARAMRGQ(G I S LPE|ITILAARY[AAN|L LYN
WP_053802994.1_Streptomyces_rimosus RRVTAGEFRALVIHRMARAMRKQ(G T S LIPE|T[VAARY[AAN LIYN
WP_106677009.1 Sf.repl:asporangium_nondiasr.aticum RRVTAGELRDL[VIHRMARALRAR|GV| Ei LIPET(IAARY[AAN|L LIYN
WP_184939538.1_Kitasatosp _kif s RRLNAGDLRDLV|YRMARALLTQGL S LIFE|TILAAR[YAAN LIYN
WP_150485975.1_Strep Y _nitrosp RRIGATEFRSLV|YRLARALKER(GV| C LIPE|T|I AV RY[A VN LIYN
WP_204453063.1_Actinckineospora_baliensis RRLSAEEFRSLV|YRLARALRERG C LIP E|TMAAR[Y[A VN LIYN
WP_121391275.1_Actinckineospora_cianjurensis RRLSAEEFRSLV|Y[RLARALRER|GV| C| LIP E|TMA A R|Y[A VIN|L LIYN
WP_075137134.1_Actinophyt: la_xinji g is RRWGAEEFRSL[V/HRLARALRERG C LIPE|TIAARY[A VN LYN
WP_025359162.1_Kutzneria_albida STISHGEFGELVHRIAHTLSDHGI S RPE(I|LATRY|AAN|L LIYE
WP_083474567.1_Pseudonocardia_sp._AL041005-10 RRITAGELVDSVHRLAHALDGR|. V| A T|P E|JA[VV ARLA V|T|L PHE
WP_208819870.1_Pseudonocardia_alni RRITAGELVDSV|HRLAHALDGR|. V| A} T|F E|JA[VV A R[LIA V|T|L IPHE
WP_083658735.1_1 ia_aut RR[ITAGELVDS|V|H[RLAH|T LDGR|. V| Al T|P G|A|VV AR[LIAV|T PHE
WP_068798175.1_Pseudonocardia_sp. H.H130630 07 RRLTAGGIADAVHRLAHTLDDR|. V| A S|PE|A[LVARY[R VIN|L PHE
WP_043911969.1_Kitasatospora_griseola VAITAGDFAAAT|YRLAHELIARGA T T|F E|JA|L T ARF[AAG L{YD
WP_117489816.1_Kitasatospora_xanthocidica AEITAGEFAAAGYRLAHELIARGA T TIFEALSARYAAGL LYD
OKJ05654.1_Kitasatospora_sp._CB013950 VGITAGEFAAAT|YRLAQELVARGV T TIPEJA[LS ARY[AAG|LZ LYD
WP_068523008.1_Tsukamurella_tyrosinosolvens SVLTIYAQVRDEV|S[RYAIQAYASVIGL S RHEV|L T AQS|AN|L| LIHP
WP_126196109.1_Tsukamurella paurometabola SALTIYAQVRDE[V|S[RYAQAYASV|GL S| RHE[V|LTAQSIAN|L LHP
WP_068744906.1_Tsukamurella pseudospumae STLTIYAQVRDE[V|S[RYAQAYASF|GL| S| RHE(V|L IAQS|TN|L LHP
WP_006543910.1_Frankia_sp._EUN1f SILTAGALAARIISIQYAQVYTAQGV S| RP EV|LY SMG|AYMV LHP
WP_161991522.1_Natronorubrum_aibiense GSLTYGELDRR|SDALANAFLEF|GL| L RILEAP I VD[IATY INP
WP_007190185.1_Haloarcula californiae ETLIYADLETDSARLANALLECGL) L REE[Y|[TVADIALA [LIND

8 90 100 110 120

AGL76720.1_Marinactinospora_ thermotolerans BAVITE Q) A I|ARAAD|S AR L V| PS.VEARAADLLERVS|. VPV[VLSLGP|TSR. « « v v« « «
WP_051713392.1_Actinocalloteichus_ cyanogrlseus F S P|TVH] CLAHAAPE[V LT QQ . REERAITELLRRAS|. VPRVLSLGP|SAL. . . . .. ..
WP_073481158.1_sStrep lloteichus_hi FATREK] FLAEAEAARAFV PD.MADEAAELLREVP|.TPRVLSLGPAPL. .. ... ..
WP_210842583.1_Nocardiopsis_sp._B62 FSTIAEK [F LIVIEGR|P A[LF L PD.RCDEAVSLSAQAG. ISRAFSIGVJADF. .. ... ..
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7 F S TIAE K| IF L{V[E GRIP AL F L FPD.QCDERAISLSAQAG. ISRAFSIGVJADF. ... .. ..
WP_178378553.1_Nocardiopsis_flavescens FAT|GEK|LKF LVIEGRP T|LF L|F|D|PD . QSDEAALLCSRSG.|I|SRAFSVGASDE . . . ... ..
WP_179079716.1_Streptomyces_rectiverticillatus LSADS Q| IVIRID VE[TRAL If PA.YAERAAEVITAQAP . VPHVLTLGIISTL. .. ... ..
WP_208608527.1_Amycolatopsis_pretoriensis LSADSQ IVIRDVE[TRJAL Tf PA.YAQRAAE(ITAEIP.VTHVLTLG.GEQ. .. ... ..
WP_150246336.1_Streptomyces_albofaciens LSADVQ IV|KID VE[TAAL T PR .FDDRAAELTALAP|.VATVLTLGPAKS . .. .. ...
WP_053802994.1_Streptomyces_rimosus LSADVQ IVITIDVE[TARAL I| PR.FDDRAAELTALAP.VPTVLTLGPAKT. ... ....
HP_106677009.ljtraptosporangilm\_nondiasI:al::'l.cum LSADVQ IMRD VE[TRAL T| PA.YAGRAAELAELTG. VQDVLLLGP|GSE. .. « .« .«
_184939538.1_Kitasatospora_ kifunensis LS V|IEVQ IVIADVE[TARALT] FPR.LAERAIGELLALTP|. VPTVLTLGAATL. ... .. ..
HP _150485975.1_Strep _nit LGADVQ IVIADVETYAL PR.LAARAITQITELVP.VERVLVLGPIVPADA. ., .PTG

Al L

A T

Al L

AAE L

.

