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1. General analytical methods

1.1. General materials

Water was provided by a MilliQ water purification system (Merck Millipore) and used for the bacterial media, HPLC and LC-MS. HPLC-
and MS-grade acetonitrile was purchased from VWR and formic acid from Carl Roth. Marfey’s reagents were purchased from Tokyo
Chemical Industry. Unless otherwise stated, all other reagents were purchased from Sigma-Aldrich.

1.2. Analytical and preparative high performance liquid chromatography (HPLC)

An Agilent 1100 system consisting of a G1312A binary pump, a G1315D diode array detector (DAD), a G1316A column compartment,
a G1329A automatic liquid sampler (ALS) and a G1364C analytical fraction collector (FC) was used for sample analysis. The analytical
HPLC chromatograms were acquired and displayed with Agilent ChemStation for LC 3D systems B.03.02 (Agilent Technologies,
Waldbronn, Germany). Isolation procedure by preparative HPLC was carried out with an Agilent 1100 system, which consisted of two
G1361A preparative pumps, a G2260A preparative ALS, a G1365B multiple wavelength detector (MWD) and a G1364B preparative
FC. Alternatively, purification was performed with an Agilent 1260 Infinity 1l system equipped with a G7161B preparative binary pump,
a G7163B preparative column compartment, a G7114A variable wavelength detector (VWD), and a G7158B preparative ALS/FC. The
preparative HPLC chromatograms were acquired and displayed with Agilent OpenLab CDS ChemStation Edition C.01.10 (Agilent
Technologies, Waldbronn, Germany).

1.3. HPLC-ESI-mass spectrometry (Exactive)

An Exactive hybrid quadrupole-orbitrap (Thermo Fisher Scientific GmbH, Bremen, Germany) coupled with an analytical HPLC 1200
Infinity system (Agilent Technologies, Waldbronn, Germany) was used. An HPLC column (Poroshell 120, EC-C18, 50 x 2.1 mm, 2.7 ym,
Agilent Technologies, Waldbronn, Germany) enabled the sample separation and was eluted by a linear gradient using water plus
0.1% (v/v) formic acid as phase A and acetonitrile plus 0.1% (v/v) formic acid as phase B (all mobile phases mentioned later in this
study are for this A and B phase). The general method developed was started at 5% B for 1 min, 5-100% B over 9 min, followed by an
isocratic gradient of 100% B for 2 min. The column was re-equilibrated with 5% B for an additional 3 min. The injection volume was 2-
20 pL and the flow rate was set to 0.3 mL/min. The drawing and ejection speed was both set to 200 yL/min. The ESI source parameters
were set as follows: mass range from m/z 200 to m/z 2,000 (MS: enhanced resolution at 25,000, full, positive). The MS data derived
from the Exactive were acquired with Xcalibur 2.1 (Thermo Fisher Scientific GmbH, Bremen, Germany), displayed and analyzed with
Freestyle 1.8 SP2 (Thermo Fisher Scientific GmbH, Bremen, Germany).

1.4. HPLC-ESI-mass spectrometry (LTQ-Orbitrap)

An LTQ-Orbitrap XL hybrid ion trap-orbitrap (Thermo Fisher Scientific GmbH, Bremen, Germany) coupled with an analytical HPLC
1290 Infinity system (Agilent Technologies, Waldbronn, Germany) was used. An HPLC column (Poroshell 120, EC-C18, 50 x 2.1 mm,
2.7 um, Agilent Technologies, Waldbronn, Germany) enabled the sample separation. The general method developed was started from
5-100% B over 6 min, followed by an isocratic gradient of 100% B for 2 min. The column was re-equilibrated with 5% B for an additional
2 min. The injection volume was 2-10 pL and the flow rate was set to 0.5 mL/min. The drawing and ejection speed was set to 100 yL/min
and 400 pL/min, respectively. The ESI source parameters were set as follows: product ion spectra were recorded in data-dependent
acquisition (DDA) mode with a mass range from m/z 180 to m/z 2,000 (MS1: FTMS, normal, resolution=60,000, full, positive; MS?:
FTMS, normal, resolution=30,000, positive). An auxiliary gas flow of 10 units, capillary temperature of 270 °C, capillary voltage of
1/- 35V, sheath gas flow of 45 units, and source voltage of 4,000/5,000 V were used. The parameter for the DDA mode was set as
follows: activation type: CID, minimum signal required: 10,000, isolation width: m/z 2.00, normalized collision energy: 35.0, default
charge state: 2, activation Q: 0.250, and activation time: 30 ms. The dynamic exclusion enabled was set as follows: repeat count: 3,
repeat duration: 30 s, exclusion list size: 50, and exclusion duration: 180 s. For MS/MS fragmentation, the two most intensive precursors
per MS1 were selected for subsequent collision-induced dissociation (CID). The MS and MS/MS data derived from the LTQ-Orbitrap
XL were acquired with Xcalibur 2.2 (Thermo Fisher Scientific GmbH, Bremen, Germany), displayed and analyzed with Freestyle
1.8 SP2 (Thermo Fisher Scientific GmbH, Bremen, Germany). Based on daily measurements using a reference compound, the mass
accuracy of the Orbitrap instrument was within 10 ppm in positive ion mode and within 50 ppm in negative ion mode.

1.5. HPLC-ESI-mass spectrometry (Q-TOF)

A 6530 Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/MS (Agilent Technologies, Waldbronn, Germany) was used to
determine the accurate masses of proteins purified and to monitor the enzymatic assays. The Q-TOF was attached to an Agilent 1260
Infinity HPLC system and equipped with an HPLC column (Poroshell 120, EC-C4, 50x2.1 mm, 2.7 um, Agilent Technologies, Waldbronn,
Germany). The gradient was started from 5% to 100% B over 20 min, followed with an isocratic gradient of 100% B for 3 min. The
column was re-equilibrated with 5% B for an additional 3 min. The injection volume was 2-5 pL and the flow rate was set to 0.5 mL/min.
Other parameters were set as follows: positive mode, MS absolute threshold at 200 counts, MS relative threshold at 0.01 %, mass
range from m/z 200 to m/z 3,200, scan rate at 1 spectra/sec, gas temperature to 300 °C, gas flow to 8 L/min, nebulizer to 35 psi, sheath
gas temperature to 350 °C, sheath gas flow to 11 L/min, capillary voltage to 3,500 V, nozzle voltage to 1,000 V, fragmentor to 175V,
skimmer to 65 V. The drawing and ejection speed was both set as 200 yL/min. The MS data derived from the Q-TOF were acquired
with MassHunter LC/MS Data Acquisition B.06.01 (Agilent Technologies, Waldbronn, Germany), displayed and analyzed with
MassHunter Qualitative Analysis B.06.00 (Agilent Technologies, Waldbronn, Germany).

1.6. Nuclear magnetic resonance (NMR) spectroscopy
1D- and 2D-NMR spectra were acquired on a Bruker Avance Il 700 MHz spectrometer (700 MHz for 'H, 176 MHz for '3C and 71 MHz
for 1N, respectively) with a 5 mm TXI probe (Bruker, Karlsruhe, Germany) at 298 K. "H-NMR spectra of synthetic SNAc thioesters were



acquired by a Bruker Avance lll 500 MHz spectrometer with a 5 mm BBI broadband inverse probe (1H/19F, BB, Z-gradient, ATM)
(Bruker, Karlsruhe, Germany) at 298 K. The 'H and '*C NMR chemical shifts were referenced to the solvent peaks at 2.50 ppm ('H)
and 39.5 ppm ('*C) when DMSO-ds was utilized as solvent, and 4.79 ppm ('H) for residual H.O when DO was employed. TopSpin 3.5
(Bruker, Karlsruhe, Germany) was used for data acquisition and TopSpin 4.1.4 (Bruker, Karlsruhe, Germany) for data processing. The
acquisition parameters were set as follows in Supplementary Table 15.

2. Fermentation and isolation of AFC-BC11

2.1. Cultivation of Burkholderia orbicola Mc0-3 and production of AFC-BC11

B. orbicola Mc0-3 was grown on 52 square Petri dishes (24.5 cm) containing PDA medium at 28 °C for 48 h. The bacteria were pelleted
by centrifugation at 3,000 rpm for 45 min. The pellets were frozen in liquid nitrogen and extracted with 20 mL of 80 % acetone in water
to recover the soluble part. After evaporation of acetone, the remaining part was washed twice with water and 71 mg of dry crude
extract was obtained. Subsequently, 9 mg of crude extract was resuspended in 200 uyL of DMSO followed by centrifugation at
15,000 rpm and 20 °C for 10 min (Hermle Z233 M-2 Microliter Centrifuge). The supernatant was fractionated via a Sunshell C18-WP
column (ChromaNik Technologies Inc., 100x4.6 mm, 2.6 ym). The gradient started with 35% B for 10 min, 35 to 60% B over 8 min, 60
to 100% B over 2 min, and finished with an isocratic gradient of 100% B for 1 min and 35% B for re-equilibration. The injection volume
was 50 pL. The flow rate was 1 mL/min and UV monitoring was at A = 214, 254, 280, 320 and 360 nm. Fractions were analyzed by
LTQ-Orbitrap with the general method for AFC-BC11.

2.2. Purification of AFC-BC11 for structure elucidation

Crude extract (71 mg in total) was resuspended in 7.6 mL of DMSO followed by centrifugation at 4,000 rpm and 20 °C for 10 min
(Eppendorf® Centrifuge 5810R). The supernatant obtained was separated via a Grom-Sil 120 ODS-5 ST column (Grace, 250%x20 mm,
10 um). The gradient started with 40% B for 15 min, 40 to 60% B over 5 min, 60 to 100% B over 2 min, and finished with an isocratic
gradient of 100% B for 3 min and 40% B for re-equilibration. The flow rate and UV monitoring were set to 20 mL/min and 320 nm,
respectively. The injection volume was 700 uL. After evaporation and lyophilization AFC-BC11 (1.8 mg) was obtained and dissolved in
600 pL of DMSO-ds for NMR measurements. The parameters for NMR acquisition were set as outlined in Supplementary Table 15. All
procedures required protection from light. To minimize light exposure, we pulled down the blinds and turned off the lights in the lab,
relying only on the weak illumination for lab work. Additionally, the automatic liquid sampler and fraction collector of the HPLC were
shielded from light by an external cabinet. When necessary, round-bottom flasks and vials were covered with aluminum foil.

2.3. Enantiomer analytics of DHLys with Marfey’s reagent

Pure AFC-BC11 (0.2 mg) was hydrogenated with Pd/C (0.1 mg, tetrahydrofuran, 16 hours) followed by hydrolysis with stirring in 200 uL
of 6 N HCI at 110 °C for 12 h. The lyophilized hydrolysates were resuspended in 50 uL of H20 and equally divided into two portions A
and B. Portion A was treated with 10 pL of 1 M NaHCO3 and L-FDLA (50 uL of a 10 mg/mL solution in acetone), and the mixture was
stirred at 37 °C for 1 h. The reaction was quenched with 10 pL of 1 N HCI and diluted with MeOH up to 200 pL."! Portion B was treated
with D-FDLA, and authentic standards of L-Lys and D-Lys were treated with Marfey’s reagents to yield L-FDLA and D-FDLA derivatives
following the same protocol. Sample analysis was carried out with LTQ-Orbitrap in negative ionization mode with an optimized gradient
as started from 10-65% B over 30 min, 65-100% B over 0.5 min, and finished with 100% B for 3 min and 10% B for re-equilibration.

2.4. Growth curve determination of B. puraquae DSM 103137

100 L of cryo-stock of B. puraquae DSM 103137 was inoculated in 100 mL of PDB in a 500 mL Erlenmeyer flask with three baffles.
The pre-cultivation was carried out at 160 rpm and 30 °C for 48 h (ODsoo to 1.8). Subsequently, 2.7 mL, 5.4 mL and 8.1 mL of the pre-
culture broth was inoculated in 97.3 mL, 94.6 mL and 91.9 mL of PDB in a 500 mL Erlenmeyer flask with three baffles to get the initial
ODeoo at 0.05, 0.10 and 0.15, respectively. The bacteria were grown at 140 rpm and 30 °C. All cultivation was performed in duplicate.
100 pL of culture each was mixed with 900 uL of PDB (dilution factor 10) for ODeoo measurements after 3, 6, 9, 12, 15, 18, 21, 27, 30,
33, 36, 48, 54, 60, 72, 78, 84, 96, 102, and 120 h. Diluted culture broth (1 mL) was centrifugated at 15,000 rpm and 4 °C for 10 min
(Hermle 2233 M-2 Microliter Centrifuge). The supernatant obtained was prepared for MS analysis with Exactive with the general method
developed. Origin 2022 SR1 9.9.0.225 was used to obtain the growth curve and AFC production.

2.5. Optimized production and purification of AFC-BC11

The pre-cultivation of B. puraquae DSM 103137 was carried out to reach ODsoo to 1.1-1.2. Eighteen 2 L Erlenmeyer flasks with three
baffles containing 1 L of PDB each were inoculated with 30 mL of the pre-culture broth and the bacteria were grown at 120 rpm and
30 °C for 96 h. The culture broth was centrifugated at 4,000 rpm and 4 °C for 10 min (Beckman Coulter, Avanti J-26 XP with rotor JLA
8.1). The supernatant obtained was extracted with butanol (1:0.5, v/v) twice. For purification, 48.8 g of dry butanol extract was washed
with 732 mL of 80% acetone (1:15, m/v), followed by sonication and centrifugation at 4,000 rpm and 4 °C for 10 min (Eppendorf®
Centrifuge 5810R). The deep brown supernatant was pooled together. After evaporation of acetone, the solution was frozen at —-80 °C
and lyophilized for 12 h. The dry crude extract (32.5 g) was resuspended in 162.5 mL of DMSO (1:5, m/v) and followed by sonication
and centrifugation at 4,000 rpm and 20 °C for 10 min (Eppendorf® Centrifuge 5810R). The supernatant separation was carried out using
an Agilent 5 Prep-C18 column (50x30 mm, 5 pym, Agilent Technologies). The gradient was from 30 to 40% B over 13 min, from 40 to
100% B over 0.1 min, and finished with an isocratic gradient of 100% B for 2 min. The column was re-equilibrated with 30% B for an
additional 2 min. The flow rate was set to 20 mL/min and UV absorbance was monitored at A = 320 nm. The injection volume was 5 mL.
All fractions containing AFC-BC11 were pooled and 28.7 mg of pure AFC-BC11 was obtained after evaporation and lyophilization.



3. Photoisomerization

3.1 Photoirradiation experiments

Handheld UV lamps with bulbs emitting wavelength of 366 nm (6 W) and 254 nm (6 W) (UV-Analysenleuchte Typ UVAC-6U, M&S
Laborgerate GmbH), and a 300-nm LED (32 mW) (M300L4, Thorlabs) controlled by a T-Cube LED driver (LEDD1B, Thorlabs) were
used. Pure AFC-BC11 (0.1 mg) was dissolved in 1 mL of DMSO. The solution was aliquoted in four vial inserts with 100 pL each (Screw
neck vial 702282/Micro-insert 702813, Macherey-Nagel) and irradiated under daylight, 366, 254 and 300 nm at room temperature,
respectively. The HPLC chromatograms were recorded after irradiation for 0, 5, 15, 30 min, 1, 2, 5, 7, 9 and 12 hours. Separation of
analytes was run on a Fortis C18 column (Fortis Technologies Ltd., 150x4.6 mm, 5 ym) with a linear gradient starting with 35% B for
10 min, 35 to 60% B over 8 min, 60 to 100% B over 2 min, finishing with 100% B for 1 min and 35% B for re-equilibration. The injection
volume was 5 pL and the flow rate was 1 mL/min. UV monitoring was at A = 320 nm. The quantification of photoisomers was done via
peak area integration. MS spectra of photoisomers were acquired with LTQ-Orbitrap with an optimized gradient as started from 5-100%
B over 20 min, 100% B for 2 min and 5% B for re-equilibration.

3.2 Structure elucidation of the AFC-BC11 photoisomer

Pure AFC-BC11 (1.6 mg) was dissolved in 600 pL of DMSO-des in NMR tube (Norell®, ST500-7) and irradiated at A = 366 nm and room
temperature for 45 min. Irradiated sample (5 pL portion) was analyzed with analytical HPLC as described above. The parameters for
NMR measurements were set as outlined in Supplementary Table 15. The NMR data acquired were visualized with CcpNmrAnalysis
3.1.1.2

4. Biological testing

4.1. Photoisomerized AFC-BC11 for biological testing

Pure AFC-BC11 (0.8 mg) was dissolved in 8 mL of DMSO. The solution was subjected to continuous irradiation at A = 366 nm and
room temperature for 0, 5, 15 and 30 min. At each time point, 2 mL of the sample solution was transferred into a brown vial and stored
at —20 °C in the dark. A 5 pL aliquot of each sample was analyzed using the aforementioned analytical HPLC method. The HPLC
analysis was conducted in triplicate and the peak areas acquired at A = 320 nm were integrated for quantification.

4.2. Antifungal assays with phytopathogenic fungi

The biological assays were conducted on five phytopathogenic fungi (Supplementary Table 11). Non-photoisomerized and
photoisomerized (see above; irradiation time 0, 5, 15 and 30 min) AFC-BC11 samples and azoxystrobin (standard control) in a
concentration of 100 ug/mL each were diluted with DMSO (AFC-BC11) or MeOH (azoxystrobin) to obtain mother stocks of various
concentrations (10 to 40 ug/mL). These mother stocks were further diluted in the final growth PDB media to obtain concentration ranges
as follows: for C. kahawae CM732 (0.08-0.96 ug/mL), F. xylarioides CAB0O03 (0.4-2.4 ug/mL), for P. oryzae Guy11 (0.08-0.96 ug/mL),
for P. teres f. teres Hun0005 (0.08-0.96 ug/mL), and for R. solani CD9001 (0.08-1.2 ug/mL). For each fungal strain, a small portion of
mycelium was crushed 4 times for 20 seconds in water using a grinder (MP Biomedicals FastPrep-24 homogenizer Classic). The
resulting crushed mycelium was diluted in PDB at an ODeoo = 0.05. The antifungal assay was carried out in a 96-well microplate (Thermo
Scientific NunclonTM Delta Surface) where each well contained 200 uL of PDB, 25 pL of the diluted AFC-BC11 sample or control
following the range initially prepared and 25 uL of fungal crushed mycelium. The plates were sealed with plastic tape (Parafilm®) and
incubated in the dark at 28°C for 3 days (R. solani) and 7 days (C. kahawae, F. xylarioides, P. oryzae and P. teres f. teres), respectively.
The solvent control was the inoculation of each fungus in presence of DMSO or MeOH, while the negative control was an empty well
containing only PDB. The antifungal effect was initially assessed visually and then by measuring the optical density (A = 600 nm) in
each well using a plate reader (Tecan Spark Machine). MICs were defined as the lowest concentration of AFC-BC11 samples or
azoxystrobin to inhibit the growth of the tested fungus. At least three replicates were performed for each sample and each fungus.

4.3. Antifungal assays with human pathogenic fungi

In vitro antifungal susceptibility of pure AFC-BC11 against 9 clinically relevant fungal species representing the main taxa of pathogenic
fungi (Supplementary Table 11) was tested in comparison to the approved antifungal drug voriconazole (VCZ; Pfizer Inc., Peapack, NJ,
USA) using broth microdilution technique following the European Committee on Antimicrobial Susceptibility Testing (EUCAST) standard
methodology for yeasts or filamentous fungi respectively.®# In contrast to the EUCAST protocol, microdilution plates were prepared by
twofold serial dilutions of the antifungal agents. Filamentous fungi were grown on malt extract agar (MEA) for 2-7 days at 35 °C and
yeasts were cultivated on yeast extract peptone dextrose agar (YPD) for 24 h. Spore or yeast cell suspensions were counted with a
hemocytometer. Minimum inhibitory concentrations (MIC) endpoints of filamentous fungi were defined as 100% reduction in growth
and were determined visually using a mirror after 48 hours of incubation at 35 °C. Microdilution plates of yeasts were read with a
microdilution plate reader (Infinite® M Nano plus, Tecan) and MIC endpoints were defined as the lowest drug concentration giving
inhibition of growth of 250% of that of the drug-free control. Since AFC-BC11 is light sensitive tests were performed in low light and the
inoculated test plates were wrapped in aluminum foil. A. fumigatus ATCC 204305 and Candida parapsilosis ATCC 22019 were used
as reference strains.

4.4. Antibacterial assays

Non-photoisomerized and photoisomerized (irradiation time 0, 5, 15 and 30 min) AFC-BC11 samples in a concentration of 100 pg/mL
were diluted with DMSO to generate a solution of 64 ug/mL for each, which was further diluted by serial 1:2 dilution with DMSO,
achieving standard stock solutions with a wide concentration range from 64 to 0.125 ug/mL. Broth microdilution assays were performed
to determine minimal inhibitory concentration (MIC) values according to the ninth edition of the Approved Standard M07-A9. The test



was carried out for three gram-negative strains and three gram-positive strains (Supplementary Table 11) in 96-well microplates
(Polystyrene, F-bottom, 655161, Greiner). 20 uL of cryo-stock of each strain were inoculated in 20 mL of LB followed by an overnight
incubation at 200 rpm and 37 °C. The test inoculum was adjusted by the 0.5 McFarland Standard (ODe25 from 0.08 to 0.10, ODe2s = 0.10
is equivalent to 1x108 CFU/mL). Within 15 min of preparation, the adjusted inoculum suspension was diluted in MHBII so that each
well contained approximately 5 x 10 CFU/mL in a final volume of 100 L. 95 uL of the inoculum were applied per well and 5 pL of
diluted standard stock solutions were added to reach final concentrations of 3.2 to 0.00625 pg/mL. One column of each well plate
served as a growth control only with 100 pL of the inoculum suspension and another column served as sterility control (100 uL of
MHBII). The antimicrobial effect of solvent was tested by adding 5 pL of DMSO to several wells. Ciprofloxacin solution was added in
one row as positive control. Each tray was sealed with plastic tape (Parafilm®). Microdilution trays of E. coliDSM1116, E. coli BW25113,
S. typhimurium TA100, and B. subtilis DSM10 were incubated at 37 °C in the dark for 20 h but trays of M. luteus DSM1790 and M.
phlei DSM750 at 30 °C. Assays were performed in duplicate and trays were subsequently analyzed by naked eye.

5. Bioinformatic analysis

5.1. Basic local alignment search tool (BLAST)

The afc gene conservation in Burkholderia spp. was analyzed based on BlastN tool screening for the presence of afcA
(BCENMCO03_RS32465), afcQ (BCENMCO03_RS32525) and afc BGC (NC_010512.1, location 545185-572489), respectively. The
parameters were set as follows: nucleotide collection (nr/nt) as standard database, organism to Burkholderia (taxid:32008) or
Burkholderia cepacia complex (taxid:87882), program selection to megablast, except threshold to 0.05, word size to 28, max matches
in a query range to 0, match/mismatch scores to 1/-2, gap coats as linear and query coverage to 50%. The multiple gene alignment
was visualized with Easyfig 2.2.6.°

5.2. Phylogenetic analyses

The evolutionary history was inferred using the Neighbor-Joining method.® The bootstrap consensus tree inferred from 1,000 replicates
was taken to represent the evolutionary history of the taxa analyzed. Branches corresponding to partitions reproduced in less than 50%
bootstrap replicates were collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap
test (1,000 replicates) were shown next to the branches.” The evolutionary distances were computed using the p-distance method and
were in the units of the number of amino acid differences per site.® All ambiguous positions were removed for each sequence pair
(pairwise deletion option). Evolutionary analyses were conducted in MEGA11.%° The phylogenetic tree was visualized and annotated
with an online tool iTOL."

