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Figure S1. Gene Cluster Families of identified and known P-BGCs
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Figure S1. Gene cluster family (GCF) network as obtained from the BiG-SCAPE analysis and visualized with
Cytoscape. Each node corresponds to a BGC. Colored spheres represent GCFs/singletons with sequences from
previously identified phosphonate producers, light grey spheres are P-BGCs with unknown phosphonate product
(for references see Table S1). Edges between two nodes represent a distance between the P-BGCs below a BiG-
SCAPE cutoff threshold of 0.612 and distances are further represented by weighted lining of edges (lines get
thicker with decreased distance).



Figure S2. 3P NMR spectra of concentrated supernatant from Kibdelosporangium banguiense DSM 46670 and

Saccharopolyspora spinosa DSM 44228 in different media

Baffled flasks containing OM medium, HM medium, SFM medium, R5 medium, GUBC medium, ISP4 medium, NL200 medium, NL300 medium, NL400
medium and NL410 medium were inoculated with starter culture. Cultures were incubated on a rotary shaker for 7 days. Culture supernatants were
concentrated and analyzed by 3P NMR spectroscopy. L-phosphinothricin HCl (10 mM in H,0, &, 51.2 ppm) was used as a chemical shift reference. Signals
with chemical shifts > 8 ppm are putative phosphonate-containing compounds.
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Figure S3. 3P NMR spectra of concentrated supernatant from Streptomyces aureocirculatus DSM 40386 and
Streptomyces iranensis DSM 41954 in different media

Baffled flasks containing OM medium, HM medium, SFM medium, R5 medium, GUBC medium, ISP4 medium, NL200 medium, NL300 medium, NL400
medium and NL410 medium were inoculated with starter culture. Cultures were incubated on a rotary shaker for 7 days. Culture supernatants were
concentrated and analyzed by 3!P NMR spectroscopy. L-phosphinothricin HCI (10 mM in H;0, 8 51.2 ppm) was used as a chemical shift reference.
Signals with chemical shifts > 8 ppm are putative phosphonate-containing compounds.
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Figure S4. 3P NMR spectra of concentrated supernatant from Streptomyces mutomycini DSM 41691 and

Kitasatospora cheerisanensis DSM 101999 in different media

Baffled flasks containing OM medium, HM medium, SFM medium, R5 medium, GUBC medium, ISP4 medium, NL200 medium, NL300 medium, NL400
medium and NL410 medium were inoculated with starter culture. Cultures were incubated on a rotary shaker for 7 days. Culture supernatants were
concentrated and analyzed by 3!P NMR spectroscopy. L-phosphinothricin HCI (10 mM in H;0, 8 51.2 ppm) was used as a chemical shift reference.
Signals with chemical shifts > 8 ppm are putative phosphonate-containing compounds.
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Figure S5. 3P NMR spectra of concentrated supernatant from Streptomyces glauciniger DSM 41867 and

Streptomyces seoulensis DSM 41840 in different media

Baffled flasks containing OM medium, HM medium, SFM medium, R5 medium, GUBC medium, ISP4 medium, NL200 medium, NL300 medium, NL400
medium and NL410 medium were inoculated with starter culture. Cultures were incubated on a rotary shaker for 7 days. Culture supernatants were
concentrated and analyzed by 3!P NMR spectroscopy. L-phosphinothricin HCI (10 mM in H;0, 8 51.2 ppm) was used as a chemical shift reference.
Signals with chemical shifts > 8 ppm are putative phosphonate-containing compounds.
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Figure S6. 3P NMR spectra of concentrated supernatant from Kitasatospora fiedleri DSM 114396 and
Streptomyces sp. Tu H45 in different media

Baffled flasks containing OM medium, HM medium, SFM medium, R5 medium, GUBC medium and ISP4 medium were inoculated with starter culture.
Cultures were incubated on a rotary shaker for 7 days. Culture supernatants were concentrated and analyzed by 3!P NMR spectroscopy. L-
phosphinothricin HCI (10 mM in H,0, & 51.2 ppm) was used as a chemical shift reference. Signals with chemical shifts > 8 ppm are putative
phosphonate-containing compounds.
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Figure S7. Synteny analysis for defining the boundaries of the putative P-BGC.

A. Similarity search with NCBI BLAST blastn program, using as query Kitasatospora fiedleri DSM 114396
chromosome sequence with accession NZ_0X419519, limited to the range 3391998-3439448, against the NCBI
Database “Refseq prokaryote representative genomes (contains refseq assembly) Update date 2025/05/12” limited
to “Kitasatospora cineracea (taxid:88074)”, the closest known species to DSM 114396 and for which several
genome assemblies are available. The result shows the highly conserved regions (see also Fig. S8 ABDG)
surrounding the putative phosphonate biosynthetic gene cluster, therefore helping to determine the boundaries of
the gene cluster. The highly conserved region around position 3409997 in the image represents the segment
3410635 to 3413339 and contains the genes with locus_tag QMQ26_RS15735, QMQ26 _RS15740 and
QMQ26_RS15745, all of them homologs of the highly conserved genes with locus_tag QMQ26_RS09285 (cysN),
QMQ26_RS09280 (cysD), and QMQ26_RS09275 (cysC), that span from position 1960006 to 1962829 of the
chromosome of DSM 114396, and encode the highly conserved enzymes sulphate adenylyltransferase subunit 1
CysN [EC:2.7.7.4; KEEG K00956], sulphate adenylyltransferase subunit 2 CysD [EC:2.7.7.4; KEEG K00957],
and adenylylsulphate kinase CysC [EC:2.7.1.25; KEEG K00860] from sulphur metabolism in bacteria (see also
Fig. S3 and S5). The upstream end (right in Figure S3) is supported by a synteny analysis with the type strains of
Kitasatospora cineracea and Kitasatospora niigatensis, the most closely related species to K. fiedleri lacking a P-
BGC! (Figure S3).The downstream end (left in the figure) is well-supported also by highly conserved homologous
genes beyond the aldehyde dehydrogenase, with the first gene (encoding a chloride channel protein) showing 69-
97% identity to Kitasatospora strains in the NCBI non-redundant protein database. B and C. Artemis Comparison
Tool (ACT) visualisation of the NCBI BLAST analysis of DSM 114396 chromosome (NZ_0X419519) against
K. cineracea DSM 44780 contig NZ_RJVJ01000001 (B) or against Kitasatospora niigatensis DSM 44781 contig
NZ_RKQG01000001 (C), using NCBI megablast with default options. Note that the display of the bottom
sequence has been flipped in both B and C to match the orientation of the top one. D. ACT visualisation of the
NCBI BLAST analysis of NZ_0X419519 against Kitasatospora setae KM-6054 (the type strain of the genus)
chromosome (NC_016109.1) showing that the synteny restarts only with the gene with locus tag
QMQ26_RS15885 encoding a tRNA-Thr, as a result of being K. setae a more distant species.

A
| | | QU | |
3391998 3400997 3409997 3418997 3427997 3436997

. | — — o e e —
i 1 I e s —
[ T = . — e —
[F B F ] — e —
mm e e I s e —
[ B ] ] I 1
i S R S [N [ — I [ . —
EEE N - E— — 1

10



B

(@ actnz 1996V R t - o
Eile Eptries Jelect ¥iew Ggto Edit Create Eun Graph Display
| Ii] 0

sscion  |sassono  |samazov  [saosan  loapssos  |aaoveov  |omowso  |owzze  fwaame  |suesos  |swowon  |sazaosy  |sazsews  |saasavs  fssevoon  |sazssen  |aaszovo  fowazon sasswwe ansoon[aasag
ml fmzed  Enoel fmmzE R fowan | )
mzimnze 1 mnzdimzs d q

[E=rmaT
< [IT——»
e

Kl

fuery: Flipped - =

) Epbas Esb Enpd
i [Ezesd Erpaal fxr bng=|
cosoeon  [anaasoo [aozezon  [enaaono  [ozisn [zoroson Emnnn souszon_[s013000 gznmann 008600 [1a7500 Esnsmn 1503200 Ewymnn isasaon  [isesson (lonaaon anz
<Epp3 A ] L] < L | <Epnkd =] @ o
‘Empad Epaa 1 L ol ‘Eppss i i- ‘Emp3s T EE
It il 3
& d.gbv ) o
Elle Egiries Jelect Yiew Ggto [Edit (reate Hun Graph Display
[« Tl v

e
4
e

«

Flippe:

sl b [EDneE meliens | S Emnd
Eppas mall Emmsa ] Emmd [EDpzEY
Ennad b Eonas D Exnss £
12703600 2701600 2653400 2697200 2635000 2692800 2690600 | 2688400 2686200 2684000 |2661600 2679600 2677400 2675200 2673000 2670800 2668600 |2666400 |2664200 2662000 2659800 2657600 2655400
‘Eon] I e L] fee | “Bamp] ‘Eoo3e 1
Gl Esd ] Emp3e ml EmpaaiEmDse © & & |
,J Teagh ] s 8 L] & s 2 @GED @ 00 000000 -
: v
[ actnz 3b vs NC_OT6109.9
File Encries Select View Goro EAiT Creats Run Graph Display
Tl 0
Inalmoze 1 mze # Gmozel =
oz -
gz
[saroo00 _ [sarzz00  |sarason  |saresoo  laresoo  Dsaziooo  |aeszoo  bapsaon  azseon [sazseoo  |saseoon  [s43azeo 443000 3445200 3447400 [ |
vrh omoze [ T 7 T Tmozs hnndfson Gondeanlkl Gonoze sl eian fovas)

dam] {omozs] {omozs 3 mzl Tmazs |
L I e R maziingzs omzglkngzs 8 (fomozel mozs ‘ien Gandzie]
(] @ mzsiimE] ‘gz @

3497002, , 3407059 -> 3402636, . 3402693
score: 58 percent id: 91,

Minimm Cucoff: 86

C] I | IT

Maximm cutofe: 100

Kl

=]
[ rTe—
@ fizh @E E Eal F @ =
47600 3950000 3852200 se6szon  [sesaon  |saedson  [seessoo  [sazooo  [serazen  [se76ad
LI} @@ ﬂ@' @ﬁl =t
“feaom foves sl L= ]
. ‘e R - = _- & L= =]

11



Figure S8. clinker analysis for defining the boundaries of the putative P-BGC.

An analysis at NCBI BLAST, using the range 3391998 to 3439448 of NZ_0X419519.1 was performed against
the “RefSeq Genome Database”, limited to “Actinobacteria (taxid: 201174)”, and using the program “megablast”
with default parameters. The graphical summary of the results is shown in panel A. The gene cluster, as delimited
by synteny analysis with Kitasatospora cineracea DSM 44780 is framed in a blue box. All sequences that provided
coverage of the BGC (and not just for the homologues of the highly conserved cysCDN genes for sulfur metabolism
to the right of the 3409997 mark) originated from whole genome sequencing of microorganisms classified as
Streptomyces or Kitasatospora species (table B); these alignments were thoroughly analysed, and the segments of
the NCBI RefSeq records spanning 50 kb (or to the beginning or end in case the deposited sequence was not long
enough) starting from 10 kb downstream of the aldehyde dehydrogenase gene, were downloaded as fully annotated
GenBank files. These sequence files, together with the sequence comprising 3391998 to 3439448 of
NZ 0X419519, were used for similarity analysis with CLINKER (with the default “Minimum alignment sequence
identity” of 0.30). Table B shows the strains (with the accession numbers of the sequences used) included in
CLINKER analysis, ordered according to CLINKER’s similarity of the PepM encoded by each strain as compared
to K. fiedleri PepM. C. Legend for the colour used in the CLINKER plot to group homologous genes. D. CLINKER
plot, with BGCs sorted according to, first, phylogeny proximity (Kitasatospora strains at the top), and finally the
order was adapted to highlight similarity and synteny along the entire BGC and surrounding genes; the plot is
aligned at the aldehyde dehydrogenase gene (in red). The BGC from some strains is unfortunately broken in several
contigs, what breaks the homology in CLINKER’s plot, but rearranging these contigs would show complete
synteny (not shown). It is noticeable that all strains carry the same genes and in the same order, including the gene
encoding a LuxR-family transcriptional regulator (in fuchsia pink) and NUDIX-domain encoding gene (in red);
curiously the LuxR gene is located to the other extreme of the BGC in the Streptomyces kanasensis/Streptomyces
changanensis group, that seems to also lack the NUDIX-domain encoding gene. Another clear difference is the
presence of a gene encoding a putative FAD/NAD(P)-binding protein between the LuxR and NUDIX genes, only
in the strains Streptomyces sp. NPDC053429, Streptomyces sp. NPDC051109 and Streptomyces sp. ISL-100.
Other small differences might well be due to sequencing errors (that brake the reading frame of a gene and therefore
the annotation of encoded protein) or differences in gene annotation (although by using RefSeq database all
annotations are expected to be comparable as made with the same or similar pipeline by NCBI).

