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Experimental Information

General methods

Chemicals, microbiological and molecular biological agents were purchased from standard commercial sources. The
phosphoramidon standard and the synthetic L-Leu-L-Trp dipeptide were purchased from Sigma-Aldrich. Streptomyces
mozunensis MK-23 (NRRL 12054) was obtained from the ARS Culture Collection, Streptomyces sp. MK730-62F2 (FERM BP-
7218) was obtained from the National Institute of Advanced Industrial Science and Technology (AIST). The strains and
their derivatives were grown and maintained on ISP-2 agar (0,4% yeast extract, 1% malt extract, 0,4% glucose, 2% agar;
purchased from Becton Dickinson) or MS agar (2% soy flour, 2% mannitol, 2% agar; components purchased from Carl
Roth). Liquid cultures of Streptomyces mozunensis MK-23 were cultivated in talopeptin production medium (10 g/L
glycerol, 40 g/L peptone, 1 g/L K;HPO4, 1 g/L NaCl, 0.5 g/L MgS0O, x 7H,0, 0.01 g/L FeSO4 x 7H,0, 0.001 g/L ZnSO4 x 7H,0,
0.001 g/L CuSO4 x 5H,0 and 0.001 g/L MnSO4 x 6H>0, pH 7). Streptomyces sp. MK730-62F2 and derivatives were cultivated
in P1 production medium (10 g/L soytone, 10 g/L soluble starch, 20 g/L D-maltose, 5 mL/L trace element solution, pH 6.7)
or Tryptic Soy Broth (TSB) medium (purchased from Becton Dickinson). Strains were stored as frozen spore suspensions
in 20% glycerol at -80 °C. Escherichia coli strains were grown in LB medium (components purchased from Carl Roth)
supplemented with appropriate antibiotics when required. DNA isolation and manipulations were carried out according
to standard methods for E. coli and Streptomyces.> 2 NMR solvents were obtained from Sigma-Aldrich.

Analysis of compounds

For the isolation of 5, an Agilent 1100 HPLC system (Agilent 1100 series; Agilent Technologies) was used equipped with a
Kinetex 5 XB-C18 100 A 150 x 4.6 mm HPLC column. For LC-MS and MS/MS analysis of culture extracts, 2.5 plL of sample
were injected onto a Nucleosil 100 C18 3 um, 100 x 2 mm column fitted with a 10 x 2 mm precolumn at a flowrate of 0.4
mL/min and a linear gradient of to=0% solvent B (solvent B: acetonitrile (ACN) with 0.6% formic acid; solvent A: water with
0.1% formic acid) to t15=100% B. The HPLC was coupled to a mass spectrometer with an electrospray ionization (ESI)
interface (LC/MSD Ultra Trap System XCT 6330; Agilent 1200 series; Agilent Technologies). MS analysis was performed by
ESI (positive and negative ionization) in Ultra Scan mode with a capillary voltage of 3.5 kV and drying gas temperature of
350 °C. High-resolution mass spectra were recorded on an HR-ESI-TOF-MS maXis 4G mass spectrometer (BRUKER
DALTONIK GmbH, Bremen, Germany). 1D and 2D NMR spectra were acquired with an Avance Ill HD 400 MHz NMR
spectrometer (Bruker BioSpin GmbH, Rheinstetten, Germany). NMR spectra were measured in de-DMSO at 293 K and
were referenced to residual solvent signals (de-DMSO, 63=2.50 and 6c=39.5 ppm) or the internal offset for >N and 3!P
assigned by the instrument manufacturer (Bruker).

Production and isolation conditions

Production of phosphoramidon (1) was achieved by inoculating and cultivating 10 uL of spore suspension of Streptomyces
sp. MK730-62F2 (mutants) in 50 mL of TSB broth at 30 °C and 200 rpm for 2 days. 1 mL of the cultures were transferred
to 50 mL P1 production medium and cultivated at 30 °C at 200 rpm for 7 days. The whole cell culture was adjusted to pH
4 and one volume of butanol (BuOH) was added. The organic phase was collected and evaporated under reduced pressure.
Resulting crude extracts were dissolved in 1 mL MeOH and then subjected to LC-MS and MS/MS analysis.

