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Table S1. Pseudonocardia spp. isolated from fungus-growing ant colonies collected in Brazil. SID number (Strain identification), HID number (Host 

identification). * genome sequenced strains. 

Strain Code (ICBG) Location Host Bacteria (16S) GPS coordinates 
162* USP campus, SP Unknown Pseudonocardia -21.16806, -47.85230 
595 Itatiaia, RJ Acromyrmex Pseudonocardia -22.433433, -44.615317 
598 Anavilhanas, AM Apterostigma Pseudonocardia -2.533528, -60.833222 
599 Itatiaia, RJ Unknown Pseudonocardia -22.433433, -44.615317 
600 Itatiaia, RJ Acromyrmex Pseudonocardia -22.461967, -44.594833 
601* Anavilhanas, AM Apterostigma Pseudonocardia -2.532900, -60.832683 
602 Anavilhanas, AM Apterostigma Pseudonocardia -2.523167, -60.825528 
604 Anavilhanas, AM Acromyrmex Pseudonocardia -2.53290, -60.83268 
618 Itatiaia, RJ Acromyrmex Pseudonocardia -22.462000, -44.600000 
1019 Anavilhanas, AM Apterostigma Pseudonocardia -2.523167, -60.825528 
1024 Anavilhanas, AM Acromyrmex Pseudonocardia -2.27047, -61.01814 
1025 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.270472, -61.018139 
1030 Itatiaia, RJ Apterostigma Pseudonocardia -22.449850, -44.611133 
1034* Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27103, -61.01902 
1041 Itatiaia, RJ Unknown Pseudonocardia -22.462000, -44.600000 
1042 USP campus, SP Acromyrmex Pseudonocardia -21.16750, -47.84639 
1043 Itatiaia, RJ Acromyrmex Pseudonocardia -22.462000, -44.600000 
1050 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.271361, -61.018333 
1052 Itatiaia, RJ Cyphomyrmex Pseudonocardia -22.462700, -44.593167 
1102 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1104 Itatiaia, RJ Acromyrmex Pseudonocardia -22.433433, -44.615317 
1111 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.533933, -60.835017 
1122* Ducke Reserve, AM Unknown Pseudonocardia -2.93173, -59.97373 
1123 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.270472, -61.018139 
1124 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1125 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1126 Itatiaia, RJ Acromyrmex Pseudonocardia -22.433150, -44.615467 



 

 S-2 
 
 

1127* Anavilhanas, AM Trachymyrmex Pseudonocardia -2.523167, -60.825528 
1137 Itatiaia, RJ Acromyrmex Pseudonocardia -22.433433, -44.615317 
1138 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1140 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.271444, -61.018694 
1142* Itatiaia, RJ Trachymyrmex Pseudonocardia -22.462000, -44.600000 
1143 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.270472, -61.018139 
1144 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.523783, -60.825667 
1145 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1146 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.523700, -60.825867 
1244 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.533722, -60.833444 
1247 Ducke Reserve, AM Trachymyrmex Pseudonocardia -2.9317333, -59.9737333 
1288* Anavilhanas, AM Trachymyrmex Pseudonocardia -2.2704722, -61.0181389 
1289 Ducke Reserve, AM Trachymyrmex Pseudonocardia -2.9317333, -59.9737333 
1292 Anavilhanas, AM Trachymyrmex Pseudonocardia -2.27047, -61.01814 
1293* Anavilhanas, AM Trachymyrmex Pseudonocardia -2.523667, -60.825883 
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Table S2. Pseudonocardia spp. isolated from fungus-growing ant colonies collected in Panama. SID number (Strain identification).  

Strain Code Location Host Bacteria (16S) GPS coordinates 
PA2 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1608056, -79.7449444 
PA4 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1608889, -79.7450556 
PA5 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1608889, -79.7450556 
PA6 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1611111, -79.7450833 
PA9 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1622222, -79.7452500 
PA11 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1622222, -79.7452500 
PA13 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1630278, -79.7451111 
PA15 PLR-Rio Limbo Plot Apterostigma Pseudonocardia 9.1630278, -79.7451111 
PA17 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1592500, -79.7504444 
PA18 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1592500, -79.7504444 
PA20 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1592500, -79.7504444 
PA22 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1600833, -79.7449444 
PA24 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1600833, -79.7449444 
PA25 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1600833, -79.7449444 
PA27 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1600833, -79.7449444 
PA42 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1596944, -79.7445000 
PA43 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1595000, -79.7437778 
PA45 PLR-[end of road] Apterostigma Pseudonocardia 9.1562222, -79.7418889 
PA47 PLR-[end of road] Apterostigma Pseudonocardia 9.1562222, -79.7418889 
PA53 PLR-Rio Frijolito Apterostigma Pseudonocardia 9.1495000, -79.7315000 
PA55 PLR-Rio Frijolito Apterostigma Pseudonocardia 9.1495000, -79.7315000 
PA56 PLR-Rio Frijolito Apterostigma Pseudonocardia 9.1495000, -79.7315000 
PA57 PLR-Rio Frijolito Apterostigma Pseudonocardia 9.1495000, -79.7315000 
PA59 PLR-Rio Frijolito Apterostigma Pseudonocardia 9.1495000, -79.7315000 
PA60 PLR-Juan Grande bridge Apterostigma Pseudonocardia 9.1347500, -79.7224722 
PA61 PLR-Juan Grande bridge Apterostigma Pseudonocardia 9.1347500, -79.7224722 
PA63 PLR-Juan Grande bridge Apterostigma Pseudonocardia 9.1347500, -79.7224722 
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PA64 PLR-Juan Grande bridge Apterostigma Pseudonocardia 9.1347500, -79.7224722 
PA65 PLR-Juan Grande bridge Apterostigma Pseudonocardia 9.1347500, -79.7224722 
PA67 Gamboa, Road to PLR Apterostigma Pseudonocardia 9.1200278, -79.7064167 
PA69 Gamboa, Road to PLR Apterostigma Pseudonocardia 9.1200278, -79.7064167 
PA71 Gamboa, Road to PLR Apterostigma Pseudonocardia 9.1200278, -79.7064167 
PA72 Gamboa, Road to PLR Apterostigma Pseudonocardia 9.1200278, -79.7064167 