5.3. Multiple sequence alignment (MSA)

The multiple sequence alignment was generated using Clustal Omega, an online tool that utilizes ClustalW with character counts as
output format.’ The default parameters were used for the alignment. The resulting alignment was analyzed and visualized using
Jalview."® Alternatively, MSA was carried out for the selected acyltransferases using PROMALS3D with the default parameters.™ To
identify homologous proteins, the Foldseek Search Server (database: PDB100 20240101; mode: 3Di/AA) was used, which detected
similarity between protein structures by three-dimensional superposition.'®

5.4. Protein structure prediction
The 3D structures were predicted using AlphaFold2 by means of ColabFold v1.5.2.'%2° The modes and parameters of prediction used
were by default and molecular graphics and analyses were performed with UCSF ChimeraX 1.6.1.2"%

5.5. Docking studies on the adenylation domains (AfcQ, FIvN, DptA3) and desaturase AfcC

Protein structures, which have been fetched directly from PDB or predicted using AlphaFold2, were prepared for docking by means of
AutoDock Tools 1.5.7.% The ligands were prepared with OpenBabel 3.1.1 and AutoDock Tools 1.5.7.?* The setting up of grid options
is described as follows, FIVN (center_x = -0.696, center_y = -3.134, center_z = -2.384, spacing = 1.000, size_x = 40.0, size_y = 40.0,
size_z = 40.0), AfcQ (center_x = -0.344, center_y = -1.852, center_z = -2.453, spacing = 1.000, size_x = 15.0, size_y = 15.0, size_z =
15.0), DptA3 (center_x = -1.568, center_y = 0.002, center_z = 3.559, spacing = 1.000, size_x = 10.0, size_y = 10.0, size_z = 10.0),
and AfcC (center_x = -4.558, center_y = -0.779, center_z = 0.666, spacing = 0.225, size_x = 40.0, size_y = 40.0, size_z = 40.0).
Docking was lunched with AutoDock Vina 1.1.2.2%

6. Molecular biology

6.1 Genomic DNA isolation and cloning of plasmids

Genomic DNA of B. orbicola Mc0-3 was isolated with the NucleoSpin TissueTM Kit (Macherey-Nagel). Genes were amplified by PCR
from chromosomal DNA with primers shown in Supplementary Table 16 and cloned via Gibson assembly into expression vector
pET28a_TEV (Merck KGaA).?®

6.2 Purification of Afc proteins

Chemically competent E. coli BL21-Gold/DE3 cells transformed with the corresponding vector were spread on LB agar plate containing
kanamycin (50 ug/mL) and incubated overnight at 37 °C. A single colony was inoculated into 20 mL of LB supplemented with kanamycin
(50 ug/mL) in a 100-mL Erlenmeyer flask without baffles and cultivated overnight at 37 °C and 180 rpm. The resulting culture was
inoculated into 1 L of TB with kanamycin (50 ug/mL) in two 2-L Erlenmeyer flasks with three baffles to reach an initial ODsoo of 0.1 for
fermentation at 37 °C and 180 rpm. The expression was induced by adding 3-D-1-thiogalactopyranoside (IPTG, 0.2 mM) when ODeoo



reached 0.8-1.0. The culture was further incubated overnight at 18 °C and 180 rpm. Cells were harvested by centrifugation at 5,000 rcf
and 4 °C for 30 min (Beckman Coulter, Avanti J-26 XP with rotor JLA 8.1). The pellet was resuspended in lysis buffer (1:10, w/v).
Additionally, MgCl2 (10 mM), DNase (5 ug/mL), lysozyme and benzamidine were added. The cells were lysed using a cell homogenizer
at 20 kpsi and 7 °C (Constant Systems Ltd). The lysate was centrifuged at 50,000 rcf and 4 °C for 30 min (Beckman Coulter, Avanti J-
26 XP with rotor JA-25.50). The supernatant was passed through a 0.45 um syringe filter and loaded onto a HisTrap™ HP column
(Cytiva, 25%x16 mm, 34 ym, 5 mL) using an AKTA system (AKTApurifier 10, GE Healthcare). The column was eluted by a linear gradient
started with 100% wash buffer for 8 min, followed with 3% elution buffer for 4 min and 50% for 4 min, and finished with 100% elution
buffer for 8 min. The flow rate was set to 5 mL/min. Fractions of interest were collected to increase protein concentration using
centrifugal concentrator (Amicon® Ultra, Merck) at 4,000 rpm and 4 °C (Eppendorf® Centrifuge 5810R). Subsequently, size-exclusion
chromatography was performed with a HiLoadTM 16/60 SuperdexTM 200 pg column (Cytiva, 120 mL) to remove residual imidazole
and protein contaminations with protein buffer. The chromatograms were recorded with Unicorn v5.20 (AKTApurifier 10, GE Healthcare)
and the flow rate was set to 1 mL/min. SDS-PAGE (12%) and Coomassie staining was used to identify fractions containing recombinant
proteins. These fractions were collected and further concentrated. The final concentration of protein was determined with
NanoPhotometer® P 330 (Implen). Protein concentrations were calculated from absorption at A = 280 nm, using extinction coefficients
calculated from their respective amino acid sequences. Aliquots of protein samples were snap-frozen in liquid nitrogen and stored at —
80 °C for further applications. The image of the gel was acquired with the software argusX1 v7.9.7 (Biostep) and a scanner system
(ViewPix 900 based on Epson scanner technology).

6.3 Purification of Sfp protein

The phosphopantetheinyl transferase Sfp (Bacillus subtilis spp. spizizenii ATCC 6633) used in this study was purified in-house from
pET15b_WT _sfp vector in E. coli BL21-Gold/DE3, cultivated in TB supplemented with ampicillin (100 ug/mL). The expression was
induced by adding IPTG (1 mM) until ODsoo reached 0.6. The culture was further incubated overnight at 18 °C and 180 rpm. After cell
harvest and disruption, the purification with Ni-NTA affinity chromatography was carried out using the similar methods described above,
but with different buffers (Supplementary Table 13).

6.4 Cloning of constructs for in-frame deletion mutants

In-frame deletion mutants of B. pyrrocinia DSM 10685 were created by conjugation and following selection of mutants with kanamycin.
For this purpose, the kanamycin resistance cassette (KmR) of vector pET28a_TEV was cloned via Gibson assembly into the mobilizable
vector p18mobapra?’ to generate p18mobKmR. For the cloning of in-frame deletion constructs the upstream and downstream regions
of the target afc genes were cloned into p18mobKmR via Gibson assembly. The primers used for this step are shown in Supplementary
Table 17. During the ongoing work it was observed that double crossover events in B. pyrrocinia DSM 10685, generated with
p18mobKmR based deletion constructs, were too rare, so that it was switched to the pGPI-Scel-based homologous recombination
mutagenesis system.? For this, the trimethoprim resistance-S1 nuclease cleavage site cassette (TpR) of pGPI-Scel (gift from Miguel
Valvano; Addgene plasmid # 32060) was amplified by PCR and cloned via Gibson assembly into the p18mobKmR in-frame deletion
constructs used for conjugation.

6.5 Conjugation and generation of in-frame deletion mutants

B. pyrrocinia DSM 10685 was cultivated in 20 mL of LB overnight at 30 °C. The 2,6-diaminopimelic acid (DAP) auxotrophic E. coli DSM
113367, carrying the in-frame deletion construct, was grown overnight in 20 mL of LB supplemented with 50 ug/mL trimethoprim (Tp)
and 0.3 mM DAP at 37 °C. 1 mL of each of the overnight cultures of B. pyrrocinia and E. coli donor strain were mixed, centrifuged,
washed with 1 mL of LB, centrifuged again and the resulting pellet was plated on LB supplemented with 0.3 mM DAP. After overnight
incubation at 30 °C cells were scraped in 2 mL of LB from the plate and dilutions were spread onto LB plates supplemented with
150 pg/mL Tp. After incubation for 72 h at 30 °C, genomic DNA of a trimethoprim-resistant single colony was isolated as described
above and checked by PCR for a single crossover event. A correct single crossover mutant was transformed with replicative vector
pAH25-Scel, expressing the I-Scel nuclease.?® The single crossover mutant was cultivated overnight at 30 °C in 20 mL of LB
supplemented with 150 ug/mL Tp. The donor strain E. coli DSM113367, carrying pAH25-Scel, was grown overnight at 37 °C in 20 mL
of LB supplemented with 34 ug/mL chloramphenicol (Cm) and 0.3 mM DAP. Conjugation procedure was carried out as described
above. After overnight incubation at 30 °C cells were scraped in 2 mL of LB from plate and 300 pL of scraped cells were plated onto a
LB plate supplemented with 100 ug/mL Cm. After incubation for 72 h at 30 °C cells were scraped off again and directly inoculated in
50 mL of M9 supplemented with 100 ug/mL Cm.%° The expression of the I-Scel nuclease at this experimental stage leads to a higher
chance for a double crossover event. After 72 h incubation at 30 °C dilution of cells was plated onto LB supplemented with 100 pg/mL
Cm. Resulting colonies were screened according to phenotype TpSCmR and checked by PCR for the double crossover event. Correct
mutants were incubated in 50 mL of LB for 48 h at 30 °C to induce the loss of pAH25-Scel. After this, cells were plated onto LB and
screened for TpSCmS phenotype. The resulting final in-frame deletion mutants were checked for AFC-BC11 production.

6.6 Metabolic profiling of afc gene deletion mutants

Cryo-stocks of the mutant of interest (50 uL) were inoculated in 20 mL of LB in a 100-mL Erlenmeyer flask without baffles. The pre-
cultivation was carried out overnight at 160 rpom and 30 °C. 300-mL Erlenmeyer flasks with three baffles containing 50 mL of PDB were
inoculated with 500 pL of the pre-culture broth and the bacteria were grown at 160 rpm and 30 °C for 96 h. The culture broth was
centrifugated in a 50-mL falcon tube at 4,000 rpm and 4 °C for 10 min (Beckman Coulter, Avanti J-26 XP with rotor JLA 8.1). The
supernatant was divided in two 50-mL falcon tubes and each was extracted with 10 mL of butanol, followed with incubation at room
temperature for 30 min and centrifugated at 4,000 rpm and 4 °C for 10 min. The supernatants were combined and the sample was
dried by Speed Vac (SAVANT SPC131DDA, Thermo Scientific). The pellet was resuspended in 150 pL of DMSO followed by sonication
and centrifugation at 4,000 rpm and 20 °C for 10 min. The supernatants were analyzed with an LTQ-Orbitrap mass spectrometer.
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7. In vitro enzymatic assays

7.1. AfcQ substrate activation assay

Hydroxylamine release assay: the adenylation activity of AfcQ was measured with a continuous assay according to published
procedures.®'% AfcQ-catalyzed substrate activation was tested in individual incubations of 25 amino acids and 3 citric acid analogues
(Supplementary Table 14). The substrates were pre-dissolved in 100 mM Tris-HCI pH 8.0 at a stock concentration of 100 mM. The
assay pre-mix with a volume of 95 uL contained: 50 uL of 2x adenylation buffer, 20 uL of 1 mM 2-amino-6-mercapto-7-methylpurine
ribonucleoside (MesG, EnzChek™ Pyrophosphate Assay Kit E6645, ThermoFisher), 5 uL of 100 mM ATP, 1 pL of 100 mM tris (2-
carboxyethyl) phosphine (TCEP), 7.5 uL of 2 M hydroxylamine, 1 uL of 40 U/mL inorganic pyrophosphatase (IP, Merck), 1 puL of
100 U/mL purine nucleoside phosphorylase (PNP, EnzChek™ Pyrophosphate Assay Kit E6645, ThermoFisher), 0.3 pL of 588.3 uM
AfcQ and 9.2 pL of Milli-Q water, and was incubated at room temperature for 15 min. Subsequently, the pre-mix solution was incubated
with 5 yL of 100 mM substrate and placed in one well of a 96-well plate. The final concentrations of AfcQ and of the substrate were
2 uM and 5 mM, respectively. The UV absorption was monitored by a multimode microplate reader (Tecan Infinite M200, Ma&nnedorf,
Switzerland). The parameters were set as follows: temperature at 22 °C, shaking (duration: 15 s, amplitude: 2 mm, mode: orbital), wait
time to 5 s, kinetic cycle (duration: 30 min, wait time: 1 s), absorbance (wavelength: 360 nm, number of flashes: 5, settle time: 10 ms).
The data were acquired with i-controlTM 1.6 microplate reader. The pathlength of each well was 0.2972 cm and the extinction coefficient
of MesG was set to 11,000 M-'cm'. Reactions with addition of 5 uL of 100 mM Tris-HCI pH 8.0 were used as controls. All experiments
were measured in triplicate.

Determination of kinetic parameters of AfcQ (kcat and Km): reactions, containing 2 uM AfcQ, L-Asp (0, 5, 12.5, 25, 50, 100, 250, 500,
1,000, 2,000 and 5,000 pM), 0.2 mM MesG, 5 mM ATP, 1 mM TCEP, 150 mM hydroxylamine, 0.04 U IP, and 0.10 U PNP, were
prepared in 50 uL of adenylation buffer 2x. Kinetic parameters were deduced by non-linear regression analysis based on Michaelis—
Menten kinetics using the program Origin 2022 SR1 9.9.0.225. All reactions were performed in triplicate.

7.2. AfcA substrate activation assay

Hydroxylamine release assay: 62 carboxylic acids, including 34 fatty acids, 25 amino acid, and 3 citric acid analogues, were tested
(Supplementary Table 14). The stock solutions of hydrophobic fatty acids (chain length C3-C19) were prepared in DMSO at a stock
concentration of 1 mM. The final concentration of AfcA and the substrate were 2 uM and 5 mM (50 uM for hydrophobic fatty acids),
respectively. Reactions added with 5 yL of 100 mM Tris-HCI pH 8.0 or 5 puL of DMSO were performed as controls. All assays were
done in triplicate under the same conditions as for AfcQ.

Mass spectrometric detection of myristoyl-O-AMP formation: a 100-uL reaction mixture, containing 2 uM AfcA, 100 yM myristic acid
(C14:0), 5 mM CoA, and 5 mM ATP, was incubated in 50 pL of adenylation buffer 2x at 30 °C for 1 h. AfcA was deactivated at 95 °C
for 5 min as a negative control. The reactions were quenched by adding 100 pL of MeOH and then centrifugated at 4 °C and 14,000 rpm
for 5 min (Eppendorf® Centrifuge 5415R). The supernatant obtained was processed for LTQ-Orbitrap measurements with the general
method developed but in negative ionization mode.®

7.3. Preparation of holo-AfcK

Apo-AfcK was converted into the holo-form by Sfp-mediated transfer of 4’-phosphopantetheine from coenzyme A.343% A 100-pL reaction
mixture, comprising 200 uM apo-AfcK, 10 uM Sfp, and 1 mM CoA (coenzyme A, trilithium salt, 94%, Calbiochem®, Sigma-Aldrich), was
incubated in HEPES buffer at 30 °C for 1 h. Subsequently, excess CoA was eliminated through serial dilutions using adenylation buffer
1x and 3K MWCO centrifugal concentrators (Amicon® Ultra - 0.5 mL Centrifugal filters, Merck Millipore) at 14,000 rpm and 4 °C for
10 min (Eppendorf® Centrifuge 5415R). This dilution procedure was repeated three times, resulting in a final volume of 150 uL (dilution
factor 1.5). Phosphopantetheinylation was verified by ESI-Q-TOF-MS analysis.

7.4. AfcQ-catalyzed mono-loading onto holo-AfcK with L-Asp

A 100-pL reaction mixture containing 120 uM holo-AfcK, 2 uM AfcQ, 5 mM L-Asp, and 5 mM ATP was incubated in 50 pL of adenylation
buffer 2x at 30 °C for 30 min.343% Alternatively, a 100 uL reaction mixture with 20 pM holo-AfcK, 2 uM AfcA, 50 uM myristic acid (C14:0),
and 5 mM ATP was prepared. AfcQ and AfcA were deactivated at 95 °C for 5 min as negative controls. Successful loading of substrate
was verified by ESI-Q-TOF-MS analysis.

7.5. AfcQ-catalyzed iterative loading onto holo-AfcK with L-Asp

A 700-pL reaction mixture containing 120 yM holo-AfcK, 2 uM AfcQ, 5 mM L-Asp, and 5 mM ATP was incubated at 30 °C for 30 min.
100 pL of sample was then used as a reference (vial A). Subsequently, the excess L-Asp and ATP were removed from the remaining
600-pL mixture with 4-mL 3K MWCO centrifugal concentrators (Amicon®, Merck Millipore) at 4,000 rpm and 4 °C for 25 min (Eppendorf®
Centrifuge 5810R). Four additional reaction systems were prepared as follows, vial B: 100 uL of the reaction mixture, vial C: addition
of 5 uL of 100 mM ATP, vial D: addition of 5 uL of 100 mM L-Asp, vial E: addition of 5 yL of 100 mM ATP and 5 uL of 100 mM L-Asp.
Vials A-E were incubated at 30 °C for 24 h. In addition, 0.34 L of 588.3 pM AfcQ was added to the remaining mixture in vial A followed
by incubation at 30 °C for an additional 30 min. Successful loading of substrate was verified by ESI-Q-TOF-MS analysis.

7.6. Decarboxylation assays with AfcP

H2N-L-Asp-y-S-AfcK as substrate: loading of isotopically labelled L-Asp('3Cs) on holo-AfcK was performed as described above.
Subsequently, the excess L-Asp('*Cs) and ATP were removed with 0.5-mL 3K MWCO centrifugal concentrators. A 50-uL reaction
mixture containing 64 uM L-Asp('3Cs)-loaded AfcK, 0.5 mM PLP, and 5 uM AfcP was incubated at 30 °C. Subsequently, the
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decarboxylation was verified by HPLC-ESI-Q-TOF measurements after incubation for 1 h and 24 h. For one-pot reaction: a 100-uL
reaction mixture containing 107 uM holo-AfcK, 5 mM ATP, 5 mM L-Asp(*C4), 0.5 mM PLP, 5 uM AfcP, and 2 uM AfcQ was incubated
at 30 °C. Deactivated AfcP was generated by heating at 95 °C for 5 min as a negative control. Q-TOF measurements were performed
after different incubation time (1, 5, 10, 20, 40 min, 1, 2, and 24 h).

7.7. AfcQ-catalyzed loading onto H2N-L-Asp-y-S-AfcK and H2N-(B-Ala)n-S-AfcK with L-Asp

Apo-AfcK was converted into the holo-form as described above in 7.3. Subsequently, a 100-pL reaction mixture, comprising 107 uM
holo-AfcK, 5 mM ATP, 5 mM L-Asp, and 2 uM AfcQ, was incubated in adenylation buffer at 30 °C. Meanwhile, direct enzymatic transfer
of aminoacyl-phosphopantetheine to apo-AfcK was proceeded by incubation of 200 uM apo-AfcK, 10 uM Sfp, and 1 mM HzaN-(B-Ala)n-
S-CoA (n=1, 2, and 3, 9-11) at 30°C for 1 h in adenylation buffer. Subsequently, the excess H2N-(B-Ala),-S-CoA was removed using
3K MWCO centrifugal concentrators. Afterwards, 107 yM HaN-(B-Ala)n-S-AfcK, 5 mM ATP, 5 mM L-Asp, and 2 uM AfcQ were incubated
at 30°C. The subsequent loading was verified by Q-TOF measurements after different incubation time (1, 3, 5, and 24 h).

7.8. AfcQ-catalyzed loading onto SNAc thioester substrates

Peptide bond formation catalyzed by AfcQ was evaluated with eight SNAc acceptor substrates: H2N-(L-Asp)a-SNAc (n=1, 2, 3, and 4,
1-4) and Ha2N-(B-Ala)-SNAc (n=1, 2, 3, and 4, 5-8). A 100-uL reaction mixture containing 4 uM AfcQ, 100 pM L-Asp('3C4) or L-Asp,
5 mM SNAc thioesters (1-8), and 5 mM ATP was incubated in 50 pL of adenylation buffer 2x at 30 °C for 1 h. AfcQ was deactivated at
95 °C for 5 min as negative control. Reactions were quenched by addition of an equal volume of MeOH and centrifuged at 14,000 rpm
and 4 °C for 5 min (Eppendorf® Centrifuge 5415R). The supernatant was subjected to LTQ-Orbitrap measurements with the general
method developed.

7.9. AfcA-catalyzed acyl-transfer onto SNAc thioester substrates

A 100-pL reaction mixture containing individual SNAc thioester (1-8, 5 mM), 4 uM AfcA, 100 uM fatty acid, and 5 mM ATP was incubated
in 50 uL of adenylation buffer 2x. The reactions were carried out under the same conditions as for AfcQ. The tested fatty acids were
C3:0, C3:0-COOH, C13:0, C13:0-COOH, C14:0, C14:0-COOH, C19:0, and C19:0-COCH.

7.10. AfcA-catalyzed acyl-transfer onto H2N-(B-Ala)s-S-AfcK

H2N-L-Asp-y-S-AfcK as acceptor: apo-AfcK was converted into H2N-L-Asp-y-S-AfcK via a two-step reaction with Sfp and AfcQ under
conditions outlined above. Subsequently, 100 uL of the reaction mixture underwent incubation with 10 pyL of 1 mM myristic acid (C14:0)
and 1 uL of 419.2 uM AfcA at 30 °C for 1 h.

H2N-B-Ala-S-AfcK as acceptor: the reaction was conducted as a one-pot reaction, comprising 200 yM apo-AfcK, 10 uM Sfp, 1 mM CoA,
and 5 mM H2N-B-Ala-SNAc thioester (5), and was incubated at 30°C for 1 h to generate H2N-B-Ala-S-AfcK. Subsequently, the excess
CoA and H2N-B-Ala-SNAc were eliminated using 3K MWCO centrifugal concentrators. Following this, a 50-uL reaction mixture
containing H2N-B-Ala-S-AfcK, 4 uM AfcA, 100 uM myristic acid (C14:0), and 5 mM ATP was incubated at 30°C for an additional 1 h.

H2N-(B-Ala)s-S-AfcK as acceptor: direct enzymatic transfer of aminoacyl-phosphopantetheine to apo-AfcK proceeded by incubation of
200 pM apo-AfcK, 10 uM Sfp, and 1 mM HaN-(B-Ala)s-S-CoA (11) at 30°C for 1 h. Subsequently, the excess H2N-(B-Ala)s-S-CoA was
removed using 3K MWCO centrifugal concentrators. Afterwards, 107 yM H2N-(B-Ala)s-S-AfcK, 4 uM AfcA, 100 uM myristic acid (C14:0),
and 5 mM ATP were incubated at 30°C for an additional 1 h. AfcA was deactivated at 95°C for 5 min as negative controls. The acyl-
transfer was verified by HPLC-ESI-Q-TOF measurements.

7.11. Acyl-transfer onto AfcL

A 100-pL reaction mixture containing individual 500 uM thioester mimic (5-8, 12, and 13) and 20 uM AfcL was incubated in 50 pL of
adenylation buffer 2x at 4 °C. The successful acyl-transfer was verified by HPLC-ESI-Q-TOF measurements after incubation for 1 h
and overnight. Alternatively, 125 uM each of thioester mimics (5-8) were mixed with 20 uM AfcL to test competitive binding to AfcL.