Production of talopeptin (2) was achieved by inoculating and cultivating 10 pL of spore suspension of Streptomyces
mozunensis MK-23 (wildtype) in 50 mL talopeptin production medium?3 at 30 °C and 200 rpm. After two days of cultivation,
cultures (1 mL) were transferred to inoculate a mainculture of 50 mL talopeptin production medium in a 300 mL
Erlenmeyer flask. After 3 days of cultivation at 30 °C and 200 rpm, the whole cell cultures were extracted with one volume
of butanol (BuOH). The organic phase was isolated and evaporated to dryness under reduced pressure. Resulting crude
extracts were dissolved in 1 mL MeOH and then subjected to LC-MS and MS/MS analysis.

Phosphoramidon (1) eluted after 7.5 min and talopeptin (2) after 7.7 min. For chemical complementation experiments,
synthetic L-Leu-L-Trp dipeptide was added after 24 h of cultivation in a 5 mM final concentration.

Isolation of gDNA

To isolate genomic DNA of Streptomyces mozunensis MK-23 a 500 mL glycerol stock was used to inoculate 50 mL of TSB
followed by cultivation at 30 °C and 200 rpm for 72 h. Cells were harvested and genomic DNA was isolated by phenol-
chloroform extraction.?

Genome sequencing, assembly and annotation

Genomic DNA of S. mozunensis MK-23 was isolated as described by Kieser et al. and DNA quality was assessed by gel-
electrophoresis. The quantity of DNA was estimated by a fluorescence-based method using the Quant-iT PicoGreen
dsDNA kit (Invitrogen) and the Tecan Infinite 200 Microplate Reader (Tecan Deutschland GmbH). A whole-genome-
shotgun PCRfree library (Nextera DNA Sample Prep Kit, lllumina) and an additional 8K mate pair library (Nextera Mate



Pair Sample Preparation Kit, lllumina) was generated according to the manufacturers protocol. Both sequencing libraries
were sequenced on an lllumina MiSeq system (2 x 300 bases) at the Center for Biotechnology (CeBiTec), Bielefeld
University. Upon sequencing and processing of the raw data, a de novo assembly was performed using the GS De Novo
Assembler software release version 2.8 (Roche) with default settings. The S. mozunensis MK-23 draft genome consists of
eight scaffolds with a total size of 8.744.153 bp containing 7708 protein coding genes with an overall GC content of 72.86%.
Automatic gene predictions and annotation of coding sequences on the draft genome of S. mozunensis MK-23 was
performed within the genome annotation systems Prokka v1.11% and GenDB 2.0.° The draft genome sequence was
deposited in NCBI/EMBL-EBI/DDJB and is available under Bioproject number PRJIEB30891.

Construction and screening of genomic libraries

Genomic DNA of S. mozunensis MK-23 was isolated as described above. For fosmid library construction, the gDNA was
sheared by pipetting to yield approximately 40 kb fragments. Fragments were then cloned into the vector pCCFOS1
according to the manufacturers instructions to generate a genomic library containing 1920 clones. To isolate the tal
biosynthetic gene cluster, the genomic library of S. mozunensis MK-23 was screened with the primer pairs talUS_FP/RP
and talDS_FP/RP (Table S3) to identify the fosmid clone 8G9 containing a 39.446 bp insert. Restriction analysis and end-
sequencing confirmed that fosmid 8G9 contains the complete tal cluster. In silico analysis was performed with BLASTS®,
antiSMASH” and Artemis (Wellcome Trust Genome Campus; Cambridge; UK). The sequence of the tal cluster is available
at NCBI under the accession number MK644118. Information on the tal gene cluster has also been deposited at the MIBiG
database.®

Heterologous expression of the tal gene cluster

To allow stable chromosomal integration the chloramphenicol resistance gene cat in fosmid 8G9 was replaced by an
integration cassette (int_neo) by A-Red—mediated recombination to generate fosmid taIMBO1. The int_neo cassette
contains an attachment site (attP) and the integrase gene (int) of phage ®C31, a kanamycin resistance gene (neo) and an
origin of transfer (oriT) to allow site-specific integration into most Streptomyces chromosomes.® The cassette was
obtained as an Xbal restriction fragment from merLKO1, as described previously.’® The resulting fosmid talMBO1 was
verified by restriction analysis and transferred into E. coli ET12567.% Introduction in Streptomyces sp. MK730-62F2 was
achieved by triparental intergeneric conjugation with the help of E. coli ET12567/pUB307.%2 Kanamycin resistant
exconjugants, were selected and designated as Streptomyces sp. MK730-62F2/talMBO1 (1-3). Production and extraction
procedure of cultures of phosphoramidon (1) and LC-MS and MS/MS analysis was carried out as described above. The
identity of 1 was further verified by HR-MS with measured m/z 542.19152 [M-H]" (calcd for Cy3H33N3010P, 542.19090,
A=+1.13 ppm) (Figure S4).