PA76 Gamboa, 140 Jadwin Ave 
"Bamboo Hill" Apterostigma Pseudonocardia 9.1196944, -79.6962500 

PA78 Gamboa, 140 Jadwin Ave 
"Bamboo Hill" Apterostigma Pseudonocardia 9.1196944, -79.6962500 

PA86 Gamboa, 140 Jadwin Ave 
"Bamboo Hill" Apterostigma Pseudonocardia 9.1196944, -79.6962500 

PA87 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1152778, -79.6978333 
PA89 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA91 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA93 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA95 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA97 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA99 Gamboa, 176 Williamson Road Apterostigma Pseudonocardia 9.1144722, -79.6978056 
PA140 Plantation Road Apterostigma Pseudonocardia 9.0783767, -79.6593883 
PA141 Plantation Road Apterostigma Pseudonocardia 9.0783767, -79.6593883 
PA144 Ancon Hill Apterostigma Pseudonocardia 8.9612500, -79.5509167 
PA146 PLR-Rio Limbo Apterostigma Pseudonocardia 9.1596944, -79.7445000 
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Figure. S1. Bipartite antagonism assay between Pseudonocardia sp. ICBG1122 (center of wells) and Escherichia coli 
(a), Pseudomonas aeruginosa (b), Candida albicans (c), Trichoderma reesei (d), Streptomyces sp. I8 (e) and 
Streptomyces sp. I17 (f). Negative controls are shown (g-l). Pseudonocardia sp. ICBG1122 shows inhibitory activity 
against C. albicans, T. reesei, Streptomyces sp. I8 and Streptomyces sp. I17. 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure S2. Parent mass and characteristic MS2 fragmentation pattern of attinimicin. HR-ESI-MS [M+H]+ of 
attinimicin (top); HR-ESI-MS/MS [M+H]+ of attinimicin (bottom). 
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Table S3. Attinimicin detection (molecular formula: C27H37N7O11; theoretical m/z 636.2624 [M+H]+) 
 

Strain Code 
(ICBG) 

Genome 
sequenced 

Attinimicin detected 

BGC by PCR 
LCMS 

Detected Retention time (min) Mass Error (ppm) 
162 yes yes no    

598 no yes yes 3.82 636.2617 -1.1 
599 no yes no    

600 no yes yes 3.96 636.2646 3.5 
601 yes yes yes 3.97 636.2653 4.6 
602 no yes yes 3.99 636.2650 4.1 
604 no yes yes 3.99 636.2639 2.4 
1019 no yes yes 3.98 636.2662 6.0 
1024 no no no    

1025 no no no    

1030 no yes no    

1034 yes yes yes 3.97 636.2659 5.5 
1042 no yes no    

1050 no yes no    

1052 no yes no    

1102 no yes no    

1111 no yes no    

1122 yes yes no    

1123 no yes no    

1124 no yes yes 3.84 636.2666 6.6 
1125 no yes no    

1126 no yes no    

1127 yes yes no    

1138 no no no    

1140 no yes no    

1142 yes yes yes 3.96 636.2639 2.4 
1143 no yes no    

1144 no no no    

1145 no yes yes 3.94 636.2651 4.2 
1146 no yes no    

1244 no no no    

1247 no yes no    

1288 yes yes no    

1289 no yes no    

1292 no yes no    

1293 yes yes no       
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Figure S3. MS/MS fragmentation of attinimicin. Calculated and experimental m/z values for observed fragments. 
 
 

 
Figure S4. UV spectrum of attinimicin in acetonitrile:water 1:2. 
 
 
 

 
Figure S5. Key NMR correlations of attinimicin. 
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Table S4. NMR spectroscopic data of attinimicin in dimethylsulfoxide-d6. 
 

  δC δH  Multiplicity (Hz) COSY HMBC 
1 174.0     
2 49.5 4.36 m 2-NH, 3 1, 3, 4 
2-NH  8.21 d (8.4) 2 2, 6 
3a 29.9 1.48 m 2, 4 4 
3b  1.65 m 2 1, 4 
4 23.3 1.59 m 3a, 4 3 
5 46.3 3.48 m 4 3 
6 171.1     
7 51.1 4.30 m 7-NH, 8 6, 8, 12 
7-NH  8.23 d (8.7) 7 7 
8a 27.5 1.65 m 7, 9 7 
8b  1.88 m 7 7, 9 
9 20.3 1.89 m 8a, 10 7, 8 
10 51.0 3.45 m 9 8, 9, 11 
11 164.6 8.00 s  10 
12 168.4     
13 50.8 4.96 m 13-NH, 14 12, 14 
13-NH  7.64 dd (7.9, 1.5) 13 15 
14a 61.1 3.52 m 13 12 
14b  3.63 dd (10.7, 3.7) 13 12 
15 169.9     
16 35.0 2.37 t (6.9) 17 15, 17 
17 35.7 3.26 m 16, 17-NH 15, 16 
17-NH  8.33 t (5.6) 17 17, 18 
18 169.6     
19 67.4 4.92 dd (10.0, 7.9) 20a, 20b 18, 20, 21 
20a 69.4 4.52 t (8.1) 19 18, 19, 21 
20b  4.61 dd (8.3, 10.0) 19 18, 19, 21 
21 165.8     
22 110.0     
23 159.1     
24 116.6 7.00 d (7.5) 25 22, 26 
25 134.0 7.46 dt (7.5, 1.6) 24, 26 27 
26 119.1 6.94 t (7.6) 25 22, 24, 25, 27 
27 128.1 7.63 dd (7.6, 1.6) 26 25, 21 

 

.
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Figure S6. 1H NMR spectrum of attinimicin (3) in dimethylsulfoxide-d6, 600 MHz. 
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Figure S7. 13C NMR spectrum of attinimicin (3) in dimethylsulfoxide-d6, 150 MHz. 
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Figure S8. 1H,1H-COSY spectrum of attinimicin (3) in dimethylsulfoxide-d6. 
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Figure S9. PS-HSQC spectrum of attinimicin (3) in dimethylsulfoxide-d6, 600 MHz. Methine and methyl resonances are shown in red; methylenes are shown in 
blue.  
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Figure S10. HMBC spectrum of attinimicin (3) in dimethylsulfoxide-d6, 600 MHz. 
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Figure S11. HPLC chromatograms of Marfey’s analysis of amino acids after hydrolysis of 3. (A) EIC of the ion m/z 
358.10 ([M+H]+), positive mode ESI, corresponding to serine residues. (B) EIC of the ion m/z 385.15 ([M+H]+), 

positive mode ESI, corresponding to ornithine residues. 