S P B e 0 P e e e o

HHEHKHKHAROOO DO WO PEXRRAPAAHAPPRARZ DA
=
= - .
EEEEEEE I IEEEEEE L EE R
@O0 U00U0DUoOU0U0U0U0O0 000000000000 O JH]
]
[

SRR Al R R i M B M e I

EOFEEEOOOO0O000Q T DD WA ARRAAR DIHHEH -0

WP_204453063.1_Actinokineospora baliensis 1.GP[DVO[AK|LMAID VE|T YA L I|V|D[PR . LADRAATLVAAVE|, VTHVLVLGPADDLA. . .. ..
WP_121391275.1_Actinokineospora_cianjurensis LGPIDVQ IDVE[T Y[AL I| . LADRARAILVAAVPE.VITHVLVLGP[TGGVD. . ... .
WP_075137134.1_Actinophytocola_xinjiangensis 1.GE[DVQRKMMTID VE|THTLIV|D[PT . LVDRA[VQLITSTVA, VDQFLTLGR[TEVPE. . . ...
WP_025359162.1_Kutzneria_albida LAVIEVQ IV|S|DVD|TD|L LV INR . LAARAAEIVAEVP.VKALLTLGPAST. .. .....
WP_083474567.1_Pseudonocardia_sp._AL041005-10 LSAAAQEARIV[DD VERP|L VLADAD . AAARAAEPVLALVP|. GVDVLWLGPHGT . . . v .. ..
WP_208819870.1_Pseudonocardia_alni LS AAAQIARIV[D|D VEAP|L VLAD(AD . AAARAEPVLALVE|. GVDVLWLGPHGT . . . .. ..
WP_083658735.1_] 3 dia_ autotrophica LSARAQ IVpp VERAP[LVLADAD . AATTRIEPVILALVP|, GVDVLWLGPHGT . .. . . -
WP_068798175.1_Pseudonocardia_sp._ HH130630-07 .S AAAQ[ARI VDD VDA VL VL|AD[AA . QAEQA[EAVL THAA . PVQVLGLGTLPG . . . . .. ..
WP_04391196%.1_Kitasatospora_griseola MS AP I L{AE|T AT|S VD|TAV LIJV|D|AE . RYADRPELIPLID. VPTIVLTLGP|GPDGD. . . GAV
WP_117489816.1_Kitasatospora_xanthocidica Ms T|P VLAET TA[S VD|T TV LIV|D|AE . RYAERAELLPLID. VPTVLTLGR|GPGGD. . PAAL
OKJ05654 .1_Kitasatospora_sp._CB01950 MS APV L IV[S|SVD|TAVIL AE .RYAGAPELLRHVE.VPTVLTLGP[GPDGG. ..GTL
WP_068523008.1_Tsukamurella_tyrosinosolvens GSLDD HVYVMED AG|IE[T L I[¥[DPRLYEQRAADLRERVPGLKILLSLGPTET . . o v v .. .
WP_126196109.1_Tsukamurella_paurcmetabola GS DD HVYVMED AG|IETLIYDPRLYEERAADLRERVEGLEKTLLSLGPTGT « « o v v . .
WP_068744906.1_Tsukamurella_pseudospumae GS DD HVYVMED AGIETLIYDPRLYEQRAADLRERVEGLEKTLLSLGETGT . « o v v\ ..
WP_006543910.1_Frankia_sp. EUN1f G S L{DD HAY[V L|AID AE|IE[T LV[F|D|P S . FTERAJAALRERVP|TLKRLLSFGP[SDV . . . . ... .
WP_161991522.1_Natronorubrum_aibiense LSV|TE I[D|Y|IL|S|DAEPAVY AS.RLDDWV[EDLVEDLETRPVCVAIES[TDPPT. . ...
WP_007190185.1_Haloarcula_californiae LSATD IEYMLDNSDTSALIVIGPA . FTET;ESEAPNQTLDR‘JISIDAPVSPKLKRTHH




AGL76720.1_Marinactinospora_thermotolerans
WP_051713392.1_Actincalloteichus_cyanogriseus
WP_073481158.1_Streptoalloteichus_hindustanus
WP_210842583.1_Nocardiopsis_sp._Bé62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_sStreptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_Streptomyces_rimosus
WP_106677009.1_Streptosporangium_nondiastaticum
WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinockineospora_baliensis
WP_121391275.1_Actinckineospora_cianjurensis
WP_075137134.1_Actinophytocola_xinjiangensis
WP_025359162.1_Kutzneria_albida
WP_083474567.1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_P a_auto
WP_068798175.1_Pseudonocardia_sp. 814130630 07
WP_043911969.1_Kitasatospora_griseola
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654.1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella_tyrosinosolvens
WP_126196109.1_Tsukamurella_ paurometabola
WP_068744906.1_T: rella p d
WP_006543910.1_Frankia_sp. _EUle
WP_161991522.1_Natronorubrum_aibiense
WP_007190185.1_Haloarcula_californiae

AGL76720.1_Marinactinospora_thermotolerans
WP_051713392.1_Actinocalloteichus_cyanogriseus
WP_073481158.1_Streptoalloteichus_hindustanus
WP_210842583.1_Nocardiopsis_sp._B62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_Streptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_sStreptomyces_rimosus
WP_106677009.1_Streptosporangium nondiastaticum
WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinockineospora_baliensis
WP_121391275.1_Actinckineospora_cianjurensis
WP_075137134.1_Acti tocola_xinji is
WP_025359162.1_Kutzneria_albida

WP_083474567 .1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_P ia_autotrophica
WP_068798175.1_Pseudonocardia_sp._HH130630-07
WP_043911969.1_Kitasatospora_griseola
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654.1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella tyrosinosolvens
WP_126196109.1 Tsukamu:e1la_paurametahola
WP_068744906.1_" rella
WP_006543910.1_Frankia_sp._EUN1f
WP_161991522.1_Natronorubrum_aibiense
WP_007190185.1_Haloarcula_californiae

AGL76720.1_Marinactinospora_thermotolerans
WP_051713392.1_Actincalloteichus_cyanogriseus
WP_073481158.1_8St: lloteichus_hi s
WP_210842583.1_Nocardiopsis_sp._B62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_Streptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_Streptomyces_rimosus
WP_106677009.1_Streptosporangium_nondiastaticum
WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinckineospora_baliensis
WP_121391275.1_Actinckineospora_cianjurensis
WP_075137134.1_Actinophytocola_xinjiangensis
WP_025359162.1_Kutzneria_albida
WP_083474567.1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_Pseudonocardia_autotrophica
WP_068798175.1_Pseudonocardia_sp. _HH130630-07
WP_043911969.1_Kitasatospora_griseocla
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654.1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella tyrosinocsolvens
WP_126196109.1 Tsukaxnu:ella_paurmtahola
WP_068744906.1, lla_pseudosp
WP_006543910.1_Frankia_sp._EUN1f
WP_161991522.1_Natronorubrum_aibiense
WP_0071980185.1_Halocarcula_californiae

-
Qoo w
o

]

[

PR LEE LR EC E E E D I
5 =] £
[ HEH '
PEELEEE R L L E LR L

FEoo i oooapoaaeaaq

'V L E|
T LA
ILA
VAR
VAR
AVER|
'V L A
VLA
VL A
VLA
ALA
VLA
VLA
VLA
VLA
VLA
VLA
Y LA
Y LA
F LA
WLA
VLA
VLA
VL S|
VLA
VLA
VLA
VL Ef
FC A
ALE|

CCUMERRRACOORERPOOUOEE U000 MY WH OO

140

LAAGQPAEFLISGL

IQRTEWEW.
IQRTEWEW.
ILLTEWQW.
AHPADLGF .
.AHAVELDI

.AAVSMYG. . RF@T

VARAMYG. PPPWRF
.. ASLTIFG.. . EGPWR/FIAY]

.NARHMYG. . . PGPWR|F|
NARHMYG. PGP WREFRY|
NALHMYG. PGP WR[FpEV

QPGGEAA. APP[RIQ

. .TPDRRKP. DPE[RQ
PGDAKVLWERPADO. ERTR|LEAY

AGDAKVLWERPADQ. EGN[R|L
....EILEPEGKAD. DG MR/
DS .EEAEGEE. KVE[R/OpAv|
MRELSD. EVRR|DpAV
VSGLEGG. AQPR[DIL

VRATNDV. DEB[RD

. .VSALFGG. . .HTE[RD
.HQATAQG .ADVVY§T
MRRGTGGFGSG. DAGAR|LIAY

MRRGTGGFGSG . DAGAR|L|
MRRGAGGFGSG....DAGARLAV|

MRRSMGSFGTDTAGESGP PRM
TPVGDDR. . . . APRILA#R
APIGSDPA. AGAP[R|/LAZ
DPVGNEE. . AP[RILpA
IQRTEWEW. PEE I[R/FAY

R|F

RF

RH

T|G|

T

230 240
IERERATHVF LAJINWL Y|

LERERITHL
IGAERTTHV|
LASEHITHEF
LGSEHITHEF
LGRERITHF
IERERITHIL]
IERERITHL
IERERITHI
IEREKITHIL
IERERITHM
IERERITRLF
ITAREEITHV|
IERERITHA
IERERITHV|
IERERITHI
IERHRVTDIL
ERERITHG]
VERERITHG[F
WVERERITHT]|
VERERITHT)
VERERITDL
IEREHITPDL|
'ERERITEF|
IEKYRITAT)
IEKYRITAT
IEKYRITAT|
IEQHRITSV|
VETHGVTWT
VEQEDTI S|WT|

R e e e s L e N =)

_ASVPEGTFL|RYR.
LAAAAVADAPALP .
LAGAQSAEPV[EFT.
IAARQKPDAFMECV.,
IAAQKPDVPMECYV .
LADGRPDA[FLDCA.
LAATESTE[PI|SGL.
LAAAAPTERIISGL.
LASAESDE[FVIPSG.
LASAESDEPV[ESG.