A phylogenetic analysis was performed with TYGS server to assess phylogenetic relationship among the
Kitasatospora strains that carry a similar P-BGC to K. fiedleri. The full genome assemblies were downloaded from
NCBI and submitted as queries to TYGS. Figure in panel E shows the strains included in the analysis and the
taxonomical judgment provided by TYGS. Panel F shows the similarity statistics. Panel G shows the full-genome
phylogenetic tree. The results indicate that the three strains that show full synteny of the P-BGC and surrounding
genes in D, Kitasatospora sp. NPDC088783, Kitasatospora sp. SolWspMP and Kitasatospora sp. NPDC090308,
actually belong to K. fiedleri species. The other two Kitasatospora strains that carry an almost identical P-BGC
but with different surrounding genes in D (Kitasatospora sp. Root107 and Kitasatospora sp. Root187) fall in a
different cluster in the phylogenetic tree, even farer-away than Kitasatospora cineracea/Kitasatospora niigatensis
and Kitasatospora setae, strains all that do not carry any P-BGC.
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B

Strain source of PepM as compared against K. fiedleri DSM 114396 PepM | Identity | Similarity
Kitasatospora sp. NPDC088783_185_F4.ctg-0008 NZ_JBIVKJ010000008 1 1
Kitasatospora sp. SolWspMP NZ_QLLT01000023 1 1
Kitasatospora sp. NPDC090308_182 E10.ctg-0012 NZ_JBIVXY010000012 1 1
Streptomyces sp. ISL-100 ISL100_59 NZ_JAGGOK010000059 0.87 0.91
Streptomyces sp. NPDC051109_71_ F2.ctg-0006 NZ_JBITFFO10000006 0.86 0.91
Streptomyces sp. MMG1121 P433contig3.1 NZ_LGDV01000190 0.86 0.91
Streptomyces sp. MMG1121 KF386872 0.86 0.91
Streptomyces sp. NPDC091268_ 165 H6.ctg-0011 NZ_JBIVVE010000011 0.85 0.91
Streptomyces sp. NPDC053429_373_F9.ctg-0003 NZ_JBITXY010000003 0.85 0.9
Streptomyces sp. R35 CP163440 0.84 0.91
Streptomyces sp. NPDC060198 T5_A10.ctg-0004 NZ_JBHWZJ010000004 0.84 0.91
Streptomyces sp. 31A4 KF386877 0.84 0.9
Streptomyces sp. NBC_00247 NZ_CP108093 0.84 0.9
Kitasatospora sp. Root107 contig_18 NZ_LMCT01000010 0.83 0.9
Kitasatospora sp. Root187 contig_15 NZ_LMHX01000007 0.83 0.9
Streptomyces odontomachi ODS25 24 NZ_JAMJWG010000024 0.81 0.89
Streptomyces sp. NPDC019224_87_D10.ctg-0005 NZ_JBEYCF010000005 0.8 0.89
Streptomyces kanasensis ZX01 contig00030 NZ_LNSV01000030 0.8 0.88
Streptomyces changanensisHL-66 NZ_CP102332 0.8 0.88
Streptomyces sp. CSDS2 NODE_17 NZ_JAUEPB010000017 0.8 0.88
Streptomyces kanasensis NPDC016311 NZ_JBIBSF010000001 0.8 0.87
Streptomyces kanasensis NPDC086832 NZ_JBIVAV010000006 0.8 0.87

C

® QMQ26_RS15720_TauD-TfdA family dioxygenase/QMQ26_RS15770_TauD-TfdA family dioxygenase

QMQ26_RS15735_sulfate adenylyltransferase subunit 1_cysN
QMQ26_RS15730_cation-proton antiporter

QMQ26_RS15725_hypothetical protein/QMQ26_RS15745_adenylyl-sulfate kinase CysC_cysC
QMQ26_RS15710_acetyl-CoA carboxylase family/QMQ26_RS15715_hypothetical protein

QMQ26_RS15705_phosphonopyruvate decarboxylase subunit B_ppdB
QMQ26_RS15700_phosphonopyruvate decarboxylase subunit A_ppdA
QMQ26_RS15695_phosphoenolpyruvate mutase_pepM
® QMQ26_RS15690_Aldehyde dehydrogenase_adh
QMQ26_RS15800_hypothetical protein
QMQ26_RS15795_hypothetical protein
QMQ26_RS15790_hypothetical protein
QMQ26_RS15785_histidinol-phosphate transaminase
QMQ26_RS15780_S9 family peptidase
QMQ26_RS15775_hypothetical protein
QMQ26_RS15765_hypothetical protein
QMQ26_RS15760_aspartate carbamoyltransferase PyrB_pyrB
QMQ26_RS15755_MFS transporter
QMQ26_RS15750_inositol monophosphatase family
QMQ26_RS15740_sulfate adenylyltransferase subunit CysD_cysD
® QMQ26_RS15810_NUDIX domain-containing protein [hydrolase activity]
® QMQ26_RS15805_LuxR C-terminal-related transcriptional regulator_luxR
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Kitasatospora sp. SolWspMP-SS2h (s23)
NZ_QLLT01000023 (reversed).21743-1

Kitasatospora sp. NPDC088783 (c8)
€00001_NZ_JBIV..1-22509

Kitasatospora sp. SolWspMP-552h (s9)
NZ_QLLT01000009 (reversed):30457-1

Kitasatospora sp. NPDC088783 (c4)
€00001_NZ_JBIV.. (reversed):41170-1

Kitasatospora fiedleri DSM114396
NZ_OXA19519:1-47451

Kitasatospora sp. NPDC090308 (c12)
<0D001_NZ_JBIV.:1-50001
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Kitasatospora sp. Root107 (c18)
NZ_LMCT01000010 (reversed):50001-1

Kitasatospora sp. Root187 (c15)
NZ_LMHX01000007 (reversed):50001-1
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Streptomyces sp. MMG1121 (c3)
NZ_LGDV01000190 (reversed).50001-1

Streptomyces sp. MMG1121 (BGC)
KF386872 (reversed):55012-4406

Streptomyces sp. 31A4 (BGC)
KF386877 (reversed):37210-1

Streptomyces sp. NPDC019224 (c5)
c00001_NZ_JBEY.. (reversed):48847-1

Streptomyces sp. R35
CP163440 (reversed):50001-1

Streptomyces sp. CSDS2 (¢17)

€00001_NZ_IAUE.. (reversed):50001-1

Streptomyces sp. NBC_00247
NZ_CP108093 (reversed).50001-1

Streptomyces sp. NPDC060198 (4)
00001_NZ_IBHW.1-24347

Streptomyces sp. NPDC060198 (c232)
€00001_NZ_JBHW.. (reversed):11336-1

Streptomyces sp. NPDC091268 (c11)
00001_NZ_IBIV.. (reversed)45912-1

Streptomyces sp. NPDC053429 (c3)
€00001_NZ_IBIT.. (reversed):50001-1

Streptomyces sp NPDCDS1109 (6)
001_NZ_JBIT.:1-50001

Streptomyces sp. ISL100 (c59)
c00001_NZ_IAGG.. (reversed):50001-1

Streptomyces odontomachi ODS25 (c24)
€00001_NZ_JAM).:1-50001

Streptomyces kanasensis NPDC086832
00001_NZ_IBIV.. (reversed):50001-1

Streptomyces changanensis HL-66
NZ_CP102332 (reversed):50001-1

Streptomyces kanasensis ZX01 (c30)
NZ_LNSV01000030:1-50001

Streptomyces kanasensis NPDC016311
<00001_NZ_JBIB.1-50001
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Table 2: Identificat

© Your strain 'GCF_003259315.1_ASM325931v1_KitasatosporaSolWspMP-SS2h_genomic' belongs to species Kitasatospora fiedleri.

& Your strain 'GCF_044750705.1_ASM4475070v1_KitasatosporaNPDC088783_genomic' belongs to species Kitasatospora fiedieti.

& Your strain '"GCF_044769485.1_ASM4476948v1_KitasatosporaNPDC090308_genomic' belongs to species Kitasatospora fiedleri.

& Your strain "GCF_948472415.1_JK4103_genomic’ belongs to species Kitasatospora fiedleri.

& Your strain 'GCF_003751605.1_ASM375160v1_Kit.cineracea_DSM44780_genomic' belongs to species Kitasatospora niigatensis. Note: @ @ A

 Your strain 'GCF_003814885.1_ASM381488v1_Kit.niigatensis_DSM 44781_genomic' belongs to species Kitasatospora niigatensis. Note: 0 0 A

& Your strain "GCF_000269985.1_ASM26998v1_Kit.setacKM-6054_genomic' belongs to species Kitasafospora setae.

O Potential new species detected: your strain ‘GCF_001424875.1_KitasatosporaRoot107_genomic' does not belong to any species found in TYGS database. @
O Potential new species detected: your strain 'GCF_001429805.1_KitasatosporaRoot187_genomic' does not belong to any species found in TYGS database. @

O Potential new species detected: your strain 'Strep_31A4_SRR7783782_contigs' does not belong to any species found in TYGS database. @

It cl. [ cl.
dDDH (do, dDDH (dg, dDDH (dg, G+C content
(do, in in (dg, in in (dg, in in difference
Query strain Subject strain %) %) %) K %) %) %) (in %)
‘GCF 000269985.1 ASM26998v1 s . [41.1- [34.8- [39.4 -
Kit.setaeKM-6054 genomic’ Kitasatospora fiedleri DSM 114396 445 479] 373 308 424 454) 0.15
‘GCF 0014248751 > : X [20.3- [21.8- [19.7 -
Kitasat fiedleri DSM 114396 i 4.1 4 i
et 107 - tasatospora fiedleri 235 27.2) 2 26.5) 226 25.6) 263
'"GCF 001429805.1 [20.4 - [21.7 - [19.8 -
o 187 - Kitasatospora fiedleri DSM 114396 ~ 23.7 273) 240 26.5) 226 25.7] 258
G.CF 003259315.1 ASM325931v1 ) ) ) [756- [67.0- [773-
KitasatosporaSolWspMP-SS2h Kitasatospora fiedleri DSM 114396 796 70.0 80.6 0.41
e 83.0] 72.8] 83.6]
genomic
G_CF. 003751605.1 ASM375160v1 ) ) [46.8- [40.4 - 456 -
Kit.cineracea DSM44780 Kitasatospora fiedleri DSM 114396 50.2 429 48.7 0.14
£5 53.7] 45.5] 51.7]
genomic'
'GCF 003814885.1 ASM381488v1
gl S Y ) . [48.8- [403- [47.3-
Kit.niigatensis DSM 44781 Kitasatospora fiedleri DSM 114396  52.3 428 504 0.02
S 55.7) 45.4) 53.4)
genomic'
‘GCF 044750705.1
ASM4475070v1 ’ [71.4- [71.3- [74.4 -
KitasatosporaNPDCO88783 Kitasatospora fiedleri DSM 114396 754 79.0] 74.3 71 779 81.0] 0.1
genomic’
'GCF 044769485.1
ASM4476948v1 : X s [81.6- [71.2- 83.1-
KitasatosporaNPDC090308 Kitasatospora fiedleri DSM 114396 85.3 88.3] 74.2 77.0] 86.2 88.8] 0.25
genomic’
‘GCF 948472415.1 JK4103 [100.0 - [100.0 - [100.0 -
Kitasat fiedleri DSM 114396 100.0 100.0 100.0 0.0
genomic’ Asalosnora mden 100.0] 100.0] 100.0]
'Strep 31A4 SRR7783782 5 o [123- [19.1- [12.8-
fiedle 14 15.1 14 15. A
contigs’ Kitasatospora fiedlen DSM 114396 5. 18.6] 2 238) 53 18.2] 3.03

16



o
3
2
0
”
.9
o
"
2,
[45]
‘Strep_31A4_SRR7783782_contigs'
1 D iac T44
I p rces camelliae HUAS 2-6
87 o shensis MUSC 1'
D durhamensis NRRL B-3300
ptomyces fodineus TW1S1
ptomyces puniciscabiei DSM 41929 ||
1 D barr JAO3
D 1 icus JCM 4714 ||
D DSM

GCF_001424875.1_}

NEREEDE

Kitasatospora fiedleri DSM_114396
'GCF_044769485.1_ASM4F76948v1_KitasatosporaNPDC090308_genomic
00 'GCF 0447507051 ASMA4475070v1 ansmspmN'PDOOSETSJ *genomic
(GCF 003259315 1_ASM315931v1 PSS i

Kiuﬁmspmznilgamnm DSM 44781
'GCF_003751605.1_ASM375160v1_Kit cineracea_DSM44780_genomic'

69985.1_ASM26998v1 |_Kit.setaeKM-6054_genomic'
il setae KM-6054
Kﬁnﬂatm:p(xa setae NRRL B-16185
gnseola JCM 3339
K' KCTC 2395
— hl DSM 41656
00— Kmmapcn cochleata JCM 8799

GCFm
g6l

terrestris JCM 13006

[ BE B Subspecies cluster

W]

Percent G+C

delta statistics

N |

i__EEREEN

Genome size (in bp

Protein count

o User strain?

e R EEEER R

Type species?

17



Figure S9. Visualization of the putative P-BGC and GC-Frame plot in Artemis.
An inspection with Artemis and the GC-Frame Plot function, combined with an NCBI blast search of encoded proteins, indicates that there are no apparent
errors in the sequence or CDS annotation of Kitasatospora fiedleri P-BGC?.
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Figure S10. 3P NMR spectra of concentrated supernatants from heterologous

expression strains
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Hits

Figure S11. BLAST analysis of amino acid sequences from the Kitasatospora fiedleri

P-BGC

Each amino acid sequence encoded by a predicted Protein Codding Sequence (CDS) from the antiSMASH
predicted phosphonic acid cluster of Kitasatospora fiedleri DSM 114396" was entered in a BLASTp search of the
non-redundant protein sequences (limited to taxid2: bacteria) database and the number of proteins in the top 100
hits with sequence identity >70% (green), >50% (yellow), and <50% (orange) was tabulated revealing regions of
high and low homology, respectively.
kfp08 kfp12
kfp03 kfp0O5 kfp07 kfp11 kfp16 kfp18 kfp21 kfp23

kfp01 kfp02 kfp04  kfp06 kfp09 kfp10 kfp13 kfp14 kfp15 kfp17 kfp19 kfp20  kfp22 kfp24
[ (@ S S S O —

2 70% 1D
2 50% 1D
E— <50% 1D

& ®
Base pair (x1000)

Figure S12. Alignment of aldehyde dehydrogenase enzymes from P-BGCs

(Next page) Alignment of the putative aldehyde dehydrogenase enzymes from the P-BGCs of Kitasatospora
fiedleri DSM 114396 (Kfiedleri_adh; locus_tag="QMQ26_RS15690" of NZ_0X419519), Streptomyces sp.
MMG1121 (MMG1121 adh; locus_tag="ADK64 RS20140" of NZ_LGDV01000190), Streptomyces sp. 31A4
(31A4_orf24; protein_id="AGZ94408.1 of KF386877), Streptomyces sp. NRRL F-525 proven
phosphonoacetaldehyde  dehydrogenase®  (F-525 fpnG; protein  encoded by sequence range
complement(102849..104318) of JNXE01000019.1). A second putative acetaldehyde dehydrogenase encoding
gene is present in the proximity of PepM in Streptomyces sp. NRRL F-525, just upstream of fpnA (orf5 in
Supplementary Figure 1 of Freestone et al 2017); we have included this protein in the alignment (F-525_adh2;
protein encoded by sequence range 94228..95685 of JINXE01000019.1). On first position, the sequence of the best
characterized phosphonoacetaldehyde dehydrogenase enzyme, PhnY from Sinorhizobium meliloti 1021%.
Highlighted in blue or pink background and bold type are the residues important for activity according to the
Supplementary Figure 1 of Agarwal et al, 2014. In all cases, all of the catalytic residues (pink) are conserved across
all proteins. The residues involved in the phosphate/phosphonate binding pocket (blue) are completely conserved
across all proteins proven (FpnG) or proposed to be involved in phosphonate biosynthesis in Kitasatospora and
Streptomyces, and half of the residues also conserved with S. meliloti. However, the second putative aldehyde
dehydrogenase from Streptomyces sp. NRRL F-525, not thought to be involved in phosphonate biosynthesis, is
more variable at these important residues.
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Figure S13. Overview of characterized enzyme functions in phosphonate

biosynthetic pathways detected as predicted proteins encoded in K. fiedleri pBGC
Some genes of the K. fiedleri P-BGC are predicted to be proteins which play known roles in characterized
phosphonate biosynthetic pathways. A shows the reactions catalyzed by VIpG and VIpF, two ATP-grasp ligases
(kfpO5 is predicted to encode an ATP-grasp enzyme) from the valinophos and DHPPA-phosphonate peptide
pathway in S. durhamensis DSM 40539. VIpG catalyzes the ATP-dependent ligation of L-Val to
dihydroxypropylphosphonate (DHPPA) to yield DHPPA-Val (AvlpG strains are deficient in valinophos
production). In contrast, VIpF is inactive toward acetyl-Val but instead uses ATP to attach a broad range of L-
amino acids onto DHPPA-Val, producing a suite of DHPPA-dipeptides. R = Gly, Ala, Val, Ser, Thr, Leu, Ile, Met,
Lys, Arg, Asn, GIn, Trp, Phe, His. Adapted from Zhang et al., 2022 B depicts the proposed reaction catalyzed by
a TauD dioxygenase (kfp07 and kfpl17 are predicted to encode TauD/TfdA family dioxygenases) in Burkholderia
pseudomallei 1710a leading to the synthesis of 2-hydroxy-phosphonoacetate (2-HPnA) from phosphonoacetic acid
(PnA). Adapted from Yu et al., 2013. C shows the PLP-dependent aminotransferase-catalyzed formation of
phosphonoalanine (PnAla). Phosphonopyruvate (PnPy) is transaminated by a PLP-dependent aminotransferase
(kfp20 is predicted to encode the same type of enzyme) from Streptomyces sp. NRRL S-515 in the biosynthesis of
phosphonoalamides. L-aspartate donates the amino group producing PnAla. Coexpression of PepM and the
aminotransferase is sufficient to reconstitute PnAla biosynthesis. Adapted from Kayrouz et al., 2020.
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Table S1. Identified potential phosphonate producer strains from the DSMZ and Tubingen collection and known

producers of reduced phosphorus compounds included in the analysis
Not all strains have publicly available genome information. (N/A).