To test the peptide release from AfcL: a 100-uL reaction mixture containing 500 uM Hz2N-(B-Ala)s-SNAc (7), 500 uM H2N-L-Lys-S-CoA
(13) (or L-Lys, p-Lys) and 20 uM AfcL was incubated in 50 uL of adenylation buffer 2x at 4 °C for 2 h and overnight. Protein buffer
(general) was used as negative control for AfcL. Subsequentially, the reaction was quenched by adding an equal volume of MeOH,
followed by centrifugation at 14,000 rpm and 4 °C for 20 min (Eppendorf® Centrifuge 5415R) using 0.5-mL 3K MWCO centrifugal
concentrators (Amicon® Ultra - 0.5 mL Centrifugal filters, Merck Millipore) to remove the protein. The resulting samples were analyzed
by LTQ-Orbitrap using the general method developed.

To test the loading of myristic acid onto H2N-(B-Ala)s-AfcL by means of AfcA: a 200-pL reaction mixture containing 1 mM H2N-(B3-Ala)s-
SNACc (7) and 36 uM AfcL was incubated in 100 uL of adenylation buffer 2x at 4 °C for overnight. The excess H2N-(B-Ala)s-SNAc (7)
was removed with 0.5-mL 3K MWCO centrifugal concentrators and 150 pL of concentrated reaction mixture was obtained.
Subsequently, a 100-uL reaction mixture containing 500 uM ATP, 200 yM myristic acid (C14:0), 10 uM AfcA and 61.5 L of the
concentrated reaction mixture was further incubated at 4 °C for 2 h and for overnight. Protein buffer (general) was used as negative
control for AfcA. Samples were analyzed by HPLC-ESI-Q-TOF measurements.

To test the loading of myristic acid onto H2N-(B-Ala)s-L-Lys-S-CoA by means of AfcA: a 100-uL reaction mixture containing 500 yM
ATP, 125 uM H2N-(B-Ala)s-SNAc (7), 200 uM myristic acid (C14:0), 10 uM AfcA, 25 uM AfcL and 1 mM HaN-L-Lys-S-CoA (13) was
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incubated in 50 pL of adenylation buffer 2x at 4 °C for 2 h and overnight. MQ-water was used as negative control for HoN-L-Lys-S-CoA.
The acyl-transfer onto H2N-(B-Ala)s-L-Lys-S-CoA was verified by LTQ-Orbitrap as described above.

8. Chemical synthesis of enzyme substrates

8.1. Synthesis of Boc-(L-Asp-OtBu)n,-OH and Boc-(B-Ala).-OH by solid phase peptide synthesis (SPPS)

To 1 g of previously swollen resin in a 20 mL syringe was added a solution of 0.600 mmol of Fmoc-L-Asp-OtfBu (CAS: 129460-09-0, or
Fmoc-B-Ala-OH, CAS: 35737-10-1), 0.22 mL of N,N-diisopropylethylamine (DIPEA) in 3 mL of dichloromethane (DCM). The resin was
shaken for 2 h and then the liquid was filtered off, and the resin was washed with 10 mL of N,N-dimethylformamide (DMF) and 10 mL
of DCM. Subsequently, 10 mL of a DCM:MeOH:DIPEA (80:15:5) solution was added and the resin was shaken for an additional 20 min.
Fmoc-protecting group was removed by adding 15 mL of 20% piperidine in DMF. The resin was shaken for 30 min and then washed
with DMF (10 mL) and DCM (10 mL) and was ready for the next coupling. A solution of Fmoc-L-Asp-OtBu (or Fmoc-3-Ala-OH,
1.20 mmol), hexafluorophosphate benzotriazole tetramethyl uronium salt (HBTU, 1.18 mmol), DIPEA (500 uL) in 6 mL of DMF was
added. After shaking for 90 min, the liquid was filtered off and the resin was washed with DMF (10 mL) and DCM (10 mL). The steps
for Fmoc-deprotection and coupling were repeated until getting the wanted peptide sequence. To release the peptides from resin, a
solution of 25% hexafluoroisopropanol (HFIP) in DCM (15 mL) was poured over the resin and the mixture was shaken for 2 h. The resin
was filtered off and washed with DCM (10 mL) for 3 times. The combined filtrate was concentrated and purified with HPLC.36:37

8.2. Synthesis of H2N-(L-Asp).-SNAc (n=1, 2, 3, and 4, 1-4) and H2N-(B-Ala),.-SNAc (n=1, 2, 3, and 4, 5-8)

To a solution of corresponding carboxylic acid synthesized in 6.1 (1.00 eq., 0.500 mmol) in DCM (2 mL) was added 4-
dimethylaminopyridine (DMAP, 20.0 mol%, 0.100 mmol, 11.2 mg), 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
(EDCI-HCI, 1.20 eq., 0.600 mmol, 115 mg), and N-acetylcysteamine (SNAc, 1.20 eq., 0.600 mmol, 71.5 mg) at 0 °C. The resulting
mixture was allowed to warm to room temperature and stirred for 16 h. The reaction was quenched by addition of sat. ag. NH4Cl, then
extracted with DCM. The combined organic layers were dried over Na>SOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (cyclohexane:ethyl acetate 4:1) to give protected SNAc derivatives.3®
Boc-protecting group was removed by dissolving the sample in 50% TFA/DCM solution. After stirring for 4 h, the mixture was
concentrated under reduced pressure to give the desired product without any further purification.®® In case of using Boc-L-Asp-OfBu,
the OtBu-protecting group was removed by dissolving it in DCM (2 mL) and adding 2 mL of aq. phosphoric acid (85 wt%). The mixture
was stirred at room temperature for 6 h. Then, 5 mL of water was added, and the mixture was stirred for an additional 30 min. The
resulting suspension was filtered and the solid was washed with DCM and water to give the desired product without any further
purification.*® Thioesters were obtained in 76% yield (1), 63% yield (2), 43% yield (3), 38% yield (4), 84% yield (5), 82% yield (6), 73%
yield (7), 43% yield (8), respectively.

8.3. Synthesis of H2N-(B-Ala)n-S-CoA (n=1, 2, and 3, 9-11)

Boc-(3-Ala)r-OH (2.00 eq., 0.0800 mmol, n=1: 15.1 mg; n=2: 20.8 mg; n=3: 26.5 mg), CoA (1.00 eq., 40.0 pmol, 30.7 mg), benzotriazol-
1-yloxytripyrrolidinophosphonium hexafluorophosphate (PyBOP, 2.00 eq., 80.0 uymol, 41.6 mg) and potassium carbonate (4.00 eq.,
0.160 mmol, 22.1 mg) were added to 2 mL of a tetrahydrofuran water solution (1:1). The mixture was stirred for 3 h at room temperature.
The mixture was purified with HPLC (a linear gradient of 10% to 60% acetonitrile over 20 min in water with 0.1% TFA) to give Boc-(B-
Ala):-S-CoA as a white amorphous powder (n=1: 10.6 mg, 28% yield; n=2: 14.7 mg, 36% yield; n=3: 15.6 mg, 36% yield). Boc-(3-Ala)n-
S-CoA was then dissolved in 2 mL of a tetrahydrofuran water solution (1:1), and TFA (1 mL) was added dropwise at 0 °C. The reaction
was allowed to warm to room temperature and stirred for 2 h. The mixture was purified with HPLC (a linear gradient of 5% to 20%
acetonitrile over 20 min in water with 0.1% TFA) to give H2N-(B-Ala),-S-CoA as a white amorphous powder (n=1: 8.00 mg, 84% vyield;
n=2: 3.60 mg, 27% vyield; n=3: 5.50 mg, 39% vyield). Spectral data are in accordance with literature values.*' CoA substrates were
obtained in 24% yield (9), 10% yield (10), and 14% yield (11), respectively.

8.4. Synthesis of H2N-L-Lys-SNAc (12)

H2N-L-Lys-SNAc was synthesized according to the same procedure described in section 6.2 with Boc-L-Lys(Boc)-OH (1.00 eq.,
0.500 mmol, 173 mg), 4-dimethylaminopyridine (DMAP, 20.0 mol%, 0.100 mmol, 11.2 mg), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC-HCI, 1.20 eq., 0.600 mmol, 115 mg), and N-acetylcysteamine (SNAc, 1.20 eq., 0.600 mmol, 71.5 mg).
H2N-L-Lys-SNAc was obtained in 84% yield.

8.5. Synthesis of H2N-L-Lys-S-CoA (13)

Boc-L-Lys(Boc)-OH (3.00 eq., 0.150 mmol, 52.0 mg), CoA (1.00 eq., 50.0 pmol, 45.1 mg), benzotriazol-1-
yloxytripyrrolidinophosphonium hexafluorophosphate (2.00 eq., 0.100 mmol, 52.0 mg) and potassium carbonate (4.00 eq., 0.200 mmaol,
27.6 mg) were added to 2 mL of a tetrahydrofuran water solution (1:1). The mixture was stirred for 3 h at room temperature. The mixture
was purified with HPLC (a linear gradient of 10% to 60% acetonitrile over 20 min in water with 0.1% TFA) to give Boc- L-Lys(Boc)-S-
CoA as a white amorphous powder (21.9 mg, 40% yield). Boc-L-Lys(Boc)-S-CoA was then dissolved in 2 mL of a tetrahydrofuran water
solution (1:1), and TFA (1 mL) was added dropwise at 0 °C. The reaction was allowed to warm to room temperature and stirred for 2 h.
The mixture was purified with HPLC (a linear gradient of 5% to 20% acetonitrile over 20 min in water with 0.1% TFA) to give HaN-L-
Lys-S-CoA as a white amorphous powder (4.89 mg, 27% yield).
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Supplementary Table 1. List of species belonging to the Burkholderia cepacia complex (BCC).

BCC species Reference BCC species Reference

B. cepacia (Vandamme et al. 1997) B. metallica (Depoorter et al. 2016)
B. multivorans (Vandamme et al. 1997) B. arboris (Depoorter et al. 2016)
B. cenocepacia (Vandamme et al. 1997; Vandamme et al. 2003) B. contaminans (Depoorter et al. 2016)
B. stabilis (Vandamme et al. 1997; Vandamme 2000) B. lata (Depoorter et al. 2016)
B. vietnamiensis (Vandamme et al. 1997; Monique Gillis 1995) B. latens (Depoorter et al. 2016)
B. dolosa (Coenye, LiPuma, et al. 2001; Vermis et al. 2004) B. pseudomultivorans (Depoorter et al. 2016)
B. ambifaria (Coenye, Mahenthiralingam, et al. 2001) B. diffusa (Depoorter et al. 2016)
B. anthina (Vandamme et al. 2002) B. paludis (Ong et al. 2016)

B. pyrrocinia (Vandamme et al. 2002) B. catarinensis (Bach et al. 2017)

B. ubonensis (Yabuuchi et al. 2000) B. alpina (Weber and King 2017)
B. stagnalis (De Smet et al. 2015) B. puraquae (Martina et al. 2018)

B. territorii (De Smet et al. 2015) B. aenigmatica (Depoorter et al. 2020)
B. seminalis (Depoorter et al. 2016) B. orbicola (LM Morales et el. 2022)

14



Supplementary Table 2. Putative functions of proteins from the afc BGC based on BlastP search and comparison to the bo/ BGC.

NN T 8 D B

BGC afc from B. orbicola Mc0-3 (NC_010512.1)

BGC afc from B. puraquae DSM 103137

BGC bol from B. gladioli BCC0238 (NZ_CADEV0010000007.1)

—abes D)
—aben D)

*

J

*

J
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bolH (NRPS)

g
g
by n

Q

3]

P& &
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E

E

[1]Regulator [2] Citrate synthesis 4 Core genes [ Coupling [3] Oxidation [4 Desaturation [l Transport Genes only in afc [ ] Genes only in bol

Putatively encoded protein Length Protein hit® Length  Identity/Similarity

[a]

Nr. Gene (locus tag, CDS) (aa) (gene, locus tag, CDS) (aa) (%) Comments
LysR substrate-binding domain-containing protein LysR substrate-binding domain-containing protein L .

L SR BCENMCO3_RS32450, WP_226247193.1) 321 (bolA, HOD26_RS17460, WP_105850350.1) 329 58/70 Transcriptional regulator, LysR family
Acyl-ACP desaturase/dehydrogenase Ferritin-like domain-containing protein 8/9 .

2 afeD  BCENMCO3_RS32455, WP_041492293.1) 286 (polL, HOD26_RS17515, WP_126241845.1) 280 91/95 A" fatty acid desaturase
Fatty acid desaturase family protein Fatty acid desaturase family protein

3 afcC (BCENMCO03_RS32460, WP_011694954.1) 315 (bolF, H9D26_RS17485, WP_036055811.1) 343 23/40
Fatty acyl-AMP ligase/FAAL AMP-binding protein . -

4 afeA  (BCENMCO3_RS32465, WP_226247195.1) 587 (bolB, HID26_RS17465, WP_241238501.1) 577 52/66 Fatty acid activation

5 afeB ABC transporter (membrane-associated ATPase) 236 ) } } Lipid A exporter, phosphatidylcholine exporter, lipoprotein
(BCENMCO03_RS32470, WP_012337003.1) transporter, peptide transport, multidrug efflux
ABC transporter (transmembrane component) . . .

6 afcG (BCENMCO3_RS32475, WP_006481180.1) 405 - - - Lipoprotein exporter, permease, macrolide exporter

7 afcH Outer membrane lipoprotein-sorting protein 250 ) } } Lipoprotein carrier/trafficking, translocation of complex
(BCENMCO03_RS32480, WP_012337004.1) lipids
Outer membrane carboxylate channel . . .

8 afcl (BCENMCO3_RS32485, WP_226247197.1) 420 - - - Uptake of nutrients and negatively charged acids
Acyl-CoAJACP dehydrogenase/oxidase Glutaryl-CoA dehydrogenases, acyl-beta-oxidation,

° afcJ (FAD as cofactor) 361 . . ) double bond into acyl chains (tetramer)
(BCENMCO03_RS32490, WP_012337006.1) 4
Acyl carrier protein/Peptidyl-carrier protein Acyl carrier protein

10 afcK (BCENMCO03_RS32495, WP_006481176.1) 84 (bolC, H9D26_RS17470, WP_013690725.1) 82 67/e2 ACP/PCP

11 afcl. 3-Oxoacyl-ACP synthase lll/type-lll PKS 201 ) ) } C-C coupling (Claisen), condensing acyl-CoA with acyl-
(BCENMCO03_RS32500, WP_012337007.1) ACP for the initiation of fatty acid//polyketide synthesis

12 afcM UDP-Glycosyltransferase 209 ) } }

(BCENMCO03_RS32505, WP_012337008.1)
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13

14

15

16

17

18

19

20

21

22

23

24

25

afcN

afcO

afcP

afcQ

afcR

afcE

afcS

afcT

afcU

afcV

afcW

afeX

afcF

Ferritin-like domain-containing protein/Acyl-ACP
desaturase
(BCENMCO03_RS32510, WP_012337009.1)

3-Oxoacyl-ACP synthase lll/type-lll PKS
(BCENMCO03_RS32515, WP_012337010.1)

PLP-dependent decarboxylase
(BCENMCO03_RS32520, WP_012337011.1)

Acyl-CoA ligase (AMP-forming)
(BCENMCO03_RS32525, WP_012337012.1)

3-Oxoacyl-ACP synthase lll/type-lll PKS
(BCENMCO03_RS32530, WP_012337013.1)

Acyl-CoA dehydrogenase (FAD as cofactor)
(BCENMCO03_RS32535, WP_041492342.1)

Citrate synthase/2-Methyilcitrate synthase
(BCENMCO03_RS32540, WP_012337015.1)

SAM-dependent O-methyltransferase
(BCENMCO03_RS32545, WP_011549202.1)

TauD/TfdA family dioxygenase
(BCENMCO03_RS32550, WP_012337016.1)

ABC transporter (membrane-associated ATPase)
(BCENMCO03_RS32555, WP_041492343.1)

ABC transporter (transmembrane component)
(BCENMCO03_RS32560, WP_012337018.1)

Permease
(BCENMCO03_RS32565, WP_012337019.1)

FAD-binding oxidoreductase
(BCENMCO03_RS32570, WP_012337020.1)

327

327

391

527

364

616

414

220

357

337

359

180

472

Ferritin-like domain-containing protein
(bolD, HOD26_RS17475, WP_105850352.1)

3-Oxoacyl-ACP synthetase
(bolM, HOD26_RS17520, WP_126241404.1)

PLP-dependent decarboxylase
(bolN, HOD26_RS17525, WP_126241405.1)

Acyl-CoA ligase (AMP-forming)
(bolO, H9D26_RS17530, WP_105852536.1)

Hypothetical protein
(bolP, HOD26_RS17535, WP_241238502.1)

Acyl-CoA dehydrogenase
(bolQ, H9D26_RS17540, WP_126241406.1)

Citrate synthase
(bolR, HOD26_RS17545, WP_105857830.1)

Class | SAM-dependent methyltransferase
(bolS, H9D26_RS17550, WP_013690740.1)

TauD/TfdA family dioxygenase
(bolT, H9D26_RS17555, WP_036055807.1)

FAD-binding oxidoreductase
(bolE, H9D26_RS17480, WP_105850353.1)

329

376

398

527

371

615

453

220

357

480

72/84

62/69

73/80

75/84

73/81

81/89

73/80

85/91

78/84

55/60

Ribonucleotide reductase; needs electrons from NADPH-
ferredoxin reductase; aldehyde decarbonylase; non-heme
di-iron protein; p-aminobenzoate N-Oxygenase AurF

C-C coupling (Claisen), homologous to starter PKS that
accept starter acyl-ACP (over CoA substrates)

C-C coupling (Claisen), homologous to starter PKS that
accept starter acyl-ACP (over CoA substrates)

Double bond in dehydro-B-Ala (L-prolyl-PCP
dehydrogenase, homodimer)

Citrate synthesis

Methylation of citrate

Fe(ll)- and a-ketoglutarate-dependent oxygenase, L-
arginine B-hydroxylase/desaturase VioC, stereoinversion
of C5 in carbapenem via radical (tetramer)

Lipid translocator across membrane

Lipid trafficking

Transporter/Channel

D-2-hydroxyglutarate dehydrogenase, LDH, Cytokinin
oxidase, hydroxylase/monooxygenase

[a] Annotation of afc gene cluster from B. orbicola Mc0-3 (NC_010512.1). [b] Annotation of bol gene cluster from B. gladioli BCC0238 (NZ_CADEV0010000007.1).4243
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Supplementary Table 3. Compilation of the occurrence of afc BGC in BCC based on BlastN screening for key genes afcA, afcQ and the entire afc BGCE.

afcA afcQ afc BGC

Nr. Strain Accession (location)
Cover/ldentity Cover/ldentity Cover/ldentity

1 . ambifaria AMMD CP009800.1 (1248023-1275388) 98/88.73 100/90.21 98/90.40
2 . ambifaria AU0212 CP111125.1 (689358-716723) 98/88.73 100/90.21 98/90.40
3 . ambifaria B21-006 CP086299.1 (824455-851802) 98/89.76 100/90.09 98/90.53
4 . ambifaria B21-008 CP086293.1 (796857-824210) 98/89.06 100/90.40 98/90.49
5 . ambifaria CEP0996 CP113270.1 (N.A.)P! 98/89.47 100/90.03 98/90.51
6 . ambifaria FDAARGOS_1027 CP066040.1 (679128-706493) 98/88.73 100/90.21 98/90.40
7 . ambifaria HSJ1 CP113276.1 (N.A.) 98/88.73 100/90.21 98/90.40
8 . ambifaria HSJ1v CP113273.1 (N.A.) 98/88.73 100/90.21 98/90.40
9 . ambifaria Q53 CP092845.1 (136911-164260) 98/89.25 100/90.09 98/90.56
10 . arboris MEC_B345 CP101526.1 (410024-437293) 100/92.69 99/93.00 100/92.54
11 . cenocepacia GIMC4560:Bcn122 CP020601.1 (215371-242609) 100/95.58 100/96.53 96/96.03
12 . cenocepacia H111 HG938372.1 (231018-258259) 100/95.98 100/96.78 100/95.45
13 . cenocepacia H12424 CP000460.1 (145158-172487) 100/98.47 100/97.68 100/97.92
14 . cenocepacia J2315 AM747722.1 (217322-244566) 100/96.03 100/96.84 100/95.54
15 . cenocepacia 2008Ycf657 CP090762.1 (759010-786268) 100/95.86 100/96.78 100/95.57
16 . cenocepacia 2009Y cfo5l11 CP090759.1 (758949-786207) 100/95.86 100/96.78 100/95.57
17 . cenocepacia 2019Y71443953l1 CP090675.1 (759007-786265) 100/95.86 100/96.78 100/95.57
18 . cenocepacia 842 CP015035.1 (859122-886377) 100/96.20 100/96.59 100/95.53
19 . cenocepacia 895 CP015037.1 (19448-46703) 100/96.09 100/96.21 100/95.55
20 . cenocepacia C6433 CP098498.1 (32206-59137) 100/95.69 100/96.72 96/96.33
21 . cenocepacia CMCC(B)23006 CP091014.1 (626891-654217) 100/98.30 100/98.05 100/97.82
22 . cenocepacia CR318 CP017240.1 (896053-923382) 100/98.47 100/97.68 100/97.92
23 . cenocepacia FDAARGOS_720 CP050980.1 (3264383-3291651) 100/98.47 100/97.68 99/97.84
24 . cenocepacia FDAARGOS_734 CP054819.1 (221786-249030) 100/96.03 100/96.84 100/95.54
25 . cenocepacia 1ST439 LR798195.1 (N.A.) 100/95.63 100/96.59 100/95.51
26 . cenocepacia K56-2 ALJA02000017.1 (460263-487509) 100/98.64 100/98.86 100/95.53
27 . cenocepacia MSMB384WGS CP013451.1 (652316-679574) 100/95.46 100/96.97 100/95.49
28 . cenocepacia NML110041 CP102477.1 (609900-637145) 100/96.03 100/96.84 100/95.54
29 . cenocepacia PC184 Mulks CP021068.1 (632142-659461) 100/97.96 100/97.61 100/97.83
30 . cenocepacia PS27 CP060041.1 (398867-426190) 100/97.96 100/97.36 100/97.79
31 . cenocepacia R-12632 FR989821.1 (298053-325365) 100/94.61 100/94.47 99/95.42
32 . cenocepacia ST32 CP011919.1 (699550-726808) 100/95.75 100/96.28 100/95.54
33 . cenocepacia toggle2 CP073670.1 (18817-46074) 100/95.92 100/96.59 100/95.53
34 . cenocepacia toggle3 CP073703.1 (232575-259832) 100/95.92 100/96.59 100/95.54
35 . cenocepacia toggle4 CP073675.1 (727951-755209) 100/95.98 100/96.53 100/95.62
36 . cenocepacia VVC12308 CP019673.1 (728940-756195) 100/96.03 100/96.53 100/95.52
37 . cenocepacia VC1254 CP019675.1 (917457-944714) 100/95.75 100/96.28 100/95.55
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38 B. cenocepacia VC12802 CP019669.1 (850163-877464) 100/97.62 100/97.62 100/97.71
39 B. cenocepacia VC2307 CP019667.1 (733654-760912) 100/95.86 100/96.28 100/95.51
40 B. cenocepacia VC7848 CP019668.1 (4344704-4371987) 100/98.02 100/97.16 100/97.87
41 B. cenocepacia YG-3 CP034546.1 (1317027-1344540) 100/94.10 100/94.20 99/95.12