LAAQESAEPLAGL.
LAAPQPETPVIESQ.
LAAIGLSDE[FV]ASA .
AAAPHSDLFVIEST .
LAAHQPDDPV|ITSQ.
LAAAADSS[PVIPPHP
EAATASTEF VIRGR.
EAATASTEF V[RGR .
EAATASTE]P VIRGR .
AREHASTAPITGR.
ARAAHRPAE[PPDVR.
ASAHRPAEPPDVR.
ASAHRPAGPPDVR.
VAARGFEPGF LARHT)
VAAVFEPGPP LITAHT
VAAGFEPEP LITAHT]
LAAGYEPR[P LITVPR|
LEDGTAAD|SP|SVS.
LLETAEPVAPDVS.

PR A R R M e R N e R R M e e B R R M A e R M W s e W W ] |

ESC P PFPHTA PP P PP P H P e o0 m T e

Err 000 o i o B B B et e e b g ]
a
"

.RGPW

PEEI

jas
W 000 W R W P08 0000 B0 00 R E000

AV[VAF

TAVIGF
SMV|TF|

TF
R H
R H
RH
RH
R H
RH
RH
RH
RH
RH
RH
RH
RH
RH
RH
R HI
RH
RH
AY
AY
AY
AY
F Y
FH

5]
)
[EE H T o o e e e e S

<

<
ZroaoQQprrErErrErrOO0O0O00000Y NP P O WP

250

SMVITF|S

OO0
H o H -

[Eslramsacv. .

TAMAACL. .
FDLEACL. .
IASSAGFL. .
IASSAGFL. .
IASSSGFF..
ERAGRMR. .

ERAGRMR. .

GQVRTIFV. .

GQVRTFVADDDED
ERLPGFQ, ,DDVD
GOGAAFR. .NGLQ
ARMRNTG. .
ARMRGLD. .
GRMRNFH
ARMLGLD
GGYRAML. .
DHHRRGA. .
DHHRRGA. .
DHHRRGA. .
GHHVRARA. .
GPYRAIE..
GPYRRIF..
GTYRLIF..
SGGAALL. .
SGGAALL. .
TGGASLL. .
RGSAAMT.
SCLATNL. .
ENLALNA..L. ..

rmmnpocowﬁmwmomwr

P AP OO Z R E D DR EEE

FPPOOOAPIIOANOAFIAOOP I I PITIOOO OO G

22?
LATGCTVYLLEEF
.AC|GGVVYLRED[L
. AR|/GGTVYLREDF
.AV|GGTVHLILDD|F
.AV|GGTVYLLDDF
LAGGGTAYLMDDF
.AEGGTVYLILEDF
. AE[GGTVYLLED[F
.RE[HGLVYLLED[F
. REHGLVMLILED|F
RTD|GGTVYLLDDF
. GE[GGAVYLLDDF
.AS|GGTVYLHDGF
VAGGTVRYLHY AF
.AAGGTVYLHYAF
. AAGGTVYLHRTF
.AAGGTIYLHERF
. TD|GGTVYLIQDD|F
. TD|GGTVYLIQD G|F
.AD|GGTVYLOD GF
LAGGGTVYLILERF
. HHGGTVJLORSF
. QHGGTVYLIORSF
. YHGGLVYLLRS[F
. MT|GGSMMVILP RF
.MAGGSM]| LP R[F
. M5[GGSMYVILE RF
.HQGG S VGVLEKF
. IA/GGTVYLRRGF

GL|. AQCSHHWITQGE

b
EI N L A A

[ )

LAEHP|
LAEHP|
LAEHP|
L VHE P|
LVHEQ
L VHE P|
ILMDHP
LVDHP|
LTDHP
ILTDHP
ILMDHP|
LLDHP|
VLDHP

LDDP
ILLDHP
LLDHP|
LLDHP|
JLDHP
LLDHP|
LLDHP|
ILLDHP|
ILLDHP
LLDHP|
LLDHP|
ILLDHP

VLDVL

=

[mli=]

LDHE|. .
VLDHP|.
VLDHP|. .

< e e e

LLDGE|.

Rl sl sl sl sl sl=l sl slsie N e NN NS Il s s s = =)
[CN7) DTN U T 7 n

ﬂZHHHHOKOHMMMWDWTTHZOOOOHFFOHm

0 28

GGAPA VAR A
GGAPA TS|AA
GGAP S| IADA
GGAP S|S)ESKITAD A

GGAPS
GGAVS
GG|CQT,
GGCKA
GG|CQS|
cecas
GG|COS
GGCLA
GS|CQS|
GG|TP S|
:G[TPS
GG|TP S|S
FGCARA
GCAPA
GGAPA
GGAPA
GGAPA
GGAAR
GG|S AR
GG|SARA
GA|SAT]
GA|SAI
GASAI|
GS|SPM
GAAPI
GAAPM

WOW»iHHHJmmb:beﬁﬂvgawb<>bﬁvbbﬂﬁb>>‘ﬂbvﬁ
ke

(R Nl T ey ey g gy g oy ey oy gy



AGL76720.1_Marinactinospora_thermotolerans
WP_051713392.1_Actinoalloteichus_cyanogriseus
WP_073481158.1_Streptoalloteichus_hindustanus
WP_210842583.1_Nocardiopsis_sp._B62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_sStreptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_sStreptomyces_rimosus

WP_106677009.1_Streptosporangium_nondiastaticum

WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinockineospora_baliensis
WP_121391275.1_Actinokineospora_cianjurensis
WP_075137134.1_Actinophytocola_xinjiangensis
WP_025359162.1_Kutzneria_albida
WP_083474567.1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_Pseudonocardia_autotrophica
WP_068798175.1_Pseudonocardia_sp._HH130630-07
WP_043911969.1_Kitasatospora_griseola
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654 .1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella_tyrosinosolvens
WP_126196109.1_Tsukamurella_paurometabola
WP_068744906.1_Tsuk. rella dosp
WP_006543910.1_Frankia_sp._EUN1f
WP_161991522.1_Natronorubrum_aibiense
WP_007190185.1_Haloarcula_californiae

AGL76720.1_Marinactinospora_thermotolerans
WP_051713392.1_Actinoalloteichus_cyanogriseus
WP_073481158.1_sStreptoalloteichus_hindustanus
WP_210842583.1_Nocardiopsis_sp._B62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_Streptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_Streptomyces_rimosus

WP_106677009.1_Streptosporangium_nondiastaticum

WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinockineospora_baliensis
WP_121391275.1_Actinokineospora_cianjurensis
WP_075137134.1_Actinophytocola_xinjiangensis
WP_025359162.1_Kutzneria_albida
WP_083474567.1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_Pseudonocardia_autotrophica
WP_068798175.1_Pseudonocardia_sp._HH130630-07
WP_043911969.1_Kitasatospora_griseola
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654.1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella_ tyrosinosolvens
WE_126196109.1_T lla_p tabola
WP_068744906.1_"
WP_006543910.1_Frankia_sp._EUN1f
WP_161991522.1_Natronorubrum_aibiense
WP_007190185.1_Haloarcula_californiae

rella
a_p

AGL76720.1_Marinacti E _th tolerans
WP_051713392.1_Actinoalloteichus_cyanogriseus
WP_073481158.1_Streptoalloteichus_hindustanus
WP_210842583.1_Nocardiopsis_sp._B62
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7
WP_178378553.1_Nocardiopsis_flavescens
WP_179079716.1_sStreptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_Streptomyces_rimosus

WP_106677009.1_Streptosporangium_nondiastaticum

WP_184939538.1_Kitasatospora_kifunensis
WP_150485975.1_Streptomyces_nitrosporeus
WP_204453063.1_Actinokineospora_baliensis
WP_121391275.1_Actinoki _cianj is
WP_075137134.1_Actinophytocola_xinjiangensis
WP_025359162.1_Kutzneria_albida
WP_083474567.1_Pseudonocardia_sp._AL041005-10
WP_208819870.1_Pseudonocardia_alni
WP_083658735.1_Pseudonocardia_autotrophica
WP_068798175.1_Pseudonocardia_sp._HH130630-07
WP_043911969.1_Kitasatospora_griseola
WP_117489816.1_Kitasatospora_xanthocidica
OKJ05654.1_Kitasatospora_sp._CB01950
WP_068523008.1_Tsukamurella_tyrosinosolvens
WP_126196109.1_Tsukamurella paurometabola
WP_068744906.1_Tsuk rella dosp
WP_006543910.1_Frankia_sp._ _EUN1f
WP_161991522.1_Natronorubrum_aibiense
WP_007190185.1_Haloarcula_californiae