Strain

strain
designations

Genome
accession

P-BGC
accession

total
no.
BGCs

PepM sequence

PepM
aa

PepM
consensus
motif
(EDKX°NS)

phosphonate
product

GCF01

Kitasatospora
atroaurantiaca

DSM 41649

GCF_0078
28955.1

NZ_VIVRO1
000001.1

28

MQRVSYPSFRTVLGEHEIVRVAGANHALGGLLA
EEAGFQAVWSSSLEVSASRGVPDASILSMAEYLE
SAANIQKVLRIPVVADCDTGYGGNLNVAHMVH
EFEDAGITAVCIEDKLFPKMNSFVAGGQTLLDTA
EFASKIVTAKRAQSTDDMFVIARTEALISGLDVAA
ALERCRAYADSGADAVLVHSKAKSRDQVLGFLE
GWDFRCPVVIVPTTYPDWHIDEIKAAGVSVVIYA
NQGLRATVTALRDTYRAVYRHGDSTVVEDSIASV
QDIFDLQRLPEWQKLDA

286

EDKLFPKMNS

unknown

Streptomyces
bikiniensis

DSM 40581, ISP-
5580

GCF_0007
16625.1

NZ_JNXJO1
000013.1

30

MLADNEIVRVAGANHALGGLLAEEAGFQAVWS
SSLEVSASRALPDASILSMTEYLEAAANIQKALRIP
VVADCDTGYGGNLNVAHMVHEFEAAGITAICIE
DKLFPKMNSFVAGGQTLLGTKEFADKIRIAKAAQ
ATKEMFVIARTEALISGLDVDAALERCRAYADAG
ADAVLVHSKVKTRDQVVGFLEGWDFRCPVVIVP
TTYPDWHIDEIKQAGVSVVIYANQGLRATVSALR
ETYRSVYENGDSTAVEDSIASVQDVFALQRLEA
WQKLDV

275

EDKLFPKMNS

unknown

Streptomyces
hokutonensis

DSM 102214,
R1-NS-10

GCF_0003
76565.1

NZ_BARGO
1000110.1

35

MQRPIYPSFRSVLADNDVVRVAGANHALGGLLA
EEAGFQAVWSSSLEVSASRGLPDASILSMTEYLE
AAANIQKVLRIPVVADCDTGYGGNLNVGHMVH
EFEAAGITGLCLEDKLFPKMNSFVAGGQTLLGTK
EFARKIKIAKEAQASKDTFVIARTEALISGLDVAEA
LDRCRTYADSGADAVLVHSKAKTRDQVVAFLDG
WDFRVPVVIVPTTYPDWHIDDIRQAGVSVVIYA
NHGLRATVSALRDTYRSVYENGDTTALEGSIASV
KDIFALQGLDSWQKLDS

286

EDKLFPKMNS

unknown

Streptomyces
regensis

DSM 40551,
NRRL B-11479

GCA_001
047335.1

LFVR01000
169.1

49

MQRPIYPSFRSVLADNDVVRVAGANHALGGLLA
EEAGFQAVWSSSLEVSASRGLPDASILSMTEYLE
AAANIQKVLRIPVVADCDTGYGGNLNVAHMVH
EFEAAGITGLCIEDKLFPKMNSFVAGGQTLLGTK
EFAKKIKIAKEAQASTETFVIARTEALISGLDVDAA
LERCRTYADSGADAVLVHSKAKTRDQVVAFLEG
WDFRVPVVIVPTTYPDWHIEDIRKAGVSVVIYAN
HGLRATVSALRDTYRSVYENGDTTALEGSIASVK
DIFALQGLDTWQKLDS

286

EDKLFPKMNS

unknown

Streptomyces
regensis

NRRL WC-3744

(N/A)

KF594335

Region on
contig edge.

(N/A)

MQRPIYPSFRSVLADNDVVRVAGANHALGGLLA
EEAGFQAVWSSSLEVSASRGLPDASILSMTEYLE
AAANIQKVLRIPVVADCDTGYGGNLNVAHMVH
EFEAAGITGLCIEDKLFPKMNSFVAGGQTLLGTK
EFAKKIKIAKEAQASTETFVIARTEALISGLDVDAA
LERCRTYADSGADAVLVHSKAKTRDQVVAFLEG
WDFRVPVVIVPTTYPDWHIEDIRKAGVSVVIYAN
HGLRATVSALRDTYRSVYENGDTTALEGSIASVK
DIFALQGLDTWQKLDS

286

EDKLFPKMNS

hydroxynitrilaphos®

Streptomyces sp.

TUE 18

(N/A)

(N/A)

34

MQRSIHPSFRSVLADNEIVRVAGANHALGGLLA
EEAGFQAVWSSSLEVSASRALPDASILSMTEYLE

AAANIQKALRIPVVADCDTGYGGNLNVAHMVH
EFEAAGITAICIEDKLFPKMNSFAAGGQTLLGTKE

286

EDKLFPKMNS

unknown

23
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FADKIRTAKAAQATQDMFVIARTEALISGLDVDA
ALERARAYADAGADAVLVHSKVKTRDQVVGFLE
GWDNRVPVVIVPTTYPDWHIDEIKQAGVSVVIY

ANQGLRATVSALRETYRSVYETGDSTAVENSIAS

VQDIFALQGLEAWQKLDV

Streptomyces
xanthophaeous

DSM 116597,
11.9

(N/A)

(N/A)

33

MQRSIYPSFRSVLAENEIVRVAGANHALGGLLAE
EAGFQAVWSSSLEVSASRALPDASILSMTEYLEA
AANIQKALRIPVVADCDTGYGGNLNVAHMVHE
FEAAGITAICIEDKLFPKMNSFVAGGQTLIGTKEF
ADKIRIAKAAQATQEMFVIARTEALISGLDVDAA
LERCRAYADAGADAVLVHSKVKTRDQVVGFLEG
WDFRVPVVIVPTTYPDWHVDEIKQAGVSVVIYA
NQGLRATVSALRDTYRSVYETGDSTAVEGSIASV
QDVFALQRLEAWQKLDV

286

EDKLFPKMNS

unknown

GCF02

Streptomyces sp.

NRRL $-481

GCF_0007
21955.1

NZ_KL5851
64.1

29

MLKRSYPSFRSVLDAHDVVRLAGAHHALSGVLA
QQAGFQAVWSSSLEVSASRCLPDASILSMTEYLE
AAANIQKALDIPVVADVDTGYGGNYNVAHMVH
EFEGAGITAVCMEDKLFPKMNSFANGDQTLLDT
AAFTGKIQTAKAVQSTEDFFLIARTEALISGAGVD
EAVSRCNAYADAGADAVLIHSKARTNEEVLAFLD
RWDNRVPVVIVPTTYPDWHIDEVRAAGVSVVIY
ANQGMRAALSAMRNTYRAIYEAGHTTLLESEIAS
VRDIFDLQRMADWQKLDA

286

EDKLFPKMNS

phosphono-
cystoximate®

Streptomyces sp.

GCF_0037
25745.1

NZ_RHDPO
1000001.1

29

MLKRSYPSFRSVLAAHDVVRLAGAHHALSGVLA
QEAGFQAVWSSSLEVSASRCLPDASILSMTEYLE
AAANIQKALDIPVVADVDTGYGGNYNVAHMVN
EFEGAGITAVCMEDKLFPKMNSFANGDQTLLDT
AAFACKIRTAKTVQSTDDFFVIARTEALISGAGVD
EAVRRCNAYADAGADAVLIHSKARTRDEVLAFL
DRWDDRVPVVIVPTTYPDWHIDEVRAAGVSVVI
YANQGMRAALSAMRSTYRAIYEAGHTTALESEIA
SVRDIFDLQRMADWQKLDA

286

EDKLFPKMNS

unknown

GCFO03

Kitasatospora
setae

DSM 43861,
KM-6054

GCF_0002
69985.1

NC_016109
1

41

MLRVNHQSFRTVLAESDVVRVAGAHHALSGYLA
QEAGFQAVWSSSFEVSASRCLPDASILSMTEYLE
AAANIQKALSIPVVADCDTGYGDNLNVAHMVH
EFEGAGITAVCIEDKLFPKMNSFVGSGQALLDTA
GFAAKIRTAKNAQHSSDFFVIARTEALISGLDVTQ
ALERCRAYADSGADAVLVHSKQRTKDQVMAFL
DGWDGRVPVVIVPTTYPDWHIDEVRAAGVSVVI
YANQGLRASVSSLRDAYGAIVRDGDTTGIEESIAS
VGDLFELQRLAEWQKLGA

286

EDKLFPKMNS

unknown

GCF04

Kitasatospora
purpeofusca

DSM 40283,
NRRL B-1817

GCF_0007
18025.1

NZ_JODS01
000049.1

45

MSPTPHSYPSFRSVLADHPLVRIAGAHSALGGVI
AEQVGFQAVWASSFEISAARCLPDASLLSMSEYL
DAAAHIQKALSVPVVADCDTGFGNSMNVAYM
VAEYEQAGITAVCMEDKIFPKMNSFAAADHSLL
DVNAFAHKIETAKKSQRSEDFFVIARTEAMISGL
GVDEALKRCAVYADAGADAVLVHSKQATKDEVL
SFLDQWDDRLPVVVVPTTYPDWHADEARAAGV
SAVIYANQGLRATITSLRSALGSIYETGHSAHLEDS
IAGVKDVFALQRLDQWQEFTA

288

EDKIFPKMNS

unknown

Saccharothrix sp.

ST-888

GCF_0009
55975.1

NZ_JYJFO10
00012.1

50

MSLNIHPSHPSFRSVMAEHPLTRIAGAHSALGG
VIAEQVGFQAVWASSFEISAARCLPDASLLSMTD
YLEAAANIQKALTVPVVADCDTGFGNSMNVAY
MVAEYERAGITAVCMEDKIFPKMNSFAAAAHTL
LDAGDFAHKIETAKKAQRSEDFFVIARTEAMISGL

289

EDKIFPKMNS

phosphonothrixin’

24
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GVDEALKRCTTYADAGADAVLVHSKKATKDEVL
EFLEQWDNRLPVVVVPTTYPDWHADEAHAAG
VSAVIYANQGLRATITSLRTALGSIYQTGHSAHLE
DSIAEVKDVFALQRLGQWQEFTA

Streptomyces sp.

WM4235

GCF_0012
79725.1

NZ_LGDEO1
000429.1

Region on
contig edge.

40

MIRNSYPSFRQVLADNPLTKIAGAHSSLGGRIAE
QSGFQAVWASSFEISAARCLPDASLLSMTDYLEA
AANIQKALSVPVVADCDTGFGNSMNVAYMVAE
YESAGITAVSIEDKIFPKMNSFAAADHTLLDVSAF
AHKIETAKKAQRTDDFFVIARTEAMISGLGVDEA
LKRCNAYADAGADAVLVHSKQKTKDQVLEFLAH
WDDRLPVVVVPTTYPDWHADDARAAGVSAVIY
ANQGLRATITSLRSTYRSIYETGHTSHLEDSISGVK
DVFDLQQLDEWQQLGA

286

EDKIFPKMNS

phosphonothrixin®

Streptomyces sp.

TUE 21470

(N/A)

(N/A)

42

MSPTPHSYPSFRSVLADNPLVRIAGAHSALGGVI
AEQVGFQAVWASSFEISAARCLPDASLLSMSEYL
DAAAHIQKALSVPVVADCDTGFGNSMNVAYM
VAEYEQAGITAVCMEDKIFPKMNSFAAADHSLL
DVNAFAHKIETAKKSQRSEDFFVIARTEAMISGL
GVDEALKRCAVYADAGADAVLVHSKQATKDEVL
SFLDQWDDRLPVVVVPTTYPDWHADEARAAGV
SAVIYANQGLRATITSLRSALGSIYETGHSAHLEDS
IAGVKDVFALQRLDQWQEFTA

288

EDKIFPKMNS

unknown

GCFO05

Streptomyces
aureus

NRRL B-2808

GCF_0014
18135.1

KC733813.
1

Region on
contig edge.

(N/A)

MTASRPPQQDRNDPPDGAARRLRAALAAPRLT

RAMGAHSPLSARLAEEAGFDVVWSSGLEISAAA

GVPDANILAMGECLDAAAGLASSVDLPVLADCD
SGFGNVNNVIHMVRSYEARGVAGVCIEDKQFPK
LNSFVEGNQDLAPLDDFAAKIRGASETRTDMVV
VARLEALISGQGMAEALRRADVYERAGADALLIH
SKRKDPEEVFAFREAYRGDLPVIVVPTTYNQVTV

EELEQRGFAMAIYANQALRSSIRAMRETLTRIMR
DGTTLNVEPELAPLKEIFDLQRMPQMLEQQERY

ESLGRELAEAAQ

311

EDKQFPKLNS

phosacetamycin®

Streptomyces sp.

A4l

(N/A)

(N/A)

37

MTESRSPQQNERTPSAAQRLRAALATPRLTRAM
GSHSPLSARLAEEAGFDVVWSSGLEISATAGVPD
ANILAMGECLDSAAGLASAVDIPVLADCDSGFG
NVNNVIHMVRAYESRGMAGVCIEDKQFPKLNS
FIEGNQDLAPLDDFAGKIRAATETRTDMVVVARL
EALISGQGMAEALRRADVYERAGADALLIHSKRK
DPEEVFAFREAYRGHLPVIVVPTTYNQVTVEELE
QRGFAMAIYANQALRSSIRAMRETLTQIMRDGT
TRNVEPDIAPLKEIFDLQRMPQMLEQQERYESV
GRELAEAAK

309

EDKQFPKLNS

unknown

Streptomyces sp.