 

 

 

 

Table S5. Marfey’s analysis of attinimicin. 
 

Amino acid 
m/z 

[M+H]+ 

Retention time (min): 

Marfey product of L-

amino acid standard 

Retention time (min): 

Marfey product of D-

amino acid standard 

Retention time (min): 

Marfey product of amino 

acid from attinimicin 

hydrolysis 

Serine 358.10 22.16 22.95 22.20/23.02* 

Ornithine 385.15 12.06 10.65 12.06 

* indicates the presence of both D and L serine in the structure of attinimicin, as seen in Supplementary Figure 10. 
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Table S6. Quality assessment of genome assemblies 
 

 ICBG1293 ICBG 601 ICBG 1142 ICBG 1122 ICBG 1034 ICBG 162 ICBG 1127 ICBG 1288 
# contigs (>= 0 bp) 86 280 54 83 32 32 85 14 
# contigs (>= 1000 bp) 86 280 54 83 32 32 85 14 
# contigs (>= 5000 bp) 79 220 48 49 32 32 78 14 
# contigs (>= 10000 bp) 64 173 42 43 25 32 72 13 
# contigs (>= 25000 bp) 29 99 25 26 10 13 60 12 
# contigs (>= 50000 bp) 26 45 13 21 8 9 37 11 
Total length (>= 0 bp) 7959327 13311475 7434153 6899411 6680590 7108174 7491467 7163992 
Total length (>= 1000 bp) 7959327 13311475 7434153 6899411 6680590 7108174 7491467 7163992 
Total length (>= 5000 bp) 7937130 13130099 7420899 6807696 6680590 7108174 7470679 7163992 
Total length (>= 10000 bp) 7817963 12796468 7372246 6765367 6615032 7108174 7419395 7155839 
Total length (>= 25000 bp) 7318660 11575456 7110298 6476681 6416272 6817729 7209024 7145828 
Total length (>= 50000 bp) 7209581 9697141 6688353 6320833 6360557 6683277 6353194 7113635 
# contigs 86 280 54 83 32 32 85 14 
Largest contig 939100 3455861 2163479 1193048 2850860 2274010 947933 3135515 
Total length 7959327 13311475 7434153 6899411 6680590 7108174 7491467 7163992 
GC (%) 73.17 73.52 72.59 74.07 74.27 74.42 73.22 73.71 
N50 418257 143282 833121 413978 1138390 1743544 198270 1055934 
N75 272220 43919 412174 197656 1094868 516861 74417 625011 
L50 7 8 3 5 2 2 11 2 
L75 13 52 6 10 3 4 26 4 
# N's per 100 kbp 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

 
 
# contigs:  total number of contigs in the assembly. 
Largest contig:  length of the longest contig. 
Total length:  total number of bases. 
GC (%):   total number of G and C nucleotides, divided by the total number of bases. 
N50:   length for which the collection of all contigs of that length or longer covers at least half an assembly. 
N75:   defined similarly to N50 but with 75% instead of 50%. 
L50 and L75:   number of contigs equal to or longer than N50 and N75, respectively. 
# N's per 100 kbp:  average number of uncalled bases (N's) per 100000 bases. 
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Table S7. Predicted proteins of the attinimicin BGC 
 

 
  

Protein Size 
(aa) Proposed function Sequence similarity, 

Organism 

Identity/ 
Similarity 
(%) 

GenBank 
accession no. 

AttT1 347 iron compound ABC 
transporter, periplasmic 

iron-siderophore ABC 
transporter substrate-binding 
protein, Pseudonocardia sp. 
Ae505_Ps2 

92%/96% WP_084786367.1 

AttA 88 ornithine N-
monooxygenase 

L-ornithine N (5)-oxygenase 
family protein, 
Pseudonocardia 
ammonioxydans 

49%/63% WP_093336896.1 

AttB 69 MbtH family protein MbtH, Pseudonocardia sp. 
EV170527-09 91%/94% WP_149665922.1 

AttC 145 Aspartate decarboxylase 
Aspartate 1-decarboxylase, 
Pseudonocardia sp. 
Ae505_Ps2 

97%/99% OLM14204.1 

AttD 1151 NRPS: PCP, C, A, ACP NRPS, Pseudonocardia sp. 
HH130629-09 94%/96% WP_060712263.1 

AttE 4742 
NRPS: C, A, PCP, C, 
A, PCP, C, A, PCP, C, 
A, PCP, E 

NRPS, Pseudonocardia sp. 
Ae505_Ps2 91%/93% WP_075553901.1 

AttT2 452 major facilitator 
transporter 

MFS transporter, 
Pseudonocardia sp. 
EV170527-09 

91%/91% WP_149665670.1 

AttF 227 methionyl-tRNA 
formyltransferase 

methionyl-tRNA 
formyltransferase, 
Pseudonocardia sediminis 

54%/66% RZT86011.1 

AttG 452 salicylate synthase 
salicylate synthase, 
Pseudonocardia sp. 
EV170527-09 

92%/93% WP_149665668.1 

AttH 546 NRPS: A 
AMP-binding protein, 
Pseudonocardia sp. 
HH130629-09 

95%/96% WP_060712259.1 

AttI 270 hydrolase 
alpha/beta fold hydrolase, 
Pseudonocardia sp. 
AL041005-10 

95%/97% WP_062394477.1 

AttT3 384 iron compound ABC 
transporter, periplasmic 

ABC transporter substrate-
binding protein, 
Pseudonocardia sp. 
EV170527-09 

88%/92% WP_149665665.1 
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Figure S12. BiG-SCAPE analysis of sequenced attinimicin producers. (A) BiG-SCAPE network containing BGCs 
identified as NRPS, RiPP or hybrid. Two BGCs were identified to be conserved in several producers, the 
putative att BGC and a NRPS-PKS hybrid. (B) BiG-SCAPE analysis of attinimicin producers and the MIBiG 
databsase. Displayed are BGC families identified in attinimicin producers that contain more than five nodes (NRPS, 
RiPPs or hybrid BGCs). Numbers correspond to Pseudonocardia spp. ICBG stains. Node colors refer to clusters in 
A. Note that the NRPS-PKS hybrid is duplicated in Pseudonocardia spp. ICBG162 but absent in other attinimicin 
producers. The att BGC did not cluster with any NRPS responsible for the biosynthesis of attinimicin-like peptides in 
the MIBiG database as a likely result of the overall architecture of the biosynthetic island in which the att BGC is 
located (even at the lowest cut-off). (C) BGC architecture of clusters present in more than five Pseudonocardia spp. 
strains. Box colors represent clusters in A and B. 
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Table S8. In-silico adenylation domain substrate specificity predictions 
 