Cloning, expression and purification of talE/TalE

The gene talE was amplified from genomic DNA of S. mozunensis MK-23 using the primer pairs his_talE_FP and
his_talE_RP (Table S3). The PCR product was cloned into pHis8 encoding for an N-terminal 8xHis-tag, yielding pHis8-talE,
and was verified by restriction mapping and sequencing. pHis8-talE was transferred into E. coli Rosetta™ (DE3) pLysS by
electroporation. A single colony was inoculated in 5 mL LB and cultivated at 37 °C at 200 rpm overnight. 100 mL TB medium
was inoculated with 5 mL preculture and grown to an ODeoo Of approximately 0.6. Expression of the recombinant proteins
was induced by adding a final concentration of 500 mM Isopropyl B-D-1-thiogalactopyranoside (IPTG) and the culture was
further cultivated over night at 20 °C at 220 rpm.

Cells were harvested and suspended in 4 mL lysis buffer (50 mM Tris-HCI, 500 mM NaCl, 10% glycerol, 10 mM B-
mercaptoethanol, 20 mM imidazole, 0.5 mg/mL Lysozyme). Cell lysis was achieved by sonication for 10 min (ultrasonic
disintegrator set to: amp 30%, 1 °C, pulse 5 s/5 s rest). Soluble and insoluble fractions were separated by centrifugation
(4 °C, 18.000 rpm, 45 min). Soluble lysate was loaded onto a Ni-Agarose affinity column and washed twice with 4 mL wash
buffer (lysis buffer without lysozyme). Recombinant protein was eluted with 2 mL elution buffer (wash buffer with 250
mM imidazole). Final protein concentration was quantified photometrically.

A discontinuous SDS-Page was carried out in a standard SDS-PAGE gel system (Bio-Rad). SDS-gels with a 4% and 12%
polyacrylamide concentration were used as stacking and separating gel, respectively. Stacking was performed at 100 V,
whereas separating was carried out at 160 V. SDS-Pages were stained with Coomassie Brilliant Blue R-250. Protein sizes
were determined with Amersham low molecular weight marker (Figure S10).

Production of cell-free protein extracts

The production of TalC/TalE-containing cell-free extracts were achieved by inoculating and cultivating 10 uL of spore
suspension of Streptomyces sp. MK730-62F2 (AtalC/AtalE mutants) in 50 mL of TSB broth supplemented with appropriate
antibiotics at 30 °C and 200 rpm for 2 days. 1 mL of the precultures were transferred to 100 mL P1 production medium
and cultivated at 30 °C at 200 rpm for 3 days. After incubation, the cultures were hold on ice, harvested by centrifugation
(5.000xg, 10 min), suspended in 2.5 mL per gram of cells in Tris-HCI buffer, supplemented with 1 mg/mL Lysozyme. Cells
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were disrupted by sonication as described above. The cell-free protein extracts were stored on -20 °C until used for further
enzyme assays.

Enzyme assay conditions for TalE and TalC

Standard TalE enzyme assay contained 50 mM Tris-HCl pH 7.5, 5 mM Mg?* 1 mM ATP, 2.5 mM dipeptide and 10 uM TalE
in a total of 50 pL reaction volume. The assay was performed at 30 °C for 2 h and stopped by the addition of 100 ulL
methanol. For the TalC assay, 5 mM dTDP-L-rhamnose and a TalC-containing cell-free extract were added to a running
TalE assay after 2 hours and incubated for another 16 h at 30 °C. The reaction was stored on -20 °C until subjected to LC-
MS, MS/MS and HR-MS analysis, NMR or purification. Negative controls did not contain ATP, enzyme (TalE), dTDP-L-
rhamnose or TalC (protein extract of Ata/C mutant).