A4-2

(N/A)

(N/A)

39

MTESRSPQQNERTPSAAQRLRAALATPRLTRAM
GSHSPLSARLAEEAGFDVVWSSGLEISATAGVPD
ANILAMGECLDSAAGLASAVDIPVLADCDSGFG
NVNNVIHMVRAYESRGMAGVCIEDKQFPKLNS
FIEGNQDLAPLDDFAGKIRAATETRTDMVVVARL
EALISGQGMAEALRRADVYERAGADALLIHSKRK
DPEEVFAFREAYRGHLPVIVVPTTYNQVTVEELE
QRGFAMAIYANQALRSSIRAMRETLTQIMRDGT
TRNVEPDIAPLKEIFDLQRMPQMLEQQERYESV
GRELAEAAK

309

EDKQFPKLNS

unknown

Streptomyces sp.

TUE 3678

(N/A)

(N/A)

36

MNKPNSQPSPAEALRAALHAERPARAMGAHSP
LSARLAEEAGFEVIWSSGLEISAAAGVPDANILA
MPQCLEAAASLAESVSVPVLADCDSGFGNVNN
VIHMVRAYEARGVAGVCIEDKQFPKLNSFIEGN
QDLAPVDDFAAKIRAATEVRRDLVVVARLEALIS
GQGMAEALRRADVYERAGADALLIHSKLADPGE
VFAFREAYTGDLPVIAIPTTYHQVTIEDLRERGFA
MAIYANQALRSSLRAMRATLTKIIQDGSTHGVEE

303

EDKQFPKLNS

unknown

25
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Streptomyces
kutzneri

DSM 40907

GCF_0322
48635.1

NZ_JASTTIO
10000003.1

Region on
contig edge.

34

DIAPLKEIFDLQRMPQMLEQQARYEALGRDLAE
AGR

MFKPVSYPSFRSVLAQRRALSQAVRVAGAHDAL
GGRLAQAAGFDAVWASSLEVSAARCLPDASVLT
MTEYLEAAAHTQKALGIPVVADVDTGYGNNLN
VAHMVHEYEAAGITAVCMEDKLFPKMNSFVAT
SHTLLDTEEYCSKVRVAKNAQRGEDFFFIARTEAL
IDGLGVEVALERCHAYVDAGADAVLIHSKSRTKD
QVLEFLQGWRDRAPVVVVPTTYPDWHADDAV
KDGVSTIIYANQGLRATVSALRDTYASILSHGETT
RLEDKIASVKDVFALQRLSDWQELESA

292

EDKLFPKMNS

phosphonoalamide
A_Dlo

Streptomyces
resistomycificus

DSM 40133

GCF_0015
14265.1

NZ_KQ949
005.1

30

MLKSALHPSFRSVLAARRAAGSAVRVAGAHDAL
GGRLAEAAGFDAVWASSLEVSAARCLPDASVLT
MTEYLEAAANTQKALGIPVVADVDTGYGNNLN
VAHMVREYEAAGITAVAIEDKQFPKMNSFVATS
HTLLDTDTFASKLRVAKQAQRTEDFFVIARTEALI
DGLGVEVALERCHAYVDAGADGVLVHSKKPTNE
QVLAFLAEWQDRAPVVVVPTTYPDWHIDDAVK
AGVSTVIYANQGLRATIRALRETFSTIVDQGATTE
LEDRIASVKDIFALQGLAEWQELESA

292

EDKQFPKMNS

unknown

Streptomyces sp.

B-2790

GCF_0416
95405.1

NZ_JBAFS
W0100000
02.1

Region on
contig edge.

47

MLKSTPHPSFRTVLTARRAAGSAVRVAGAHDAL
GGRLAEAAGFDAVWASSLEVSAARCLPDASVLT
MTEYLEAAAHTQKALGIPVVADVDTGYGNNLN
VAHMVREYEAAGITAVAIEDKQFPKMNSFVATS
HTLLDTETFSSKLRVAKQAQRTEDFFVIARTEALI
DGLGVEVALERCHAYVDAGADGVLVHSKKPTNE
QVLAFLAEWGDRAPVVVVPTTYPDWHIDDAVK
AGVSTVIYANQGLRATIRALRETYGTIVERGDTTE
LEDRIASVKDIFALQSLTDWQELESA

292

EDKQFPKMNS

phosphonoalamide
A_Dll

Streptomyces
badungensis

DSM 114471,
195335CR

(N/A)

(N/A)

30

MFKPVSYPSFRTVLGERRAAAKAVRVAGAHDAL
GGRLAQSAGFDAVWASSLEVSAARCLPDASVLT
MTEYLEAAANTQKALGIPVVADVDTGYGNNLN
VAHMVHEYEAAGITAVCMEDKLFPKMNSFVAT
AHTLLDTDAFCSKIRVAKNAQRGEDFFFIARTEAL
IDGLGVEVALERCHAYVDAGADAVLIHSKSRTKD
QVLEFLREWKDRAPVVVVPTTYPDWHADDAFK
DGVSTIIYANQGLRATVSALRDTYASILSHGDTTH
LEDKIASVKDVFALQRLSDWQELETA

292

EDKLFPKMNS

unknown

GCFO7

Salinispora
pacifica

DSM 45543,
CNS-863

GCF_0003
83995.1

NZ_KB9130
221

24

MSDSNVLVVRTGQSKAAALRALLSADHPVRAVG
AHDALTAKLVEQAGFDAVWSSSFEISASHGLPD
ASIVTMSQYLASSEAMDLGVTIPVIADCDSGYGG
PLHTAYAVQRFERAGIAAVCIEDKLFPKMNSFAD
VTQELVTAEEFAMKIKAAKEVQNDPDFMVIART
EALIAGLSITEALDRGHAYVEAGADAVLVHSKSKR
PDEVLEFASRWDSDVPLVAVPTTYSSISEAALGA
AGFRIVIYANQGLRAAVRGVQETLQELSRAGCA
QAVSERIAPMHEVFALQGMRAGFRDKP

296

EDKLFPKMNS

unknown

Streptomyces
chrestomyceticus

DSM 40545,
NBRC 13444

GCF_0038
65135.1

NZ_BHZCO01
000001.1

45

MSENATTTNKSARLRELLAGPRPVAAVGAHDGL
SAKLVEQAGFDAVWCSSFEVSASYGLPDASLVT
MTQFLAAAEAMDAIIDIPVIADCDTGFGGPLNV
AFAVERYERAGIAAMCIEDKLFPKINSFADAGQD
LLPTKEFALKIEAGKQTQKDERFLLIARTEALISGQ
GVPEALERAHAYADAGADAVLVHSKSRRPDDIL
ELGDAWDRDVPLVAVPTTYASVEEKALFDAGYR
LVIYANQGMRAAVKNMREVLGKLRVEGRAESV
DADIATMPEIFALQGMTAAFRTAP

2901

EDKLFPKINS

unknown

26
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Streptomyces
monomycini

DSM 41801,
NRRL B-24309

GCF_0007
15845.1

NZ_KL5710
64.1

Region on
contig edge.

45

MSENTTTNKSALLRELLAGPRPVAAVGAHDGLS
AKLVEQAGFDAVWCSSFEVSASYGLPDASLVTM
TQFLAAAEAMDAIIDIPVIADCDTGFGGPLNVAF
AVERYERAGIAAMCIEDKLFPKINSFADAGQDLL
PTKEFALKIEAGKQTQKDERFLLIARTEALISGQG
VPEALERAHAYADAGADAVLVHSKSRRPDDILEL
GDAWDRDVPLVAVPTTYASVEEKALFDAGYRLV
IYANQGMRAAVKSVREVLGKLRAEGRAEAVDA
DIATMPEIFALQGMTAAFRTAP

290

EDKLFPKINS

argolaphos®

GCF08

Streptomyces
alboniger

DSM 40043,
ATCC 12461

GCF_0087
04395.1

NZ_CP0236
95.1

30

MTVVSNSYVETSSRALVLRDAFESGRLVKVAGA
HDGLSARLAMEAGFDAVWASGLEISAAQGLPD
VSLLGMAEYLAGATAMQQAVSIPVVADCDTGF
GGSLNAAYTMRRYEGAGVAGICIEDKIFPKRNSF
LDAGQKLLETDEFGSKLEAAKKAQARPETLLIART
EAFICGMGVDEALRRCHQYVDAGADAVLVHSKS
AEAGEVVSFMRQWQHRAPVVIVPTTYADFSVQ
EAQEAGISMVIYANQGMRASVKAVRDTWAVVL
AEGSTASVEPHIATVKDIFSLSGIDHWLGDDK

295

EDKIFPKRNS

unknown

Streptomyces
luridus

NRRL 15101

(N/A)

GU199252

Region on
contig edge.

(N/A)

MTIASYGPSTLPGSRAATLRDAFANGRLVRVAG
AHDGLSARLAEEAGFDSVWASGLEISAAHGLPD
VSLLGMAEYLSAAVAMQRSVSVPVVADCDTGF
GGVLNAAYTMMRYEEAGVAGVCIEDKIFPKRNS
FVNSGQKLLDVDEFGRKLEAAKRAQVSSDTVLIA
RTEAFICGLGLQEALTRCHHYVDAGADAVLVHSK
AVDSGEVVSFMKEWNHRAPVVVVPTTYADFSA
AEAQEAGISMVIYANQGMRAAITAIRSTWATVL
AEGSTAPVEPRIASVKDIFAISGMDQWLDLDR

296

EDKIFPKRNS

dehydrophos®?

Streptomyces sp.

TUE 3997

(N/A)

(N/A)

supercluste

37

MTITSSESSTTRTKSTVSSPRAAALREAFADARLV
RTAGAHDGLSARLAEEAGFDAVWASGLEISAAN
GLPDVSLLGMAEYLAGAVAIQRSVSLPVIADCDT
GFGGVLNAAYTMMRYEEAGIAGICIEDKIFPKRN
SFVNAGQKLLAADEFGRKLQAAKRAQLSADTVLI
ARTEAFICGLGLEEALSRCHLYVDAGADAVLVHS
KAVDSTEIVSFMREWDHRAPVVIVPTTYADFSAT
QAREAGIAMVIYANHGMRAAITAIRDTWADVL
AKGSTADLEPRIATVKDIFALSGMDQWLETDR

302

EDKIFPKRNS

unknown

GCF09

Kitasatospora
fiedleri

DSM 114396,
TUE 4103

GCF_9484
72415.1

NZ_0X419
519.1

25

MSKSRTLRDGLNGSEVIRLVGAHSALSAKLGQD
AGFEAIWASGLEISASRALPDANVLSMSECLEAA
AQIADAVDVPVLADCDSGFGGVGNVAHMVRSY
QARGLAGVCIEDKQFPKLNSFVEGHQDLAPIGDF
AAKITAAKEARTGEDFVVVARIEAFIAGAGLDEAL
RRATVYEAAGADALLIHSKLSTPEEVFAFRAAYTG
ALPVIVVPTTYPQVTAAELTERRFGGVIYANQGL
RAAISAMRDVLGQIGAAGSTHAVEGSIATLKDVF
ALQNVDALLARQERHDALTAQYAALG

297

EDKQFPKLNS

unknown

Streptomyces sp.

31A4

(N/A)

KF386877.1

Region on
contig edge.

(N/A)

MSNTRTLRDGLNGSAITRLMGAHSALSAKLGEE
AGFEAIWASGLEISAARALPDANILSMAECLQAA
TEIAGAVDIPVLADCDSGFGGVGNVVHMVRSYE
ASGVAGVCIEDKQFPKLNSFVEGNQDLAPVGDF
AAKITAAKEARRDEDFVVVARIEALIAGAGMEEA
LRRARVYEAAGADALLIHSKRSTPEEIFAFRAAYD
GALPLIVVPTTYPQVTAAELAERGFGAVIYANQG
LRASISAMRDVLARIDAAGSTYGVEESIAGLKDVF
ALQKVDELLARQERHDALTAAYASLG

297

EDKQFPKLNS

unknown

27
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GCF10

Streptomyces
viridochromo-
genes

DSM 40736,
TUE 494

GCF_0001
58955.1

NZ_GG657
757.1

supercluste

33

MNATERPGSDGTGSPESVGSRLKNLLHGPGTCQ
LMGVHDGLSARIAVAEGFEALWASGLCMSTAR
GVRDSDEASWTELLTLVGTMTEAAPGAPVLVD
GDTGYGNFNTARRFAARAERVGAAGVCFEDKV
FPKMNSFFGDGHQLAPIGEFSGKIKACKDTQRD
PGFVVVARTEALISNLPMEEALTRAHAYVEAGA
DGLFIHSRMSTPQQIAEFMRQWDGSAPILIAPTT
YHRPSLDDFAALGIAGCIWANHSMRAAFSAMR
DVCQQIRADRGIFGVEERVAPLKEIFGLLDYESLE
QDENRYTQAPDLAPVQG

313

EDKVFPKMNS

phosphinothricin

tripeptide3

Streptomyces
mooreae

DSM 41527,
ATCC 21705

GCF_0318
45725.1

NZ_JAVRFE
010000017.
1

supercluste

39

MNATEQAASGDRGTTRSAGGRLRYLLHAPGAC
QLMGVHDGLSARIAVAEGFEALWASGLCMSTA
RGVRDSDEASWTELLTLVGTMTDAVPGVPVLV
DGDTGYGNFNTARRFAGRAERVGAAGVCFEDK
VFPKMNSFFGDGHQLAPVAEFCGKIRACKDAQR
DPDFVVVARTEALISKLPMEEALDRAAAYAEAGA
DALFIHSRMNTPQQIATFMERWEGSTPVLIAPTT
YHTPSVDDFAALGIAGCIWANHSMRAAFAAMR
DVCQRIRTDRGIYGIEDQVAPLKEIFGLFDYEGLE
KDENCYTQAPDLAAVQG

313

EDKVFPKMNS

phosphinothricin

tripeptide®®

GCF11

Goodfellowiella
coeruleoviolacea

DSM 43935

GCF_0241
71785.1

NZ_JAMTC
K01000000
2.1

51

MDSTRPAQPPSRSARLRAMLAAPEISFLMEAHN
GLSARIAQHAGFPGIWASGFAISTALGVRDSNEL
STKELLDTVAFMVDATTVPIVVDGDTGYGNFNN
ARRLVRQLGRLGVSAVCLEDKLFPKTNSFLGTGQ
PLADEREFCGKIRACKDSQLDAEFCVVARVEALV
SGRGLTEALHRAESYRRAGADAVFIHSKQQDGR
EVLDFAREWAGRCPLVITPTTYHGVGVDAFERA
GVAMLIWANQNMRAAVLAMRQVCQSIAANR
GLTAVEPALVSVQEVFDFLDYDELDAATLRYSSW
HGDETTAGAGP

309

EDKLFPKTNS

unknown

Streptomyces
rimosus

Pantoea ananatis

(1)

DSM 40260,
ATCC 10970

LMG 5342(-1)