Domain SANDPUMA 
prediction 

Phylogenetic 
prediction Incorporated substrate 

AttD-A Cys Cys Ser 

AttE-A1 b-Ala b-Ala b-Ala 

AttE-A2 Thr Thr Ser 

AttE-A3 Not predicted hOrn hOrn 

AttE-A4 Not predicted hOrn hOrn 
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Figure S13. Phylogenetic tree of A domains. Different colors represent different substrate specificities. The phylogeny 
was reconstructed using IQ-TREE1, employing the LG+F+R10 model of amino acid substitution. Support values are 
based on 1000 bootstrap replicates. Rectangular views of branches containing attinimicin A domains are shown. Att-
derived A domains are highlighted in red. It is suggested that a duplication event resulted in the A domains of modules 
4 and 5. 
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 A

M
35

4 
R

S
15

25
5 

A
M

P 
bi

nd
in

g 
N

Z 
C

P
02

67
02

.1
 3

21
92

51
 3

22
04

48 fuscachelin Tfu1865

Thr
 X

AUT 
RS02

15
0 A

MP bi
nd

ing
 N

C 00
97

20
.1 

45
90

62
 46

02
50

Ser PLES RS15040 AMP binding NC 011770.1 3150662 3151868

A
sn A

9D
66 R

S
11970 A

M
P

 binding N
Z C

P
015972.1 2638852 2640064

Ser SOCE26 RS48155 AMP binding NZ CP012673.1 13193545 13194757

Tyr C
M

C
5 R

S
26260 A

M
P

 binding N
Z C

P
012159.1 7215960 7217181

Gln PFL01 RS11155 AMP binding NC 007492.2 2515137 2516346

Thr C
Y

FU
S

 R
S

13555 A
M

P
 binding N

Z C
P

022098.1 3271760 3272936

Ala M
XAN

 R
S07815 AM

P binding N
C

 008095.1 1905475 1906702

Glu ATC05 RS26655 AMP binding NZ CP013245.1 5823499 5824699

Pr
o 

M
80

2 
RS

17
23

5 
AM

P 
bi

nd
in

g 
NC

 0
22

36
0.

1 
37

33
48

7 
37

34
66

0

Le
u 

LI
LA

B
 R

S2
81

45
 A

M
P 

bi
nd

in
g 

N
C

 0
15

71
1.

1 
69

61
63

9 
69

62
81

5

b A
la A

U
R

58 R
S

07660 A
M

P
 binding N

Z C
P

013667.1 1373300 1374515
Gln MFUL124B02 RS19480 AMP binding NZ CP006003.1 4873991 4875206

hOrn PP 4221 AMP binding NC 002947.4 4787866 4789096

Th
r C

YFU
S R

S28
22

5 A
M

P b
ind

ing
 N

Z 
CP02

20
98

.1
 6

94
03

69
 6

94
15

75

Lys F22031 RS25505 AMP binding NZ CP007399.1 5511474 5512698

Tyr GLE RS02380 AMP binding NZ CP013140.1 601073 602291

Pr
o

LE
N

 R
S1

02
75

 A
M

P 
bi

nd
in

g 
N

Z 
AP

01
49

40
.1

 2
45

05
17

 2
45

17
47

Th
r M

YMAC R
S21

29
0 A

MP bi
nd

ing
 N

Z 
CP02

22
03

.1 
52

86
62

6 5
28

78
32

Ile MFUL124B02 RS44350 AMP binding NZ CP006003.1 6779579 6780785

Cys 
PLES RS03635 AMP binding NC 011

770.1
757913 759107

Pr
o 

G
LE

 R
S1

30
55

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
13

14
0.