Isolation of 5

For the isolation of 5, an enzyme assay with TalE was conducted as described above up-scaled to a total volume of 10 mL.
Separation of 5 was performed on a reversed phase HPLC column (Kinetex 51 XB-C18 100 A 150 x 4.6 mm; 280 nm
detection; with a flowrate of 1 mL/min and a linear gradient from to=10% solvent B to t; =100% solvent B (solvent B:
acetonitrile (ACN) with 0.06% formic acid; solvent A: water with 0.1% formic acid). 5 eluted after 4.9 min, was collected
and dried under reduced pressure to give 4.37 mg as white powder. LC-MS and MS/MS analysis of 5 was performed on a
reversed phase HPLC column (Agilent Eclipse Plus C18, 3.5 um, 2.1 x 150 mm) by linear gradient elution from t,=0% solvent
B (solvent B: acetonitrile (ACN) with 0.6% formic acid; solvent A: water with 0.1% formic acid) to t1s=100% B at a flowrate
of 0.4 mL/min. MS data were acquired in negative and positive mode. 5 eluted after 8.4 min. *H and *3C NMR spectroscopic
data (Table S2); HR-MS: m/z 396.13400 [M-H] (calcd for C17H,3N306P, 396.13300, A=+2.53 ppm) (Figure S3).

Gene inactivation

For gene deletion studies, a PCR targeting system was employed.'®> An apramycin resistance cassette [aac(3)IV] was
amplified from the plasmid plJ773 with the primer pair Aorf-7-orf-1_FP/RP for the inactivation of orf-7-orf-1, primer pair
AtalC_FP/RP for the inactivation of talC, primer pair AtalD_FP/RP for the inactivation of talD, primer pair AtalE_FP/RP for
the inactivation of talE and primer pair Aorf+1-orf+12_FP/RP for the inactivation of orf+1-orf+12 (Table S3). The ORFs and
genes, respectively, were transferred into E. coli BW25113/pKD46 containing talMBO1. The genes orf-7-orf-1, talC, talD,
talE and orf+1-orf+12 were replaced individually by the generated apramycin resistance cassettes with the help of A-Red-
mediated recombination.* The resulting mutant fosmids talABO1 (Aorf-7-orf-1), fosmids talABO2 (AtalC), talABO3 (AtalD),
talABO4 (AtalE) and talABO5 (Aorf+1-orf+12) were confirmed by restriction analysis. To generate precisely tailored in-
frame mutations, the resistance cassettes were removed in E. coli BT340, taking advantage of the flanking Flp/FRT
recognition site. Positive fosmids were screened for their apramycin sensitivity and verified by restriction analysis, PCR
and sequencing of PCR products (Table S3). The fosmids were transferred into E. coli ET12567 as described above and
introduced into Streptomyces sp. MK730-62F2, was accessed by triparental intergeneric conjugation with the help of E.
coli ET12567/pUB307. Of the resulting mutant strains Streptomyces sp. MK730-62F2 Aorf-7-orf-1, AtalC, AtalD, AtalE and
Aorf+1-orf+12, three clones per knock-out were further verified by PCR and tested for 1 production by LC-MS and MS/MS
analysis.



Tables

Table S1: NMR spectroscopic data of 4 in de-DMSO (6 in ppm).

residue position Ocn? 6n (protons, J in Hz) ® Ccosy HMBC ©
L-Leu a 50.7 CH 3.76 (1, dd, 6.0, 6.0) a-NH, B B, v, a-COeu
B 40.3 CH, 1.55 (2, m) a,y a,y, 6, €, a-COLeu
Y 23.4 CH 1.68 (1, m) B,6, ¢ a, B, 5, ¢
5 21.7 CH; 0.88 (3, d, 6.7) v B,V, €
€ 22.9 CH; 0.90 (3, d, 6.8) v B,v, 5
a-COpey 169.3 C,
o-NH ey 38.8 9 NH; 8.19(2, brs) o
L-Trp a 53.2 CH 4.54 (1, ddd, 8.1, 7.6, 5.2) a-NH, B B, 3,0-COyey, a-COryp
Ba 27.0 CH, 3.09 (1, dd, 14.7, 8.1) a, 2, 3, 3a, a-COryp
By 3.20 (1, dd, 14.7, 5.2) ¢
NH-1 131.8 NH 10.91 (1, brs) 2 2,3,3a,7a
2 123.8 CH 7.19 (1, d, 2.3) NH-1 B, 3, 3a, 7a
3 109.4 C,
3a 127.1 C,
4 118.1 CH 7.55(1,d,7.9) 5 3,33,6,7,7a
5 118.4 CH 6.99 (1, m) 4,6 3a,7
6 121.0 CH 7.07 (1, m) 5,7 4,7a
7 111.4 CH 7.35(1, dt, 8.1, 0.8) 6 3a,5
7a 136.1 C,
0-COrp, | 172.8 Cq
o-NHrrp 121.6 NH 8.80(1, d, 7.6) a a, B, a-COyeu