GCF_0003
31185.2

GCF_0002
83875.1

NZ_CP0482
61.1

supercluste

NC_016816
A

46

9

MGDTGGSIQREDLMHHNHHTPTTAKTTMMRE
LLRSRSLGFLMEAHNGLSARIVEDVGFPGIWASG
FSISTALGVRDSNEVSAGEVLDTVAYMADATRIPI
MVDGDTGYGNFNNARRFVRQLCRLGVAGVCIE
DKLFPKTNSFIGDRQPLADTDEFRGKIAACKDSQ
TDDDFCVIARVEALVSGFSLAEALGRAEAYRQAG
ADAVFIHSKRKDGKEVLAFAREWGRRSPLVITPT

TYHRSVGVDTFERAGISTLIWANQNMRASMRA

MREVSEEVFKKRRVSDVEQDLVPVQEVFDFLDY

GELDDASRRYLPADPAPASRRDAS

MIKKLIAEKGTLIFIEAHNPLSALIASKAEQTNSEG
RIVKFDGIWSSSLTDSASRGIPDNETLALSSRLENI
ADIRNVTDMPIIMDADTGGKPEHFSYYVKRMIN
NGVNGVIIEDKTGLKKNSLFGTEVEQTLADINDFS
EKIKRGKSAVYIDDFMIIARLESLIAGFDVEHALER
ADAYVEAGADGIMIHSCKKTPDEVFLFSTKFRKK
YPSVPLICVPTTYSATSNRELSEAGFNVIIYANHM
LRAAYKAMENVSKEILRYGRTAEIEKSCMSVKEIIS
LIP

323

284

EDKLFPKTNS

EDKTGLKKNS

unknown

GCF12

pantaphos'®

Streptomyces
thermoviolaceus

DSM 116655,
SFG18

(N/A)

(N/A)

23

MSISTIGNETRLTALRESLSRGEPVRIIEVHSPLAA
VIAEHAQGKGPDRREFHGFWSSSLTDSALRGLP
DIELLDMEVRLSWIDQIFSVSTLPLVMDGDTGG
QTLHFEYLVKAMERRGVSAVVIEDKCGEKRNSLL

306

EDKCGEKRNS

unknown

28
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PGEGLHTMAPVDEFCDKISRGKAAQSSDAFMII

ARLEGLITGLSRQEILDRAGAYVAAGADGLVLHS
RSSDEAPLLDLARELRRRHPDTPLVAIPTAYPSVT
EEELHAAGFNMIIYANQMLRAATRAMEEVSHRI
LDHGRALEAGEVCIETSKLLTMPDDKRPIVRAPR
N

GCF13

Streptomyces
doudnae

DSM 41981

GCA_031
845505.1

NZ_JAVRES

010000001.

1

38

MTATGRTVGRTAALRHLLERAELTFLMEAHNGL
SAKLVEQAGFEGIWASGLSIAAALGVRDSNEAS
WTQVLEVAEFMSDATRIPILLDGDTGYGNFNSV
RRLVRKLEQRGVAGVCVEDKLFPKTNSFVRGGA
QPLADAEEFAGKIGAAKASQQDQDFVVVARTEA
LIAGLGLAEALRRAELYRRAGADAILVHSARADA
GEVRAFKAEWGDRLPVVIVPTAYYRTPTEVFAED
GISTVWWANHLMRSALRAMQITASTIFAEQHLR
NVEGTVAPLAEVFALQGEDELAEAEARWLPRRN
TPSR

303

EDKLFPKTNS

unknown

Streptomyces
hintoniae

DSM 41014

GCA_031
845745.1

NZ_JAVRFF

010000014.

1

41

MTAPGRTTSRAAALRHLLDRPELSFLMEAHNGL
SAKLVERAGFEGIWASGLSIAAALGVRDSNEAS
WTQVLEVAEFMSDATRIPILLDGDTGYGNFNSV
RRLVRKLEQRGVAGVCVEDKLFPKMNSFVRGGA
QPLADAEEFAGKIGAAKSAQHDPDFVVVARTEA
LIAGQGLAEALRRAELYRCAGADAILVHSARSDA
DEVRAFKAEWGDRLPVVIVPTKYYRTPTEVFAED
GFSTVVWANHLMRSALRAMQITASTIFAEQHLR
NVEGAVAPLAEVFEIQGEDELAEAEQRWLPQRN
TPRR

303

EDKLFPKMNS

unknown

GCF14

Amycolatopsis
xylanica

DSM 45285

GCF_9001
07045.1

NZ_FNONO
1000001.1

45

MDAFSPALRELLDRPGPVRAAGAHNPLGARLAE
RAGFDAVWSSGLEISASQGLPDADILTMTELLAV
AQSMAAAVSVPVIADCDAGYGNASNVMHLVR
RYEAAGVAAVCIEDKTFPKVNSFVPGRQTLLPAE
DFCNKIAAAKAAQSRPDLVVIARLEALVAGWGL
DEALRRGEAYAEAGADMVLIHDKGKSPQPVLEF
LQRWRRPVPVAVVPTTYHTVTADELSDAGAKLV
IYANHGLRAAITAITSAFDTILRDGRTTGIEDRISPL
STVFDLQGMRQFIEAERRFVAERGPVEGVA

298

EDKTFPKVNS

unknown

Kitasatospora
cheerisanensis

DSM 101999,
KCTC 2395

GCF_0006
96185.1

NZ_KK8539
97.1

34

MRAPSRRPAARLRALLSGPEPIRLVGAHNALGAR
LAERAGFDGIWASGLEVSASHGVPDADILTMSEL
LATAQSMARAVEVPVVADCDTGYGNAINVMNT
VRRYEAAGIAGVCIEDKVFPKMNSFVSGRQQLA
QLGEFCGKVEAAKAAQEDPDFVVIARVEALIANR
GMEEAVRRARAYADAGADAILIHDKDRSPASIFE
FIDRWDFRKPLVVVPTTYYSVTVDELAAAGVKM
VIYANQGLRASIAAVSRTFEEILSAGTSAPVEERIA
PLDLVFDLQGVPELKRNEELYLRSDAPVEEGAPH
RATPDPAPADAAALVASHAN

324

EDKVFPKMNS

unknown

GCF15

Streptomyces
aureocirculatus

DSM 40386, ISP-
5386

GCF_0007
20475.1

NZ_JOAPO1
000003.1

45

MSQGDLVRVAGAHDAMGATLAQQAGFQAVW
SSSLEVSASRCLPDASVLTMTEYLAAAANMQKAI
DIPVVADVDTGYGNNLNVAHMVHEYEAAGITA
VAIEDKLYPKVNSFAEVAQTLLPLTDFAQKIETAK
NAQRGEDFYVIARTEALIDGLGVEEALKRCTAYA
DAGADAILIHSKKKDEGEIVEFLDGWDGRKPVVI
VPTTYPQWSAAEATKHGVSVVIYANQGLRATVQ

274

EDKLYPKVNS

unknown

29
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ALRTTFGTIYRDGTSLGVESEIAPVSDVFALQRLQ
DWLALEA

Streptomyces
silvensis

GCF16

Nonomuraea sp.

ATCC 53525

G22-1

GCF_0014
82415.1

(N/A)

NZz_LOCLO1
000042.1

(N/A)

MTSHRASFRAVMSQGDLVRVAGAHDAMGATL
AQQAGFQAVWSSSLEVSASRCLPDASVLTMTEY
LAAAANMQKAIDIPVVADVDTGYGNNLNVAH
MVHEYEAAGITAVAMEDKLYPKVNSFAEAAQTL
LPLADFAQKIETAKNAQRGEDFYVIARTEALIDGL
GVEEALKRCTAYADAGADAILIHSKKKDEGEIVEF
LDGWDGRKPVVIVPTTYPQWSAAEATKHGVSV
VIYANQGLRATVQALRTTFGTIYRDGTSLGVESEI
APVSDVFALQRLODWLALEA

MSVYGAQRRDRPTAEPAPSPGARLRALLGGSEP
AVLMGAHDGLSARVAAEAGFPALWASGLCISTA
LGVRDSDEASWTELLEMAARVVAASGLPVLVDG
DTGHGNFNTARRFTARVEQIGGAGVCLEDKLFP

KMNSFVGDGHELTKIGEFCGKIAACRDALADPD

FVIVARTEALIAGAGLDEALRRGEAYRRAGADAL

FIHSRQSTVSEIAQFAREWQSRLPLVIAPTTYHTT

PMEEYVKLGISGVIWANQSMRASLAAMRKACE

SLRRDGPAAVEDGISSLEELFSLMRYQELAEDEKR
YGDQAPGIAELMATRKPGS

285

320

EDKLYPKVNS

EDKLFPKMNS

unknown

unknown

Nonomuraea
candida

Streptomyces
fradiae

DSM 45086,
NRRL B-24552

HZ1738

GCF_0007
25485.1

(N/A)

NZ_JOAGO1
000015.1

EU924263.
1

Region on
contig edge.

(N/A)

MSVYGAQRRDRPTAEPAPSPGARLRALLGGSEP
AVLMGAHDGLSARVAAEAGFPALWASGLCISTA
LGVRDSDEASWTELLEMAARVVAASGLPVLVDG
DTGHGNFNTARRFTARVEQIGGAGVCLEDKLFP

KMNSFVGDGHELTKIGEFCGKIAACRDALADPD

FVIVARTEALIAGAGLDEALRRGEAYRRAGADAL

FIHSRQSTVSEIAQFAREWQSRLPLVIAPTTYHTT

PMEEYVKLGISGVIWANQSMRASLAAMRKACE

SLRRDGPAAVEDGISSLEELFSLMRYQELAEDEKR
YGDQAPGIAELVATRKPGS

MQRPIVYVGMSADLIHPGHINILSRAAELGDITIG
LLTDAAIASYKRLPHMTYEQRKAVVENLKGVASV
VPQRTLDYAENLRTVRPDFVVHGDDWQTGVQR
HTRERVIEVLSEWGGKLIEIPYTPGISSTHLHSSVK
EVGTTPNVRLSRLRRLLDSKEIVRILEVHNGLTGLII
ENSKVTVDNQAREFDGMWSSSLTDSLARGKPD
TEAVDVSSRLOMVNELFEVTTKPLVFDGDTGGK
PEHFGFTVRSLERLGVSAVIVEDKEGLKRNSLFGT
DVPQTQSSVEDFSARIRIGKRAQITDDFMVIARIE
SLILEKGMADAVHRAEAYVDAGADGIMIHSRQS
DPAEIFEFCRYFDKLPRRVPLVVVPTSYSSVRESEL
ADAGVNMVIYANHLMRAVYPQVTKVVQSILQH
GRAHEAESMLASIKDALSIIPENSG

320

435

EDKLFPKMNS

EDKEGLKRNS

2-phosphinomethyl-
malic acid + des-
methylphosphino-
thricin, possibly
other H-phos-
phinates®

fosfomycin?’

Streptomyces
wedmorensis

DSM 41676,
ATCC 21239,
NRRL 426

GCF_0007
16445.1

NZ_JNWKO
1000026.1

supercluster

MQRPIVYVGMSADLIHPGHINILSRAAELGDITIG
LLTDAAIASYKRLPHMTYEQRKAVVENLKGVASV
VPQRTLDYAENLRTVRPDFVVHGDDWQTGVQR
HTRERVIEVLSEWGGKLVEIPYTPGISSTRLHSSVK
EVGTTPNVRLSRLRRLLDSKDIVRILEVHNGLTGLI
IENSKVTVDNQAREFDGMWSSSLTDSLARGKPD
TEAVDVSSRLOMVNELFEVTTKPLVFDGDTGGK
PEHFGFTVRSLERLGVSAVIVEDKEGLKRNSLFGT
DVPQTQSSVEDFSERIRIGKRAQITDDFMVIARIE
SLILEKGMADAVHRAEAYVDAGADGIMIHSRQS
DPAEIFEFCRYFDKLPRRVPLVVVPTSYSSVRESEL

435

EDKEGLKRNS

fosfomycin?®1°

30
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ADAGVNMVIYANHLMRAVYPQVTKVVQSILQH
GRAHEAESMLASIKDALSIIPENAG

Singletons

Actinoalloteichus
cyanogriseus

DSM 43889

GCF_0004
29185.2

NZ_AUBJO2
000001.1

22

MIREKELTYLMEAHDGLSARIAEVEGFQAIWASG
LSMSTALGVRDSDEASWSQLLGVVEAMVEATT
VPIVVDGDTGYGNFNTARRFVAKAERLGVAGVC
LEDKIFPKMNSFVGDSHTLAEVSDFTAKIRACKDS
QRSSDFVLVARVEALIAGRGLPEALDRAHAYHEA
GADAIFIHSRRSDATEILDFCREWGERLPLVIAPTT
YASTPSSEFQAAGVSAVIWANHSMRAAVSAMR
RVCREIFAKQSVHRTESELASLAEVFELMEYSEID
EAERRAYRV

280

EDKIFPKMNS

unknown

Actinokineospora
auranticolor

DSM 44650

GCF_0418
97805.1

NZ_CP1548
25.1

35

MTEDTRGQVRQVETRAAALREAFAEGRLLRVAG
AHDGLSARLVAEAGFDAVWASGLEISAAHGLPD
ISLLGMAEFLAAAATMQSATAVPVVADCDTGFG
GDRNAAFTMMRYENVGIAAVCIEDKVFPKLNSF
LGAGQELLATEDFGAKLRAAKQAQHDPDTVLIA
RTEAFICGYGVEEALARCHHYVDVGADAVLVHS
KAADSSEVVSFTRRWQRRAPVVVVPTTYTAFSV
AEAQEAGVAMVIYANQGMRATVRAVRDAWA
AVLADGSTVGIESTIASVKDIFELSGMSQWLGRG

295

EDKVFPKLNS

unknown

Actinopolyspora
mzabensis

DSM 45460

GCF_9001
01095.1

NZ_FNFMO
1000005.1

21

MFLNHHYVLETVLSISTRTESPESARQPEAGSGR
PGRFRRMLASPELSFAMEAHDGLSARIAQAEGF
RALWASGLSISTAMGLRDNNEASWSQFLQVVEL
MADATSVPIVVDGDSGHGNFNSARRFFRKAEQ
VGAAAVSLEDKIFPKMNSFVGTEHELAPAEEFCA
KIRACKDSQQDPEFCLIARTESLIAGVGMREAIDR
AEQYRLAGADAIFIHSKKQVSDEIVEFSQEWGER
LPLVIAPTTYAATTPTDIFRRCGISTVIWANHSMR
AAFAAIRQTCREIRDTESVSHLETLAPLSNVFDLL
DYDELERAESRFFTDHPMNG

325

EDKIFPKMNS

unknown

Bacillus spizizeni

ATCC 6633,
NRS-231

GCF_0001
77595.1

NZ_ADGSO
1000025.1

11

MKAKKLRELLYSNQVVRVMGAHNGLSAKLAEQ
AGFHAIWASGLEISASYAVPDANILTMTENLQAA
VVMNESTSIPIICDCDSGYGSVNNVIRMVKEYER
NGIAGICIEDKQFPKLNSFVKGSQKLADIDEFSNKI
RAAKDVQKNPDFVVIARIEALIAGQGMDEALNR
AYAYEAAGADAILIHSKENQPNEIKEFVKQFTGA
VPIVIVPTTYPHITVKEMELLGINMVIYANHGLRS
SIKAMQETFSQILLDGNTVGVEDNIVSMKTVFEL
QGMYDMRKQEDMYNSGTSVISTIK

296

EDKQFPKLNS

rhizocitins®®

Bacillus velezensis

AA3, NRRL B-
41580

GCF_0014
61825.1

NZ_LLZCO1
000022.1

19

MVKNRKSSIFRDALDSKSLVKVAGAHDGLSAKLA
EKNGFNAVWASGLGISAVQTVPDASILTMTEFLE
AAVIMNESCNLPVIADCDSGYGNIHNVTRMIKK
YEAAGIAGVCIEDKVYPKLNSFDDRQQILVSTEEF
CAKIRAAKMAQQNDDFVLIARVEALIAKLGQEEA
YTRAKAYVHAGADAILIHSKEQSPDEIIEFVNNW
DVDAPLVVVPTKYPTLSMEQLEKLGVKVSIYANQ
ALRASVKAINDTFESIINNKSSLQIENDIVSVNEIF
DIQDVPGMKQLERLIHRQPAN

295

EDKVYPKLNS

phosphonoalamide E

+ F%

Glycomyces sp.