299
LAV
.|PRL|
L{ERP LI
LPVL
. PVL
PVL
LBPVL
LPVL
. |PVL|
PVL
LHVL
. |PVL

JRVL
CRVL
- PVL
PIL
. [PVE

[eXnEninTelelolelol ol olol ol slol el slorol: i i=I:Tele]|

(SN i B A S S R R R el = el = R R A ) |

FRaodm<< < 0005 % W00 W Wm0y =m o

EHRARERdLBHHHRIIO00MHIIHERRE I

D T|G|E D|L G
E SicE Tiv

340
D s[GG TLEIR[E]

T S{G[A V|V B[P[g[V V|
@ D(G[A DL B{vG|T v
PE|GGELP|P|GS I
PE[GVELE[R[Es I
AEGGE|L P|AIGIE T
AD(GHD[LE[P[GEH
2AD[NDL PlE[GEH
EN|GRD[LP[RIGEH
ENGRD[LE[RGEH
ES|GRD|LE|T|GEH
ED(GRAL B[V[GE |
E S(G|T V|L P|H|G|E V|
A D(G|A AL Bv|GQ V]
P D|G|T A[L P|P[G|R V|
P DD|AP|V P|alG0 V|
EQ|GND|LE[V|GQT
AD|GRP|[VAP|G/GR
AD|GRE[VVIE|GGR
AD|GRP[VA|P[G|G R]
P D[GARRG[T|G[VR
AD|GIAD|L P|T|GE Qf
D D{G|T DL P|T|GEQ
LD|GKE[VE|T|GEQ)
DVGRP[VE[P[GAP
D A[G|S B[V E[P[G|A B
DAGRTVE[P[GAP
D Q|G|E P|V P|D|GIE P

T
i

400

DL QT T T V|
DIAKIL T IV
DA KV I IV|
DRIVEIRT T IV
DIFVEIRI I IV
GIIIKII T IV|
DT KisiM TV V|
DT KslM TV V|
DT KM I V'V
DI T KM IV Y|
DT KM T V'V
DL KM I I V|
DRIT KM I AV
DL KisiM IV V|
DAL KM TV V|
DIV RIMM T VY|
SIL KM T IV
DV KisiM T V'V
BV KM TV V]
DV KM I V|
DIV KMV I V|
DIFAKIML T IV|
DIIVEIMT. T TV|
DIV KL T IV
DK KIsIM V'V T|
DIFK KMV VT
DK KIBMV VT
DIFK KM IV 5|
DR SV V VT
DD SIBV IV S|

I T R R R R R R R R R R R R R R R A = A=A =N = N> N = I

EHRooooaUuipEroOQO-HummmEmm

350

VRSPMTM
VRSP MTM
VRS TMLM
VRS TT|LM
VRSTT[LM
VRSAT|IM
[VRSGHTIM
VRSGHIM
[VRSAS|IM
IRSASIM
VRSEHTIM
VRANGVM
VRGP QVM
[VRASEVM
VRAGE[VM
[VRGGGMM
VRSAMTS
VHTGMEM
VETGMEM
VHTGMEM
VRTGAEM
LRSDT|IM
LRSDAVM
LRSDAIM
VRGP L[VM
VRGP LVM
VRGP L[VM
VOGP LVM
VRAPYRAF

FEQOOOEIXITES=SS000000000000000=S

P e e e D e e R e e A A A

ARAAY|SM

CDomWHdmomWhhmmmoi v Wmo o i )
OPPOOOHPHOAPPPrOQNUCC0ORNOAUIEOO0OURT

v
V|GDV]
v

DEl. . . .TRAGRYL
DEl. . . .IRAGRYL
Dhl. .. .IRAGRYL
Dil. .. .DLTRPER
Dil. . . .DPRRPER
Dil. . . .DPDNLER|
Dil. . . .DPDNLER
DEl. . . .DPENPAR
DEl. . . .DPERPDR
Ell. .. .DPDRLDYV|
Eil. .. .DPDRLDYV
Eil. .. .DPDRLDIL
Ell. . . .DPDRLDI]

EEl. . . .ERIGQGG
EEl. . . .DRIGPGG
ERl. .. .ARIGSGG
Dil. . . .DPSKPER
DEl. . . .DPSRPER
DEl. . . .DPSKPER|
Ell. .. .NPDDPAR
DEARVLEDGDERL
. .DPDDGER|

B 0 B M H R o e e 0 B0 0 E E EE EEO E R E 0
= E
<

<
=
HS<pHpHORISSS<SHWODIEHDT DD DWW D DWW

420 430
RAA]

LOA

AQAV|
IVIAQA
AQA
ROS
VILHS
LOS
VILOS
LQS
VILQS
RHS|
RARA
VIRAR
RDC|
IIAEA]
VIRHA
IV|R H Al
RHA
ROA
ARC]
ARC]|
IVIARC
VIA S V|
IVIAS V|
A SV
ARA

<<

< < < [
R LR L R e e B e e e e e B K B

|ER-AsESESESASASESESESESESE-InEsAsASEsESASESESASESASESASESES]|

ANV

CO 0 XXX T 00000 0o X 0NN R D000 R
g R 0 0 f0 U 0 D < 0 0 f0 FD @ @ i < < @ < g e

RSNl =l e X OX o il sl sl il il sl il sl il |
WA PrPraaOOOOUR I DI DI R D DDE 2220

S <<

S<<aa<

MDA ARTCITIDIDITIMIOIOIDIACAKKITNKK KOO

BRPES==22000H0HH000000RZ 200000 Q0%

33?
VEVEI
VEVEI
TEIAI
VEIAV
VEIA
IVEIA
VEVA
VEVATI
VEVAV
VEVA
VEIAI
VEVE I|
VEVEI|
IVELE I|
VEVE I
[VEVE I
VEVAI
TTVAI
TRIAT
TTIAI
TEIAI
IEVAI
[VEVAT]
VEVVI
VNV AL
VNVAL
VTVAL
VRVAL
SDVEKV

S<SEPEEHEE RO OHA-dHE 0D DW 00 E W WD w
[EAsEISESEsEsErI NnNnisisivivisisErE=EnisivivivivivisAsivielv]|

CEVEK

TF|

5|H L

R1LJ

3RV
SR V|

R I
F L
F L
E L
F L
F L
HF|

IR L

R L
RF
R L
HL
RQ
RO
RO
WL
Y F|
Y F|
Y F|
RF|
RF|
R
RV

S5RI

DEDGH L
SEADLL
DTEGYL
DDEGY L
DDEGY L
DDEGYL
DDEGYL
DAEGY L
DDDDY L
DADDYI|
DDEGYL
DEDGY L
DAEGY L
IDEQGY L
DDHGY L
IDDHGY L
DEQGYL
DADGY L
DADGY L
DADGY L
DDDGYL
DEDGY L
IDEDGY L
DEDGY L
DDEGYL
DDEGYIL
DDEGY L
DEHGEY]|
DDDGY L

KT

DEDGYWV

MHHEHKEAHKKRKEDED O KK K 0T
<
<

DB PRFEROOBPFFEEOAEOD OB H PP

|[ER I Ea s I I EaEa R e B B AN AR == TN R0 R I RoNaNAN ol il KA RoRS) |



WP_179079716.1_Streptomyces_rectiverticillatus
WP_208608527.1_Amycolatopsis_pretoriensis
WP_150246336.1_Streptomyces_albofaciens
WP_053802994.1_Streptomyces_rimosus

KVGADELR
EVDPDALR
DVDAPDQLRE]
DVDADQLR|

TFAE
TE|VD|
E F|VE|
EF|VE|

LIASRTAPTQERSQG
LIJSHAAQAEGAR. .
LIJAMATRTAV . .
LIJAQATRSAA .