2 Recorded at 101 MHz for 13C and >N NMR values were extracted from the corresponding *H-'>N HMBC NMR
spectrum. Multiplicity determined by an edited *H-3C HSQC and a DEPT135 NMR experiment. ® Recorded at 400
MHz. ¢ Protons showing long-range correlation with indicated carbon. ¢ Only visible upon addition of minute
volumes of H,0.




Table S2: NMR spectroscopic data of 5 in de-DMSO (6 in ppm).

residue position | ¢ ? b1 (protons, Jin Hz) ® Ccosy HMBC ©
phosphate |P -0.25P
L-Leu a 52.0 CH 3.30¢ B P

Ba 42.7 CH, 1.23 (1, m) o,y

Bo 1.42 (1, m)

y 23.6 CH 1.66 (1, m) B, 5, €

5 21.4 CHs 0.83 (3, d, 6.5) y B,V, €

€ 23.0 CHs 0.86 (3, d, 6.5) y B,v, 5

a-COpey n.o. ©

a-NHey n.o. ¢ n.o. ¢
L-Trp a 52.9 CH 4.42 (1, brs) B

Ba 27.1 CH, 3.07 (1, dd, 14.6, 7.3) o a, 2, 3, 33, a-COryp

Bo 3.17 (1, dd, 14.6, 5.6)

NH-1 n.o.® 10.83 (1, brs)

2 123.3 CH 7.11(1,d, 1.7) 3,3a,7a

3 109.9fC,

3a 127.41C,

4 118.1 CH 7.52 (1, d, 7.6) 5 3,6,7a

5 118.0 CH 6.95(1,t,7.6,7.3) 4,6 3a,7

6 120.5 CH 7.05(1,t,7.9,7.3) 5,7 4,7a

7 111.0 CH 7.31(1,d, 7.9) 6 3a,5

7a 136.0f C,

a-COr, |173.5fC,

o-NHrrp n.o.* n.o.*
3 Recorded at 101 MHz for 3C and at 162 MHz for 3!P, respectively. Multiplicity determined by an edited *H-13C HSQC
and a DEPT135 NMR experiment. ? Recorded at 400 MHz. ¢ Protons showing long-range correlation with indicated
carbon or phosphate atom, respectively. ¢ 'H NMR value was extracted from 'H-'H COSY NMR spectrum. Coupling
and integral not determinable due to overlap with H,O resonance. ¢ Not observable. f13C NMR value was extracted
from *H-13C HMBC NMR spectrum.




Table S3: PCR Primers.

Primer name

Primer sequence 5% 3’

Aorf-1_Fp? TCCCGCCGAACGAGCCGGCACAGAGCCTGTCCGGCCCTAATTCCGGGGATCCGTCGACC
Aorf-7_RP? CGGACACGGGCGGAGGAGGCGGCCTCGCTGGCCGAGTCATGTAGGCTGGAGCTGCTTC
AtalC_FP? CTGATCCCCCCCATCCCGAGTAAACGAGGTTCCTTCATGATTCCGGGGATCCGTCGACC
AtalC_RP? CGCACCGTGTTCGAGAACCGATGAGGCGGGCCGGCCTCATGTAGGCTGGAGCTGCTTC
AtalD_FP? CACGGGCCGAGTGAACTTCCTTCAGGAGAAAGCACGTTGATTCCGGGGATCCGTCGACC
AtalD_RP? GCATGAAGGAACCTCGTTTACTCGGGATGGGGGGGATCATGTAGGCTGGAGCTGCTTC
AtalE_FP? ATCGTGTACATGATGACGAATGGCTGAACTGTGCGCATGATTCCGGGGATCCGTCGACC
AtalE_RP? GCGATGTCGCACCCGGCTGGTGCCACTCAGCCGGTGTCATGTAGGCTGGAGCTGCTTC
Aorf+1_FP? GTAGGTCCCCGTACCGACACCGAAAGGACCCTCCCCGTGATTCCGGGGATCCGTCGACC
Aorf+12_RP? CGGCGCGGCCTCCTCCCCCGGCAGCTCGGAGCACGACATTGTAGGCTGGAGCTGCTTC
his_talE_FP® CCGAATTCATGACCCGTTCGGATCGC