NRRL B-16210

GCF_0007
19515.1

NZ_JOGRO1
000003.1

Region on
contig edge.

11

MSADLIHPGHINILNRAAELGDVTIGLLTDAAIAS
YKRLPHMTFEQRKAVVANLKGVTAVIPQETLDY
VPNLRSVKPDFVVHGDDWQTGVQRETRQRVV
DALAEWGGELVEVPYTQGISSTQLNASVKEVGT
TPDVRLTRLRRLIDAKPIVRVLEAHSGLTGLIIETA
QAERGGLKVEFDAMWSSSLTDSTARGKPDIELV
DLNSRLQTINDLFEVTTKPLIYDGDTGGKPEHFSY
TVRSLERLGVSAVIIEDKEGLKRNSLFGTEVAQTQ
STIEDFVHRIQVGKKAQVTDDFMIIARIESLILEM
GMEDAVTRAKAYIEGGADGIMIHSRQKSPDEIFE
FCERFAAFETKVPLVVVPTSYNQVTEEEFIERGVN

426

EDKEGLKRNS

phosphonoglycans
(2-HEP containing

polysaccharides

)22

31
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VVIYANQLMRASYKAMSGVAKSILENARSAEVD
SQIANIKEALAIIPENES

Kibdelosporang-
ium banguiense

DSM 46670

GCF_0178
76405.1

NZ_JAGIN
W0100000
01.1

supercluste

47

MTVDELSNKVTHSPGSRLLRILESPGVSTFLGVH
DALSARIAADCGYPALWASGLGMSTALGLRDCD
EASWTELLDITARMVEATNLPILVDGDTGYGNF
NTARRFAMRAERAGAAGVCIEDKVFPKMNSFV
GDGHALAPIPEFCGKIAACKDAVRDSSFVLVARV
EALIAGAGMGVALERAEAYRAAGADAIFIHSRM
PTVAQIAEFTLGWNDKLPLIIAPTTYHRTPIAEFER
LGISGVIWANQAMRAAVAAVKRVCAALHDGPA
GIDSSISSLPEVFSLLDYDALERDEQLYGSYEHRNP
L

304

EDKVFPKMNS

unknown

Kitasatospora
phosalacinea

DSM 43860,
NRRL B-16230

GCF_0007
16545.1

NZ_JNWZ0

1000012.1

24

MTSPTSLPDGGTAPSTPGQRLRHLLAQTEPVQL
MGAHDGLSARIAAAEGFPALWASGLCMSTARG
VRDSDEATWSELLDLAATMIEAAPGVPVLIDGD
TGYGNFNTARRFAARAERIGAAGVCFEDKVFPK
MNSFFGDGHALAPVPEFCGKIRACKDGQRDPG
FLVVARTETLIAGRPVEEALERAEAYAEAGADALF
IHSRKPTPVEIAGFLERYDGRLPVVIAPTTFHTPTV
DEFGRLGVSGVIWANHSMRASFAAMRDVCQQI
RSNRGISAVEGQVASLKEVFGLLEYEALEADEAAY
TGALGGAAVAG

312

EDKVFPKMNS

phosalacine?*%

Lentzea sp.

TUE H45

(N/A)

(N/A)

35

MTKAAELRELLTRPAVSRIVGARDPLTARMVEEA
GFDGVWVSSFELSATRALPDLGLLTMTECLDAA
ALIDGATVLPSLVDCDTGFGTAINLVRVVRLCEAA
GIAGICVEDKVFPKRNSYLDGGQVLEDPDAFAQ
RVEAAVRSRRDQDFTVVARCEALIAGAGMDEA
VRRAHHYVDAGADAVLVHSKRREPDEIVEFLHR
WRRRAPVVVVPTTYYRWSLAEAQDAGVSLVIYA
NQALRASVLAVRTVLSEIHLRGDAATAEDSIAPV
KEVFALTRTAEWEEWGA

284

EDKVFPKRNS

unknown

Nocardia
mexicana

DSM 44952

GCF_0033
50525.1

NZ_QQAZ0
1000001.1

38

MTHTNGHGSKSAQLRKLLAGDRLARVVGVGDG
LSALLASRHGFDALWGSGLSISAAHALPDASILT
MTEFLQATAVIDAATPLPTIADCDTGFGDVNVV
MRATREYERRGIAGICMEDKQFPKRNSFSGGQQ
LAPIAEFAQKIRAAKSVQVSPDFVVIARVESLIAET
GMADALERGARYAQAGADALLIHSKSESPDEVL
EFAAEWNRQSDPLPLVAVPTTYYSASVDELERG
GFSMVIYANQSLRAVVRVVNDVFARLSSAASTA
EMEEQLIPVVEVLDLIGMDSLLTSDVDG

295

EDKQFPKRNS

unknown

Nocardia
pseudobrasiliensis

DSM 44290

GCF_0033
50585.1

NZ_QQBCO
1000006.1

54

MRENLPVRTRPPAAGVAGAQLRGLLAEPEPSYL
MGAHDGLSARIAAEAGFPAIWASGLCMSTILGC
RDNDEVSWSELLDLTARMVEAGGVPVLVDADT
GYGNFNTARRFAARAQRIGAAGICVEDKVFPKM
NSFFGEQHPLAPIGEFCAKIAACRDCVDDEFVIVA
RVEALIAGAGMAEALRRAEAYREAGADAIFIHSR
QRTVEEIAEFTREWGARLPLVIAPTTYYTVPAQTF
AELGIAAVIWANHAMRASVAAMREACRALRRD
GAAAVEPVITPLDELFSLMGYPELEADQAHYSSL
AQKWVDS

308

EDKVFPKMNS

unknown

Nocardia
tenerifensis (1)

DSM 44704(-1),

NBRC 101015

GCF_0032
02065.1

NZ_QKFIFO
1000021.1

47

MSENFPGRTGATAGLRLRGLLADPQPSYLMGA
HDGLSARIAAEAGFTGVWASGLCMSTVLGARDS
DEISWAELLDLVARIVEGGGLPVLVDADTGYGNF
NTARRFAARAERIGAAGMCLEDKVFPKMNSYFG
DSHPLAPVGDMCAKLAACRDQVDAEFVLVART
EALIAGAGLAEALRRAEAYRQAGADAIFIHSRRRT
VDEIAEFTAEWGARLPLVIAPTTYHTVPRATFAEL
GIAAVIWANQSMRAAVAAMRQVCRSLLADGA
AAVEPGIASLRELFDLMGYPELEADEAHYTALAQ
KWSDAKPVRVQSHSMSDEDVKHVS

323

EDKVFPKMNS

unknown

32
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Nocardia
tenerifensis (2)

DSM 44704(-2),
NBRC 101015

GCF_0032
02065.1

NZ_QKFIFO
1000015.1

supercluste

47

MEKVRALASLFERAGLDFLMGAHDAVSAQIAQ
DAGFPGIWVSGLGLSATNGLRDSNELSWTQVM
ERIEMLSDRIAVPALVDMDTGYGDFNNVRLAVR
RLRRIGAGGACIEDKLFPKTNSFLGDGQALAEPG
EFCGRLKAAKDTAADVFLVARCEALVAGRPLAEA
LDRCGMYAESGADAVLIHSKKTNPDEILAFMAE
WDGSAPVAVVPTKYADVPASVLEEAGVSVAIW
ANQSLRAAIAAMRRLCTQLAQQRTMRGLEGEIA
ELSQVFELANNAELDQAKTRYSRYVPPSREAVAN
NGARTRAAETVDDVLRLREAWSAVQSTEDPAET
LLAHVRDTVPFYQGIGTQELSDLPVVDRTAYEND
VAEFTSAASTGKYCLTSSGTTGNPLTVTLDDASW
YAVNYHFFTQICDLAGLPPDGFRAGELAVLFVSN
KPGRDTFVRPLPSLNYGLYARIQLDLSAKSTRTYS
RLGAEILYGKPTYLLDLRAALIAQGFATPPWSLRL
VLVSGEPLHADDRARLTDYYGAPVVDALASTEG
GLIAATRPGEETYQVFPENVRLEVLTDDGVVRDS
GVGELVLTNLVYRDTVFLRYRTGDRAELETDAGG
SQRLRRLWGREPRTLSFGDRRLPTRDLTERFGSL
PGMGDFQIVSRLDGALLRWMPDAGYQEPETLR
RSLRAAVDELLPDQDVEFELCSRITPPGGKKRRFR

704

EDKLFPKTNS

unknown

Pantoea ananatis

(2)

LMG 5342(-4)

GCF_0002
83875.1

NC_016816
1

MQKKIDRLGSVNSKNRILREMISSTELSFLMEAH
NGLSAKIAQNSGFSGLWASGLTISASLGLSDRNE
ASWTQVLDVAEFMADHVDIPILLDGDTGFGSYL
NVMRLVKKLCQKGISGVCLEDKVFPKMNSFIGEK
QELIAIEDFCSKIKAAKDTQLDDDFVLVARTEALIS
GRGMAEALRRAEAYHEAGADAILIHSKKTDASEI
VEFSNEWAERSPLVIVPTKYYSTPTELYRDLKISTV
IWANHSLRASVVAIENTTKKIFETQSIKEVEQDIVS
LQDLFLLTNEVNSAIAEKKYGL

299

EDKVFPKMNS

unkown

Pseudomonas
syringae

PB-5123

(N/A)

JX102649

Region on
contig edge.

(N/A)

MSSITHAEQFRRSLFNGKLDLILEAHNGLSARIVE
EAGFSAIWASGLSISSALGLRDCNEASWSQVVEV
TQSIHDAVTIPILFDGDSGFGNFNNVRHIVKRLSH
YGIAGISLEDKLFPKMNSFITGAHALSPVEEFCGKI
KAAQDSKCDRHFTVIARTEALIAGLGVEAALERA
QHYHDAGADGIFIHSKTGDGLDILEFGRRWERRS
PLVVAPTTYINTPLALLEEVGVSIYICANHLMRASI
QAMRKAAGQIRKDNSISTINSDISSLTEVFSLLNY
DELQAAERLYAR

201

EDKLFPKMNS

fosfomycin?®

Saccharopoly-
spora spinosa

DSM 44228,
NRRL 18395

GCF_0001
94155.1

NZ_GL8778
79.1

38

MLDSPEMVFLMEAHDGLSARIAQSEGFDALWA
SGFSISTSLGLRDSDEASWSQLLSVVEYMVAGTS
VPIVVDGDTGYGNFNTARRFLVSAERQGAAGVC
FEDKVFPKMNSFVGDSHRLADIDEFAAKIAACSE
ARNDEDFCIIARTEALIAGRGVDEALKRAEAYRKA
GATAIFVHSRRQVADEIEQFAAAWADRAPLVIA
PTTYASTSADTFRELGISAVIWANHSMRAAVTA
MRDVCRSIKASESVLSAEAKIASLKEIFEFMDYAEI
EETERRLLLRGTSAADD

287

EDKVFPKMNS

unknown

Stackebrandtia

nassauensis

DSM 44728,
NRRL B-16338

GCF_0000
24545.1

NC_013947
1

18

MSSKPTVYVGMSADLVHPGHINILQRAAELGDV
TIGLLTDAAIASYKRLPHMTYEQRKAVVENIKGV
AAVVPQETLDYVENLEKLKPNFVVHGDDWKTG
VQQQTRQRVIDALAQWNGELVEVGYTEGISSTQ
LNESVKEVGTTPNVRLSRLRRLIENKPIVRIMESH
SPLTGLIIETTTAEHNGRKVEFDGMWSSSLTDST
ARGKPDIELVDPASRMQGINDLFDVTTKPLIYDG
DTGGKPEHFSYTVRSLERLGVSAIIIEDKEGLKRNS
LFGTGAQQTQCSIEDMVHKIQVGKKAQVTKDF
MVIARIESLILEQGMDDAVKRARAYIDEGGVDGI
MIHSRQKTPDEVFEFCELFQKFPKRVPLVVVPTS
YNTVVEDEFAKRGVNVVIYANQLMRASYKAMA
SVATSILENGRSAEVDSQIANIKEALAIIPENLA

437

EDKEGLKRNS

phosphonoglycans?

33
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Streptomyces
durhamensis

DSM 40539,
NRRL B-3309

GCF_0007
25475.1

NZ_JNXRO1
000046.1

Region on
contig edge.