450 460 470 480 aso0

AGL76720.1_Marinactinospora_thermotolerans . .DPDPEHLRALLV] HL| IVEFVR| VIITWETD . . . . . ..
WP_051713392.1_Actincalloteichus_cyanogriseus . ADADELREMHV| QL IRF|VD| LBALFAPDTPSR. .
WP_073481158.1_Streptoalloteichus_hindustanus . .EIDVIDELRALLV| T L LD V|V D LIdTRWRAAQRA . . .
WP_210842583.1_Nocardiopsis_sp._B62 RAVAFS[AELAARVRET L IDL|LA| IEIGQAADRAGSPHV
PWV44261.1_Nocardiopsis_sp._L17-MgMaSL7 RTVAFSAELAARV T L| IDLLA| IIIGQAVDRAGSPHI
WP_178378553.1_Nocardiopsis_flavescens RTAEFTAGLAARVRD[TL) IDLILA] LIBGRAAETAASPRT

I

I

I

I

WP_106677009.1_Streptosporangium nondiastaticum ELDEKELREF V| E R| VIS F|I D) LIREAEAAAATR. .
WP_184939538.1_Kitasatospora_kifunensis TVEE|QE LRAMYV| ER| I|TF|AD LEIQWVEQAAV . .
WP_150485975.1_Streptomyces_nitrosporeus T TTAJEDLRA[L VRDRR| IEF|VE LRWAA . . ... B
WP_204453063.1_Actinokineospora_baliensis TVTAESLR[TMV| GR| IV/H LV D LBRRAADRSTAR.G
WP_121391275.1_Actinokineospora_cianjurensis . .TTTPETLR| I|HL{VD
WP_075137134.1_Actinophytocola_xinjiangensis . .AVTEEDLR GR| IVEF[VA]
WP_025359162.1_Kutzneria_albida . .TLTE[QEVREHV IVE F|L D|
WP_083474567.1_Pseudonocardia_sp._AL041005-10 . PSPDELT|GIL V| RA VIE F|V E
WP_208819870.1_Pseudonocardia_alni . PSPDELT|G|L VIADRA| VIE F|VE|

WO P OO0 Ob0000 000000 Yoo .

mtwtwtducz:u:u:vmmmmmo;»a:u:um:r:v:v:v:wbb:um:u
<

[EAcEcEsEsEsEcicicisAsEsAsRoN=isiciciol-dciclsicRsicis = N-As]|
4]
=

HHPOOOUEEEE DO IO PO ERPO00 I000nnaH0

ChLp ppradly rrprp 000y PPy prprndndmng
AP PP PP AN DA< AREC OO DY PP PR

=
<
<
WORAD O IHHHA PP FPEODNOTTQN0HNEDHTEED
[s]
)
P raon el

WP_083658735.1_P rdia_autotrophica PSP[DELT|G|L V| R A| QFVE|

WP_068798175.1_Pseudonocardia_sp._HH130630-07 . PTC[DELGG|L V| RA I|SF|VA|

WP_043911969.1_Kitasatospora_griseola . . RPELIDELR[AF V| RK| L{HL|VD| LIEAATR . « .+ « .
WP_117489816.1_Kitasatospora_xanthocidica RPDL[D TLRAF VITERK| LiH L|V D .. .
OKJ05654.1_Kitasatospora_sp._CB01950 QPHL|DELRAJF V| QK| T/H L{V D .
WP_068523008.1_Tsukamurella tyrosinosolvens . . TVDVIEELRD|LV| RK| VD F|VE]

WP_126196109.1_" k rella_p abola . . TVDVEELRDI|LV| RK| VDLIVE[S|TIgV S|IP|L{EAP MK KALIIAQYA . . ... ...
WP_068744906.1_" 1lla . . TVDVEELRE|LV| RK| VD LVD|S(TigV SIP(L{QeP MK KALIIATIYA . . . . . ...
WP_006543910.1_Frankia_sp._EUN1f SVAAEELAA|L V| HEK| IV|D F|V D LIJARHWSNTDRRVG
WP_161991522.1_Natronorubrum_aibiense . .DIDV[DDLLAF AGERL| VD VIF E| LEERYWADEERRIN
WP_007190185.1_Haloarcula_californiae . . TVDRANIR[SIFC| RL| [ID VIV E] LIJEPYWODOSRQIN

Figure S4. Alignment used for the phylogenetic tree construction. Alignment illustration made by using ESPript v 3.0, Robert, X. and Gouet, P. (2014) "Deciphering
key features in protein structures with the new ENDscript server". Nucl. Acids Res. 42(W1), W320-W324 - doi: 10.1093/nar/gku316 (freely accessible online).
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Figure S5. Alignment of McbA and ancestors A1-A4, derived from the phylogenetic tree in fig S1. Alignment illustration made by ESPript v 3.0, Robert, X. and
Gouet, P. (2014) "Deciphering key features in protein structures with the new ENDscript server". Nucl. Acids Res. 42(W1), W320-W324 - doi: 10.1093/nar/gku316
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Figure S6. 'H-NMR of synthesised 3-Hydroxy-N-(3-phenylpropyl)benzamide (standard).
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Figure S7. 3C-NMR of synthesised 3-Hydroxy-N-(3-phenylpropyl)benzamide (standard).
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Figure S8. 'H-NMR of the enzymatic synthesis of 3-Hydroxy-N-(3-phenylpropyl)benzamide (crude NMR). As a control, tH-NMR of 3-phenyl-1-propylamine and
3-hydroxybenzoic acid are included.
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Figure S9. 13C-NMR of the enzymatic synthesis of 3-Hydroxy-N-(3-phenylpropyl)benzamide (crude NMR). As a control, 13C-NMR of 3-phenyl-1-propylamine and
3-hydroxybenzoic acid are included.
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Figure S10 13C-NMR (left) and 'H-NMR (right) of 3-hydroxybenzoic acid, 3-phenyl-1-propylamine, and the enzymatic synthesis of 3-Hydroxy-N-(3-
phenylpropyl)benzamide (crude NMR). In the left chromatogram, a shift of the carbonyl carbon (G’), the a-carbon (C’) and the aromatic carbon (A’) is consistent

with the formation of an amide. In the right chromatogram the peak at around 8.4 ppm (S’) shows the presence of an amide bond.
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Figure S13. 'H-NMR of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide
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Figure S14. 13C-NMR of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide
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Figure S15. DEPT spectra of biocatalytic synthesised 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide
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Figure S17. 3C-NMR of synthesised N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide (standard).
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305 nm UV absorption 3-hydroxybenzoic acid dilution series
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Figure S21. 305 nm UV absorption calibration curve of different 3-hydroxybenzoic acid concentrations. In the equation, y is the 305 nm peak area of the acid,
and x is the mM of the acid in the HPLC sample.
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Figure S22. HPLC-MS (positive ionization mode, 305 nm) chromatogram of a sample taken from the upscaled biocatalytic synthesis of 3-Hydroxy-N-(3-
phenylpropyl)benzamide 60 h after the start. At 0.587 min is 3-hydroxybenzoic acid, 0.748 min is 3-phenylpropylamine, and at 2.145 min is the 3-Hydroxy-N-(3-
phenylpropyl)benzamide, with its expected mass of 256 m/z. For reference, all mass peaks throughout the elution are shown.
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Figure S23. HPLC-MS (positive ionization mode, 305 nm) chromatogram of 3-Hydroxy-N-(3-phenylpropyl)benzamide standard. At 2.117 min is the amide, with
its expected mass of 256 m/z. For reference, all mass peaks throughout the elution are shown.
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Figure S24. 305 nm UV absorption calibration curve of different 3-acetylbenzoic acid concentrations. In the equation, y is the 305 nm peak area of the acid,
and x is the mM of the acid in the HPLC sample.
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Figure S26. HPLC-MS (positive ionization mode, 305 nm) chromatogram of 3-acetyl-N-(4-(hydroxymethyl)phenethyl)benzamide standard. At 2.071 min is the

amide, with its expected mass of 298 m/z. For reference, all mass peaks throughout the elution are shown.
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Figure S27. 305 nm UV absorption calibration curve of different benzoic acid concentrations. In the equation, y is the 305 nm peak area of the acid, and x is the
mM of the acid in the HPLC sample.
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Figure S28. HPLC-MS (positive ionization mode, 305 nm) chromatogram of a taken from the upscaled biocatalytic synthesis of N-(2-(piperidin-1-
ylsulfonyl)benzyl)benzamide 60 h after the start. At 0.640 min is benzoic acid, and at 2.341 min is N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide, with its
expected mass of 359 m/z. For reference, all mass peaks throughout the elution are shown.
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Figure S29. HPLC-MS (positive ionization mode, 305 nm) chromatogram of N-(2-(piperidin-1-ylsulfonyl)benzyl)benzamide standard. At 2.360 min is the amide,

with its expected mass of 359 m/z. For reference, all mass peaks throughout the elution are shown.