his_talE_RP® GGTGCTCGAGTCACCCGGCGGTGCGG

talUS_FP TCGATGCAACGCAGAGTTTC

talUS_RP CTGTAGTCGGAGCAGGTGAG

talDS_FP GCTGCCCTGTCGTACCTTTC

talDS_RP GCTGGATGACGTGGGTCAAC

screenforf-1_FP CGCAGCGGGACGAGATGACC

screenlorf-7_RP CGGGTGTCGCGGTGAGACAG

screenAtalC_FP CCGGATCGCGCAACTGGCTC

screenAtalC_RP ACAGGAGCACGCCGGGTACG

screenAtalD_FP TCGCCCGACGAGAGCTACGC

screenAtalD_RP TCTCGACCACCCGCCGCATC

screenAtalE_FP CGATGGCGTGATCCGTCGGG

screenAtalE_RP GCGGGAAGGCGTACTCCAGC

screenforf+1_FP GTCACCGGCAACACCGCAGG

screenfAorf+12_RP GGGTCGCACCATCGGGACTC

2 ltalicized letters allow homologous recombination via PCR targeted mutagenesis.
b Overlapping regions with pHis8.
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Figure S1: UV-visible spectroscopic analysis.

a) S. mozunensis (2; tg 7.7 min) b) standard of 1 (tg 7.5 min) c) host + tal cluster (1; tr 7.5 min) d) dipeptide standard (4) e)
TalE assay product (5) and f) TalC assay product (1).
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Figure S2: HR-MS spectrum of 4.

HR-ESI-TOF-MS [M+H]* m/z 318.18143 (calcd for C17H24N303, 318.18122, A=+0.66 ppm).
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Figure S3: HR-MS spectrum of 5.

HR-ESI-TOF-MS [M-H]- m/z 396.13400 (calcd for C17H23N306P, 396.13300, A=+2.53 ppm).
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Figure S4: HR-MS spectrum of 1 from host + tal cluster.

HR-ESI-TOF-MS [M-H]- m/z 542.19152 (calcd for Cy3H33N3010P, 542.19090, A=+1.13 ppm).
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Figure S5: MS analysis of 1 and 2.

Negative mode MS spectra (left) and MS/MS spectra (right) from LC analysis of (A) 2 in S. mozunensis, (B) 1 standard, (C)
1in host + tal cluster and a proposed fragmentation scheme of compound 1 and 2.%°
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Figure S6: MS analysis of the TalC assay.

Negative mode MS spectra (left) and MS/MS spectra (right) from LC analysis of (A) standard and (B) TalC assay product
(1). (C) HR-MS measurements of the TalC product peak.
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Figure S7: LC-MS analysis of TalE and TalC assays.

Total ion current-chromatograms (TICs). a) Commercial standard of 1. b) Enzymatic assay with TalC (protein extract of
AtalE mutant), dTDP-L-rhamnose, TalE, 4 and ATP. c) Control assay of b) without TalC using a protein extract of the AtalC
mutant. d) Control assay of b) without dTDP-L-rhamnose. e) Control assay without TalC (protein extract of Ata/C mutant)
with 4. f) Control assay TalC (protein extract of AtalE mutant) with 4. g) Enzymatic assay of TalE with 4 and ATP. h) Control
assay of g) without TalE. i) Control assay of g) without ATP. j) Control assay of g) without 4.
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Figure S8: MS/MS analysis of 4 and 5.

MS/MS spectra and proposed fragmentation scheme of (A) 5 and (B) 4 in positive mode. Fragmentation schemes were predicted by MetFrag.®
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Figure S9: LC-MS analysis of the TalE assay with different enzyme concentrations.

LC-MS analysis was carried out as described above using a modified linear gradient of t,=10% solvent B (solvent B:
acetonitrile (ACN) with 0.6% formic acid; solvent A: water with 0.1% formic acid) to t;5=100% B.

Total ion current-chromatograms (TICs) of a) Control assay with 4 and ATP without TalE. b) Assay with 2.5 uM TalE. c)
Assay with 5 uM TalE. d) Assay with 7.5 uM TalE. f) Assay with 10 uM TalE.



4 TalE 79 kDA

Figure S10: SDS-Page TalE purification.