42 B. cepacia ATCC 25416 CP034555.1 (223553-250933) 100/91.78 100/92.75 100/91.87
43 B. cepacia MINF_4A-sc-2280433 LR890525.1 (N.A.) 100/95.46 100/96.78 100/95.60
44 B. cepacia JBK9 CP013732.1 (405328-432611) 100/92.74 99/92.93 99/93.02

45 B. cepacia 2011Ycf427V CP090739.1 (978720-1006128) 100/91.67 100/91.09 100/91.66
46 B. cepacia 2011Ycf793I CP090731.1 (353288-380696) 100/91.67 100/91.09 100/91.66
47 B. cepacia 2017Y70952565VI CP090699.1 (4617731-4645139) 100/91.67 100/91.09 100/91.66
48 B. cepacia 39628 CP032010.1 (403059-430469) 100/91.50 100/91.67 100/91.72
49 B. cepacia BC16 CP045237.1 (1027512-1054909) 100/91.55 100/91.83 100/91.65
50 B. cepacia BRDJ CP095496.1 (N.A.) 100/91.84 100/92.63 100/91.84
51 B. cepacia CMCC(B)23005 CP090610.1 (104437-131834) 100/91.84 100/91.21 100/91.74
52 B. cepacia DDS 7H-2 CP007785.1 (332750-360005) 100/95.69 100/97.16 100/95.57
53 B. cepacia FDAARGOS_345 CP022082.2 (927371-954751) 100/91.78 100/92.75 100/91.87
54 B. cepacia FDAARGOS_388 CP023520.1 (481179-508559) 100/91.78 100/92.75 100/91.87
55 B. cepacia N3009-2YT CP102331.1 (N.A.) 100/91.89 100/91.83 100/91.65
56 B. contaminans CH-1 AP018359.1 (429548-456937) 100/91.84 100/92.18 100/91.47
57 B. contaminans B17-01563-1 CP092853.1 (420703-448092) 100/91.84 100/92.18 100/91.47
58 B. contaminans DM32 CP102484.1 (204642-232020) 100/91.17 100/91.41 100/91.34
59 B. contaminans FL-1-2-30-S1-D0 CP013392.1 (457710-485099) 100/91.73 100/91.36 100/91.45
60 B. contaminans MS14 CP009745.1 (926750-954145) 100/91.76 100/91.48 100/91.42
61 B. contaminans NML151013 CP102464.1 (290767-318162) 100/91.44 100/91.93 99/91.86

62 B. contaminans NML151067 CP102469.1 (357188-384583) 100/91.44 100/91.93 99/91.86

63 B. contaminans SK875 CP028809.1 (847464-874853) 100/91.84 100/92.18 100/91.47
64 B. contaminans toggle1 CP073664.1 (1069619-1097005) 100/91.84 100/92.18 100/91.46
65 B. contaminans XL73 CP046607.1 (1227616-1255005) 100/91.84 100/92.18 100/91.47
66 B. contaminans ZCC CP042166.1 (1227532-1254921) 100/91.84 100/92.18 100/91.47
67 B. lata 383 CP000150.1 (1019324-1046703) 100/91.16 100/91.48 100/91.28
68 B. lata FL-7-5-30-S1-DO0 CP013405.1 (403707-431102) 100/91.44 100/91.73 100/91.91
69 B. metallica FL-6-5-30-S1-D7 CP013402.1 (716561-743920) 100/92.19 100/91.24 98/92.28
70 B. pyrrocinia DSM 10685 CP011505.1 (813232-840517) 100/91.91 100/91.48 98/92.51

[a] afcA (BCENMCO03_RS32465), afcQ (BCENMCO03_RS32525) and the complete afc gene cluster (NC_010512.1, location 545185-572489) from B. orbicola Mc0-
3 (NC_010512.1) as reference. [b] Not annotated.
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Supplementary Figure 1. The afc BGC is conserved in eight BCC species (B. ambifaria, B. arboris, B. cenocepacia, B. cepacia, B. contaminans, B. lata, B.
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metallica, and B. pyrrocinia). The gene clusters listed were extracted from BCC strains using the annotation in Supplementary Table 3.
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Supplementary Figure 3. 'H-'5N SOFAST-HMQC spectrum of AFC-BC11 (NS: 512, SW:35 and O1P:117 for F1) applying "H excitation at 10.8 ppm with a bandwidth of 3 ppm (DMSO-ds, 298 K).
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Supplementary Figure 4. 'H-'5N SOFAST-HMQC spectrum of AFC-BC11 (NS: 1024, SW:35 and O1P:120 for F1) applying "H excitation at 7.95 ppm with a bandwidth of 2 ppm (DMSO-ds, 298 K).
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Supplementary Figure 5. 'H-'H COSY spectrum of AFC-BC11 (DMSO-ds, 298 K).
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Supplementary Figure 6. 'H-'H TOCSY spectrum of AFC-BC11 (DMSO-ds, 298 K).
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Supplementary Figure 7. 'H-'3C HSQC spectrum of AFC-BC11 (DMSO-ds, 298 K).
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Supplementary Figure 8. 'H-'3C HMBC spectrum of AFC-BC11 (SW:236 and O1P:100 for F1) (DMSO-ds, 298 K).
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Supplementary Figure 9. 'H-'>C HMBC spectrum of AFC-BC11 (SW:19 and O1P:170 for F1) (DMSO-ds, 298 K).

27



J=10.5 Hz

H O
s N

OH T T T T ]

R 574 5.8 5.7 5.6 55  ppm
Y (d, J=10.5 Hz)

€ 5 )

J=11.1 Hz
[
OH T T T T T ]
5.8 5.7 5.6 5.5 ppm
Y
(d Js'ff 1 Hz) l i
, J=171. ¥4
~ M ) LM \k

T T T T
12 11 10 9 8 7 6 5 4 3 2 1 ppm

Supplementary Figure 10. 'H-NMR spectra of AFC-BC11 selectively homo-decoupled at 2.50 ppm (top) and 3.43 ppm (bottom). The coupling constant 10.5 Hz observed for Hy (5.74 ppm) and 11.1 Hz for H& (5.55 ppm) with homo-
decoupling indicated a Z-configurated double bound in DHLys moiety (DMSO-ds, 298 K).
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Supplementary Figure 11. 'H-'"H NOESY spectrum of AFC-BC11. Key NOE correlations are highlighted in the structure of AFC-BC11 (top) (DMSO-ds, 298 K).
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Supplementary Figure 12. Marfey’s amino acid analysis. a) Reaction schema to obtain FDLA derivatives of lysine from AFC-BC11. b) PDA chromatograms. c)
EIC (-) at m/z 733.2911 and d) MS spectra of FDLA derivatives of lysine acquired by HPLC-ESI-LTQ-Orbitrap XL mass spectrometer. The calculated mass accuracy
for the theoretical [M-H]" at m/z 733.2911 ranged from -39.3 to -44.3 ppm, which falls within the 50 ppm mass accuracy threshold of the Orbitrap instrument in
negative ion mode, as determined by daily measurements using a reference compound.
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Supplementary Figure 13. ESI (+)-MS/MS of AFC-BC11 acquired by HPLC-ESI-LTQ-Orbitrap XL mass spectrometer.
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Supplementary Figure 14. Mass screening of the crude extract prepared from the cell pellet of B. orbicola Mc0-3. a) Analytical HPLC fractionation monitored at
wavelengths of A = 214, 254, 280, 320, and 360 nm. b) Time-based fractionation (time slices at 0.5 min) at the wavelength of A = 320 nm. 44 fractions eluted from
2 to 24 min (A1 to D8) were collected for MS measurements. ¢) Analysis of HRMS profiles acquired by LTQ-Orbitrap XL indicated a set of structurally related [M+H]*
ions. d) UV absorption spectra of the corresponding compounds detected.
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Supplementary Figure 15. ESI (+)-MS/MS of isomers and congeners of AFC-BC11 acquired by LTQ-Orbitrap. Their corresponding linear structures predicted
based on MS? are shown on the right. The predominant fragments of AFC-BC11 were used as reference and the variable parts are shown in the grey boxes.
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Supplementary Figure 16. The structure of AFC-BC11 with atom numbering used in this study. 'H (blue) and '*C/'5N chemical shifts (red) are given in ppm. Scalar
coupling information is also indicated in parenthesis if available.
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Supplementary Table 4. NMR data of AFC-BC11 (700 MHz, DMSO-de, 298K).

Position & ("H) in ppm (multiplicity, Jun) 5(**C)inppm & ("®N)inppm Intergral ("H) HMBC ('H-'°C)
co / 166.2 / / /
5.52 (d, J=9.3 Hz) 97.8 / 1.07 /
(2-'DBA
7.44 (dd, J=10.9, 9.1 Hz) 138.3 / 2.35 (ol)l (2)-'DBA (CO)
NH 10.91 (d, J=10.2 Hz) / 105.6 0.92 /
co / 166.4 / / /
o  5.30(d, J=9.4 Hz) 98.8 / 3.21 (ol) (2)2DBA (CO, Cg)
(22DBA
7.46 (dd, J=10.7, 9.4 Hz) 136.8 / 2.35 (ol) (2)2DBA (CO)
NH 10.99 (d, J=11.0 Hz) / 105.2 1.00 /
co / 165.9 / / /
5.78 (d, J=14.1 Hz) 105.0 / 1.08 (E)-*DBA (CO, Cp)
(E)-*DBA
7.73(dd, J=13.7, 11.4 Hz) 133.7 / 1.31 (2)2DBA (CO), (E)-*DBA (CO)
NH  10.62(d, J=11.3 Hz) / 104.1 1.06 (2)2DBA (CO)
co / 173.4 / / /
o  4.26(m) 53.5 / 1.27 (2)-DHLys (CO)
B 2.55(m)2.46(m) 30.4 / 0l/1.09 (2)-“DHLys (CO, Cq, Cs, Cy)
(2)-“DHLys vy 5.74(m, J=11.0 Hz) 133.7 / 1.22 (2)-“DHLys (Cs)
5  555(m,J=11.0 Hz) 124.2 / 1.13 (2)-“DHLys (Cp)
€ 3.46 (m)/3.36(m) 35.8 / 1.32/0l (2)-“DHLys (Cs)
NH 7.91 (br) / 121.6 1.20 /
1 / 171.8 / / /
2 242(m) 36.1 / 2.11 MMFA (C1, Cs, Ca)
3 1.55 (m) 24.9 / 4.48 (ol) MMFA (C1, Cz, Ca, Cs, Cé)
4 1.26 (m) 28.8 / ol MMFA (Cz, Cs)
5 1.30 (m) 23.0 / ol MMFA (Cs)
6 1.22 (m) 30.2 / ol MMFA (Cs, C7, Cs)
7 1.95 (m) 27.2 / 2.35 MMFA (Cs, Cs, Cs)
8  531(m) 130.3 / 3.21 (ol) MMFA (Cs, C7)
9 531(m) 130.3 / 3.21 (ol) MMFA (Ci1o, Ci1)
10 1.97 (m) 27.2 / 2.38 MMFA (Cs, C11)
MMFAE! 11 1.29(m) 29.5 / ol MMFA (Cs, C10)
12 ~1.25 29.3-30.0 / ol /
13 ~1.25 29.3-30.0 / ol /
14 ~1.25 29.3-30.0 / ol /
15 1.23(m) 23.1 / ol MMFA (C16)
16 1.55(m) 36.7 / 4.48 (ol) MMFA (C1s, Ci7, C1s, Cro)
17 / 79.8 / / /
18 / 175.0 / / /
19 2.78(d, J=14.5 Hz)/2.20 (d, J=14.6 HZ)  43.6 / 1.23/1.40 MMPFA (Ci1s, C17, Cis, Ca0)
20 / 173.2 / / /
21 3.08(s) 51.4 / 3.24 MMFA (C17)

[a] Overlapped. [b] O-methylated malic acid-fatty acid.
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Supplementary Figure 17. AFC-BC11 is stable when stored in the dark. Analytical HPLC chromatograms of the pure AFC-BC11, which have been acquired directly
after being dissolved in DMSO (top) and stored for 7 days in the dark (bottom).
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Supplementary Figure 18. Monitoring of the photoisomerization of AFC-BC11 (asterisk) by analytical HPLC at the wavelength of A = 320 nm. a) Irradiation by
daylight, b) at A = 366 nm (UV-A), ¢) at A = 300 nm (UV-B), d) at A = 254 nm (UV-C). Zoomed-in image of analytical HPLC chromatograms acquired after irradiation

for 12 h (for 2 h at A =300 nm) are shown on the top left each.
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Supplementary Figure 19. Alignment of analytical HPLC chromatograms from Supplementary Figure 18. a) Alignment of the absolute UV absorption spectra at
the wavelength of A =320 nm. b) Alignment of the corresponding spectra in full scale. The photoisomers occurring after irradiation by daylight and at A = 366 nm
were colored in red and numbered from 1 to 8. Peak 1 is AFC-BC11. Additional photoisomers occurring after irradiation at A =300 nm and A =254 nm were colored
in green and numbered from 9 to 16.
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Supplementary Figure 20. Peak area integration of photoisomers after irradiation for 0, 5, 15, 30 min, 1, 2, 5, 7, 9, and 12 h by daylight a) and at A = 366 nm b).
The calculation was based on Supplementary Figure 18a/b as the compounds were found to be effectively degraded upon irradiation at A = 300 nm and A = 254 nm
(Supplementary Figure 18c/d). As observed, after 2 h of exposure to daylight, the relative integration of the main photoisomer 5 (45.3%) exceeded that of AFC-

BC11 (photoisomer 1, 39.5%) (top). This trend was even more pronounced when AFC-BC11 was subjected to A = 366 nm irradiation, with photoisomer 5 and 1
reaching integration levels of 42.0% and 40.8%, respectively, after 30 minutes of exposure (bottom).
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Supplementary Figure 21. PDA and MS spectra of AFC-BC11 acquired by LTQ-Orbitrap XL after irradiation by daylight for 12 h. a) Total scan PDA and TIC. The
corresponding eight photoisomers were numbered from 1 to 8 as described in Supplementary Figure 19b. Peak 1 is AFC-BC11. m/z b) and UV absorption spectra
c) detected for eight photoisomers. UV spectra was not acquired for peak 2 because of the low concentration.
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Supplementary Figure 22. Photoisomer 5 is instable for purification. Analytical HPLC chromatograms of the pure AFC-BC11 after irradiation at A = 366 nm for
45 min (red) and of photoisomer 5 collected and directly reinjected (orange), which were acquired at room temperature. The analysis procedure was repeated
under identical conditions, employing mobile phases that had been pre-cooled in an ice bath (green and blue). The initial purification attempts of the main
photoisomer 5 proved its greater inherent instability in comparison to the precursor compound despite employing light-protected and low-temperature conditions.
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Supplementary Figure 23. HPLC analysis of the mixture of AFC-BC11 and its main photoisomer 5 for NMR. Analytical HPLC chromatogram of the pure AFC-
BC11, which has been irradiated at A = 366 nm for 45 min, followed by NMR measurements. For sample preparation, 1.6 mg of pure AFC-BC11 was dissolved in

600 pL of DMSO-ds and the injection volume was 5 L.
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Supplementary Figure 24. Overlay of NMR spectral sections of AFC-BC11 acquired prior (red) and after irradiation at A = 366 nm for 45 min (blue). a)/b)/c)
Overlay of 'H-NMR spectra with chemical shift ranges at 10.08-11.14 ppm, 7.04-8.10 ppm, and 5.01-6.07 ppm, respectively. Zoomed-in images of peaks were
shown on the top in the dashed boxes. The new peaks are highlighted with black arrows. d)/e)/f) Overlay of "H-'"H COSY sections with the corresponding chemical
shift ranges. g)/h) Overlay of 'H-"3C HSQC sections with the corresponding chemical shift ranges. Cross peaks belonging to DBAs are annotated. Chemical shift
changes are represented by the dashed arrows from AFC-BC11 to the new photoisomer (DMSO-ds, 298 K).
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Supplementary Figure 25. 'H-'"H NOESY spectrum of AFC-BC11 after irradiation at A = 366 nm for 45 min. The structure of the main photoisomer 5 with key COSY and NOE correlations, and with annotations of the chemical shifts in
DBAs (DMSO-ds, 298 K). (R=MMFA, O-methylated malic acid-fatty acid)
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Supplementary Table 5. MICs (ug/mL) of AFC-BC11 against selected phytopathogenic fungi depending on UV irradiation.

Irradiation time at A = 366 nm (min)

Fungal strain Replicate Azoxystrobinla
0 5 15 30
1 0.24 0.32 0.56 0.64 0.64
2 0.24 0.32 0.56 0.64 0.72
Colletotrichum kahawae CM732
3 0.24 0.32 0.56 0.64 0.72
Proposed MICP! 0.24 0.32 0.56 0.64 0.72
1 0.32 0.40 0.72 0.88 0.96
2 0.32 0.40 0.72 0.88 0.96
Pyrenophora teres f. teres Hun0005
3 0.32 0.40 0.72 0.88 0.96
Proposed MIC 0.32 0.40 0.72 0.88 0.96
1 >2.40 >2.40 >2.40 >2.40 2.40
2 >2.40 >2.40 >2.40 >2.40 2.40
Fusarium xylarioides CAB003
3 >2.40 >2.40 >2.40 >2.40 2.40
Proposed MIC >2.40 >2.40 >2.40 >2.40 2.40
1 0.24 0.32 0.32 0.40 0.24
2 0.24 0.32 0.32 0.40 0.24
Pyricularia (Magnaporthe) oryzae Guy11
3 0.24 0.32 0.32 0.40 0.24
Proposed MIC 0.24 0.32 0.32 0.40 0.24
1 0.64 ND ND ND >1.20
2 0.64 ND ND ND >1.20
Rhizoctonia solani CD9001
3 0.72 ND ND ND >1.20
Proposed MIC 0.72 ND ND ND >1.20

[a] As positive control. [b] The highest values were selected as MICs. [c] Not determined.

Supplementary Table 6. MICs (ug/mL) of AFC-BC11 against selected human pathogenic fungi.

Fungal strain AFC-BC11  Voriconazolel®
Aspergillus fumigatus ATCC 205304 > 64 0.5

Candida albicans NRZ-2024-0602 > 64 0.25

Candida glabrata NRZ-2024-0605 > 64 0.125

Candida krusei NRZ-2024-0601 > 64 2

Candida parapsilosis ATCC 22019 > 64 0.03

Fusarium solani NRZ-2024-0590 > 64 >8

Lichtheimia corymbifera NRZ-2024-0649 > 64 >8
Rhizomucor pusillus NRZ-2024-0631 > 64 4
Scedosporium apiospermum NRZ-2024-0680 > 64 1

[a] As positive control.
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Supplementary Figure 26. MIC assays performed to evaluate the impact of photoisomerization on biological activities of AFC-BC11 against gram-negative and
gram-positive strains. Broth microdilution assays were performed in duplicate.

Supplementary Table 7. Overview of proteins purified in this study.

Protein Construct MW (Da) Ext. coefficient Conc. (mg/mL) Conc. (uM) Yield (mg/L)
AfcQ pET28_mc03_afcQ 58809.90 51715 34.6 588.3 57.1
AfcA pET28_mc03_afcA 65130.98 48985 27.3 419.2 14.3
AfcK pET28_mc03_afcK 11775.04 4470 21.1 1791.9 26.4
AfcP pET28_mc03_afcP 4425414 34755 15.1 341.0 5.0
AfcL pET28_mc03_afcL 33146.55 42775 2.9 87.5 2.6
Sfp pET15b_WT_sfp 28777.53 30620 4.7 163.3 10.6

[a] Theoretical protein mass including the N-terminal Hise-tag (MW: 2635.77 Da).
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Supplementary Figure 27. Protein purification of N-terminal Hiss-tagged Afc proteins. SDS-PAGE of fractions eluted with HiLoad™ 16/60 Superdex™ 200 pg size
exclusion column (SEC). Fractions containing the aimed protein were pooled for further concentration. SDS-PAGE of AfcP showed the concentrated protein sample
with two-fold serial dilution. The bands of Hise-tagged Afc proteins are highlighted with arrows. Despite intensive optimization, AfcA and AfcP yielded only semi-pure
samples due to partial degradation. The abbreviations are described as follows: marker (M), concentrated fractions before SEC (BS).
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Supplementary Figure 28. Phylogenetic analysis of adenylation (A) domains involved in the bioproduction of B-alanine and its analogs. Based on their native
substrates, the 16 A domains are categorized into four subgroups L-Glu, (2S, 3S)-3-MeAsp, L-Asp, and (S)-3-methyl-B-Ala, which are color-coded in green, blue,
orange, and lilac, respectively, whereas FIVN is an exception to this classification as FIVN utilizes L-Asp as its native substrate. A domains aligned here were
extracted from biosynthetic gene clusters (BGCs) involved in the biosynthesis of butirosin (BtrJ_BAE07074.1),* vicenistatin (VinN_BAD08371.1),%54¢ tripartilactam
(TriF_QGA70083.1),4” sceliphrolactam (SceJ_ANH11405.1),4 bombyxamycin (BomJ_QBL56195.1),4 macrotermycin (MteF_OAP25805.1),5° ciromicin
(CirA2_UKD51468.1),5' fluvirucin Bz (FIVN_BAV56017.1),52 bolagladin (BolO_QNH85847.1),%24% salinilactam (SIm_ABP55216.1),% micromonolactam
(MmIK_AGI61651.1),%* mirilactam (MirG_WP_015801512.1),5%% lobosamide (LobL_ALA09365.1),% incednine (ldnL1_BAP34707.1),5 and auroramycin
(AurL3_AWR88409.1).58

Supplementary Table 8. Specificity codes of selected adenylation domains involved in the activation of L-Asp or its analogs.