Table S6. Derivation of USEtox input parameters’ mean and standard deviation from in-silico model prediction and uncertainty (described by the reported log

RMSE).
USEtox 2.0 L. e Standard
) Description Prediction model Mean value L. Comment
input deviation
Acid dissociation
pKa.gain [-] constant (acid OPERA pKa_a [-] pKa_a 2.0
reaction)
Acid dissociation
pKa.loss [-] constant (basic OPERA pKa_b [-] pKa_b 1.7
reaction)
Octanol-water
Kow [-] " ) OPERA LogP [-] 10tog? 0.69
partition ratio
OPERA VP
Pvap25 [Pa] Vapor pressure at 25C 133.3 - 10L09"P 1.08 with 133.3 Pa/mm.Hg?
[log(mm/Hg)]
OPERA WS
Sol25 [mg/L] Water solubility at 25C MW - 10%°9%S . 1000 0.81 MW = molecular weight
[log(mol/L)]
OPERA LogOH 1.5¢°
kdegA [1/s] Degradation rate in air g e, 10QLog0oH 1.14 with 1.5e mol OH/cm?
[log(cm3/mol.s)]
Degradation rate in OPERA BioHL In(2)
kdegW [1, _ 0.26
egW [1/5] water llog(d)] 105501L . 86400
with water-to-sediment
extrapolation factor =9
Degradation rate in OPERA BioHL In(2) a), with uncertainty
kdegSd [1/s _ 1.5-0.26
gsd [1/s] sediment [log(d)] 9 - 10BioHL . 86400 increased by a factor
1.5 for intermedia
extrapolation
with water-to-soil
extrapolation factor = 2
Degradation rate in OPERA BioHL In(2) a), with uncertainty
kdegSI [1/s - 1.5-0.26
gs! [1/5] soil [log(d)] 2 - 10BioHL . 86400 increased by a factor
1.5 forintermedia
extrapolation
505 hasard ECOSAR ChV Fish, | 1% g CHV:
LogHC50 i ChV Daphnid, ChV EZ 08107 with EC50 = ChV/0.49
[log(mg/L)] concentration for Green Algae R i 147 assuming ChV~NOEC
Eime freshwater species 5 i=[1:fish, 2: daphnid, g
[mg/L] 3: algae]
with interspecies
human-to-rat
extrapolation factor =
FD50 non- 50% chronic non 4,19, NOAEL-to-EC50
cancer, 0 ) CTVRfD NOAEL | 4.1.9 - 10R/D NOAEL . o
. R cancer effect dose via —6 09 extrapolation factor =9
ingestion ) ) [mg/kg.d] 70-70-365-1e )
. ingestion 9, human bodyweight =
[kg/lifetime] o
70 kg, human lifetime =
70 years, 1 year = 365
days, 1 mg = le® kg
with uncertainty
ED50 non- . .
cancer 50% chronic non- CTV RfD NOAEL increased by a factor
. - cancer effect dose via ED507 geostion 1.5-09 1.5 for 1:1 extrapolation
inhalation ) ) [mg/kg.d] : ;
. inhalation from ingestion to
[kg/lifetime] . .
inhalation
with 1/q*-to-ED50
. conversion factor = 0.8
ED50 cancer, 50% chronic cancer 1 .
] . . CTV OSF 08 —- 9 human bodyweight =
ingestion effect dose via [risk per mg/kg.d] OSF 12 70 kg, human lifetime
. -6 " =
[kg/lifetime] ingestion P &/x& 70-70-365-1e &

70 years, 1 year = 365
days, 1 mg = le®kg
with 1/q*-to-ED50

. conversion factor = 0.8
ED50 cancer, 50% chronic cancer 1 . .
. . . CTV IUR 08 - —- 4 inhalation rate = 13
inhalation effect dose via [risk per mg/m?] IUR 1.23 m3/d, human lifetime
-6 N =
[kg/lifetime] inhalation P g 13:70-365- 1e
70 years, 1 year = 365
days, 1 mg = le®kg
Bioaccumulation
BAF fish [-] o OPERA BCF [-] 10LogBCF 0.55
factor in fish

a) US EPA EPISuite (2012), b) Ping Hou et al., “Estimate Ecotoxicity Characterization Factors for Chemicals in Life Cycle Assessment Using Machine
Learning Models,” Environment International 135 (2020): 105393-, c) Nicolo Aurisano et al., “Extrapolation Factors for Characterizing Freshwater
Ecotoxicity Effects,” Environmental Toxicology and Chemistry 38, no. 11 (2019): 2568-82., d) Peter Fantke (Ed.) et al., "USEtox® 2.0 Documentation
(Version 1.1)”, http://usetox.org.



Table S7. Overview of uncertainty factors applied onto the model-specific uncertainty (described by the log RMSE) based on assessing the model applicability
for each chemical.

Model suite Applicability domain Uncertainty factors
OPERA Local applicability domain based on structural Inside domain (AD>0.6): 1
similarity of query chemical to five nearest Inside extended domain (0.4 <AD < 0.6): 1.5
neighbors in training data set, ranging from 0 Outside domain (AD < 0.4): 2
tol
cTv Global applicability domain based on Z-score, Inside domain (ADK1): 1
which corresponds to the number of standard Inside extended domain (1 < AD < 3): 1.5
deviations Outside domain (AD > 3): 2
Imputed value (contains metals/metalloids): 3
ECOSAR “DomainOfApplicability” flag (no continuous Inside domain (no AD flag): 1
value) Outside domain (AD flag): 2
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Figure S30.USEtox characterization factors vs in-silico screening scores of safechems and subset of filtered out aromatic acids and amines A) Median
freshwater ecotoxicity USEtox characterization factor of the in-silico screening environmental score of safechems and sample of 408 aromatic amines and
448 aromatic acids that were filtered out. B) Median human toxicity USEtox characterization factor of in-silico screening toxicity score of safechems and
sample of 408 aromatic amines and 448 aromatic acids that were filtered out.
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Figure S31. Predicted toxicity and environmental score of detected amides from the experimental coupling considering only a subset of possible safechems in
comparison to all possible amides from the whole safechem panel.
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Figure S32. Toxic effects coupled to the molecular weight of amines and acids which were filtered out in the in silico filtering process (figure 3). The lower
the value (y-axes), the more toxic. HC50 is the hazardous concentration of a chemical at which 50% of the species in an aquatic ecosystem are exposed to
the chemical above their tolerance concentration, LogHC50 (log mg/L). ED50non = Human-equivalent lifetime dose per person that causes a non-cancer
disease probability of 50% via either inhalation or digestion(kg/lifetime), ED50canc = Human-equivalent lifetime dose per person that causes a cancer
disease probability of 50% via either inhalation or digestion (kg/lifetime).
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Figure S33. Scatter plot of the USEtox CFs of amides with in silico hazard score equal to or lower than ten (figure 3) compared to the sum of the CFs of their
constituent acid and amine moieties. The results demonstrate a clear deviation between the amide CF and the combined CFs of the acid and amine. This
observation underscores the importance of directly evaluating the environmental impact of the final product, rather than solely relying on the CFs of its building
blocks. The amides in the plot passed the initial filtering, and the acids and amines are their safechem building blocks.



Table S8. Conversion by McbA (in %). The first column refers to the acids, and the first row refers to the amines. Conversion is calculated from the amide peak
area divided by total acid and amide peak area (DAD) and based on two replicates.