Coomassie stained SDS-page, showing the expression and purification of TalE. Marker (M) indicates protein size in kDa.
Lane 1 shows whole cell lysate before induction, lane 2 shows whole cell lysate after induction. An approximately 79 kDa
band appears after induction, as expected for TalE. Lane 3 represents cell pellet after lysis and lane 4 the supernatant
after lysis. Lane 6 shows the flow-through and lane 7 the wash after Ni-NTA. Lane 8 shows the eluted protein of 79 kDa
after Ni-NTA chromatography.
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4 TalC 41 kDA

Figure S11: SDS-Page talC expression.

Coomassie stained SDS-page, showing expression of talC. Marker (M) indicates protein size in kDa. Lane 1 shows whole
cell lysate before induction, lane 2 shows whole cell lysate after induction. An approximately 41 kDa band appears after
induction, as expected for TalC. Lane 3 represents the cell pellet after lysis containing insoluble TalC, and lane 4 shows

the supernatant after lysis with no visible band for TalC.
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Figure $12: *H NMR spectrum of 4 in ds-DMSO (400 MHz).
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Figure S13: *H NMR spectrum of 4 in ds-DMSO + H20 (400 MHz).

Addition of H,O enabled the detection of Leu-NH,.
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Figure S14: *3C NMR spectrum of 4 in de-DMSO (101 MHz).
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Figure S15: DEPT135 NMR spectrum of 4 in ds-DMSO (101 MHz).
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Figure $16: *H-'3C multiplicity edited HSQC NMR spectrum of 4 in ds-DMSO (400 MHz).
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Figure S17: 'H-'H COSY NMR spectrum of 4 in de-DMSO (400 MHz).

Bold lines in the insert represent the observed *H-'H COSY correlations.
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Figure S18: *H-13C HMBC NMR spectrum of 4 in ds-DMSO (400 MHz).

Arrows indicate key *H-13C HMBC long-range correlations.
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Figure $19: H-13C HSQC-TOCSY NMR spectrum of 4 in de-DMSO (400 MHz).

The four spin systems are marked in red, green, purple and blue.

27



(lg
\
L

A

A
&

L

L

- =

12 1 10 9 8 7 6 5

Figure S20: *H-'H NOESY NMR spectrum of 4 in ds-DMSO (400 MHz).

Dashed lines indicate the 'H-'H NOESY through space key correlations.
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Figure S21: *H-'>N HSQC NMR spectrum of 4 in de-DMSO (400 MHz).

Red lines indicate the observed *H->N HSQC correlations.
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Figure S22: *H->N HMBC NMR spectrum of 4 in ds-DMSO (400 MHz).

Arrows indicate key 'H->N HMBC long-range correlations.
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Figure S23: *H NMR spectrum of 5 in ds-DMSO (400 MHz).

31



ds-DMSO

I T T T T T T T

T T T T T
130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S24: DEPT135 NMR spectrum of 5 in de-DMSO (101 MHz).
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Figure $25: *H-13C multiplicity edited HSQC NMR spectrum of 5 in ds-DMSO (400 MHz).
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Figure $26: *H-'H COSY NMR spectrum of 5 in de-DMSO (400 MHz).

1L

11‘ !l
h
/
_j._lj \\\UU A AN

ppm
=0
g‘
L
= =
@ & =
a o @ af
o o aa o
K @ ]
o -2
&
3 ) -3
8 @m —
.
e -4
@ < 6
o pe”Y
%
S ¥ a
?a HO N
- H
o -
(o]
1 T T T T T T T |l T
75 70 65 60 55 50 45 40 35 3.0

Bold lines in the insert represent the observed *H-'H COSY correlations.
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Figure S27: *H-3C HMBC NMR spectrum of 5 in dse-DMSO (400 MHz).

Arrows indicate key *H-'3C HMBC long-range correlations.
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Figure $28: 3P NMR spectrum of 5 in de-DMSO (162 MHz).

The phosphate atom is marked in red.
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Figure S29: 6p-reference values of selected phosphoramidate-containing natural products and synthetic
compounds.

The corresponding &p value is indicated in red, while the phosphoramidate group is indicated in blue.7-2°
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Figure S30: 'H-3'P HMBC NMR spectrum of 5 in de-DMSO (400 MHz).

Arrow indicate *H-3'P HMBC correlation.
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Figure S31: Homologous phosphoramidate pathways.

Selected orphan pathways containing a talCDE-like putative operon.
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