A domain Substrate Adenylation Natural product A1 A2 A3 A4 A5 A6 A7 A8 A9 A10
GrsAlI bl L-Phe a-COOH Gramicidin S D% AZS W29 T8 1299 A0 A322 |330 c331 K17
AfcQl®! L-Asp B-COOH AFC-BC11 Dz A%12 g215 21 A7 T 303 F310 R K503
FIVNI© L-Asp -COOH Fluvirucin B2 D0y Ve p270 - T297 729 38 K30 R K510
DptA3l L-Asp a-COOH Daptomycin D4 L1 T8 K282/ G AZT 286 OB K46
IdnL1( (S)-3-methyl-B-Ala B-COOH Incednine D216 p217 1220 NSl 1257 ESEEENCEEE V320 | A3 K514
VinNP! (2S, 3S)-3-MeAsp -COOH Vicenistatin D0 p2t Ve PZ7° BRGNS M3 IKESINERE K10
SIgN 1P (28, 3S)-3-MeAsp a-COOH Streptolydigin D% A4 7 Q36 3™ @B G @GS Rk K

[a] GrsA as the reference for the specificity-conferring codes (A1-A10). [b] Crystal structures from PDB, GrsA (1AMU),%% IdnL1 (5JJQ),576! VinN (3WV5),4562 and
SIgN1 (4GR5).%3%4 [c] Structures were predicted by AlphaFold2 and the substrates were modelled by AutoDock Vina, AfcQ (WP_012337012.1), FIVN
(BAV56017.1),52%5 and DptA3 (AHX36919.1).%% The residues from A2-A9 involved in the interaction and recognition of side chains are color-coded in blue
(hydrophilic) and pink (hydrophobic).
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Supplementary Figure 29. Substrate assays via the continuous photometric hydroxylamine release assay.3'-%2 a) Enzymatic activities of AfcQ (2 uM) were tested
with 25 amino acids and three analogs of citric acid (5 mM). b) Kinetic assays of AfcQ (2 pM) with different concentrations of L-Asp (0, 5, 12.5, 25, 50, 100, 250,
500, 1,000, 2,000 and 5,000 uM). The inset shows the kinetic parameters from non-linear regression. ¢) Enzymatic activities of AfcA (2 uM) were tested with 25

amino acids and three analogs of citric acid (5 mM), as well as 34 fatty acids (50 uM). All reactions were performed in triplicate and error bars indicate the standard
errors.
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Supplementary Figure 30. Structural analysis of AfcQ. Native substrate L-Asp (ball stick) was modelled into the AlphaFold2 predicted protein structures
(cartoon)'®20 of a) AfcQ (WP_012337012.1), b) FIVN (BAV56017.1),52%% and ¢) DptA3 (AHX36919.1).%6 d) The binding pocket of (2S, 3S)-3-MeAsp in VinN (PDB:
3WV5).4582 The residues (stick, pink) indicate the specificity-conferring codes in adenylation domains. Meanwhile, the residues (stick, green) indicate the ATP
binding sites.
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AfcK 1---MTTQNVPADALDILSREVAKILNVE TVDTDAGIGEL@IPIEIEANIVELIVFCEQLYGSIDPEALNI--TQYTTLQQLDAQLRSQQHAA 84

SipL6_ACP (LT986736.1) Lo LG--AAEPLDADLSLRDVELPSMAMVELLSSIESSYDV-RFADEAMSMRNFETPA- - - - - - ——————- 52
SipP1-PKS1_ACP (LT986736.1) 1 - - - ----—------ TDLVREHAASVLGHA--DAVAVDARRAFKDL[EFSMAAVGLRNRLTSATGL-KLPATLYV--FDHPNSEAVAALLRE----- 71
SipP1-PKS2_ACP (LT986736.1) 1 - - - ---------- LDLVRTQVAVVLGHD--GPRDIDPKRGFTDF[(V[}J AALELRNLLAKLTDV-RLPATLV--FDHPTPQAVADLLFEE---- 72
SipP2-PKS1_ACP (LT986736.1) 1 - - --- -~ ----- LALVRAQAASVLGHD--SADAVEANRAFREF[(F[ TAVELRNRLNSATGL-RLPATLV--FDYPTPEILTGYLNDEL--- 73
SipP2-PKS2_ACP (LT986736.1) 1 -=-------~----- LDTVRTQIAAVLGHA--GAQDVEPRRAFTDF[(F[  TAVEFRNKVAAATGL-KLPSTIV--FDYPTPRAFAGFLLAE---- 72
SipP2-PKS3_ACP (LT986736.1) 1 LAGMKP DDQDAFLFDLVSRHVAAVLGHG--ESQTFDGGRALRDM[EF[SIAAVELRNGLGAVTGL-ALPATLV--FDYPTIAEIVDHLGG----- 84
SipP4-PKS_ACP (LT986736.1) 1 LAGLTEP EQRRRLLDLVRTHVAVVLGHD--STSAVEPARAFKEV[{FSVTAVDLRNRLGSACGV-RLPATVV--FDHVSPQALAGHLW------ 83
SipP3-PKS1_ACP (LT986736.1) 1 LAGLPDGERHTAVAGLVRAHTAAVLDYA--SAEEIDADLEFHRL{GFPSITAI ELRNALDSATGL-RLPATLI--FDHPTPAVLAAHLLDA---- 85
SipP3-PKS2_ACP (LT986736.1) 1 - - ----—------- KLVRTHAAGILGYT--GAEEIDLDRPFNEAEFSESAMGFRNKLTLVTGL-KLPAGMI--FDYPNPRALAAHLGEEL--- 72
SipP5-PKS1_ACP (LT986736.1) 1 LAQLPPGERRAALLEVVLGSVMEVLGHS--STELIDTDRAFRDF[{FSITAVELRNKLGGATGA-QLASTVV--FDYPTVAELAAHLHDT---- 85
SipP5-PKS2_ACP (LT986736.1) 1 LAGLTAEQLDKAMEELVLEHAGALLGYG--DNETIDPERHFLES[HFPSETAVELRNGLNAATGL-RLSATVA--FDHQTPGGLARHMAAE---- 85
AbyB1-PKS1_ACP (JF752342.1) 1 -=-------~---- LDLVRTAVAVAHGRV--GPAAIDPDTTFRDL{{LSVTSVEFRDRLAAATGV-PLSPGLV--YDHPTPRAVVAHLRT - - - - - 71
AbyB1-PKS2_ACP (JF752342.1) 1 - --- - - PRDEAELREVVRSVVAEVLGYP--SAAGVDSARP FRDL{{LMSUGGVELRNRLAAATGL-PVPATLYV--FDHPTPDAVVAHLLG----- 78
AbyB1-PKS3_ACP (JF752342.1) 1 -=----=--—— - - ELVRAQVAAVLGHT--DATEVSTDVAFTGLELPS ETAVELRNR IAERTGL-RLSSTVV--FDHPSVDALTDHLVAEL--- 72
AbyB1-PKS4_ACP (JF752342.1) 1 LAGRGAAEQHRLLLELVRSTIVEVLGHS--SVAAVAPDRGLMDL[{FPISETAVELAGRLGADTGV-RTPSTVV--FDHPTPTALAHY LRHE---- 85
AbyB2-PKS1_ACP (JF752342.1) 1 LAGASPAEGRRLLLDTIRTHVAGVLGHD--DASGIDERRAFKDL[FBSETAIELRNRLNTALGR-TLPATLI--FDHPSPGALAEHLRDD---- 85
AbyB2-PKS2_ACP (JF752342.1) 1 -=----~~------ DLVRTQVAAVLGHT--DTDAVVVDRAFKDS@FRSETAVELRNRVSRATGL-RLPPTVV--FDRPTPAELAAHLLDQL--- 72
AbyB3-PKS_ACP (JF752342.1) 1 -=-----=-----~ LDLVRTHAAAVLGHD--TPESVGPDDNFVEI[(LSHFTALEVRNRLCEGTGL-ELSPLAL--FEHPTPAALAEHLRA----- 71
PamF_ACP (NC_023134.1) Tommmm oo EEAILKIWCEHLGYE DLIQVRLKIITEKLNI-GIGIVDI--YTHTTISSLCKFLTG----- 68
PamG_ACP (NC_023134.1) Tommmme oo - EDSLIRIWQQVLGSP KAVTILSTLRKKYNL-TIPLAEF--IKAASIQHLSDY IL------ 67
PamA_ACP (NC_023134.1) lommmmmmeeee e NTLISIWTDLLGDE DMIQANSRLKAIMKQ-DIPIVTM--YTYPTIHTLAEHLTRG---- 68
PamB_ACP (NC_023134.1) I QSIIDIFQKILGIS KAITVLSTIRQQFNT-DIPLKDF--FNNLTGESIAALIME----- 67
PamC_PCP (NC_023134.1) Tommmmi oo EKKLAEIWGEVLDID KVTRLVAQIHKQTNV-RLSYKDV--FERPTIRLLAECMG------ 67
PamD_PCP (NC_023134.1) Tommmme oo EEQLVLCWKQVLGRE KATQLVSRLRR-LHY-KIEVRDI--FTSPTIEQLAK--------- 63
PamE_PCP (NC_023134.1) Tommmm oo - EKVVAE IWKEVLNMD DVMKVASKLKKAFDR-EFEIVSM--FTYPTIASFSKHV---=--- 66
PamH_PCP1 (NC_023134.1) lommmmmm e EKKLAGMWSEVLGID KMMSLSGRIQKEYGI-KITMNQL--FQYPTIKEFGTFLED----- 68
PamH_PCP2 (NC_023134.1) lommmmmee e EERIASVWRDVLGVE LI IKLEVELEKRGLF--KSGINL--FEHNTIRQLAVRLQTD---- 68
PamN_PCP (NC_023134.1) lommmmm e - EILLTDIFKEVLRVE KATQIVSKING-AGY-GIKVKDV--LSYPTIEELASLLV------ 66
Alb01-NRPS1_PCP (AJ586576.1) 1 - =~ ---=--~---- EQRLAALFAEVLRVE SASQLISRIARDMAI-DLP LAML--FELPTVAQLSESLAS----- 68
AlIb04-NRPS2_PCP (AJ586576.1) 1 - == ---=-=~----- EQELVQIWKEVLMVD SALMLLYSIAERYQK-MVSIQAF--SVNPTIEGLSEHL------- 66
Alb01-NRPS3_PCP (AJ586576.1) 1 - - - - -—— - --- - EQRLAALFAEVLRVE SASQLISRIRQSFHV-DLPLSRI--FEAPTIEGLVRQ-------- 65
AlIb09-NRPS4_PCP (AJ586576.1) 1 — - - - - - - ----- EITLAKLWSELLTPAQAAPLRVSLNDNFFNL[@& S LATQLFSRIRQSFDI-EVRVNTL--FESPVLEDFARVVNEA---- 74
Alb09-NRPS5_PCP (AJ586576.1) 1 — - - -~ -~~~ -~~~ EITLAKLWSELLTPAQAAPLRVSLNDNFFNL{@ I LATQLFSRIRQSFDI-EVRVNTL--FESPVLEDFAAVVER----- 73
TycA_PCP (AF004835.1) I ESILVSIWQNVLGIE KI1GIRDNFYSL[@e[}d I QAIQVVARLHS-YQL-KLETKDL--LNYPTIEQVALFVKST---- 68
TycB-NRPS1_PCP (AF004835.1) 1 - == -----~---- EQKLVAIWEQILGVS KA1QLISRIQKECQA-DVPLRVL--FEQPTIQALAAYVEG----- 68
TycB-NRPS2_PCP (AF004835.1) 1 - = - - -——---- -~ EAKLVAIWENALGIS KAMTVVAQVHREFQI-DLLLKQF--FAAPTIRDLARLIEHS---- 69
TycB-NRPS3_PCP (AF004835.1) 1 - = - - ————---- -~ EQLLAGIWADVLGIK KATQVSTRLNA-SGW-TLAMKEL--FQYPTIEEAALRV-=—----- 65
TycC-NRPS1_PCP (AF004835.1) 1 — = - - -~~~ - - -~ - EAKLAEIWQQVLGIS KAMTVVFQVSKALEV-ELPVKAL--FEHPTVAELARFLSRS---- 69
TycC-NRPS2_PCP (AF004835.1) 1 - = -~ - ===~~~ -~ EAKLAAIWESVLGVE KAMHV I SLLQRSFQV-DVPLKVL--FESPTIAGLAP LVAA----- 68
TycC-NRPS3_PCP (AF004835.1) 1 - =~ ---=~~----- ESKLAEIWERVLGVS KAMAVAAQVHREYQV-ELPLKVL--FAQPTIKALAQYVAT----- 68
TycC-NRPS4_PCP (AF004835.1) 1 - == ----~~----- EAKLQQ IWQEVLGIP KAMNV | TQVHKTFQV-ELPLKAL--FATPTIHELAAHIAES---- 69
TycC-NRPS5_PCP (AF004835.1) 1 - = - - - - - - - - - EARLAQVWEQVLNVP RAMRVLSSMHNEYQV-DIPLRIL--FEKPTIQELAAFIEET---- 69
TycC-NRPS6_PCP (AF004835.1) 1 - = - - —— - - - - - - EQQLAAIWQEVLGVE KATLLIAKVYEYMQI-ELPLNLI--FQYPTIEKVADFITHK---- 69
SrfAA-NRPS1_PCP (AJ575642.1) 1 — = - - -~ - - - - - - EETLAV IWQEVLGMD KAMTLLTK HKQMGV-EIPLQYL--FEHPTIAALADYAENR---- 69
SrfAA-NRPS2_PCP (AJ575642.1) 1 - = - -~ ===~~~ -~ EQKLADIWAEVLQME AGMKLLALIQKTFGV-QLTLKDL--FTSPTAAGLAQLIEGT---- 69
SrfAA-NRPS3_PCP (AJ575642.1) 1 - -~ - -~~~ -~~~ ETLLSDIWQEVLGLD KGIQMASRLNQ-HGY-KLEMKDL--FQHPTIEELVSYVERT---- 68
SIfAB-NRPS1_PCP (AJ575642.1) 1 - == ----=--- -~ EQKLADIWEG I LGVK KAMMMTAK |QEHFQK-EVP IKVL--FEKPTIQELAHYLQHE---- 68
SrfAB-NRPS2_PCP (AJ575642.1) 1 - - - - - - - - - - - EEKLCRIWKQTLGTD KGMMLLANIQAELDK-TVPLKAL--FEQPTVRLLAAY | EKS---- 69
SrfAB-NRPS3_PCP (AJ575642.1) 1 — - - - —— - - - - - - ETLLSDIWQEVLGLD KGIQMASRLNQ-HGY-KLEMKDL--FQHPTIEELVSYVERT---- 68
SrfAC_PCP (NC_023134.1) lommmmmme e EETIAHIWSDI LGRQ KAMTAASRIKKELGT-DIPVQLL--FEATTIADIAGYLLH----- 68
PamA_PCP (NC_023134.1) lommmmm e - EKAIAQIWKEALGIE KLIRVYGRLQALTSK-EVTIADM--FANPTVSTLSDFLSG----- 68
PamB_PCP (NC_023134.1) I EKVLAEIWAGILNRSI---ETLSIDSSFFEM@EISIKAAIMASRIHKRLNI-KVPMIEl--FNRPTIRELAKYMKE----- 70

Supplementary Figure 31. Alignment of AfcK with ACPs and PCPs revealed the conserved core motif G_(D/H)SL with the Ser residue (asterisk) for phosphopantetheinylation. Notably, the presence of GG residues (pink) reflected the
enhanced mobility in PCPs.®” ACPs and PCPs aligned here were extracted from BGCs involved in the biosynthesis of sipanmycin,® abyssomicin,®® paenilamicin?®™, albicidin,”? tyrocidine,®”7 and surfactin.”
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Supplementary Figure 32. Phylogenetic analysis of CPs involved in the biosynthesis of natural products containing $-amino acids and its analogs, which indicated
the convergent evolution of AfcK and AfcQ. Based on native substrates of the corresponding partner A domains (Supplementary Figure 28), the 14 CPs are
categorized into four subgroups L-Glu (green), 3-MeAsp (blue), L-Asp (orange), and 3-methyl-B-Ala (lilac), whereas FIvL, being loaded with L-Asp, is an exception
to this classification. It is evident that AfcK and BolIC are closely related to Btrl. Btrl is known to participate in the biosynthesis of butirosin. (Accession numbers:
BolC_WP_013690725.1,%243 FivL_BAV56000.1,52 Btrl_BAB18048.1,* AurL2_AWR88408.1,58 IdnL6_BAP34717.1,5 LobK_ALA09364.1,%°

MirF_WP_015801511.1,5556 BomD_QBL56185.1,% CirA7_UKD51470.1,5! MteD_OAP25803.1,% SceH_ANH11403.1,% TriH_QGA70085.1,47
VinL_BADO08369.14546)
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Supplementary Figure 33. Loading of holo-AfcK monitored by ESI (+)-Q-TOF. a) Reaction scheme of the conversion from apo-AfcK to holo-AfcK and the loading of L-Asp. Mass shift of 340 amu between apo- and holo-AfcK was annotated
as the loading of ppant arm. The loading of an L-Asp to ppant arm was confirmed by the detection of the mass addition of 115 amu. ESI (+)-Q-TOF of AfcK loading, from b)-g): apo-AfcK, holo-AfcK, holo-AfcK/L-Asp/AfcQ, denatured AfcQ
(95 °C for 5 min) as a negative control, holo-AfcK/myristic acid (C14:0)/AfcA, denatured AfcA (95 °C for 5 min) as a negative control.
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Supplementary Figure 34. Multiple L-Asp-loading of holo-AfcK with single AfcQ incubation monitored by ESI (+)-Q-TOF. a) Reaction scheme. b)-d): For longer incubation times (>6 h) the loading of the second and the third L-Asp to the
ppant arm was confirmed by the detection of the mass difference of an additional 115 amu from 12,093 to 12,208 amu, and from 12,208 to 12,323 amu, respectively.
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Supplementary Figure 35. Multiple L-Asp-loading of holo-AfcK with repeated AfcQ incubation monitored by ESI (+)-Q-TOF. a) apo-AfcK. b) holo-AfcK. ¢) The reaction system, containing holo-AfcK, AfcQ, ATP, and L-Asp, was incubated
at 30 °C for 30 min. The loading of two L-Asp residues was detected. d) Detection of three L-Asp residues after incubation for 24 h. e) 20 yM AfcQ was added to d) after 24 h followed by incubation for an additional 30 min. The excess
ATP and L-Asp were removed from c) followed by f) incubation for 24 h, g) adding 5 mM ATP and incubation for 24 h, h) adding 5 mM L-Asp and incubation for 24 h, i) adding 5 mM ATP/5 mM L-Asp and incubation for 24 h. The loading
of seven L-Asp residues was detected.
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Supplementary Figure 36. Phylogenetic tree of decarboxylases involved in the biosynthesis of natural products containing B-amino acid or its analogs. Based on the origin (bacteria/fungi), metabolomic pathways (primary/secondary),
and native substrates (3-MeAsp/L-Glu/L-Asp/B-Glu), the 23 decarboxylases were categorized into six subgroups, which are color-coded in blue, green, orange, pink, yellow, and lilac, respectively. However, KirD and FIvO are two exceptions
to this classification. KirD is involved in the biosynthesis of a secondary metabolite known as kirromycin, whereas FIvO utilizes L-Asp as substrate. It is evident that AfcP and BoIN are closely related to BtrK in terms of their phylogenetic
relationship. Decarboxylases aligned here were extracted from BGCs involved in the biosynthesis of bombyxamycin,*® vicenistatin,*34¢ sceliphrolactam,*® tripartilactam,*” fluvirucin Bz,%? ciromicin,®" macrotermycin,® butirosin,*
bolagladin,*>** pantothenate,”>”® kirromycin,”” destruxin,”® auroramycin,® incednine,?” mirilactam,3%5¢ salinilactam,5* lobosamide®®, micromonolactam.5*
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Supplementary Figure 37. Alignment of PLP-dependent decarboxylases. Biosynthesis of 3-Ala and its derivatives (3-aminoisobutyrate and GABA) involves multiple
PLP-dependent decarboxylases, and their alignment reveals conserved PLP binding sites (blue).” Notably, while BtrK is often used as the reference, other PLP-
dependent decarboxylases feature a replacement of the classical Tyr187 with phenylalanine (pink). Despite this substitution, the 1-11 stacking interaction between
the PLP pyridine ring and the phenyl side chain remains. Moreover, Thr190 in BtrK is substituted for proline in AfcP and BoIN (green). Decarboxylases aligned here
were extracted from BGCs involved in the biosynthesis of butirosin,® bolagladin,®?4® fluvirucin B2,%2 bombyxamycin,*® ciromicin,5' macrotermycin,3°
sceliphrolactam,®® tripartilactam,*” and vicenistatin.*54¢
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Supplementary Figure 38. Structural analysis of AfcP. a) Alignmnent of decarboxylases BtrK (PDB: 7RU7),”® AfcP (AlphaFold2),'®2° and FIvO (AlphaFold2).16-20
The co-factor PLP is shown as stick model. b) The binding sites of PLP (yellow) in BtrK. ¢) Alignment of the binding pockets of PLP (yellow) in BtrK (gray), AfcP
(green), and FIvO (blue) by superimposing the crystal structure of BtrK and the AlphaFold2-predicted structures. Lys51 of AfcP represents the expected site of PLP

attachment as Schiff base.
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Supplementary Figure 39. Decarboxylation assay of mono-loaded HzN-L-Asp-y-S-AfcK monitored by ESI (+)-Q-TOF. a) Reaction scheme and L-Asp ('3C4) as substrate (orange). b) apo-AfcK. ¢) holo-AfcK. d) mono-loaded HaN-L-Asp-y-
S-AfcK. The excess ATP and L-Asp were removed from d) followed by adding AfcP/PLP and incubation at 30 °C for e) 1 hour or f) 24 hours. Denatured AfcP was used as negative controls in g) and h).
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Supplementary Figure 40. One-pot AfcQ/AfcK/AfcP decarboxylation assay monitored by ESI (+)-Q-TOF. Reaction mixture containing holo-AfcK, AfcQ, ATP, L-Asp ('°C4), AfcP, and PLP was incubated at 30 °C for a) 1 min, b) 5 min, ¢)
10 min, d) 20 min, e) 40 min, f) 60 min, g) 2 hours, and h) 24 hours. i) Alignment of peaks corresponding to H2N-B-Ala-S-AfcK and H2N-(L-Asp)2-S-AfcK for continuous monitoring from 1 min to 24 hours.
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Supplementary Figure 41. Control one-pot reaction utilizing denatured AfcP. Reaction mixture containing holo-AfcK, AfcQ, ATP, L-Asp ('Ca), denatured AfcP, and PLP was incubated at 30 °C for a) 1 min, b) 5 min, ¢) 10 min, d) 20 min,

e) 40 min, f) 60 min, g) 2 hours, and h) 24 hours.
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Supplementary Figure 42. Comparison of the loading efficiency of L-Asp onto HaoN-L-Asp-y-S-AfcK and Hz2N-(B-Ala)»-S-AfcK (n=1,2, and 3) as acceptors. The
calculated percentage is used to reflect the loading efficiency of the subsequent L-Asp.
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Supplementary Figure 43. Alignment of AfcA with selected FAALs and FACLs revealed the conserved gate motifs (gray), insertion motif (green), hinge region
(light blue), and C-terminal loop (pink). The conserved Asp and Lys residues are highlighted in orange and blue, respectively. The FAALs aligned here are BolB
(WP_241238501.1),4243 EcCFAAL (PDB: 3PBK),%° LpFAAL (PDB: 3KXW),®® FadD23 (PDB: 8IQU),%' FadD26 (CCP45733.1),%2 BurM (WP_004188299.1),% CylA
(AFV96135.1),8 FtpD (WP_011556561.1),%¢ MycA (WP_003238152.1),8% and PuwC (AIW82280.1).86 The FACLs selected are FadD6 (NP_215722.1), FadD13
(NP_217605.1), FadD19 (YP_177983.1), and CBAL (PDB: 1T5D).8788
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Supplementary Figure 44. Structural analysis of AfcA. a) Alignment of AlphaFold2-predicted AfcA'6-2° and EcFAAL (PDB: 3PBK) combined with dodecanoyl-AMP
intermediate (sphere).? b) c) the crystal structure of ECFAAL and the predicted structure of AfcA, respectively. The N-terminal Acore, C-terminal Asw, the hinge
region, and the insertion motif are highlighted in gray, blue, yellow, and dark gray, respectively. d) The binding sites of dodecanoyl-AMP (ball stick) in ECFAAL.
The residues (stick, pink) indicate the critical sites involved in the formation of a hydrophobic pocket for the acyl chain. Meanwhile, the residues (stick, green)

indicate the AMP binding sites. e) The predicted binding pocket of adenylate intermediate in AfcA by superimposing the crystal structure of ECFAAL and the predicted
structure of AfcA.