1 
33

37
83

0 
33

39
09

6

Val LILAB RS36490 AMP binding NC 015711.1 6293978 6295178

Gln HV99 RS21060 AMP binding NZ CP008868.1 4558658 4559870

Sal CYFUS RS37315 AM
P binding NZ CP022098.1 9213061 9214288

P
he

 M
X

A
N

 R
S

19
83

5 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
50

20
22

3 
50

21
39

9

Val S
CE1572 RS54890 AMP binding NC 021658.1 3673945 3675151

A
sn FD

63 R
S

18990 A
M

P
 binding N

Z C
P

008714.1 2218870 2219890

Glu PPUTGB1 RS19240 AMP binding NC 010322.1 4245756 4246956

hO
rn PFLUO

LIPICF7 RS25370 AM
P binding NZ CP005975.1 5530982 5532197

Pr
o 

LE
N

 R
S1

02
70

 A
M

P 
bi

nd
in

g 
N

Z 
AP

01
49

40
.1

 2
44

41
96

 2
44

54
35

Leu MXAN RS19445 AMP binding NC 008095.1 4883137 4884328

Thr
 LE

N R
S12

57
0 A

MP bi
nd

ing
 N

Z A
P01

49
40

.1 
30

62
53

2 3
06

37
32

Ile amyaer RS14630 AMP binding NZ CP012375.1 2979138 2980386

Arg G655 RS12980 AMP binding NC 020912.1 2803667 2804888

H
is B

C
350 R

S
25720 A

M
P

 binding N
Z C

P
016915.1 1927190 1928369

Leu LEN RS13770 AMP binding NZ AP014940.1 3506445 3507675

P
he A

M
354 R

S
08725 A

M
P

 binding N
Z C

P
026702.1 1823197 1824367

A
sn C

M
C

5 R
S

26475 A
M

P
 binding N

Z C
P

012159.1 7299214 7300432

H
is M

Y
S

TI R
S

17770 A
M

P
 binding N

C
 020126.1

4531160 4532342

Lys Y880 RS09355 AMP binding NZ CP020659.1 1969430 1970654

gobichelin gobK

Lys PFLA506 RS15295 AMP binding NC 017911.1 3462274 3463501

Lys AI22 RS20095 AMP binding NZ CP007147.1 4378956 4380180

H
is A

3768 R
S

21730 A
M

P
 binding N

Z C
P

015851.1
1095297 1096476

hO
rn G

655 R
S13100 AM

P binding N
C

 020912.1 2851798 2853013

Ser A0K RS15205 AMP binding NZ AAQW01000001.0 3260441 3261638

Ser AA314 RS24420 AMP binding NZ CP011509.1 6197417 6198626

Pro
 M

FU
L1

24
B02

 R
S44

08
5 A

M
P b

ind
ing

 N
Z 

CP00
60

03
.1

 3
69

51
93

36
96

41
4

Arg MXAN RS21450 AMP binding NC 008095.1 5465897 5467118

qinichelin orf1264c

Ala RS RS17935 AMP binding NC 003296.1 203301 204495

Val AA314 RS19950 AMP binding NZ CP011509.1 5035098 5036301

Th
r L

EN R
S12

89
0 A

M
P b

ind
ing

 N
Z A

P01
49

40
.1

 3
23

65
76

 3
23

77
94

Pr
o 

M
FU

L1
24

B0
2 

RS2
75

20
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

71
13

43
4 

71
14

65
5

Ala C
G

R
 R

S13540 AM
P binding N

C
 009342.1 2884884 2886021

H
is

 C
C

D
G

5 
R

S
10

32
5 

A
M

P
 b

in
di

ng
 N

Z 
LM

99
54

47
.1

 1
00

41
49

 1
00

53
40

Le
u 

C
M

C
5 

R
S2

63
50

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
12

15
9.

1 
72

44
47

0 
72

45
69

1

Cys
 AZOLI 

RS19
01

5 A
MP bi

nd
ing

 N
C 01

65
86

.1 
14

69
55

 14
81

67

G
ly

 C
YF

U
S 

R
S3

99
10

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
22

09
8.

1 
98

67
50

0 
98

68
69

7

A
sn A

O
356 R

S
26490 A

M
P

 binding N
Z C

P
012831.1 5996410 5997613

Ser MXAN RS18335 AMP binding NC 008095.1 4504826 4506041

Cys
 P

FL0
1 R

S11
44

5 A
MP bi

nd
ing

 N
C 00

74
92

.2 
26

05
35

1 2
60

65
60

Tyr M
FU

L124B
02 R

S
43835 A

M
P

 binding N
Z C

P
006003.1 2380103 2381288 H

is
 C

1A
50

 R
S

04
73

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

02
59

57
.1

 1
06

30
36

 1
06

42
33

A
sn LILA

B
 R

S
29155 A

M
P

 binding N
C

 015711.1 7217822 7219055

A
sn

 G
LE

 R
S

16
22

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
31

40
.1

 4
09

53
31

 4
09

65
43

Orn PPUTW
619 RS17905 AMP binding NC 010501.1 3929986 3931192

b Ala AZL RS29425 AMP binding NC 013858.1 466792 468010

Sal GLE RS11520 AMP binding NZ CP013140.1 2952340 2953564

Val MXAN RS36330 AMP binding NC 008095.1 4308559 4309756

Orn I1A RS09220 AM
P binding NZ CM

001561.1 2093887 2095099

Lys A6748 RS04300 AMP binding NZ CP015650.1 886611 887835

Trp B
B

R
47 R

S
14950 A

M
P

 binding N
C

 012491.1 3116990 3118166

H
is C

H
H

27 R
S

13375 A
M

P
 binding N

Z C
P

022529.1 2853878 2855108

Pr
o 

CYF
US 

RS2
97

25
 A

M
P 

bi
nd

in
g 

NZ 
CP0

22
09

8.
1 

73
41

16
3 

73
42

37
8

Le
u 

LE
N

 R
S

10
27

5 
A

M
P

 b
in

di
ng

 N
Z 

A
P

01
49

40
.1

 2
44

72
77

 2
44

84
92

Sal AO356 RS23515 AMP binding NZ CP012831.1 5267814 5269044

Thr
 G

LE
 R

S11
23

5 A
MP bi

nd
ing

 N
Z C

P01
31

40
.1 

28
73

36
5 2

87
45

65

P
ro

 A
ZO

B
R

 R
S

25
85

5 
A

M
P

 b
in

di
ng

 N
C

 0
16

61
8.

1 
85

59
97

 8
57

19
7

Leu MXAN RS21445 AMP binding NC 008095.1 5456443 5457649

Ile LILAB RS24555 AMP binding NC 015711.1 5909845 5911045

Tyr C
A935 R

S
09670 A

M
P binding N

Z C
P

021258.1 2166539 2167640

Glu PFLQ2 RS09420 AMP binding NZ CM001558.1 4185765 4186965

Phe BKC06 RS13745 AMP binding NZ CP026568.1 3018248 3019448

Thr
 JK

 R
S09

06
5 A

MP bi
nd

ing
 N

C 00
71

64
.1 

20
73

55
5 2

07
47

64

Ile A19Y RS17260 AMP binding NZ CM002803.1 3908210 3909425

ca
hu

ita
m

yc
in

 c
ah

D

salinichelin orf20d

Val M
FUL124B02 RS19480 AMP binding NZ CP006003.1 4864487 4865693

Al
a 

R
S 

R
S2

01
90

 A
M

P 
bi

nd
in

g 
N

C
 0

03
29

6.
1 

81
42

46
 8

15
41

9

IC
B

G
1142 2orn

Orn HZ99 RS00225 AM
P binding NZ CP008896.1 75188 76403

Cys G655 RS03605 AMP binding NC 020912.1 748621 749800

Le
u 

A
M

K
58

 R
S

23
74

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
29

16
.1

 5
28

72
3

52
98

93

O
rn

 M
X

A
N

 R
S

06
24

0 
A

M
P 

bi
nd

in
g 

N
C

 0
08

09
5.