43

MLKRSYPSFRSLVEKGELVRVAGAHDALGAVLAE
QAGFDAVWSSSLEVSAARCLPDASVLTMTEYLD
AAANMOQKALGIPVIADCDTGYGNNLNVVHMV
HEYEAAGITAVCMEDKLFPKLNSFASGDQTLLST
EAFCSKIRAAKGAQATGDFFVVARTEALINGLSV
DVALERSHAYCDAGADAVLIHSKSKTKDQVEEFL
SRWDGRRPVVIVPTTYPDWHVDDIAKAGVSVVI
YANQGLRATVASLRETFESICRHGDSTDLEDRIAA
VSDVFELQKLKEWQKLDA

286

EDKLFPKLNS

valinophos®2®

Streptomyces
glauciniger

DSM 41867,
CGMCC 4.1858

GCF_9001
88405.1

NZ_FZOF01
000041.1

35

MTSPQLTAPTMPRPKPGTGAAKLRALFMRPGIT
RIVGAHNPLGARLAERAGFDGVWSSGLEISASQ
GLPDTDILTMTELHTVAASLAAAVDIPVVADCDA
GYGNAFNVMHMIRRYEASGIAAVSIEDKLFPKV
NSFIPRRQKLASIEEFSGKLRAAKSVQEDPDFMVI
ARIEALIAGWDMEEALRRGEAYAAAGADAVLIH
AKGSEAEPVLEFLSRWQPDLPVVVVPTTYHTVTA
DELSAAGAKMVIYANQGLRAGISAVSETFDTILR
DGRTTALEDRIAPMKTVFDLQGMPQVMADEAR
FLPNSGKTDDQ

312

EDKLFPKVNS

unknown

Streptomyces
iranensis

DSM 41954

GCF_0424
66515.1

NZ_CP1365
63.1

supercluste

70

MANGNLIRAAGAHDALGSALAQQAGFQAVWA
SSLEVSASRCLPDASVLTMTEYLAAAANMQKAV
DIPVVADVDTGFGNNLNVAHMVREYEAAGITA
VCIEDKVYPKVNSFAATDHELLPVGTFTRKLATAK
AAQQDEDLYVIARTEALINNKGVDEALDRCYAYA
EAGADAVLVHSKKKDQGEIVEFLDSWDGRSPVV
IVPTTYPQWSADEAEKHGVSMVIYANQGLRATI
QALRDAFRTIYDDGTSLGVENAIAPVSDIFALQKL
DDWLALEA

274

EDKVYPKVNS

unknown

Streptomyces
lavendulae

Fujisawa #8006

GCF_0007
15625.1

NZ_JNXLO1
000002.1

supercluste

26

MTAAATRASEGITDGTSLRDLFERPGVVRIAGAH
NPLGARLAERAGFDGVWSSGLEVSASQGVPDT
DILTMSELLAVAGSLASAVSVPVVADCDAGYGN
AHNVMNMIRRYEAAGISAVSIEDKRFPKVNSFIP
GRQELAPIGEFCGKLAAAKAAQRGSELMVIARIE
ALIAGWGMDEALLRGEAYADAGADAVLIHAKG
SSPDPILEFLNRWRLPVPVVVVPTTYHTITAAELG
EAGAKMVIYANHGLRAGITAVSRAFEAILREGRT
TGIEEQIAPLATVFDLQGMPQQKQHEKLYITPYG
TSPRAFMVPGEQQQTGLDQRADVLVCQTAELR
RSGVEQVAVYAADQPPTRELQDVDVVAGVGTD
AAAWVLSTPANYPGSTLVLPADVFLEAGPLRQL
ASNESDVAVLVDVSTRSGAARRPDAVGVSLSSSI
RGGRRLTAGSSLVTGFGGSEVEAEFTGAAVFSAR
GFAALVDAAEKRRAEGSTATVVELLADVLLGGLQ
VHAIEVASGWTELRTADDLRYVGEAMATGGAE
R

534

EDKIFPKRNS

fosmidomycin

Streptomyces
mutomycini

DSM 41691,
NRRL B-65393

GCF_0017
00505.1

NZ_MAPVO
1000141.1

Region on
contig edge.

54

MTTSSARLRELLTAPQAARAAGAHDGLTARLVE
EAGFDVVWASSFETSASRALPDMSLLTMTDYLQ
AASWMVQSTSLPVLADCDTGFGNRLNIAYTVR
QYEAAGVAGICLEDKVFPKKNSFLAVGQTLEDPA
EFAARIRVAKQAQHNPEFVVVARVEALIAGTGM
ADALARAHQYADAGADAILIHSKSQEPHEIQEFL
EQWQRRTPVVVVPTTYFRWKTEEASRAGASLVI
YANQGLRAAVQAVRDVLLEIRLTGDSTSSEDVIA
PVKEIFRLTDVDTWNALES

285

EDKVFPKKNS

unknown

Streptomyces
phyllanthi

DSM 1173189,
TISTR 2346

GCF_0093
77205.1

NZ_0X419
519.1

supercluste

45

MTVEGPGTPVPRGPAPSQPADRLRELLTSDSLGF
LMEAHSGLSAKIVQDEGFDAIWASGLSIATAFGV
RDSNELSWTQVVDVVGSITEVVSTPVLMDGDT
GFGNFNNARRLVTSLCRMGVAGVCIEDKVFPKL
NSFVGERHPLAEIDEFCGKIKACKDAQTVPAFTV
VARVEALVAGHGFGEALRRAEAYREAGADAVFI
HSKKTDGKEILRFAQEWAERCPLIVTPTTYHTVPT
DAFQEHGVSAVIWANHMMRASIAAMRSACRE

314

EDKVFPKLNS

unknown
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Strain strain
designations

Genome
accession

P-BGC
accession

total
no.
BGCs

PepM sequence

PepM
aa

PepM phosphonate
consensus product
motif
(EDKX°NS)

VRQTRTVTGVERRIAPLKEVFDLLDYPELERASHR
YLPQRMPLGEEVW

Streptomyces ATCC 31215
rubellomurinus

GCF_0009
61885.1

NZ_JZKHO1
000051.1

Streptomyces DSM 41840,
seoulensis KCTC 9819

GCF_0043
28625.1

59

MSIAAGVHDGLSARIAQDAGFDVLWASGLGISA
AHAVPDDSILTMTEFLEAARVMNDSTDLPVLAD
CDTGFGDERNVARMVERYERAGIAGVCIEDKVF
PKRNSLGDGAQDQETIEGFAAKLAAAKKAQQTD
DFVVVARIETFIAGGVKEDAIARADAYVAAGADA
ILIHSKSRDGLEILDFGRSWQRKDVPLVAVPTTYP
AVTADDLHEAGFSLAIYANQALRASITSMRESLR
QITHDRSSLRIEPKVAKLSEVFELQR

261

EDKVFPKRNS FR90009828°

NZ_CP0322
29.1

supercluste

23

MSAATTEASPVSARTAADRLRDLFARPGVVRIA
GAHNPLGARLAERAGFDGVWSSGLEVSASQGV
PDTDILTMSELLGVASSMAAAVDIPVVADCDAG
YGNAHNVMNMIRRYEAAGIAAVSIEDKRFPKVN
SFIPGRQELAPIGEFCGKLAAAKEAQRHPGLMVI
ARIEALIAGWGMDEALRRGEAYARAGADAVLIH
AKGASPEPILQFLREWRLPTPVVVVPTTYHTITAT
ELGEAGAKLVIYANHGLRAGITAVSDTFQAILRD
DRTTGVEDRIAPLATVFDLQGMAAQKRHEAEFI
TPFESRARAAVVPAAEEPSGRAADLLDHQTAAL
RRAGIESVSLVTSGEVPAQLPQDTAVLAGHTDAA
GAVLELPATQLSATLLLSSDAYVQSEPLARLLAAG
GDVTLLVDVSARGKHRADAVPLRLDSRVHEGRR
LSAGDGIRVTGVGGQGADGEFAGAAVFSPQGF
AALREAAGKRRANGSPATLADLLTDLVEGGHQV
GAVEIGSGWMELRTAADAEHAAGLLTGQGEVR

532

EDKRFPKVNS unknown

Streptomyces sp. | NRRL F-525

GCF_0007
16605.1

NZ_JNXEO1
000019.1

43

MSPVKSLRALLHDADLAKAAGAHNPLTAQLVEQ
AGFDVVWASGLEIAASLGVPDANILSMNECLAV
ARAMVEKVSVPVLADCDSGFGGIGNVVHMVRS
YEAAGVQGVCIEDKTFPKLNSFVAGNQALVPIED
FAGKIAAAVATRVSEDFVIIARIEAFISGYGLDEAL
RRAEAYELAGADALLIHSKRTTPDEIYSFCAAYDG
QLPIVVVPTTYNSVTMEELRAGGASLAIYANQGL
RGAITSIRQIFGSILAEGTAAPVENQLAPLGDVFG
YQDVAALLSAEDRFESIGQGVAKQILNGAREERR
NADVVER

313

EDKTFPKLNS O-phosphonoacetic
acid serine?

Thermomono- DSM 43163
spora
echinospora

GCF_9001
08175.1

NZ_FNVOO
1000023.1

27

MPMSLPEIRALPALLRPPRNRPVLVAGAHDGMT
ARLAQRNGFGAVWASGFSLATSHAVPDASVLS
MSESLAAVRMMRAATDLPIIADCDTGFEDTADI
TSLVQSYEAAGVSAVCIEDKAFPKYNSFLSAPQTL
ETTSVFSAKIEAAKKAQRGTGFMVAARTEAFIAG
LGARQAIARAEAYVNAGADMILVHSKASSPHEIY
EFMELWDHRSPVAVIPTSYHGVTIDELGSAGIA
MVIYAHHAMRAAARAVNMALRSIIDAGTTTHIE
KDLATLQEVFEIQGATGLRGSRSAGGEAGSRTRN
ASKNFISPGDGTGRDTV

318

EDKAFPKYNS unknown

Umezawaea DSM 44720
tangerina

GCF_0030
02815.1

NZ_PVTFO1
000007.1

supercluste

43

MLRREHQSFRTVLAANKVVRLAGAHDAMGAAL
AEQAGFQGVWASSLEMSAARCLPDASVMTMT
EYLEGASNMQKALSIPVVADCDTGYGNNLNVA
HMVHEYEAAGITAVCMEDKLFPKMNSFAGGAQ
TLLSTEAFASKVETAKNAQRDPDFFVIARTEALIS
GLSVEEALERCHAYADAGADAVLIHSKAKVNDQ
VLEFLRAWNGHRPVVVVPTTYPEWHVDDAAAA
GVSVVIYANQGLRATVSALRDTFKTILTLGETTSLE
SRIASVTEVFELQNLDDWQKLEV

286

EDKLFPKMNS unknown

Total no. of strains: 72 (with 74 BGCs
/ 74 pepM genes with EDKXsNS
consensus motif)

& No. of PBGCs: 36.3

& No. of PepM aa: 316

DSMZ/Tue strains: 54
No. of additionally included non-
DSMZ/Tue strains: 18
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Strain strain Genome | P-BGC total PepM sequence PepM | PepM phosphonate
designations accession | accession no. aa consensus product
BGCs motif
(EDKX°NS)
And unknown: 2 (S. silvensis and S. sp.
31A4)

45 not previously reported Tue/DSM strains identified as phosphonate producers (17 BGCs from 16 strains in singletons + 8 BGCs from 8 strains in
GCFs with no known producers (a3 5 GCFs, since GCF09 + GCF15 contain non-TUE/DSM strains, that are not known producers) + 21 BGCs from 21
strains in GCFs with known producers)

25 known PNP producers (16 non DSMZ/TUE strains (17 BGCs due to P. ananatis harbouring 2 BGCs) + 9 DSM/Tue strains)

2 non DSMZ/TUE unknown producer strains, included for close homology with strains of interest (S. silvensis and S. sp. 31A4)
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Table S2. Bioassay results in the test of putative phosphonate producers against Escherichia coli WM6242, E. coli K12

and Kocuria rhizophila.

Inhibition zones were documented by measurement of diameter including the 8 mm diameter agar-block of grown actinomycetes when inhibition of test strains

was observed. Values are in [mm]. Strain did not grow on the selected cultivation media (N/A) or was not measured (N/A). Plus (+) indicates presence of putative

phosphonate peaks in 3P NMR, minus (-) absence under any tested condition. Strain names and designations highlighted in bold lettering do not belong to any

GCEF that includes sequences from known producers at a cutoff value of 0.612 in the BiG-SCAPE analysis.

. other strain i;”ee’;‘swr%d L . . N . . R N . . R o )
Strain DsSMZ igations Inhibition zones in the test against E. coli WM 6242 Inhibition zones in the test againstE. coli K12 Inhibition zones in the test againstKocuria rhizophila
Media] HM | OM ]| R5 ] SFM ] NL200 |NL300 |NL400 JNL410 JNL500 JNLB00 | HM__ OM __ R5 _ SFM NL200 NL300 NL400 NL410 NL500 NL80O | HM___OM __ R5 _ SFM _NL200 NL300 NLA00 NL410 NL500 NL80O
[Actinoallotelchus cyanogriseus 23880 0 0 0 0 N/A | N7A 0 0 0 0 0 0 0 0 NJA ] N7A 0 0 0 0 20 [ 20 | N/A ] N7A
Actinokineospora auranticolor 44650 N/A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 14 16 15 11 12 13 16 0
Actinopolyspora mzabensis 45460 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
[Amycolatopsis xylanica 45285 N/A 0 0 N/A 0 0 0 0 0 0 0 0 0 N/A 0 0 0 0 0 0 0 0 15 12,5 N/A 0 0 9 12 17 0
i I 43935 N/A 0 0 N/A 13 0 0 15 13 0 13 0 0 N/A 13,5 0 10 14 12 0 11 10 14 23 N/A 0 18 23 18 0 18
Kibdelosporangium banguiense 46670 + 0 N/A N/A 0 0 0 9 0 0 0 0 0 N/A 10 0 0 9 0 0 0 9 9,5 13 N/A 18 N/A 18 15 10 11
Kitasatospora cheerisanensis 101999 |KCTC 2395 + 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 11
Kitasatospora fiedleri 114396 [Tu 4103 + 0 N/A 0 0 0 N/A 0 0 N/A 0 0 0 0 0 N/A N/A N/A 0 N/A 0 0 0 9 0 0 N/A 0 10 N/A 9
[Saccharopolyspora spinosa aaz% + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
yce: ini 41867 ICGMCC 4.1858 0 0 16 0 0 N/A 0 0 N/A 0 0 0 10 0 0 N/A 0 0 N/A 0 9,5 0 13 0 0 N/A 12 12 N/A 0
es il 41954 + 9,5 N/A N/A 0 0 N/A N/A 12 N/A N/A 11 N/A N/A 0 0 N/A N/A 13,5 N/A N/A 11 N/A N/A 10 0 N/A 13 N/A N/A 16185
yces yeini A16T|m + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | 95 0 0 9 8,5 9 13 | 85
yces rimosus 40260 |ATCC lm/l\ 15 11 N/A 9 11 N/A 10 10 N/A 14 10,5 13,5 0 10,5 12 N/A 14 10,5 N/A 14 10 11 0 13 9 N/A 12 10,5 N/A 16
P yces i 41840 |KCTC 9819 I: 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0
Thermomonospora echinospora 43163 N/A N/A 0 N/A 0 N/A N/A N/A 0 0 0 N/A 0 N/A 0 N/A N/A N/A 0 0 0 11 0 13 0 0 0 11 11 0 13
Umezawaea tangerina 44720 N/A 0 0 0 0 0 0 0 0 0 0 0 0 N/A 0 0 0 0 0 0 0 0 0 18 N/A 0 0 0 0 0 0
Kitasatospora atroaurantiaca 41649 + 0 0 0 0 9,5 N/A 0 10 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 9 0 0 0 9 N/A 10 0 N/A 9
Kitasatospora phosalacinea 43860 |NRRLB-16230 [N/A 0 0 18 0 14 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0
Kitasatospora purpeofusca 40283 |NRRLB-1817 |+ 0 0 0 10 0 N/A 11 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 9 0 0 9 0 N/A | 10,5 0 N/A 10
Kitasatospora setae 43861 |KM-6054 + 0 0 0 0 11 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 0 0 10 0 & N/A 0 0 N/A 10
pacifica 45543 [CNS-863 N/A 0 0 N/A | N/A | N/A T N/ATT N/ATT N/AT NAT N/A 0 N/A LT NA T NATNATNATNAT NATNAT NAT 10 0 N/A ] N/AT NA T NAT NAT NAT NAT N/A
Streptomyces alboniger 40043 [ATCC 12461 B 0 0 0 0 0 N/A 0 0 N/A 0 0 0 12 0 0 N/A 0 0 N/A 0 0 95 [ 105 | 95 9 N/A 0 10 N/A | 9,5
[Streptomyces bikiniensis 40581 |ISP-5580 + 0 9 9 9 11 N/A 0 0 N/A 0 9 11 255 0 12 N/A 9 0 N/A 0 9 125 12,5 10,5 13 N/A 13 10,5 N/A 10
Streptomyces chrestomyceticus 40545 |INBRC 13444 N/A 11,5 0 9 9 0 N/A 9 0 N/A 9 9 0 0 0 0 N/A 9 0 N/A 8,5 10 0 9 9,5 0 N/A 10,5 9 N/A 10
Streptomyces fradiae 40943 N/A 14 9,5 0 9 13 N/A 9 10,5 N/A 10,5 0 0 0 0 0 N/A 9 0 N/A 0 0 0 0 0 0 N/A 9 11 N/A 0
Streptomyces hokutonensis 102214 |R1-NS-10 - 0 0 0 9,5 0 11,5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8,5 0 10,5 0 0 0 0 0 0
Streptomyces monomycini 41801 |NRRL B-24309 [+ 0 12 N/A 12 15 35 0 13 13 9 0 9,5 0 10 0 0 0 8,5 0 0 10 9 10 10 10,5 9 10 15 11 9
Streptomyces regensis 40551 |NRRLB-11479 [N/A 0 0 11 0 0 N/A 0 0 N/A 0 0 0 9 0 0 N/A 0 0 N/A 0 15,5 14,5 18 18 14,5 N/A 18 15 N/A 15,5
Streptomyces resistomycificus 40133 + 0 0 0 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0 9 0 9,5 0 0 N/A 0 0 N/A 10
Streptomyces sp. A4-2 N/A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 N/A N/A 0 0 0 0 0 0 0 0 0 0
Streptomyces sp. 16 + 0 N/A 10 13 N/A N/A N/A 135 N/A 0 0 N/A 0 13 N/A N/A N/A 0 N/A 0 10,5 N/A 0 18 N/A N/A N/A 19 N/A 0
Streptomyces sp. TUE 18 + 0 9,5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10,5 9 0 8,5 0 10,5 10 10,5 9 12
Streptomyces sp. TUE 21470 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 10 10 0 9 0 10,5 13 10 13
Streptomyces sp. TUE 3678 + 0 0 N/A 0 0 0 0 0 N/A N/A 0 0 N/A 0 0 0 0 0 N/A N/A 8,5 0 0 N/A 0 0 8,5 0 N/A N/A
Streptomyces sp. [TUE 3997 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 13 12 11 0 11 9 10 8,5 14
Streptomyces viridochromogenes 40736 |TUE 494 + 0 0 14 0 12 N/A 9 0 N/A 0 0 0 14 0 0 N/A 0 0 N/A 0 0 0 0 0 0 N/A 0 0 N/A 0
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Table S3. Plasmids used in this study