61



NN N X
N N
< ¢
o o0 N7 N o NTN
P-0 HO-P-O
- o) - o)
14 1 o é cl)
C24H3g9N508P” C10H13N507P"
Exact Mass: 556.2542 OH OH OH OH  Eyact Mass: 346.0558
o
Ozp~
R~oH

o) o) Exact Mass: 976.3063

R C35HE1N7017P3S
HzNJ\((N . o C.)HO QHO\><)J\ /\)J\ s 1 14
N=/ O pro N N
(0]

b NL: 4.04E5, m/z= 556.2297-556.2787 MS AfcA

100 378 d AfcA #256 RT: 3.78 AV: 1 NL: 4.04E5
50 3 A : T: FTMS - ¢ ESI Full ms [180.00-2000.00] ;
0 , 556.2303
NL: 1.89E4, m/z= 976.3014-976.3112 MS AfcA i 1333 g
100 1.50 80 -]
50 3 P70 ;
0 {60
c NL: 0, m/z= 556.2514-556.2570 MS AfcA (deactivated) i jg ] 346.0414 T
100 : b | :
50 3 30 —: 550.5659. ‘
0 L0020 b 317.5585 |395.9487 \“ :
v 10 j2136858 ‘\ 477.9783 :
NL: 1.91E4, m/z= 976.3014-976.3112 MS AfcA (deactivated) P 0 '

100 H 200 300 400 500 600

50

| L S e O B B B B N N N N B B B B N R N B BN B B R B B N N B R B N RN N B B B N R N N B N R R R N N N R

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Time (min)

Supplementary Figure 45. AfcA-catalyzed activation of myristic acid (C14:0) monitored with LTQ-Orbitrap. a) The structures, molecular formulas, and theoretical
molecular masses of [M-H] ions of expected reaction products: CHs-(CHz2)12-CO-AMP, AMP, and CH3-(CHz2)12-CO-CoA. b) EIC of CH3-(CH2)12-CO-AMP and CHas-
(CH2)12-CO-CoA from reaction system containing active AfcA. Adenylated myristic acid (C14:0) with retention time at 3.78 min was observed. ¢) Negative control
using denatured AfcA. d) ESI (-)-MS spectrum of adenylated myristic acid (C14:0) acquired from b). The calculated mass accuracy for the theoretical [M-H]- at m/z

556.2542 and m/z 346.0558 was -43.0 and -41.6 ppm, respectively, which falls within the 50 ppm mass accuracy threshold of the Orbitrap instrument in negative
ion mode, as determined by daily measurements using a reference compound.
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Supplementary Figure 46. AfcA-catalyzed acyl transfer using myristic acid (C14:0) as substrate and H2N-L-Asp-y-S-AfcK as acceptor. a) Reaction scheme. ESI (+)-Q-TOF of AfcK loading subsequent reactions (from b to f: apo-AfcK,
holo-AfcK, L-Asp loaded holo-AfcK, reaction with AfcA, denatured AfcA as a negative control). The expected mass of the product myristic-L-Asp-y-S-AfcK (dashed line) was not observed.
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Supplementary Figure 47. AfcA-catalyzed acyl transfer using myristic acid (C14:0) as substrate and H2N-B-Ala-S-AfcK as acceptor. a) Reaction scheme. ESI (+)-Q-TOF of AfcK loading subsequent reactions (from b to e: apo-AfcK, B-
Ala loaded AfcK, reaction with AfcA, denatured AfcA as a negative control). The expected mass of the product H2N-B3-Ala-S-AfcK (dashed line) was not observed.
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Supplementary Figure 48. AfcA-catalyzed acyl transfer using myristic acid (C14:0) as substrate and H2N-(B-Ala)s-S-AfcK as acceptor. a) Structure of H2N-(B-Ala)s-S-CoA. b) Reaction scheme. ESI (+)-Q-TOF of AfcK loading (from ¢ to f:
apo-AfcK, HaN-(B-Ala)s-S-AfcK, reaction with AfcA for 1 hour, reaction with AfcA for 20 hours). Denatured AfcA was used as negative controls in g) and h). The loading of myristic acid (C14:0) was observed.
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Supplementary Table 9. Selected proteins involved in C-C, C-N, C-S, and C-O bond formation.

Bond Protein Nature product PDB Function Donor Intermediate Acceptor Product Catalytic triad

FabB® Fatty acid 1DD8 B-ketoacyl-ACP synthase | (KAS 1) ACPx-S-X FabB-S-X ACPy-S-Y ACPy-S-Y-X ces H2%8 H333
FabF®° Fatty acid 2GFW B-ketoacyl-ACP synthase Il (KAS II) ACPx-S-X FabF-S-X ACPy-S-Y ACPy-S-Y-X ces H303 H340
FabF®! Fatty acid 4JPF B-ketoacyl-ACP synthase Il (KAS II) ACPx-S-X FabF-S-X ACPy-S-Y ACPy-S-Y-X Ccle4 H304 H341
e FabH?%? Fatty acid 1U6S B-ketoacyl-ACP synthase Il (KAS IIl) CoA-S-X FabH-S-X ACPy-S-Y ACPy-S-Y-X c2 H244 H274
ZhuH% Fatty acid 1MZJ B-ketoacyl-ACP synthase Il (KAS IIl) CoA-S-X ZhuH-S-X ACPy-S-Y ACPy-S-Y-X c H257 N288
DpsC% Daunorubicin 5WGC KAS lll-like CoA-S-X DpsC-S-X ACPy-S-Y ACPy-S-Y-X S8 H1%8 H297
holo-AB3403% Tyrocidine 4ZXI Condensation domain in NRPS PCPx-S-X / PCPy-S-Y PCPy-S-Y-X H144 H145 D™
CtaG*' Closthioamide / Thiotemplated acyltransferase PCPx-S-X CtaG-S-X PCPy-S-Y PCPy-S-Y-X ch H128 D44
AdmF% Andrimid / Thiotemplated acyltransferase ACPx-S-X AdmF-S-X PCPy-S-Y PCPy-S-Y-X ce0 H126 D3
BtrH” Butirosin / ACP-aminoglycoside acyltransferase (product release) ACPx-S-X BtrH-S-X Y-NH2 Y-X c® H122 D0
o Paml|™ Paenilamicin / BtrH-like (product release) PCPx-S-X Paml-S-X Y-NH2 Y-X cH H122 D2

PnaB% Phosphonoalamide / ATP-grasp ligase X-COOH X-P Y-NH2 Y-X / / /

PnaC® Phosphonoalamide / ATP-grasp ligase X-COOH X-P Y-NH2 Y-X / / /

AutR% Autucedine / ATP-grasp ligase X-COOH X-P PCP-SH PCP-S-X / / /
ChiB3100.101 Chlorothricin 7EQI KAS lll-like ACP1-S-X ChIB3-S-X ACP2 ACP2-S-X c3 H?2% D3t
CloN2102 Clorobiocin / Acyltransferase ACP1-S-X CIoN2-S-X ACP2 ACP2-S-X cs H?2% D3t
s CmaE'® Coronamic acid / Acyltransferase ACP1-S-X CmaE-S-X ACP2 ACP2-S-X C105 H?255 D260
SfaN'4 Sanglifehrin / KAS lll-like ACP1-S-X SfaN-S-X ACP2 ACP2-S-X c4 H297 D302
CerJ'05 Cervimycin 3T6S KAS lil-like/O-malonyl transferase (product release) CoA-S-X CerJ-S-X Y-OH Y-X ce H2%5 D30
c-0 ChiB6"! Chlorothricin / KAS lil-like (product release) ACP-S-X ChIB6-S-X Y-OH Y-X cs H2% D301
CloN7102 Clorobiocin / KAS lil-like (product release) ACP-S-X CIoN7-S-X Y-OH Y-X S0t / D192
AfcL AFC-BC11 / KAS lll-like / / / / cm H238 D243
This study AfcO AFC-BC11 / KAS lll-like / / / / Cc'28 H279 D284
AfcR AFC-BC11 / KAS lll-like / / / / T H307 E312
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Supplementary Figure 49. Structural analysis of AfcL/O/R models. a) Multiple sequence alignment (MSA) of AfcL, AfcO and AfcR with selected acyltransferases
from Supplementary Table 9. The conserved catalytic triads are highlighted in violet. b) 3D structure superposition of ChIB3 (tan, PDB:7EQI)'*'%! and AlphaFold2-
predicted structures of AfcL (sky blue), AfcO (lilac) and AfcR (green).'®2° The catalytic triads are shown in the zoomed view on the right.
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Supplementary Figure 50. Loading of AfcL monitored by ESI (+)-Q-TOF. a) 1-h incubation of AfcL with substrates (from top to bottom: H2N-f-Ala-SNAc, HaN-(B-
Ala)2-SNAc, HaoN-(B-Ala)s-SNAc, HzN-(B-Ala)s-SNAc, HaN-L-Lys-SNAc, or H2N-L-Lys-S-CoA). The successful loading was confirmed by the detection of the mass
difference of an additional 71, 142, 213, and 284 amu. b) Overnight incubation.
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Supplementary Figure 51. Competitive loading of AfcL monitored by ESI (+)-Q-TOF. a) 1-h incubation of AfcL together with the mixture of four thioester mimics
H2N-B-Ala-SNAc, HaN-(B-Ala)2-SNAc, HaN-(B-Ala)s-SNAc, and H2N-(B-Ala)s-SNAc. Only the mass difference of an additional 213 amu was detected indicating the
successful loading of (B-Ala)s. b) Overnight incubation.
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Supplementary Figure 52. Acyl-release from AfcL monitored by LTQ-Orbitrap XL. a) Potential products H2N-(B-Ala)s-Lys and H2N-(B-Ala)s-Lys-S-CoA. b) EIC of
starting materials and expected products under different reaction conditions (from top to bottom: H2N-(B-Ala)s-SNAc, incubation with L-Lys for 2 hours and overnight,
incubation with D-Lys for 2 hours and overnight, HoN-L-Lys-S-CoA, incubation with HoN-L-Lys-S-CoA for 2 hours and overnight. ¢) MS spectra of the starting materials
H2N-(B-Ala)s-SNAc and HaN-L-Lys-S-CoA from b) with tr at 0.99 and 0.75 min, respectively. The production of H2N-(B-Ala)s-Lys-S-CoA (m/z 555, m/z 1109) was
detected when incubated with H2N-L-Lys-S-CoA for 2 hours d) and overnight e). The MS spectra were acquired from b) with tr at 0.93 and 0.95 min, respectively.
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Supplementary Figure 53. Loading test of fatty acid onto H2N-(B-Ala)s-S-AfcL monitored by ESI (+)-Q-TOF. a) AfcL as the reference. b) H2N-(B-Ala)s-S-AfcL
obtained after incubation of H2N-(B-Ala)s-SNAc and AfcL for overnight and the excess Ha2N-(B-Ala)s-SNAc was removed through serial dilution and centrifugation
processes. Incubation of H2N-(B-Ala)s-S-AfcL with AfcA, myristic acid (C14:0), ATP and Mg?* for ¢) 2 hours and d) overnight, and the control reactions without AfcA
for e) 2 hours and f) overnight. The expected mass of myristoyl-(8-Ala)s-S-AfcL is indicated with the dashed line.
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Supplementary Figure 54. Loading test of fatty acid onto H2N-(B-Ala)s-L-Lys-S-CoA monitored by LTQ-Orbitrap XL. a) Expected product myristoyl-(B-Ala)s-L-Lys-
S-CoA. EIC of H2N-(B-Ala)s-L-Lys-S-CoA (m/z at 555.1681) and myristoyl-(B-Ala)s-L-Lys-S-CoA (m/z at 660.2672) after incubation of H2N-(B-Ala)s-SNAc, AfcL, H2N-
L-Lys-S-CoA, AfcA, myristic acid (C14:0), ATP and Mg?* for 2 hours b) and overnight ¢), and the control reactions without HzN-L-Lys-S-CoA for d) 2 hours and e)
overnight. f) Acyl-transfer model catalyzed by AfcA exclusively accepting H2N-(B3-Ala)s-S-AfcK as substrate.
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Supplementary Figure 55. Structural analysis of AfcC model. a) Alignment of conserved histidine motifs in AfcC, FtAIkB (PDB: 8SBB) and AlkB (PDB: 8F6T).106:107
b) Protein structure superpositions of FtAIKB (sky blue) and AlphaFold2-predicted AfcC (dark gray)'®?° combined with dodecane (ball stick, green) and irons
(ball, red). The conserved binding pockets for irons are shown in the zoomed view on the right. ¢) The residues indicate the critical sites involved in the formation
of a hydrophobic pocket for dodecane in FtAIkB (stick, sky blue) and the predicted hydrophobic residues in AfcC in dark gray by superimposing the crystal structure
of FtAIkB and the predicted structure of AfcC. d) The hydrophilic residues (Glu52 and Asn241) on the bottom of the pocket in AfcC are highlighted. e) The predicted
binding model of L-Lys (ball stick, green) in AfcC, which was modelled by AutoDock Vina. f) Four transmembrane (TM) helixes in AfcC were predicted using
DeepTMHMM.% g) The predicted transmembrane helixes are highlighted in the electrostatic surface of AfcC, TMhelix: 8-29 (yellow), TMhelix: 33-53 (orange),

TMhelix: 164-182 (green) and TMhelix: 185-200 (deepgreen). (Electrostatic surface: coloring ranging from red for negative potential through white to blue for
positive potential).
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Supplementary Figure 56. Metabolic profiling acquired with LTQ-Orbitrap XL of a) WT (B. pyrrocinia DSM 10685) and b) AafcC. The production of AFC-BC11 (m/z
734) and its congeners (m/z 752, m/z 738, m/z 720) was completely abolished in AafcC. Only two congeners were still observed from AafcC (m/z 736 and m/z 722).
c) MS/MS spectra of m/z 734 observed from WT (as reference), of m/z 736 and m/z 722 from AafcC, which identified two families of AFC-BC11-like metabolites
with either Lysine (m/z 736, m/z 752, m/z 734) or Ornithine at the C-terminus (m/z 722, m/z 738, m/z 720), respectively. d) Proposed formation of the double bond
in DHLys by initial hydroxylation and subsequent dehydration.
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6ABW/1-390 HHHHGSMSQ I SRGLENVFIKTTSLTYID 34
[ O e 4 B it il MELRKGLEDIAIKETSITYID 21
8GMO/1-379 1 == == m = == m - s s s s s e s e e e e e e e e e e e e e e e e e e e e e e e e — e — e ——— - - MTVVPENFVPGLDGVVAFTTEIAEPD 26
AfcS/1-414 39 LDPEALRVRDLDLNALIGA--------- TTFEGALAHLWFDVAPGRADHRTHEAAIAA---------- RLAAFADALAPGSVAQSVAADLGA----- 111
1A59/1-378 24 SDTNSLLYRGYPVQELAAK--------- CSFEQVAYLLWNSELPNDSELKAFVNFERSHRKLDENVKGAIDLLSTACHPMDVARTAVSVLGANHARA 111
1I0M/1-377 22 GQQGKLYYYGIPIQELAEK--------- SSFEETTFLLLHGRLPRRQELEEFSAALARRRALPAHLLESFKRYPVSAHPMSFLRTAVSEFGMLDPTE 109
1IXE/1-377 22 GQQGKLYYYGIPIQELAEK---=-~----~ SSFEETTFLLLHGRLPRRQELEEFSAALARRRALPAHLLESFKRYPVSAHPMSFLRTAVSEFGMLDPTE 109
107X/1-377 23 GEKGILRYRGYNIEDLVNY--------- GSYEETIYLMLYGKLPTKKELNDLKAKLNEEYEVPQEVLDTIYLMPKEADAIl---------- GLLEVGT 100
2H12/1-436 69 GDKGVLLHRGYP IAQLAEN--------- ASYEEVIYLLLNGELPNKAQYDTFTNTLTNHTLLHEQIRNFFNGFRRDAHPMAILCGTVGALSAFYPDA 156
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5UZR/1-462 83 PDEG-IRFRGFSIPECQKLLPKAKGGEEPLPEGLFWLLVTGHIPTEEQVSWLSKEWAKRAALP SHVVTMLDNFPTNLHPMSQLSAAVTALNSESNFA 178

6ABW/1-390 35 GENGILRYGGYDIEDLVEH--------- TSFEEVVHLMLYGDLPTKLQLQRLKSALDEAYEVPQQV IDMIYSLPRDSDAV------=~-- GMMETAF 112
6ABX/1-378 22 GELGRLYYRGY S| FDLASF--------- SNFEEVAY LLWYGKLPTRHELDDFKSRLAEERSISEDISTFVKRTAKFGNPMDI LRTTVSMMGLE---- 105
8GM9/1-379 27 KDGGALRYRGVD I EDLVSQR-------- VT FGDVWALLVDGNFGSGLPPAE-----ccmmmmmmmmmmmm oo PFPLPIHSGDVRVDV--QAGL 88
AfcS/1-414 112 AGVAPVFAAASGLLRGLDDVTDRVRGPASDDADLDTMLL----- CAAAAPFLLHAAIEG-RPFAAGPHARGGTALDAAQTQAQRMLVLTGATRG- -~ 199
1A59/1-378 112Q--------====--—-—— -~ DSS----PEANLEKAMSLLATFPSVVAYDQRR---RRG-EELI----- EP----REDLDYSANFLWMTFGEEA--- 168
1IOM/1-377 110 G- === === === == ===~ === = DIS----REALYEKGLDLIAKFATIVAANKRL---KEG-KEP | PP----REDLSHAANFLYMANGVEP--- 166
1IXE/1-377 -DIS----REALYEKGLDLIAKFATIVAANKRL---KEG-KEP I PP----REDLSHAANFLYMANGVEP--- 166
107X/1-377 101 AALAS I DKNF- - KWK - - - - - - END-------- KEKATSIIAKMATLVANVYRR---KEG-NKPR----- |P----EPSDSFAKSFLLASFAREP--- 165
2H12/1-436 157 ND |- == === - ——— === === ——- Al----PANRDLAAMRLIAKIPTIAAWAYKY---TQG-EAFI----- YP----RNDLNYAENFLSMMFARMSEPY 217
21BP/1-409 128 QKL I EALSVG--RYK AEE----KELAYRIAEKLVAKMPTIVAYHYRF---SRG-LEVV RP----RDDLGHAANFLYMMFGREP--- 196
4TVM/1-431 152 LDP = === - - - == ==-=-————- MD----NGQVELSTIRLLAKLPTIAAYAYKK---SVG-QPFL----- YP----DNSLTLVENFLRLTFGFPAEPY 212
5UQS/1-464 183 RA----YAEG-- |HR------ TKY----WELIYEDCMDLIAKLPCVAAKIYRN-LYREG-SSIG--------- AIDSKLDWSHNFTNMLGYT----- 247
5UZR/1-462 179 RA----YAQG-- | SR -TKY----WELIYEDSMDLIAKLPCVAAKIYRN-LYREG-SGIG ---AIDSNLDWSHNFTNMLGYT----- 243
6ABW/1-390 113 SALSS|YGMP - -WNK ~ATN-----=-- RDNAVKLVARASTVVANVLRA---KEG-KKPA |P----EPSESFAKSFLKASFSRTP--- 177
6ABX/1-378 106 -~ -~ == - = -~~~ = = - -DRS----EGDLIGKAIKMTAKIPTIISLIQRT---RRN-QEFV EP----DPSLSHSENFLYMIRGERP--- 161
8GM9/1-379 89 AMLAP IWGYA--PLL------ DID----DA----TARQQLAR-ASVMALSYVA-QSARGIYQPA----- VPQR I IDECSTVTARFM-TRWQGEP - - - 158

AfcS/1-414 200 - -DAPAQAAMDMLLVA--WHAGFGY ITPTVLAPRIAIGTGVTLTQAIASGF-LASGPS . VGAALEAMQWLAALARSIPGGTDAPAAALDAAGRAAID 291

1A59/1-378 169 --APEVVEAFNVSMILYAEHS-FNAST---FTARVITSTLADLHSAVTGAIGALKGP L GGANEAVMHTFEEIGIRKDESLDEA---ATRSKAWMVD 256
110M/1-377 167 - - SP EQARLMDAAL I LHAEHG-FNAST---FTAIAAFSTETDLYSAITAAVASLKGPR JGGANEAVMRMIQEIGTP--~----- - ERAREWVRE 245
1IXE/1-377 167 --SPEQARLMDAALI LHAEHG-FNAST---FTAIAAFSTETDLYSAITAAVASLKGPR GGANEAVMRMIQEIGTP-~-----~-----~ ERAREWVRE 245
107X/1-377 166 --TTDEINAMDKALILYTDHE-VPAST---TAALVAASTLSDMYSSLTAALAALKGPL /GGAAEEAFKQFIEIGDP------------ NRVQNWFND 244
2H12/1-436 218 KVNPVLARAMNRILILHADHE-QNAST---STVRLAGSTGANPFACIAAGIAALWGPA .IGGANEAVLKMLARIGK-KENI ---PAFI1AQV 299
2IBP/1-409 197 --DPLASRGIDLYLILHADHE-VPAST---FAAHVVASTLSDLYSSVAAAIAALKGPL GGANEMAVRNYLEIGTP---~--------- AKAKEIVEA 275
4TVM/1-431 213 QADPEVVRALDMLFILHADHE-QNCST---STVRLVGSSRANLFTSISGGINALWGP L. GGANQAVLEMLEGIRDSGDDV-~--------- SEFVRKV 295

5UQS/1-464 248 --DAQFTELMRLYLTIHSDHEGGNVSA---HTSHLVGSALSDPYLSFAAAMNGLAGPL JGLANQEVLVWLTQLQKEVGKDVS- DEKLRDY IWN 334
S5UZR/1-462 244 - -DHQFTELTRLYLTIHSDHEGGNVSA---HTSHLVGSALSDPYLSFAAAMNGLAGPL GLANQEVLVWLTQLQKEVGKDVS- DEKLRDY IWN 330
6ABW/1-390 178 --TEEEVKAMDAALILYADHE-VPAST---TAALVTSSTLSDIYSCVVAALAALKGPL GGAAEEAFKQFVEIGEP---- -DMTESWFKR 256
6ABX/1-378 162 --SPSDTRVLDVSLMLHMDHE-MNAST---MACLVVASTLSDIYSSVVAGISALKGPL ;GGANSEALKQFMEIETP-~----------- DNVEKYVMN 240

8GM9/1-379 159 --DPRHI EAIDAYWVSAAEHG-MNAST---FTARVIASTGADVAAALSGAIGAMSGP L:IGGAPARVLPMLDEVERAGD----~-------~ ARSVVK- 236