1 
15

12
99

9 
15

14
23

5

Arg PLES RS14920 AMP binding NC 011770.1 3120114 3121335

Cys
 C

MC5 R
S43

13
5 A

MP bi
nd

ing
 N

Z C
P01

21
59

.1 
74

06
66

4 7
40

78
73

Glu PFLU RS21515 AMP binding NC 012660.1 4849189 4850392

Thr S
CE1572 R

S54890 AMP binding N
C 021658.1 3670735 3671968

Val LILAB RS25850 AMP binding NC 015711.1 6277789 6278986

Thr M
XAN R

S21385 AMP binding N
C 008095.1 5420646 5421882

Glu I1A RS18840 AMP binding NZ CM001561.1 4284785 4285985

Cys
 D

PADHS01 R
S03775 AMP binding N

Z C
P013993.1 803313 804507

Ile MFUL124B02 RS24435 AMP binding NZ CP006003.1 6303576 6304779

O
rn AA314 R

S08125 AM
P binding N

Z C
P011509.1 1983719 1984922

Ala ALW85 RS11680 AMP binding NC 004757.1 2423158 2424502

Ser PADK2 RS07705 AMP binding NC 018080.1 1653161 1654373

Cys
 PA96 R

S03615 AMP binding N
Z C

P007224.1 758864 760058

H
is B

C
R

16 R
S

21270 A
M

P
 binding N

Z C
P

016555.1 520434 521619

Ile PFL01 RS11160 AMP binding NC 007492.2 2531306 2532500

A
sn A

C
U

11 R
S

23495 A
M

P
 binding N

Z C
P

011962.1 2682660 2683872

Cys A0K RS25330 AMP binding NZ AAQW01000001.0 5424007 5425186

hO
rn PF1751 RS11135 AM

P binding NZ CP010896.1 2455896 2457111

Glu B479 RS18175 AMP binding NC 019905.1 3987863 3989063

A
sn

 M
X

A
N

 R
S

21
38

5 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
54

23
88

6 
54

25
10

1

Cys
 A0K R

S25325 AMP binding N
Z AAQW01000001.0 5419799 5420993

Ser SOCE26 RS18705 AMP binding NZ CP012673.1 5096624 5097842

Orn XM57 RS12490 AMP binding NZ CP011301.1 2810814 2812020

scabichelin S
C

A
B

85471e

G
ly 

SC
E1

57
2 

RS
25

98
5 

AM
P 

bi
nd

in
g 

NC
 0

21
65

8.
1 

71
65

56
4 

71
66

74
9

G
lu AA314 R

S28685 AM
P binding N

Z C
P011509.1 7350307 7351510

Lys PPUTGB1 RS20630 AMP binding NC 010322.1 4543312 4544545

cahuitam
ycin cahC

Arg A0K RS15350 AMP binding NZ AAQW01000001.0 3297908 3299129

Cys
 P797 R

S27310 AMP binding N
Z C

P008739.1 5935868 5937062

hOrn PPUBIRD1 RS08205 AMP binding NC 017530.1 1830510 1831740

fuscachelin Tfu1866

Val SMU 1340 AMP binding NC 004350.2 1267821 1269009

qinichelin orf1264b

Orn DM42 RS19560 AMP binding NZ CP007787.1 61490 62717

Arg PA96 RS12985 AMP binding NZ CP007224.1 2805232 2806453

P
he

 B
G

LU
 R

S
22

27
0 

A
M

P
 b

in
di

ng
 N

C
 0

12
72

1.
2 

11
12

68
6 

11
13

85
3

P
he

 X
N

C
2 

R
S

11
34

5 
A

M
P

 b
in

di
ng

 N
Z 

LN
68

12
27

.1
 2

68
18

05
 2

68
30

38

Cys
 C

MC5 R
S08

85
0 A

MP bi
nd

ing
 N

Z C
P01

21
59

.1 
23

79
90

2 2
38

11
44

O
rn A

M
K

58 R
S

23110 A
M

P binding N
Z C

P
012916.1 372212 373454

Ile BAXH7 RS01680 AMP binding NC 017191.1 339195 340395

ICBG1034 sal

Val RS RS20190 AMP binding NC 003296.1 804676 805873

IC
B

G
601 1orn

Tyr PSYRB RS12985 AMP binding NZ CP005969.1 3105775 3106969

Trp
A3768 RS20195 AM

P binding NZ CP015851.1 692857 694087

Th
r G

LE
 R

S11
22

5 A
MP bi

nd
ing

 N
Z 

CP01
31

40
.1 

28
55

99
7 2

85
71

97

Ala JK RS09065 AMP binding NC 007164.1 2078127 2079300

hO
rn PFLU RS12440 AM

P binding NC 012660.1 2774244 2775459

Lys G655 RS13100 AMP binding NC 020912.1 2848618 2849842

Tyr LILAB R
S26690 AM

P binding N
C

 015711.1 6529455 6530664

Sal CYFUS RS24595 AMP binding NZ CP022098.1 6052740 6053970

myxochelin mxcG

Glu PPUTW619 RS17985 AMP binding NC 010501.1 3963211 3964411

Gln B479 RS19595 AMP binding NC 019905.1 4310588 4311791

Tr
p 

V
K

72
 R

S
11

64
5 

A
M

P
bi

nd
in

g 
N

Z 
C

P
01

14
20

.1
 2

65
26

83
 2

65
38

77

Ile AA314 RS25240 AMP binding NZ CP011509.1 6421435 6422641

Lys PFLA506 RS15300 AMP binding NC 017911.1 3471865 3473095

Ala MCA RS04930 AMP binding NC 002977.6 1056830 1058006

A
sp

 P
P

U
TG

B
1 

R
S

20
64

5 
A

M
P

 b
in

di
ng

 N
C

 0
10

32
2.

1 
45

65
57

4 
45

66
73

5

Sal STAUR RS01845 AMP binding NC 014623.1 468686 469916

isopyochelin 0503

Cys U769 RS03720 AMP binding NC 023019.1 772422 773601

Arg B479 RS18175 AMP binding NC 019905.1 3984689 3985910

A
sn M

FU
L124B

02 R
S

24155 A
M

P
 binding N

Z C
P

006003.1 6199386 6200592

Sal PSPA7 RS04170 AMP binding NC 009656.1 856980 858210

Al
a 

AZ
L 

RS3
26

35
 A

M
P 

bi
nd

in
g 

NC 0
13

86
0.