McbA

1b 2b 3b 4ab 5b 6b 7b 8b 9b 10b 11b 12b
la 23.8+0.5 | 31.2+09 | 8.0+0.1 | 27.6+0.5 0+0 0+0 41.7+0.0 0+0 29.0+3.2 | 343%0.2 1.5+0.1 | 34.7 £9.0
2a 5.0+0.1 2.5+0.0 0.4+0.0 1.5+0.0 0+0 0.1+0.0 | 0.8x0.1 1.5+0.0 1.7+0.1 2.6+0.7 0.2+0.0 1.1+0.1
3a 2+0.0 1.8+0.0 0.2+0.0 00 0+0 0+0 0+0 0.6+0.0 0.4+0.0 0.2+0.0 0+0 0.2+0.0
4a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 00 0+0 0+0 0+0
5a 0+0 0.5+0.0 0+0 0+0 0+0 0+0 0+0 1.4+0.0 0+0 0.2+0.0 0+0 0.2+0.0
6a 299+05 | 38119 | 7.0+0.2 12.4+03 | 23+0.2 | 04+0.1 | 104+0.3 | 10.2+0.1 | 11.6+0.2 | 6.7+03 | 10.6+0.3 | 10.4+0.7
7a 1.6+0.0 0+0 0+0 00 0+0 0+0 0+0 0+0 0+0 0+0 0+0 00
8a 0+0 47+0.3 0.6+0.0 0+0 0+0 0+0 0+0 2.7+0.0 1+0.0 0.8+0.1 0+0 0.5+0.0
9a 14+0.1 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10a | 15.1+0.9 | 37.0+1.0 | 10.1+0.3 | 19.0+0.2 | 1.1+0.2 | 0.1+0.0 | 8.2+0.7 12.0+0.1 | 13.0+0.1 | 9.8%+0.3 48+0.4 9.1+0.7
11a 7.3%+03 49+0.2 0+0 1.2+0.1 0+0 0+0 0.3+0.0 1.6+0.0 1.3+0.0 0.5+0.0 0+0 0.5+0.0
12a 1.5+0.1 0.3+0.0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0.4+0.0 0+0 0+0
13a | 45+00 3.8+0.1 1.9+0.1 0+0 0+0 0+0 0+0 0.8+0.0 0.8+0.0 0.4+0.0 0+0 0+0
14a 6.3+0.0 45+0.2 0.3+0.0 1.1+0.0 0+0 0+0 0.6+0.0 1.2+0.1 1.9+0.1 0.8+0.0 0.6+0.1 0.9+0.2
15a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0.6+0.2 00 0+0 0+0 0+0




Table S9. Conversion by Al (in %). The first column refers to the acids, and the first row refers to the amines. Conversion is calculated from the amide peak
area divided by total acid and amide peak area (DAD) and based on two replicates.

Al

1b 2b 3b 4b 5b 6b 7b 8b 9b 10b 11b 12b
la 219+00 | 17.8+0.2 | 3.3+0.0 | 8.0+0.2 0+0 0.7+0.0 0+0 0+0 11.2+05 | 3.4+0.1 | 183+0.3 | 9.6+2.9
2a 1.0+0.0 0.2+0 0+0 0+0 0+0 0.1+0.0 0+0 0+0 0.2+0.0 0+0 0.9+0.0 0+0
3a 0+0 00 0+0 00 00 0+0 0+0 0+0 0+0 0+0 0+0 0+0
4a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
5a 0+0 0.2+0.0 0+0 0+0 00 0+0 0+0 00 0+0 0+0 0+0 0+0
6a 4.2+0.0 24+00 | 03+0.0 | 0603 | 0.2+0.0 | 0.7+0.2 0+0 0.7+0.2 00 0.2+0.0 | 48+0.8 00
7a 1.5+0.0 0+0 0+0 0+0 0+0 0+0 0+0 00 0+0 0+0 0+0 0+0
8a 0+0 00 0+0 0+0 0+0 0+0 0+0 00 0+0 0+0 0+0 00
9a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10a 5.4+0.0 19+0.2 | 0.8+0.0 | 0.9%0.1 00 0.2+0.0 | 0.8+0.0 | 1.3+0.1 14+01 | 0.1+£0.0 34+00 | 3.6%£0.1
11a 0.3+0.0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
12a 00 00 0+0 00 00 0+0 0+0 00 0+0 00 00 0+0
13a 0.5+0.0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
14a 0.2+0.0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0.1+0.0 0+0
15a 00 00 0+0 00 00 0+0 0+0 1.6+0.6 0+0 00 0+0 00




Table S10. Conversion by A2 (in %). The first column refers to the acids, and the first row refers to the amines. Conversion is calculated from the amide peak

area divided by total acid and amide peak area (DAD) and based on two replicates.

A2

ib 2b 3b 4b 5b 6b 7b 8b 9b 10b 11b 12b
1a 6.2+0.6 | 1.7+0.0 | 22.4+1.2 | 13.4+0.3 0+0 0+0 | 16.5+1.1 0+0 1.2+0.0 | 359+0.7 | 0.9+0.0 | 51.5+15.6
2a 0.3+0.0 0+0 3.2+0.7 1.2+0.1 0+0 0+0 23+0.1 | 51+0.2 | 03+0.0| 6.5%0.1 0+0 14.1+0.3
3a 0+0 00 0.8+0.2 00 0+0 0+0 00 0.2+0.0 0+0 0.4+0.0 00 2.6+0.2
4a 0+0 0+0 0.5+0.0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 00
5a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
6a 1.3+00 | 09+0.1 | 6.1+0.0 2.9+0.0 0+0 0+0 7.8+0.0 | 64%1.0 0+0 59+0.1 0+0 246+23
7a 1.3+0.0 00 0+0 00 0+0 0+0 00 0+0 0+0 0+0 00 0+0
8a 0+0 0+0 12.2+1.7 0+0 0+0 0+0 | 48+0.2 | 9.9+0.5 0+0 7.7+0.0 0+0 8.9+0.6
9a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0
10a | 1.2+0.0 | 0.2+0.0 | 10.7+0.5 3.2+00 | 01+00 | 00 57+0.0 | 49+03 | 0.6+0.0 | 59%0.1 0+0 9.1+0.6
11a | 1.1£0.0 00 9.0+0.6 0.9+0.0 0+0 0+0 | 10614 1.5+0 0.6+0.0 | 8018 00 4.6+0.0
12a 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 0+0 05+0.1 0+0 0+0
13a | 0.8+0.0 0+0 10.5+0.9 0+0 0+0 0+0 | 184+22 | 1.9+00 | 0.6+0.0 | 6.1+0.1 0+0 6.5+0.0
14a | 0.7£0.0 0+0 4.1+0.5 1.2+04 0+0 0+0 5.0£0.0 | 35+0.1 | 1.5+0.1 | 109+0.1 0+0 9.7+0.8
15a 0+0 00 0+0 00 0+0 0+0 00 2.1+0.1 0+0 0+0 00 0+0




Table S11. List of safechem amines from in silico screening.

Compound SMILES Hazard factor Ecohazard used in
factor experimental
synthesis
Aniline NC1=CC=CC=C1 2 0 yes
amine8634 NCclcccecl1S(=0)(=0)N1CCCCCl 3 1 yes
amine729 NC1(c2ccecc2)CCNCL 3 1 yes
amine6672 NC1CCN(S(=0)(=0)c2cccce2)Cl 3 1 yes
amine6328 NCCCclcccecl 1 1 yes
amine516 NCCCN1Cc2ccccc2Cl 3 1 yes
amine3327 NCclcccec1CN1CCCCCL 2 1 yes
amine3289 NCCclccc(CCN)ccl 4 1 yes
amine2540 NCclccccc1CN1CCCC1CO 3 1 yes
amine2119 NCCclccc(CO)ccl 2 1 yes
amine14086 CclccccclCCCN 2 1 yes
aminel3521 CN(CCN)Cclcececl 1 1 yes
aminel3034 NCCclccceclO 3 0 yes
aminel2828 NCclccc(S(=0)(=0)NCC2CCCO2)ccl 2 1 yes
aminel217 COCCNC(=0)C(N)Cclcccecl 4 1 yes
aminel1946 CN(C)S(=0)(=0)Cclccc(CN)ccl 3 1 yes
2-aminopyridine NC1=CC=CC=N1 2 1 yes
amine9676 NC1(c2ccecc2)CCC(=0)NC1 4 1
amine8732 NC1CCCS(=0)(=0)c2ccccc21 3 1
amine8721 COclcce(S(=0)(=0)N2CCC(N)CC2)ccl 2 1
amine8666 NC1CCc2cc(C(=0)0)ccc2C1 4 1
amine8369 NC1CCCN(c2cec(C(=0)0)cc2)C1 3 1
amine7654 CC(clcce(S(C)(=0)=0)cc1)N1CCC(N)CC1 3 1
amine7539 NCCCCclcccecl 1 1
amine6912 C=Cclccc(CCN)ccl 2 1
amine6247 Cclcc(C)ec(C(O)CN)cl 2 1
amine5745 CN(CCN)S(=0)(=0)clccc(F)ccl 4 1
amine5247 NCCCclccec(O)cl 2 1