AfcS/1-414 292 ATLDAKRTLYGFGPLFVA-?PRPPHMRGQFAEAG----F-DGAYVTLFDACCA------- QADARRALRPNIDFLTAATLLDLGVAAPSWGVGIGL 375
1A59/1-378 257 AL- AQKKKVMGFGRVYKNG?®>SRVPTMKSALDAMI-KHYD-RPEMLGLYNGLEA------- AMEEAKQIKPNLDYPAGPTYNLMGFD-TEMFTPLF I 342
110M/1-377 246 KL-AKKERIMGMG RVYKAF:PRAGVLEKLARLVAEKHGH-SKEYQ-ILKIVEE--EAG--KVLNPRGIYPNVDFYSGVVYSDLGFS-LEFFTPIFA 334
1IXE/1-377 246 KL-AKKERIMGMG RVYKAF®PRAGVLEKLARLVAEKHGH-SKEYQ-ILKIVEE--EAG--KVLNPRGIYPNVDFYSGVVYSDLGFS-LEFFTPIFA 334
107X/1-377 245 KVVNQKNRLMGFG JRVYKTY 2 PRAKIFKKLALTLIERNAD-ARRYFEIAQKLEE--LGI--KQFSSKGIYPNTDFYSGIVFYALGFP-VYMFTALFA 335
2H12/1-436 300 KDKNSGVKLMGFG RVYKNF!PRAKIMQQTCHEVLTELGIKDDPLLDLAVELEKIALSD--DYFVQRKLYPNVDFYSGI |ILKAMGIP-TSMFTVLFA 393
2|BP/1-409 276 ATKPGGPKLMGVG IRVYKAY!PRAKIFKEFSRDYVAKFGD-PQNLFAIASAIEQEVLSH--PYFQQRKLYPNVDFWSGIAFYYMGIP-YEYFTPIFA 368
4TVM/1-431 296 KNREAGVKLMGFGRVYKNY2PRARIVKEQADK | LAKLGG-DDSLLGIAKELEEAALTD--DYFIERKLYPNVDFYTGLIYRALGFP-TRMFTVLFA 388
5UQS/1-464 335 -TLNSGRVVPGYG IAVLRKTE2PRYTCQREFALKHL- -P-HDPMFKLVAQLYKIVPNVLLEQGKAKNPWPNVDAHSGVLLQYYGMTEMNYYTVLFG 425
5UZR/1-462 331 -TLNSGRVVPGYG/AVLRKT!)PRYTCQREFALKHL----P-NDPMFKLVAQLYKIVPNVLLEQGKAKNPWPNVDAHSGVLLQYYGMTEMNYYTVLFG 421
6ABW/1-390 257 K1 | EGKSRLMGFG JRVYKTY2PRAKIFKKYAKVISERNSD-ARKYFEIAQKLEE--LGV--ETFGAKHIYPNTDFYSGVVFYALGFP-VYMFTSLFA 347
6ABX/1-378 241 KL-SSGQRLMGFGJRIYKTM:PRAKILKEYANQLS-KNEE-IKRLFEIANRVEE--1GI--KILGKRGIYPNVDFYSGLVFYAMGFD-PDLFPTIFA 329

8GM9/1-379 237 G| LDRGEKLMGFGLIRVYRAE[PRARVLRAAAERLGAPRY - -~ -~~~ EVAVAVEQAALSELRERRPDRAIETNVEFWAAVVLDFARVP-ANMMPAMFT 325
AfcS/1-414 376 GAR | AAMAAHAVERRRRPAFGVNSATARR----LLAAVP-VGWL------------ 414
1A59/1-378 343 AAR I TGWTAH IMEQVAD--NALIRPLSEYNGP EQRQVP - == ------ocooommo— 378
1I0M/1-377 335 VAR | SGWVGH I LEYQEL-DNRLLRPGAKYVGELDVPYVPLEARE------------ 377
1IXE/1-377 335 VAR I SGWVGHILEYQEL-DNRLLRPGAKYVGELDVPYVPLEARE- -- 377
107X/1-377 336 LSRTLGWLAHI | EYVEE-QHRLIRPRALYVGPEYQEYVS I DKR- - -- 377
2H12/1-436 394 VARTTGWV SQWK EM | EEP GQR | SRPRQLY | GAPQRDYVP LAKR - - -- 436
2I1BP/1-409 369 MSRVVGWVAHV LEYWEN--NRIFRPRACY | GPHDLQY IPLEQR--=----=----- 409
4TVM/1-431 389 LGRLP GW | AHWR EMHDEGDSK I GRPRQIYTGYTERDYVT IDAR------------- 431
5UQS/1-464 426 VSRALGVLAQLIWSRAL-GFPLERPKSMSTDGLIKLVDSK----- -- 464
SUZR/1-462 422 VSRALGVLAQLIWSRAL-GFPLERPKSMSTEGLMKFVDSKSG-=----=------- 462
6ABW/1-390 348 LSRTLGWTAHV | EYVED-QHRLIRPRALYVGP LKRDVVP [ ELRG----------- 390
6ABX/1-378 330 SARV I GWTAHVDEY LKD--NKLIRPKAIYVGDLGKRYVP I EERLEHHHHHH- - - - - 378
8GM9/1-379 326 CGRTAGWCAH | LEQKRL--GKLVRPSAIYVGPGPRSPESVDGWERVLTTAHHHHHH 379

Supplementary Figure 57. Alignment of AfcS with selected citrate synthases revealed the conserved catalytic triad (H253, H305, D311) (cyan) in AfcS. The citrate
synthases aligned here are 1A59,1% 110M,"° 1IXE,"® 107X,"" 2H12,"12 2IBP, "3 4TVM,""* 5UQS, "5 5UZR,"5 6ABW, 16 6ABX,""” and 8GM9."18
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Supplementary Figure 58. Structural analysis of AfcS. a) Comparative alignment of AfcS (AlphaFold2, orange)'®-2° with the citrate synthase (PDB: 1IXE, gray)."®
The CoA (purple) and the citrate acid (green) are illustrated as a ball-and-stick model. b) The root mean square deviation (RMSD) map highlights the structural
distinctions between AfcS and 1I1XE. ¢) Alignment of the catalytic triad in AfcS (orange) and in 1IXE (gray) by superimposing their structures.
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Supplementary Figure 59. Metabolic profiling of AafcS. a) Metabolic profiling acquired with LTQ-Orbitrap XL of WT (B. pyrrocinia DSM 10685, top) and AafcS
(bottom). The production of AFC-BC11 (m/z 734) was completely abolished in AafcS, and m/z 662 and m/z 646 became the main metabolites in AafcS. b) MS/MS
spectra (left) of m/z 734 observed from WT (as reference), of m/z 646 (WT), and m/z 662 (AafcS) suggesting a conserved peptide part (right).

75



0.1

5.0 10.0

Supplementary Figure 60. Structural analysis of AfcT. a) Comparative alignment of AfcT (AlphaFold2, orange)'®2° with the 8-demethylnovbiocic acid
methyltransferase (PDB: 5MGZ, gray)."® The SAH (green) is illustrated as a ball-and-stick model. b) The root mean square deviation (RMSD) map highlights the

structural distinctions between AfcT and 5SMGZ.
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Supplementary Figure 61. Metabolic profiling of AafcT. a) Metabolic profiling acquired with LTQ-Orbitrap XL of WT (B. pyrrocinia DSM 10685, top) and AafcT
(bottom). The production of AFC-BC11 (m/z 734) was completely abolished in AafcT. And m/z 720 became the main metabolites in AafcT. b) MS/MS spectra of
m/z 734 observed from WT (as reference) and m/z 720 (AafcT).
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Supplementary Figure 62. The time course of B. puraquae DSM 103137 cell growth, with initial ODesoo values of 0.05 (green), 0.10 (pink), and 0.15 (blue)
respectively (top). The abundance of AFC-BC11 produced was determined from the intensity in EIC (bars) acquired using LC-HRMS (Exactive, bottom). Sample
preparation was carried out at specific time points: 3, 6, 9, 12, 15, 18, 21, 27, 30, 33, 36, 48, 54, 60, 72, 78, 84, 96, 102, and 120 h. All experiments were performed
in duplicate and error bars indicate the standard deviation.
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Supplementary Figure 63. AFC-BC11 produced and purified under different conditions (see legend). The parent compound was coded as number 1 and mixture
of new photoisomers as 2-8 in the analytical HPLC chromatograms.
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Supplementary Figure 64. Alignment of AfcE, AfcJ, AfcN, and AfcD with selected FAD-dependent dehydrogenases revealed the conserved catalytic glutamic acid
residue (black). AfcE and ACADVL feature an extra C-terminal sequence (gray). The dehydrogenases aligned here are MbtN (PDB:4XVX),12%12! Fkbl (PDB:
1R2J),'2 TesD (PDB: 6U1V),'22 ACADS (PDB: 1JQl),"24125 ACADM (PDB: 3MDE),'26:12” ACADVL (PDB: 6KSE),'%%12% |IBD (PDB: 1RX0),"3° IVD (1IVH),'** ACADSB
(PDB: 2JIF),"32 and GCDH (PDB: 3MPI).133134
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Supplementary Figure 65. Crystal structures of various FAD-dependent dehydrogenases alongside their respective catalytic reactions. The homodimer surfaces are depicted in shades of blue and gray. The FAD cofactors are represented
as sphere models (green), while the substrates are displayed in purple. The dehydrogenases aligned here are MbtN (PDB:4XVX),120:121 Fkp| (PDB: 1R2J),"?2 TcsD (PDB: 6U1V),'2* ACADS (PDB: 1JQl),'?4125 ACADM (PDB: 3MDE),'26:127

ACADVL (PDB: 6KSE),'2%12% |BD (PDB: 1RX0),"° IVD (1IVH),"*" ACADSB (PDB: 2JIF),'3 and GCDH (PDB: 3MP).13%134
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Supplementary Figure 66. Structural analysis of AfcE. a) Comparative alignment of AfcE (AlphaFold2, orange)'®-2° with ACADVL (PDB: 6KSE, gray),'?'? and
ACADSB (PDB: 2JIF, cyan).'® The FAD cofactor is illustrated as a ball-and-stick model (green), while the substrate is highlighted in purple. The additional C-
terminal helixes in AfcE and ACADVL are labeled as I-IV and presented in b). ¢) The root mean square deviation (RMSD) map highlights the structural distinctions
between AfcE and ACADVL.

80



Cc
Lys3zs' Al

GIn455

Ala330'

Gly174

..... hepin2
Ser171

----- ( > Gly170

Leu164 §_ Thr165
S

Arg301

b ¥ of poy

C18-CoA

Met162

Tyr322'
R cinaz0 | Leu422'

Glya2a' \
Serd25'

Thr198 FAD

C18-CoA

Lys225

V296
=

137

Lys338'
’\P;:294
K108

\
= T161 /T198
S160 =" m303

¢ e
A s199

0131(' G130 “M127

C18-CoA
G965 N2,
vi1®  A132 ] AW126

) H115

iy bl /

vgy N
Kgf\/ ;7 . Al129
D93 M87

Supplementary Figure 67. Structural analysis of AlphaFold2-predicted AfcE model.'®-2° The binding sites of a) FAD cofactor (ball stick, green), b) the adenosyl portion of CoA (ball stick, purple), c) the pantetheinyl portion (ball stick,

purple) and d) the hydrophobic pocket of the acyl chain (ball stick, purple) in ACADVL (PDB: 6KSE, stick, gray) are displayed on the left.?$12% The comparative alignment of the binding pockets in AfcE model (stick, orange) are shown
on the right. This specific arrangement (K225, F294 and R460 in 6KSE) to recognize the 3’-phospho-adenosin moiety is missing in AfcE model, suggesting a CP/AfcK-loaded acyl-peptidyl chain as cognate substrate of AfcE.
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Supplementary Figure 68. Proposed enamine-imine tautomerization of the unprotected/capped terminal DBA.13%
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Supplementary Figure 69. EICs of AfcQ-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) H2aN-L-Asp-SNAc, b) H2N-(L-Asp)2-SNAc, €) HaN-(L-Asp)s-SNAc, and d) HoN-(L-Asp)s-SNAc. The zoomed-in images of
the anticipated ions are highlighted in blue. L-Asp ('3Cs) was used for loading (orange) and AfcQ was deactivated at 95 °C for 5 min as negative controls.
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Supplementary Figure 70. EICs of AfcQ-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) H2N-B-Ala-SNAc, b) Hz2N-(B-Ala)>-SNAc, ¢) HaN-(B-Ala)s-SNAc, and d) Hz2N-(B-Ala)s--SNAc. The zoomed-in images of
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the anticipated ions are highlighted in blue. L-Asp was used for loading and AfcQ was deactivated at 95 °C for 5 min as negative controls.
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Supplementary Figure 71. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) H2N-L-Asp-SNAc. The anticipated ions are highlighted in blue. Myristic acid (C14:0) was used for loading and AfcA was
deactivated at 95 °C for 5 min as negative controls. The formation of expected ions was not observed when b) H2N-(L-Asp)2-SNAc, ¢) H2N-(L-Asp)s-SNAc, and d) H2N-(L-Asp)s-SNAC were tested.
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Supplementary Figure 72. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) H2N-B-Ala-SNAc, b) HaN-(B-Ala)2-SNAc, ¢) HaN-(B-Ala)s-SNAc, and d) H2N-(B-Ala)s-SNAc. The anticipated ions are
highlighted in blue. Myristic acid (C14:0) was used for loading and AfcA was deactivated at 95 °C for 5 min as negative controls.
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Supplementary Figure 73. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) propionic acid (C3:0) with H2N-L-Asp-SNAc, b) propionic acid (C3:0) with H2N-B-Ala-SNAc, ¢) propanedioic acid (C3:0-
COOH) with H2N-L-Asp-SNAc, and d) propanedioic acid (C3:0-COOH) with H2N-B-Ala-SNAc. AfcA was deactivated at 95 °C for 5 min as negative controls. The formation of all expected ions was not observed.
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Supplementary Figure 74. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) tridecanoic acid (C13:0) with H2N-L-Asp-SNAc, b) tridecanoic acid (C13:0) with H2N-B-Ala-SNAc, c) tridecanedioic acid
(C13:0-COOH) with H2N-L-Asp-SNAc, and d) tridecanedioic acid (C13:0-COOH) with H2N-B-Ala-SNAc. The anticipated ions are highlighted in blue. AfcA was deactivated at 95 °C for 5 min as negative controls. The formation of expected

ions was not observed when tridecanedioic acid (C13) was tested.
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Supplementary Figure 75. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) myristic acid (C14:0) with H2N-L-Asp-SNAc, b) myristic acid (C14:0) with H2N-B-Ala-SNAc, c) tetradecanedioic acid
(C14:0-COOH) with H2N-L-Asp-SNAc, and d) tetradecanedioic acid (C14:0-COOH) with H2N-B-Ala-SNAc. The anticipated ions are highlighted in blue. AfcA was deactivated at 95 °C for 5 min as negative controls. The formation of expected
ions was not observed when tetradecanedioic acid (C14:0-COOH) was tested.
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Supplementary Figure 76. EICs of AfcA-catalyzed reactions with SNAc thioesters acquired by LTQ-Orbitrap XL: a) nonadecanoic acid (C19:0) with H2N-L-Asp-SNAc, b) nonadecanoic acid (C19:0) with H2N-B-Ala-SNAc, ¢) nonadecanedioic
acid (C19:0-COOH) with H2N-L-Asp-SNAc, and d) nonadecanedioic acid (C19:0-COOH) with H2N-B-Ala-SNAc. AfcA was deactivated at 95 °C for 5 min as negative controls. The formation of all expected ions was not observed.
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Supplementary Table 10. Observed peptide bond formation catalyzed by AfcQ and AfcA when using SNAc thioesters as acceptor.

A Acceptor Expected Calculated Observed Observed
domain product [M+H]* [M+H]* [M+Na]*
HoN-L-Asp-SNAc  Cs'3C4H2oN307S* 354.1151 354.1153 376.0972
H2N-(L-Asp)- C12"CaHasNsO16S* 469.1420 469.1425 491.1250
SNAc
L-Asp ('3Ca)
H2N-(L-Asp)- Ci16"CaHsoNsO13S* 584.1690 584.1682 N.D.
SNAc
H2N-(L-Asp)s- C20"*CaHssNsO16S* 699.1959 699.1963 N.D.
SNAc
AfcQ
HoN-B-Ala-SNAC ~ C11H20N3OsS* 306.1118 306.1126 328.0948
H2N-(B-Ala)- C14H25N406S* 377.1489 377.1488 399.1317
SNAc
L-Asp
H2N-(B-Ala)- C17H30N507S* 448.1860 448.1859 470.1698
SNAc
H2N-(B-Ala)s- CaoH3sN60sS* 519.2232 519.2260 541.2064
SNAc
o HaoN-L-Asp-SNAC ~ C11H19N20sS* 291.1009 N.D.El N.D.
Propionic acid
(C3:0)
HoN-B-Ala-SNAC ~ CioH19N20sS* 247.1111 N.D. N.D.
o HaoN-L-Asp-SNAc  C11H17N207S* 321.0751 N.D. N.D.
Propanedioic acid
(C3:0-COOH) HoN-B-Ala-SNAC ~ CioH17N20sS* 277.0853 N.D. N.D.
) o HaoN-L-Asp-SNAC ~ Ca1H3oN20sS* 431.2574 431.2567 453.2392
Tridecanoic acid
(C13:0)
HoN-B-Ala-SNAC ~ CaoH3oN20sS+ 387.2676 387.2672 409.2483
) . HaoN-L-Asp-SNAC  CarHa7N207S* 461.2316 N.D. N.D.
Tridecanedioic acid
(C13:0-COOH) HoN-B-Ala-SNAC  CaoHa7N20sS* 417.2418 N.D. N.D.
HaoN-L-Asp-SNAC ~ CasHa1N20sS* 4452731 4452735 467.2558
HaN-(L-Asp)z- CaeHiaN4OsS* 560.3000 N.D. N.D.
SNAc
H2N-(L-Asp)s- CoaHeNOS* 675.3270 N.D. N.D.
SNAc
AfcA HaoN-(L-Asp)a- 790.3539 N.D. N.D.
SIZ\IA((: SP) C34Hs6N5014S*
Tetradecanoic acid
C14:0, myristic acid
(C14:0, myristic acid) HoN-B-Ala-SNAC  CaiHaiN205S* 401.2832 401.2825 423.2640
HzN-(B-Ala)s- CosHiaN404S* 472.3204 472.3196 494.2997
SNAc
H2N-(B-Ala)s- CoHeNAOSS* 543.3575 543.3578 565.3381
SNAc
HaN-(B-Ala)s- CoaHeaNS0S* 614.3946 614.3935 636.3755
SNAc
HzN-L-Asp-SNA Ca2H3N207S* 475.2472 N.D. N.D.
Tetradecanedioic acid (C14:0- 2 P ¢ 22T
COOH
) HoN-B-Ala-SNAC ~ Ca1H3oN20sS* 431.2574 N.D. N.D.
o HaoN-L-Asp-SNAC ~ CarHsiN20sS* 515.3513 N.D. N.D.
Nonadecanoic acid
(C19:0)
HoN-B-Ala-SNAC ~ CasHs1N20sS* 471.3615 N.D. N.D.
Nonadecanedioic acid (C19:0- HaoN-L-Asp-SNAc  CarHagN207S 545.3255 N.D. N.D.
COOH
) HoN-B-Ala-SNAC  CasHagN2OsS* 501.3357 N.D. N.D.

[a] Not detected.
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Supplementary Table 11. Microorganisms used in this study.

Strain Origin Nature of strain Risk groupt! Application in this study
Bacteria
Burkholderia orbicola Mc0-3 LMG 24308 Gram-negative 2 Production of aimed compounds
Burkholderia puraquae DSM 103137 DSMZ Gram-negative 1 Production of aimed compounds
Burkholderia pyrrocinia DSM 10685 DSMz Gram-negative 1 WT and mutants
Escherichia coli DH5al! Invitrogen Gram-negative 1 Plasmid preparation
Escherichia coli BL21-Gold (DE3)! Stratagene Gram-negative 1 Heterologous expression
Escherichia coli DSM 113367 DSMz Gram-negative 1 Conjugation
Escherichia coliDSM 1116 DSMz Gram-negative 1 Antibacterial assays
Escherichia coli BW25113 DSMz Gram-negative 1 Antibacterial assays
Salmonella typhimurium TA100 DSMz Gram-negative 1 Antibacterial assays
Bacillus subtilis DSM 10 DSMz Gram-positive 1 Antibacterial assays
Micrococcus luteus DSM 1790 DSMz Gram-positive 1 Antibacterial assays
Mycobacterium phlei DSM 750 DSMz Gram-positive 1 Antibacterial assays
Fungi
Colletotrichum kahawae CM732 Cirad-UMR Coffee pathogenic 2 Antifungal assays
PHIM-Montpellier'3®
Pyrenophora teres f. teres Hun0005 CBS 123931 Barley pathogenic 2 Antifungal assays
Fusarium xylarioides CAB003 Cirad-UMR Coffee pathogenic 2 Antifungal assays
PHIM-Montpellier's”
Pyricularia oryzae Guy11M Cirad-UMR Rice pathogenic 2 Antifungal assays
PHIM-Montpellier'3®
Rhizoctonia solani CD9001 Cirad-UMR Rice pathogenic 2 Antifungal assays
PHIM-Montpellier'3®
Aspergillus fumigatus ATCC 205304 NRZMykll Human pathogenic 2 Antifungal assays
Candida albicans NRZ-2024-0602 NRZMyk Human pathogenic 2 Antifungal assays
Candida glabrata NRZ-2024-06050! NRZMyk Human pathogenic 2 Antifungal assays
Candida krusei NRZ-2024-0601M NRZMyk Human pathogenic 1 Antifungal assays
Candida parapsilosis ATCC 22019 NRZMyk Human pathogenic 2 Antifungal assays
Fusarium solani NRZ-2024-0590 NRZMyk Human pathogenic 2 Antifungal assays
Lichtheimia corymbifera NRZ-2024-0649! NRZMyk Human pathogenic 2 Antifungal assays
Rhizomucor pusillus NRZ-2024-063111 NRZMyk Human pathogenic 1 Antifungal assays
Scedosporium apiospermum NRZ-2024-0680 NRZMyk Human pathogenic 2 Antifungal assays

[a] Classification according to German TRBA (Technische Regel fiir Biologische Arbeitsstoffe). [b] LMG = collection of the Laboratory of Microbiology, Department
of Biochemistry and Microbiology, Faculty of Sciences of Ghent University. [c] Deutsche Sammlung von Mikroorganismen und Zellkulturen (German Collection of
Microorganisms and Cell Cultures). [d] Supplier: Thermo Fisher Scientific. [e] Supplier: Agilent Technologies. [f] Formerly Helminthosporium teres. [g] CBS =
collection of the Westerdijk Fungal Biodiversity Institute. [h] Syn. Magnaporthe oryzae Guy11. [i] Nationale Referenzzentrum fiir Invasive Pilzinfektionen (National
Reference Center for Invasive Fungal Infections), Leibniz Institute for Natural Product Research and Infection Biology, Hans-Knéll-Institute, Jena, Germany. [j] Syn.
Nakaseomyces glabratus. [k] Syn. Pichia kudriavzevii. [I]] Mucorales.
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Supplementary Table 12. Media used in this study.

Mediu Ingredients (L)

Application in this study

m

PDA 39 g of potato dextrose agar (BD, Difco™), sterilization at 121 °C for 20 min Cultivation of Burkholderia strains

PDB 24 g of potato dextrose broth (BD, Difco™), sterilization at 121 °C for 20 min Cult|vat!on of Burkholderia strains
and antifungal assays

LB 10 g of tryptone (Roth), 5 g of yeast extract (BD, Bacto™), 5 g of NaCl, sterilization at 121 °C for 20 min Preculture

LB Agar LB medium + 15 g of Agar (Roth), sterilization at 121 °C for 20 min

= 12 g of tryptone (Roth), 24 g of yeast extract (BD, Bacto™), 4 mL of glycerol, sterilization at 121 °C for
20 min, then 10 mL of 1 M MgCl2 and 100 mL of sterile TB buffer 10x (170 mM KH2PO4, 720 mM KzHPO4)

MHBII 22 g of Mueller Hinton Il Broth (cation-adjusted) (BD, BBL™), final pH 7.3, sterilization at 121 °C for 20 min

200 mL of sterile M9 stock solution 5x (64 g/L Na2zHPO4*2H20, 15 g/L KH2PO4, 5.0 g/L NH4Cl, 2.5 g/L
M9 NaCl), 100 pL of 1 M CaClz, 2 mL of 1 M MgSOs4, 100 pL of 1 mg/mL FeSOa, 20 mL of glucose 20% (w/v),
sterilization at 121 °C for 20 min

Streaking/Spreading

Heterologous expression

Antibacterial assays

Conjugation

Supplementary Table 13. Buffers used in this study.