1 
88

74
0 

89
92

8

hO
rn AI22 R

S20100 AM
P binding N

Z C
P007147.1 4382328 4383543

Tyr M
YM

AC
 R

S18780 AM
P binding N

Z C
P022203.1 4585005 4586214

pyochelin pchE

ICBG601 oxazoline ser

Val LILAB RS24555 AMP binding NC 015711.1 5903530 5904748

P
he S

M
39 R

S
02375 A

M
P

 binding N
Z A

P
013063.1 499985 501155 P

ro
 A

M
K

58
 R

S
23

74
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

29
16

.1
 5

25
55

5 
52

67
55

Ser SOCE26 RS18705 AMP binding NZ CP012673.1 5093429 5094647

Le
u 

C
M

C
5 

R
S2

05
80

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
12

15
9.

1 
56

07
79

2 
56

08
98

0

Tyr M
A

E
 R

S
24650 A

M
P

 binding N
C

 010296.1 5212236 5213418

Gly 
LI

LA
B R

S29
62

5 A
M

P 
bin

din
g 

NC 0
15

71
1.

1 
73

63
48

0 
73

64
65

9

Thr L
ILAB RS28140 AMP binding NC 015711.1 6952592 6953813

A
sn M

FU
L124B

02 R
S

23290 A
M

P
 binding N

Z C
P

006003.1 5926888 5928103

Trp O
C

O
 R

S11580 AM
P binding N

C
 016947.1 2470244 2471423

Ile CPH89 RS22840 AMP binding NZ LT907842.1 4898514 4899693

P
he

 X
N

C
2 

R
S

09
67

0 
A

M
P

 b
in

di
ng

 N
Z 

LN
68

12
27

.1
 2

23
83

97
 2

23
95

91

Thr 
SCE15

72
 R

S25
99

0 A
MP bi

nd
ing

 N
C 02

16
58

.1 
71

85
08

4 7
18

63
14

A
sn B

V
V

19
R

S
11100 A

M
P

 binding N
Z C

P
019089.1 2274450 2275677

Lys ADJ52 RS13750 AMP binding NZ CP012066.1 3030681 3031905

Val AA314 RS25250 AMP binding NZ CP011509.1 6453982 6455176

Pr
o 

AA
31

4 
RS1

98
40

 A
M

P 
bin

din
g 

NZ 
CP0

11
50

9.
1 

49
66

21
7 

49
67

43
5

A
sn W

T26 R
S

00190 A
M

P
 binding N

Z C
P

013442.1 48717 49914

Asp PFL01 RS11150 AMP binding NC 007492.2 2501872 2503081

b 
A

la
 T

K
06

 R
S

08
18

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
52

25
.1

 1
90

45
78

 1
90

57
54

Pr
o 

G
LE

 R
S1

30
45

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
13

14
0.

1 
33

24
63

1 
33

25
93

3

taiw
ach

elin
 B

1227a

Arg MYMAC RS21795 AMP binding NZ CP022203.1 5417222 5418446

Cys 
RS RS09140 AMP binding NC 003295.1 1974742 1975972

G
ly 

RS
 R

S2
01

90
 A

M
P 

bi
nd

in
g 

NC
 0

03
29

6.
1 

81
10

87
 8

12
28

7

A
sp

 M
FU

L1
24

B
02

 R
S

21
11

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

00
60

03
.1

 5
31

66
76

 5
31

78
88

Sal STAUR RS17705 AM
P binding NC 014623.1 4337508 4338738

hO
rn

U769 RS13175 AM
P binding NC 023019.1 2851725 2852940

Ile AO356 RS28240 AMP binding NZ CP012831.1 6485950 6487141

A
sp

 M
X

A
N

 R
S

22
31

5 
A

M
P

bi
nd

in
g 

N
C

 0
08

09
5.

1 
57

57
28

1 
57

58
49

9

hOrn PFLU RS12440 AMP binding NC 012660.1 2771055 2772285

A
sp

 M
Y

M
A

C
 R

S
17

98
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

22
03

.1
 4

33
90

04
 4

34
02

25

Orn XAUT RS14015 AMP binding NC 009720.1 3086016 3087219

Pr
o 

P7
97

 R
S2

24
75

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

08
73

9.
1 

49
14

22
1 

49
15

39
4

hO
rn PFLSS101 RS11530 AM

P binding NZ CM
001513.1 3562026 3563241

A
sn A

C
U

15 R
S

09420 A
M

P
 binding N

Z C
P

011957.1 2132556 2133768

Leu SCE1572 RS54890 AMP binding NC 021658.1 3673945 3675151

O
rn G

LE
 R

S
16225 A

M
P binding N

Z C
P

013140.1 4132451 4133693

A
sn M

X
A

N
 R

S
07815 A

M
P

 binding N
C

 008095.1 1895992 1897210

Lys HW07 RS13790 AMP binding NZ CP008859.2 2904627 2905851

Arg SCV20265 RS14500 AMP binding NC 023149.1 3070803 3072000

Sal TK06 RS07990 AMP binding NZ CP015225.1 1858012 1859242

Thr MFUL124B02 RS11275 AMP binding NZ CP006003.1 2761298 2762708

Leu C
M

C
5 R

S
17895 A

M
P

 binding N
Z C

P
012159.1 4817989 4819183

Arg PSPA7 RS13480 AMP binding NC 009656.1 2877649 2878870

P
he B

V
G

94 R
S

02310 A
M

P binding N
Z C

P
018919.1 481203 482373

Sal SCE RS19895 AMP binding NC 010162.1 5399619 5400843

Ser SF0498 AMP binding NC 004337.2 518335 519550

Cys
 S

TA
UR R

S19
74

5 A
MP bi

nd
ing

 N
C 01

46
23

.1 
48

46
77

3 4
84

79
76

H
is B

C
427 R

S
25995 A

M
P

 binding N
Z C

P
016613.1 1949918 1951103 Tr

p 
P

P
E

 R
S

10
62

0 
A

M
P

 b
in

di
ng

 N
C

 0
14

48
3.