ColE1-ori, bla, neo

Name Description Source
plJ10257 Streptomyces expression vector; ermEp*, hygB, phiBT1-int, JIC StrepStrains;
phiBT1-attP, RK2-oriT, ColE1-ori Hong et al., 2005%
pRM4 Streptomyces expression vector; ermEp*, aac(3)I1V, phiC31-int, University of
phiC31-attP, RK2-oriT, ColE1-ori Tubingen; Menges
et al., 20073
pGus21 Knock out vector, non-replicative in Streptomyces; aac(3)IV, RK2- |[University of
oriT, ermEp*::gusA, pMB1- ori, I-Scel-site Tubingen; Ladwig
etal., 2015%
pTC192-km Source of kanamycin resistance gene neo University of Leon;

Rodriguez-Garcia
et al., 20063

pBluescript 11 KS(+)

General E. coli cloning vector; ColE1-ori, bla

Alting-Mees and
Short, 1989%

with neo

pDS0101 plJ10257 derivative, ermEp*::kfp25; luXR overexpression This work

pDS0102 pRM4 derivative, ermEp*::kfp25; luxR overexpression This work

pDS0105 pRM4 derivative, ermEp*::kfp02-kfp04; pepMppdAB This work
overexpression

pDS0106 plJ10257 derivative, ermEp*::kfp02-kfp04; pepMppdAB This work
overexpression

pDS0107 pGus21 derivative, gene replacement of kfp02-kfp04 (pepMppdAB) |This work

Table S4. Strains used in this study

Name

Description

Source

Escherichia coli

Donor strain for conjugation of plasmids to

MacNeil et al. 1992, Paget et

ET12567/pUZ8002 Kitasatospora sp. al. 199933
Escherichia coli DH5a |General cloning strain DSM?7:38

DSM 6897

Escherichia coli Phosphonate antimicrobial indicator microorganism  |University of Illinois?®
WM6242

Kocuria. rhizophila
DSM 348

Antimicrobial indicator microorganism

DSM

Streptomyces albus
J1074

Non-phosphonate producer used as heterologous host
for pepMppdAB overexpression

Chater and Wilde 1976,
Chater and Carter 19793940

Streptomyces lividans
T7

Non-phosphonate producer used as heterologous host
for pepMppdAB overexpression

Lussier et al. 2010*

Kitasatospora fiedleri
DSM 114396

University of Tibingen collection T4103; type strain

Zimmermann et al.!

YMO0108

(luxR overexpression)

Kitasatospora fiedleri  |K. fiedleri DSM 114396 phiBT1attB::pDS0101 This work
YMO0107 (luxR overexpression)
Kitasatospora fiedleri  |K. fiedleri DSM 114396 phiC31 attB::pDS0102 This work
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Kitasatospora fiedleri
YMO0128

K. fiedleri DSM 114396 phiC31 attB::pDS0105 This work
(pepMppdAB overexpression)

Kitasatospora fiedleri  |K. fiedleri DSM 114396 phiBTlattB::pDS0106 This work
YMO0129 (pepMppdAB overexpression)

Kitasatospora fiedleri  |K. fiedleri YM0107 phiC31 attB::pDS0105 This work
YMO167 (luxR pepMppdAB overexpression)

Kitasatospora fiedleri  |K. fiedleri YMO0108 phiBT1attB::pDS0106 This work

YMO0168

(luxR pepMppdAB overexpression)

Kitasatospora fiedleri
YMO0173

K. fiedleri DSM 114396 Akfp02-04::neo (pepM-ppdAB | This work
null mutant)

Kitasatospora fiedleri
YMO0178

K. fiedleri YMO0173 phiBT1attB::pDS0106 This work
(complementation of pepM-ppdAB null mutant)

Streptomyces albus
YMO0158

Streptomyces albus J1074 phiC31 attB::pDS0105 This work
(pepMppdAB overexpression)

Streptomyces albus Streptomyces albus J1074 phiBT1attB::pDS0106 This work
YMO0159 (pepMppdAB overexpression)
Streptomyces lividans  |Streptomyces lividans T7 phiC31 attB::pDS0105 This work
YMO0152 (pepMppdAB overexpression)
Streptomyces lividans  |Streptomyces lividans T7 phiBT1attB::pDS0106 This work

YMO0153

(pepMppdAB overexpression)

Table S5. Oligonucleotides used in this study

Name Sequence (5’ 3°) Description

M13F CGCCAGGGTTTTCCCAGTCACGAC Universal primer for sequencing of insert in
many lacZ-containing vectors

M13R TCACACAGGAAACAGCTATGAC Universal primer for sequencing of insert in
many lacZ-containing vectors

JP503 GCGATCACCGACAAGCTC PCR test for pepM-ppdAB mutant screening

JP508 GGAAGTTCCACGGGGTGAT PCR test for pepM-ppdAB mutant screening

JP525 TTCATATGCGTGCATTGGGCGA Cloning of kfp24 (putative LuxR-like
regulator)

JP526 AAGCTTGAACGCCGAACCGGATATGT Cloning of kfp24 (putative LuxR-like
regulator)

JP549 TTCATATGCACACGTCCAGCGTG Cloning of ppdB, ppdA, and pepM (kfp02,
kfp03, and kfp04) with Ndel site

JP550 AAAAGCTTGCTCCATCGTGATCCCTTC Cloning of ppdB, ppdA, and pepM (kfp02,
kfp03, and kfp04); Hindlll underlined

JP551 TTGGATCCTGGCGCTGGTGCTGTTCAAG  |Cloning of homologous region downstream of
kfp02-04 (pepM-ppdAB); BamHI underlined

JP552 AAACTAGTCCACGAAGGGATCACGATGG |Cloning of homologous region downstream of
kfp02-04 (pepM-ppdAB); Spel underlined

JP553 TTGACCTTCCGTCGGTCGGTTC Cloning of homologous region upstream of
kfp02-04 (pepM-ppdAB)

JP554 TTCTCGAGAGGTCGGCAAGACCACCTTC |Cloning of homologous region upstream of
kfp02-04 (pepM-ppdAB); Xhol underlined

39



JP555 GCTCCATCGTGATCCCTTC Cloning of ppdB, ppdA, and pepM (kfp02,
kfp03, and kfp04)/ PCR test for pepM-ppdAB
mutant screening

JP556 GCTGGTGTTCTGCAAGAC Cloning of ppdB, ppdA, and pepM (kfp02,
kfp03, and kfp_04)/ PCR test for pepM-ppdAB
mutant screening

JP569 CCCTGGTTGGCGTAGATCAC PCR test for pepM-ppdAB mutant screening

JP570 GAACGGTTCCGAGGTCATCC PCR test for pepM-ppdAB mutant screening

JP571 CTCGACGAAGCTGTTGAG PCR test for pepM-ppdAB mutant screening

JP572 ATGTCCAAGAGCCGTACC PCR test for pepM-ppdAB mutant screening

JP573 ATGCCGTTGTCGACCACCAC PCR test for pepM-ppdAB mutant screening

JP574 GTGGTCCTGATGCAGAACTC PCR test for pepM-ppdAB mutant screening

JP575 TCTCGTGCATGCCGTTGTC PCR test for pepM-ppdAB mutant screening

JP576 CGTGGTCCTGATGCAGAACTC PCR test for pepM-ppdAB mutant screening

JP581 GGCTACCCGTGATATTGC PCR test for pepM-ppdAB mutant screening

JP582 GCGGTGATGATGATCGAG PCR test for pepM-ppdAB mutant screening

JP583 CCTCGTCCTGCAGTTCATTC PCR test for pepM-ppdAB mutant screening

JP584 ACTCCACCACGTCGATCTAC PCR test for pepM-ppdAB mutant screening

pepMupfw  [ATGAATTCTTCCCGGAGCTGGTGTTCTG  |PCR test for pepM-ppdAB mutant screening

pepMuprv  [ATTCTAGAGGATGACCTCGGAACCGTTC |PCR test for pepM-ppdAB mutant screening

RTpepM2fw [CTGAACGGTTCCGAGGTC PCR test for pepM-ppdAB mutant screening

RTpepM2rv [TGGTACGAGCGGACCATGTG PCR test for pepM-ppdAB mutant screening
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Table S6. Proposed phosphonate biosynthetic gene cluster from Kitasatospora fiedleri DSM 114396, based on the
chromosome sequence with NCBI accession NZ_0X419519.1

Gene Locus Tag From To Strand Size Size Genbank annotated product [new assigned gene and function] Match
position position (bp) (aa)

kip01  QMQ26_RS15690 3401998 3403470 c 1473 490 aldehyde dehydrogenase [adh gene, phosphonoacetaldehyde Adh
dehydrogenase]
isocitrate lyase/phosphoenolpyruvate mutase family protein

kfp02 | QMQ26_RS15695 3403515 3404408 c 894 297 [bepM gene, PEP mutase] PepM

kip03 | QMQ26_RS15700 3404459 3405058 ¢ 600 199 Lniamine pyrophosphate-dependent enzyme [ppdA gene, PpdA
phosphonopyruvate decarboxylase subunit A]

kfp04 | QMQ26_RS15705 3405058 3405582 ¢ 525 174 thiamine pyrophosphate-binding protein [ppdB gene, PpdB
phosphonopyruvate decarboxylase subunit A]

kfp05 | QMQ26_RS15710 3405626 3406912 c 1287 428 acetyl-CoA carboxylase biotin carboxylase subunit family protein

kfp06 | QMQ26_RS15715 3406909 3407958 c 1050 349 hypothetical protein

kfp07 | QMQ26 RS15720 3408011 3408868 c 858 285 TauD/TfdA family dioxygenase

kfp08 | QMQ26_RS15725 3408894 3409289 c 396 131 hypothetical protein

kfp09 | QMQ26 RS15730 3409286 3410608 c 1323 440 cation:proton antiporter

kfpl0 | QMQ26_RS15735 3410601 3411887 c 1287 428 sulfate adenylyltransferase subunit 1 CysN

kfpll | QMQ26 _RS15740 3411890 3412810 c 921 306 sulfate adenylyltransferase subunit CysD CysD

kfpl2 | QMQ26_RS15745 3412807 3413361 c 555 184 adenylyl-sulfate kinase CysC CysC

kfpl3 | QMQ26 _RS15750 3413358 3415343 c 1986 661 inositol monophosphatase family protein CysQ

kfpl4 | QMQ26_RS15755 3415309 3416571 c 1263 420  MFS transporter

kfpl5 | QMQ26 RS15760 3416682 3417728 c 1047 348 aspartate carbamoyltransferase PyrB

kfpl6 | QMQ26_RS15765 3417845 3418054 c 210 69  hypothetical protein

kfpl7 | QMQ26 RS15770 3418097 3418969 c 873 290 TauD/TfdA family dioxygenase

kfpl8 | QMQ26_RS15775 3419045 3420304 c 1260 419 hypothetical protein

kfpl9 | QMQ26_RS15780 3420279 3422249 c 1971 656  S9 family peptidase

kfp20 | QMQ26_RS15785 3422246 3423256 c 1011 336 histidinol-phosphate transaminase

kfp21 | QMQ26_RS15790 3423272 3424531 c 1269 422 hypothetical protein

kfp22 | QMQ26_RS15795 3424717 3425499 c 783 260 hypothetical protein

kfp23 | QMQ26_RS15800 3425565 3425738 c 174 57  hypothetical protein

kfp24 | QMQ26_RS15805 3426408 3427439 c 1032 343 LuxR C-terminal-related transcriptional regulator

kfp25 | QMQ26_RS15810 3427581 3428393 c 813 271 NUDIX domain-containing protein
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