amine5086 COclccc(CN)ccl
amine4400 COclccc(CCN)c(F)cl
amine429 NCC(O)clcceccl
amine4167 Cclccec(N2CCCC(N)C2=0)c1
amine3884 NCCN(CC(=0)0)Cclcceccl
amine3444 CC(N)clccc(N2CCCS2(=0)=0)ccl
amine3280 CCN(CC)Cclcccecl1CN
amine3274 Cclccc(CCN)cel
amine3222 CCN(CC)Cclccc(CN)ccl
amine3084 CCN(CCCN)clcccecl
amine3076 CN(CCCN)Cclcccecl
amine3005 COC(=0)C(N)clcc(C)ce(C)el
amine2998 COC(=0)C(N)clccc2e(cl)CCO2
aminel943 NC(clcccecl)C1CCOCL
aminel4452 NC1CCCN(C(=0)c2cecec2)Cl
aminel4127 CN(C)CCOclcceccclCN
aminel4103 CN(C)clcce(CCN)ccl
aminel4084 NCCclcccc(O)cl
aminel3680 NCCN1Cc2ccccc2Cl
aminel335 NCCclccccclF
aminel3327 COclccc(CCCN)ccl
aminel3246 NCCclccc(O)ccl
aminel3174 NCCCOCCclcccccl
aminel12952 NC(clcceecl)C1CCCOol
aminel2947 CCN(CC)Cclccce(CN)cl
aminel2928 CN(C)CCOclccec(CN)cl
amine12902 CNS(=0)(=0)c1cc(F)c(Cl)c(CN)c1
aminel12829 Nclceee(C(N)CC(=0)0)cl
aminel276 CCclcceecclCCN
aminel1623 CC(N)(CO)clcecc(N)cl




aminel1341 NCclcccc2c1CCNC2 4
aminel0961 NCclcccc(F)cl 2
aminel0593 NCC1CCc2ccccc2CCl 4
aminel0438 NCclcccc2cINCCC2 4
Table S12. List of safechem acids from in silico screening.
Compound SMILES Hazard Ecohazar used in
factor d experimental synthesis
factor
acid9360 0=C(0)clccec(C(=0)0)c1 2 0 yes
acid8305 0=C(O)clcceecl 1 0 yes
acid7954 0=C(0)clccec(O)cl 2 0 yes
acid6946 0=C(0)clccccclO 2 0 yes
acid25277 0=C(0)clcce(F)c(O)c1 2 0 yes
acid24861 CC(=0)clcccc(C(=0)0)cl 1 0 yes
acid24207 Cclccee(C)clC(=0)0 2 0 yes
acid24135 0=C(0)C(=0)clceccccl 2 0 yes
acid23854 0=C(0)clcccc(B(0)0)cl 3 0 yes
acid20978 0=C(0)clccccclCO 3 0 yes
acid18918 0=C(0)C1CC(O)CN1C(=0)clcecc2c(c1)ccc 2 1 yes
2
acid18600 0=C(0)clccc2c(c1)CoCc2 3 0 yes
acid14665 CC(=0)clcec(C(=0)0)ccl 2 0 yes
acid11933 CC(=0)clcecceclC(=0)0 2 0 yes
acid10321 0=C(0)clcce(O)ccl 2 0 yes




4-methoxybenzoic acid

COclccc(C(=0)0)cc3

yes

acid22013 NC1Cc2ccc(C(=0)0)cc2C1
acid9525 0=C(0)c1c(F)cceclF
acid8330 0=C(0)clccc(C(=0)0)ccl
acid7972 0=C(0)clccc2e(cl)CCNCC2
acid7295 0=C(0)clccc2c(cl)CC2
acid4638 0=C(0)clccc2c(c1)CNC2
acid6413 CC(=0)C(NS(=0)(=0)c1ccc(C)c(C)c1)C(0)
(0]
acid7343 CCclccceclCC(=0)0
acid2256 CCclccceclC(=0)0
acid6407 CC(=0)C(NS(=0)(=0)c1ccc(C)cc1)C(0)0
acidg8776 Cclcc(0)cce(C(0)0)c1c(0)o
acid6280 COclcc(C=0)ccclC(0)0

Nicotinic acid

0=C(0)clccenc3

hydrocinnamic acid

0=C(0)CCclcccec3




Table S13. The exact masses of detected and potential amides in the experimental coupling in figure 4.

Exact Mass
g ) o ) © © © © o © -
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1b 2b 3b ab 5b 6b 7b 8b 9b 10b | 11b | 12b
2-Naphthoic acid 1a
382.1 | 376.2 | 303.2 | 305.1 | 374.2 | 358.2 | 289.2 | 380.1 | 294.2 | 408.2 | 247.1 | 2751
4-methoxy- 2a
benzoicacid 362.1 | 356.2 | 283.2 | 285.1 | 354.2 | 338.2 | 269.1 | 360.1 | 296.2 | 388.1 | 227.1 | 255.1
acid10321 3a | 3481 | 342.2 | 269.1 | 271.1 | 340.2 | 324.2 | 255.1 | 346.1 | 282.1 | 374.1 | 213.1 | 2411
acid11933 4a | 3741 | 368.2 | 295.2 | 297.1 | 366.2 | 350.2 | 281.1 | 372.1 | 308.2 | 400.1 | 239.1 | 267.1
acid14665 52 | 3741 | 368.2 | 295.2 | 297.1 | 366.2 | 350.2 | 281.1 | 372.1 | 308.2 | 400.1 | 239.1 | 267.1
acid18600 6a | 3741 | 368.2 | 295.2 | 297.1 | 366.2 | 350.2 | 281.1 | 372.1 | 308.2 | 400.1 | 239.1 | 267.1
acid18918 7a | 4852 | 479.2 | 406.2 | 408.2 | 477.3 | 461.3 | 392.2 | 483.2 | 419.2 | 511.2 | 350.2 | 378.2
acid23854 8a | 3761 | 370.2 | 297.2 | 299.1 | 368.2 | 352.2 | 283.1 | 374.1 | 310.1 | 402.1 | 241.1 | 269.1
acid24207 9a | 360.2 | 354.2 | 281.2 | 283.2 | 352.2 | 336.2 | 267.2 | 358.1 | 294.2 | 386.2 | 225.1 | 253.1
acid24861 10a | 374.1 | 368.2 | 295.2 | 297.1 | 366.2 | 350.2 | 281.1 | 372.1 | 308.2 | 400.1 | 239.1 | 267.1
acid25277 11a | 366.1 | 360.1 | 287.1 | 289.1 | 358.2 | 342.2 | 273.1 | 364.1 | 300.1 | 392.1 | 231.1 | 259.1
acid6946 12a | 348.1 | 342.2 | 269.1 | 271.1 | 352.3 | 324.2 | 255.1 | 346.1 | 282.1 | 374.1 | 213.1 | 2411
acid7954 13a | 348.1 | 342.2 | 269.1 | 271.1 | 340.2 | 324.2 | 255.1 | 346.1 | 282.1 | 374.1 | 213.1 | 241.1
acid8305 14a | 3371 | 326.2 | 253.1 | 255.1 | 324.2 | 308.2 | 239.1 | 330.1 | 266.1 | 358.1 | 197.1 | 225.1
acid9360 15a | 376.1 | 370.2 | 297.1 | 299.1 | 368.2 | 352.2 | 283.1 | 374.1 | 310.1 | 402.1 | 241.1 | 269.1
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