Buffer Ingredients Application in this study
Lysis buffer 500 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM imidazole
Wash buffer 500 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM imidazole
Purification of Afc proteins (general)
Elution buffer 500 mM NaCl, 50 mM Tris-HCI pH 8.0, 250 mM imidazole
Protein buffer 150 mM NaCl, 20 mM Tris-HCI pH 8.0
Lysis buffer 300 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM imidazole
Wash buffer 300 mM NaCl, 50 mM Tris-HCI pH 8.0, 20 mM imidazole
Purification of 4'-phosphopantetheinyl transferase Sfp
Elution buffer 300 mM NaCl, 50 mM Tris-HCI pH 8.0, 500 mM imidazole
Protein buffer 200 mM NaCl, 50 mM Tris-HCI pH 8.0
HEPES buffer 1x 50 mM NaCl, 10 mM MgClz, 50 mM HEPES pH 7.0
Adenylation buffer 2x 300 mM NaCl, 10 mM MgClz, 40 mM Tris-HCI pH 8.0 In vitro enzymatic assays
Adenylation buffer 1x 150 mM NaCl, 5 mM MgClz, 20 mM Tris-HCI pH 8.0

Supplementary Table 14. Carboxylic acids used in this study for substrate specificity assays.

Amino acids and analogues of citric acids (in total 28 compounds)

L-Ala, D-Ala, B-Ala, L-Arg, L-Asn, D-Asn, L-Asp, D-Asp, L-Cys, L-Glu, L-GIn, Gly, L-His, L-lle, L-Leu, L-Lys, D-Lys, L-Met, L-Phe, L-Pro, L-Ser, L-Thr, L-Trp, L-Tyr,

L-Val, citric acid, oxalacetic acid, L/b-malic acid

Fatty acids (in total 34 compounds)

Propionic acid (C3:0)®, Propanedioic acid (C3:0-COOH)®, Butyric acid (C4:0), Succinic acid (C4:0-COOH), Pentanoic acid (C5:0), Pentanedioic acid (C5:0-
COOH), Hexanoic acid (C6:0), Hexanedioic acid (C6:0-COOH), Heptanoic acid (C7:0), Heptanedioic acid (C7:0-COOH), Octanoic acid (C8:0), Octanedioic acid
(C8:0-COOH), Nonanoic acid (C9:0), Nonanedioic acid (C9:0-COOH), Decanoic acid (C10:0), Decanedioic acid (C10:0-COOH), Undecanoic acid (C11:0),
Undecanedioic acid (C11:0-COOH), Dodecanoic acid (C12:0), Dodecanedioic acid (C12:0-COOH), Tridecanoic acid (C13:0), Tridecanedioic acid (C13:0-
COCQOH), Tetradecanoic acid (C14:0, myristic acid), Tetradecanedioic acid (C14:0-COOH), Pentadecanoic acid (C15:0), Pentadecanedioic acid (C15:0-COOH),
Hexadecanoic acid (C16:0), Hexadecanedioic acid (C16:0-COOH), Heptadecanoic acid (C17:0), Heptadecanedioic acid (C17:0-COOH), Stearic acid (C18:0),

Octadecanedioic acid (C18:0-COOH), Nonadecanoic acid (C19:0), Nonadecanedioic acid (C19:0-COOH)

[a] The monocarboxylic acids utilized for AfcA-related assays are fully-saturated unbranched fatty acids. [b] The dicarboxylic acids used in this study are fully-

saturated fatty acids bearing a second carboxylic group at the w-position.
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Supplementary Table 15. Acquisition parameters for NMR measurements in this study.

perimert (12, oe s SEEEm CFem Mxngume en
H 65536 2 256 13 6 / /
'H-H COSY 4096/512 16 16 13/13 6/6 / /
'H-H TOCSY 4096/512 16 16 13/13 6/6 0.1 /
'H-"H NOESY 4096/512 16 64 13/13 6/6 0.6 /
'H-13C HSQC 4096/256 16 16 13/236 6/100 / /
AFC-BC116 'H-3C HMBC 4096/512 16 32 13/236 6/100 / /
'H-3C HMBC 2048/256 16 1024  12/19 6/170 / /
'H-®N SOFAST-HMQC 2048/64 16 512 12/35 6/117 / /
'H-®N SOFAST-HMQC 2048/64 16 1024  12/35 6/120 / /
homo-decoupled 'H 65536 2 128 13 6 / 2.50
homo-decoupled 'H 65536 2 128 13 6 / 3.43
H 48828 16 128 30 6 / /
'H-H COSY 4096/256 16 8 12/12 6/6 / /
Photoisomer 5
'H-13C HSQC 2048/256 16 72 14/150 6/75 / /
'H-"H NOESY 2048/512 16 32 12/12 6/6 0.6 /
SNACs (1-8, 12)®! H 65536 2 8 20 6 / /
H2N-(B-Ala):-S-CoA (9)! H 65536 2 64 20 6 / /
H2N-(B-Ala)2-S-CoA (10)¢! H 65536 2 64 20 6 / /
H2N-(B-Ala)s-S-CoA (11)! H 65536 2 64 12 6 / /
H2N-L-Lys-S-CoA (13)c H 65536 2 64 20 6 / /

[a] 700 MHz, DMSO-ds, and 298 K. [b] 500 MHz, D20, and 298 K. [c] 700 MHz, D20, and 298 K.

Supplementary Table 16. PCR primers used to clone plasmids for heterologous expression.

Construct Forward primer (5’- 3°) Reverse primer (5°- 3’)
AfcQ CTTGTATTTCCAGGGCCATATGAACGCATTGATCAGCATC GCTTTGTTAGCAGCCGGATCTCATGCGGCGGTCTCCTCG
AfcA CTTGTATTTCCAGGGCCATATGACGAAGTACGCATCCAC GCTTTGTTAGCAGCCGGATCTCATGCGAACGCTCCCTGGAC
AfcK CTTGTATTTCCAGGGCCATATGACGACCCAGAACGTTCC GCTTTGTTAGCAGCCGGATCTCAGGCCGCGTGCTGCTGGC
AfcP ACTTGTATTTCCAGGGCCATATGACGCCTGAGCGCCCGC GCTTTGTTAGCAGCCGGATCCTAGGCGGGCCGCACGTACAC
AfcL CTTGTATTTCCAGGGCCATATGCTCGCGCCCCTTGCCCC GCTTTGTTAGCAGCCGGATCTCACGCCTCGCCGTCGAGAG

pET28a_TEV ~ ATGGCCCTGGAAATACAAGTTTTCG

GATCCGGCTGCTAACAAAGCC
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Supplementary Table 17. PCR primers used to clone constructs for in frame deletion mutants (up = primer for upstream region of target gene; down = primer for downstream region of target gene).

Mutant Forward primer (5’- 3°) Reverse primer (5’- 3’)
AafcC up: ACAGCTATGACCATGATTATGAAGAGCCGCCCGAGCGG up: CGACGTTCTTCGCGAACTGGATATAGTGCGCGGCCATCG
down: CCAGTTCGCGAAGAACGTCGGCACACGTGGTTCGTCGTG down: GATTAAGTTGGGTAACGCCTCATGCCGACTGCGTGGACG
AafcD up: ACAGCTATGACCATGATTGTGACGACGATGCTCTATCC up: ATTAAGTTGGGTAACGCCCTGGAAGCGCACCGCGTG
down: GAAATGGTGCCGACCGAAGCGCACCGAGAAGCCGCTGCAC down: GATGTGCTGCAAGGCGATTATTACACGCCGTCCACCGCC
AafcE up: GAAACAGCTATGACCATGATTATGAGCGCCTACAAGGTGAG up: AGCGGTACGCCTCGAGCGGTGCAATCAGCGCTTTCTGG
down: CCGCTCGAGGCGTACCGCTCGCGACGTGAAGATCCTGTCG down: CGATTAAGTTGGGTAACGCCTCATTCCACCTGCGCGAGTTC
AafcF up: CAGCTATGACCATGATTATGAACGCGCTGCCCGAAC up: GGCATGCCGGTCGCGATCGCGAGCGTGTCGATCACG
down: CGTGATCGACACGCTCGCGATCGCGACCGGCATGCC down: GATTAAGTTGGGTAACGCCTCAATAGCGGACACGTCCG
Aafcl up: GAAACAGCTATGACCATGATTATGGCCAGTGACAACGAGGC up: TCGCCGTAGCGATCGTAGATATCCGCCGTC
down: TCTACGATCGCTACGGCGACTACGACGCGGTCGATCGC down: GATTAAGTTGGGTAACGCCTCAGAAGCGCACGCGCACGG
Aafcd up: GAAACAGCTATGACCATGATTATGTCCACGCTTTCCGTCC up: TTCTGGTCGTCGGAGAAGAACAGCCCGAACATGATGC
down: CTTCTCCGACGACCAGAACCTGCAGCTGGCGAACGTCG down: CGATTAAGTTGGGTAACGCCTCAACTGCCGGCTTCGCAGC
Aafol. up: GAAACAGCTATGACCATGATTATGCTCGCGCCTCTTGCC up: TCGTACGAGCAGGTCATCCAGTCGGGCGTGTAGTCGTTCG
down: GGATGACCTGCTCGTACGAGCCGCGAACCGGCGCAGTC down: CGATTAAGTTGGGTAACGCCTCACGCCTCGCCTTCGAGAG
AafcM up: GAAACAGCTATGACCATGATTATGGTGCGACCCGTTCAC up: GGTGGCTTCGGCGAGGAATGCGAAATACTGGACGTGGTCG
down: GCATTCCTCGCCGAAGCCACCCGTCGTGTGGATCGGCGAC down: CGATTAAGTTGGGTAACGCCTCAAGGTCTCCCCGGCCGC
AafcN up: CAGCTATGACCATGATTATGACTCAAACGCTCACCG up: GCATGAACAGGTCCTTGATGCGGCGGACGCGAGTTTCGAC
down: GTCGAAACTCGCGTCCGCCGCATCAAGGACCTGTTCATGC down: GATTAAGTTGGGTAACGCCTCAGTTGAGCGGCATCGCCG
AafcO up: CAGCTATGACCATGATTATGACGATGCCCTCCTCC up: CCATCATGATCAGGTCGGCGGCGAGTTCGTGCGGCAG
down: CTGCCGCACGAACTCGCCGCCGACCTGATCATGATGG down: GATTAAGTTGGGTAACGCCTCAGGCGTCATGGCGACC
AafcP up: CAGCTATGACCATGATTATGACGCCTGAACGCCCGC up: CGCGAGCGCGGTCGCATAGCGTTCAGGCGCAGCAGTAC
down: GTACTGCTGCGCCTGAACGCTATGCGACCGCGCTCGCG down: GATTAAGTTGGGTAACGCCTCAGGCAGGCCGCACGTAC
AafcS up: CAGCTATGACCATGATTATGGACACGACACTCGATTC up: GATTAAGTTGGGTAACGCCATGCGCGCCTGTACGTCATC
down: CTGTTGCGTGGTCTCGATGAGATCGATGCGGCGCTCGACG down: GATGTGCTGCAAGGCGATTATCACAGCCAGCCGACCGGC
AafeT up: CAGCTATGACCATGATTATGCTGCTCAAGAACCTGCG up: CGATTAAGTTGGGTAACGCCGCCTTCGTCGAGCATCGCCG
down: GACCTCGATCCGGCGATGCTCGCGCTCGTGCACGACATGC down: GATTAAGTTGGGTAACGCCGTCAGGCCAGCGCCGGTTTCT
AshvR up: CAGCTATGACCATGATTATGGCTAATGTGAGATTGGC up: GCACGCCGAGCTCCTTCAGGCGCTGGCCCACGCTCGAC
down: GTCGAGCGTGGGCCAGCGCCTGAAGGAGCTCGGCGTGC down: GATTAAGTTGGGTAACGCCCTATCCGACGCGATACAGCG
KmR GCAATCAGCGCGACCTTGCTACGGCTACACTAGAAGGAC GTCATCAGCGGTGGAGTGCATTAGAAAAACTCATCGAGCA
p18mobapra TGCACTCCACCGCTGATGAC CAAGGTCGCGCTGATTGCTG
TpR GACTACCTTGGTGATCTCGCGGTCTGACGCTCAGTGGAAC CGACTGATGTCATCAGCGGTGGCAGCACTGCATAATTCTC
p18mobKmR ACCGCTGATGACATCAGTCG GCGAGATCACCAAGGTAGTC
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Supplementary Figure 77. 'H-NMR spectrum of synthetic HoN-L-Asp-SNAc (1).

Molecular formula: CsH14N204S
TH-NMR (500 MHz, D20): 6 = 4.42 (t, Jun = 5.4 Hz, 1H), 3.43 (d, Jun = 5.4 Hz, 2H), 3.40 (m, 2H), 3.11 (m, 2H), 1.96 ppm (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 235.0747, observed 235.0745.
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Supplementary Figure 78. 'H-NMR spectrum of synthetic HoN-(L-Asp)2-SNAc (2).

Molecular formula: C12H19N307S
H-NMR (500 MHz, D20): 6 = 4.86 (m, 1H), 4.38 (m, 1H), 3.38 (m, 2H), 3.26 (ol, 2H), 3.08 (ol, 4H), 1.97 ppm (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 350.1016, observed 350.1017.
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Supplementary Figure 79. 'H-NMR spectrum of synthetic HoN-(L-Asp)s-SNAc (3).

Molecular formula: C16H24N4010S

TH-NMR (500 MHz, D20): § = 4.83 (dd, Jin = 7.2, 5.2 Hz, 1H), 4.80 (dd, Jun = 7.2, 5.2 Hz, 1H), 4.31 (dd, Ji+ = 6.4, 4.7 Hz, 1H), 3.40
(m, 2H), 3.25 (dd, Ji+ = 11.2, 5.0 Hz, 1H), 3.24 (dd, Jun = 9.0, 7.2 Hz, 1H), 3.10 (m, 2H), 3.07 (ol, 2H), 2.92 (dd, Ju+ = 10.4, 5.4 Hz, 1H),

2.91 (dd, Jun = 9.2, 6.4 Hz, 1H), 1.98 ppm (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 465.1286, observed 465.1284.
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Supplementary Figure 80. 'H-NMR spectrum of synthetic HoaN-(L-Asp)s-SNAC (4).

Molecular formula: C20H29N5013S

T
2.5 2.0 1.5 1.0 0.5 ppm

TH-NMR (500 MHz, D20): § = 4.84 (dd, Ji = 7.1, 5.0 Hz, 1H), 4.81 (dd, Jun = 6.7, 5.4 Hz, 1H), 4.76 (dd, Ju+ = 6.6, 5.8 Hz, 1H), 4.37
(dd, Jun = 5.9, 5.2 Hz, 1H), 3.40 (m, 2H), 3.24 (ol, 2H), 3.10 (ol, 4H), 2.90 (ol, 4H), 1.98 ppm (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 580.1555, observed 580.1550.
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Supplementary Figure 81. 'H-NMR spectrum of synthetic HoN-B-Ala-SNAc (5).

Molecular formula: C7H14N202S
TH-NMR (500 MHz, D20): 6 = 3.39 (t, Jun = 6.4 Hz, 2H), 3.30 (t, Jun = 6.6 Hz, 2H), 3.09 (t, Ji = 6.5 Hz, 4H), 1.97 ppm (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 191.0849, observed 191.0844.
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Supplementary Figure 82. 'H-NMR spectrum of synthetic HoN-(3-Ala)2-SNAc (6).

Molecular formula: C10H19N303S

TH-NMR (500 MHz, D20): 6 = 3.52 (t, Jun = 6.4 Hz, 2H), 3.39 (t, Jun = 6.3 Hz, 2H), 3.27 (t, Jun = 6.8 Hz, 2H), 3.07 (t, Jun = 6.5 Hz, 2H),
2.89 (t, Jun = 6.5 Hz, 2H), 2.67 (t, Jun = 6.8 Hz, 2H), 1.99 ppm (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 262.1220, observed 262.1216.
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Supplementary Figure 83. 'H-NMR spectrum of synthetic HoN-(B3-Ala)s-SNAc (7).

Molecular formula: C13H24N404S

TH-NMR (500 MHz, D20): 6 = 3.44 (t, Jun = 6.3 Hz, 2H), 3.41 (t, Jun = 6.7 Hz, 2H), 3.34 (t, Jun = 6.4 Hz, 2H), 3.22 (t, Jun = 6.7 Hz, 2H),
3.02 (t, Jun = 6.5 Hz, 2H), 2.82 (t, Jun = 6.5 Hz, 2H), 2.62 (t, Jim = 6.7 Hz, 2H), 2.40 (t, Jun = 6.7 Hz, 2H), 1.93 ppm (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 333.1591, observed 333.1586.
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Supplementary Figure 84. '"H-NMR spectrum of synthetic HoN-(3-Ala)s-SNAc (8).

Molecular formula: C1sH20N505S

TH-NMR (500 MHz, D20): 6 = 3.51 (t, Jun = 6.3 Hz, 2H), 3.48 (t, Jun = 6.8 Hz, 2H), 3.46 (t, Jun = 6.6 Hz, 2H), 3.41 (t, Jun = 6.3 Hz, 2H),
3.29 (t, Ju = 6.7 Hz, 2H), 3.09 (t, Jun = 6.4 Hz, 2H), 2.89 (t, Jun = 6.4 Hz, 2H), 2.69 (t, Jun = 6.7 Hz, 2H), 2.47 (t, Jun = 6.7 Hz, 2H), 2.46
(t, Jun = 6.7 Hz, 2H), 2.00 ppm (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 404.1962, observed 404.1958.
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Molecular formula: C24H41NgO17P3S
TH-NMR (500 MHz, D20): 6 = 8.68 (s, 1H), 8.46 (s, 1H), 6.24 (d, Jun = 5.2 Hz, 1H), 4.91 (ol, 2H), 4.64 (br, 1H), 4.30 (m, 2H), 4.07 (s,
1H), 3.90 (m, 1H), 3.68 (d, Jim = 9.5 Hz, 1H), 3.50 (m, 2H), 3.40 (m, 2H), 3.32 (m, 2H), 3.11 (ol, 2H), 3.10 (ol, 2H), 2.48 (m, 2H), 0.98
(s, 3H), 0.87 (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 839.1596, observed 839.1599 (420.0838 for [M+2H]?*).
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Supplementary Figure 85. 'H-NMR spectrum of synthetic HoN-(B-Ala)s-S-CoA (9).
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Molecular formula: C27H4sN9O18P3S
TH-NMR (700 MHz, D20): § = 8.65 (s, 1H), 8.43 (s, 1H), 6.20 (d, Jun = 5.9 Hz, 1H), 4.90 (m, 1H), 4.87 (m, 1H), 4.60 (br, 1H), 4.30 (m,
2H), 4.03 (s, 1H), 3.88 (dd, Jun = 9.7 Hz, Jim = 4.5 Hz, 1H), 3.64 (dd, Jun = 9.8 Hz, Jum = 4.6 Hz, 1H), 3.47 (t, Jun = 6.5 Hz, 2H), 3.46 (t,
Jur = 6.2 Hz, 2H), 3.34 (t, Jun = 6.4 Hz, 2H), 3.23 (t, Jum = 6.8 Hz, 2H), 3.00 (t, Jimt = 6.3 Hz, 2H), 2.84 (t, Jim = 6.4 Hz, 2H), 2.63 (t, Jiu
= 6.7 Hz, 2H), 2.44 (t, Jun = 6.4 Hz, 2H), 0.95 (s, 3H), 0.84 (s, 3H).
HRMS (ESI, m/z): calculated [M+H]* 910.1967, observed 910.1968 (455.6021 for [M+2H]?*).
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Supplementary Figure 86. 'H-NMR spectrum of synthetic HoN-(B-Ala)2-S-CoA (10).
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Supplementary Figure 87. 'H-NMR spectrum of synthetic HoN-(B-Ala)s-S-CoA (11).

Molecular formula: C3oHs1N10O19P3S

TH-NMR (700 MHz, D20): § = 8.70 (s, 1H), 8.46 (s, 1H), 6.24 (d, Ji+ = 5.0 Hz, 1H) , 4.90 (ol, 2H), 4.62 (br, 1H), 4.30 (m, 2H), 4.06 (s,
1H), 3.89 (dd, Jun = 9.7 Hz, Jim = 4.0 Hz, 1H), 3.65 (dd, Jun = 10.1 Hz, Jun = 3.3 Hz, 1H), 3.49 (t, Jum = 6.4 Hz, 2H), 3.47 (t, Jun = 6.4
Hz, 2H), 3.44 (t, Jum = 6.6 Hz, 2H), 3.36 (t, Jun = 6.4 Hz, 2H), 3.26 (t, Jun = 6.7 Hz, 2H), 3.03 (t, Jun = 6.5 Hz, 2H), 2.85 (t, Jun = 6.4 Hz,
2H), 2.66 (t, Jun = 6.7 Hz, 2H), 2.47 (t, Jun = 6.7 Hz, 2H), 2.44 (t, Jun = 6.7 Hz, 2H), 0.97 (s, 3H), 0.85 (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 981.2338, observed 981.2194 (491.1184 for [M+2H]").
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Supplementary Figure 88. 'H-NMR spectrum of synthetic HoN-L-Lys-SNAc (12).

Molecular formula: C10H21N302S

TH-NMR (500 MHz, D20): § = 4.35 (t, Jun = 6.4 Hz, 1H), 3.44 (m, 1H), 3.43 (m, 1H), 3.24 (dt, Jun = 14.1, 6.4 Hz, 1H), 3.15 (dt, Jim =
14.1, 6.1 Hz, 1H), 3.01 (t, Jun = 7.8 Hz, 2H), 2.07 (m, 1H), 1.97 (s, 3H), 1.96 (m, 1H), 1.73 (quintet, Jun = 7.7 Hz, 2H), 1.52 ppm (m,
2H).

HRMS (ESI, m/z): calculated [M+H]* 248.1427, observed 248.1423.
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Supplementary Figure 89. 'H-NMR spectrum of synthetic HoN-L-Lys-S-CoA (13).

Molecular formula: C27H4sN9O17P3S

TH-NMR (700 MHz, D20): 6 = 8.70 (s, 1H), 8.45 (s, 1H), 6.24 (d, Jun = 5.4 Hz, 1H), 4.89 (m, 2H), 4.62 (br, 1H), 4.36 (t, Jun = 6.4 Hz,
1H), 4.28 (m, 2H), 4.06 (s, 1H), 3.88 (d, Jun = 8.5 Hz, 1H), 3.66 (d, Ji+ = 8.9 Hz, 1H), 3.53 (m, 1H), 3.48 (m, 1H), 3.44 (m, 2H), 3.20 (m,
1H), 3.18 (m, 1H), 3.03 (t, Jun = 7.8 Hz, 2H), 2.48 (t, Jun = 6.4 Hz, 2H), 2.08 (m, 1H), 1.98 (m, 1H), 1.75 (m, 2H), 1.54 (m, 2H), 0.97 (s,
3H), 0.87 (s, 3H).

HRMS (ESI, m/z): calculated [M+H]* 896.2174, observed 896.2176 (448.6115 for [M+2H]").
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