2 
23

62
58

2 
23

63
77

6

H
is A

M
IS

 R
S

15930 A
M

P
 binding N

C
017093.1 3416620 3417823

Sal ABAZ39 RS25215 AMP binding NZ CP007795.1 632719 633958

erythrochelin SACE3035b

Asp MFUL124B02 RS19475 AMP binding NZ CP006003.1 4846682 4847891

Pr
o 

M
FU

L1
24

B0
2 

RS2
31

65
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

58
83

66
0 

58
84

88
4

Cys PLES RS03630 AMP binding NC 011770.1 753720 754899

Arg SCV20265 RS14335 AMP binding NC 023149.1 3023789 3025010

Tyr C
Y

FU
S

 R
S

29725 A
M

P
 binding N

Z C
P

022098.1 7328017 7329205

Glu PFL01 RS19790 AMP binding NC 007492.2 4462714 4463914

Pro
 S

OCE26
 R

S03
58

5 A
M

P 
bin

din
g 

NZ 
CP01

26
73

.1
 9

01
22

4 
90

26
70

hO
rn PA96 RS13105 AM

P binding NZ CP007224.1 2858221 2859433

hO
rn PLES RS15050

AM
P binding NC 011770.1 3169584 3170796

O
rn

 M
YM

AC
 R

S2
18

05
 A

M
P 

bi
nd

in
g 

N
Z 

C
P0

22
20

3.
1 

54
34

96
1 

54
36

19
1

Ser CH99 RS04675 AMP binding NZ CP007592.1 953772 954987

Glu PLES RS14920 AMP binding NC 011770.1 3116943 3118143

Gln PFLU RS12435 AMP binding NC 012660.1 2757036 2758239

Cys SCV20265 RS03635 AMP binding NC 023149.1 760205 761384

Val LILAB RS25740 AMP binding NC 015711.1 6195600 6196692

Trp A
A

314 R
S

21770 A
M

P
 binding N

Z C
P

011509.1 5481253 5482432

Glu PA50071 RS12865 AMP binding NZ CP012001.1 2762012 2763212

IC
BG

10
34

 b
 a

la

Cys 
AI22 RS00220 AMP binding NZ CP007147.1 54915 56109

Ala MCA RS09250 AMP binding NC 002977.6 2024134 2025370

ICBG1122 ser ri
ng

P
he

 B
M

W
22

 R
S

42
38

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
82

34
.1

 2
26

95
5 

22
81

55

P
he C

Y
FU

S
 R

S
13555 A

M
P

 binding N
Z C

P
022098.1 3274973 3276140

Lys PFLUOLIPICF7 RS25375 AMP binding NZ CP005975.1 5543753 5544983

A
sp

 M
Y

M
A

C
 R

S
19

75
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

22
03

.1
 4

84
89

82
 4

85
02

03

b 
A

la
 A

M
47

0 
R

S
22

38
0 

A
M

P
bi

nd
in

g 
N

Z 
C

P
02

75
33

.1
 4

63
67

66
 4

63
79

63

O
rn

 M
XA

N
 R

S2
13

90
 A

M
P 

bi
nd

in
g 

N
C

 0
08

09
5.

1 
54

35
01

1 
54

36
22

6

Val LILAB RS25740 AMP binding NC 015711.1 6188751 6189843

G
ly 

CM
C5

 R
S1

48
10

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

12
15

9.
1 

39
78

19
1 

39
79

38
5

Tr
p 

P
P

Y
C

2 
R

S
12

07
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

79
68

.3
 2

64
82

92
 2

64
94

86

Ala PP 4243 AM
P binding N

C
 002947.4 4818775 4819999

Gln LILAB RS28145 AMP binding NC 015711.1 6971035 6972217

A
sp

 A
ZL

 R
S

19
51

5 
A

M
P

 b
in

di
ng

 N
C

 0
13

85
5.

1 
10

05
54

2 
10

06
74

2

Thr 
RS R

S20
18

5 A
MP bi

nd
ing

 N
C 00

32
96

.1 
79

17
77

 79
29

98

hOrn PFLQ2 RS19390 AM
P binding NZ CM

001558.1 1804708 1805920

Pro
 M

FU
L1

24
B02

 R
S19

47
5 A

M
P 

bin
din

g 
NZ 

CP00
60

03
.1

 4
84

03
31

 4
84

15
52

Glu ADJ52 RS13870 AMP binding NZ CP012066.1 3079052 3080252

Ser MFUL124B02 RS43815 AMP binding NZ CP006003.1 2371142 2372351

cahuitamycin cahBa

Lys MXAN RS17675 AMP binding NC 008095.1 4343478 4344702

b Ala MMAR RS26470 AMP binding NC 010612.1 6366051 6367392

Phe SMDB11 RS18255 AMP binding NZ HG326223.1 3907691 3908873

hOrn YSA RS20485 AM
P binding NC 017986.1 4571025 4572237

Sal BT9727 2145 AM
P binding NC 005957.1 2225348 2226572

Leu SCE1572 RS20360 AMP binding NC 021658.1 5612594 5613809

Trp R
SSE R

S20375 AM
P

binding N
Z C

P021449.1 345356 346586

P
he C

S
367 R

S
21705 A

M
P

 binding N
Z C

M
008894.1 4611906 4613076

b 
A

la
 X

cf
C

FB
P

69
92

P
 R

S
13

79
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

09
85

.1
 3

08
44

87
 3

08
56

72

Arg AI22 RS20100 AMP binding NZ CP007147.1 4389993 4391190

Orn PSPA7 RS13605 AMP binding NC 009656.1 2918856 2920092

Val LILAB RS27725 AMP binding NC 015711.1 6821052 6822249

Leu LEN
 R

S12585 AM
P binding N

Z AP014940.1 3092199 3093384

Cys 
RS RS0911

5 AMP binding NC 003295.1 1949254 1950472

Le
u 

C
Y

FU
S

 R
S

28
22

5 
A

M
P 

bi
nd

in
g 

N
Z 

C
P

02
20

98
.1

 6
94

43
20

 6
94

54
87

Lys PPS RS20315 AMP binding NC 015733.1 4431171 4432404

Glu PFLSS101 RS10080 AMP binding NZ CM001513.1 3909529 3910738

Arg F22031 RS25500 AMP binding NZ CP007399.1 5500464 5501661

Thr C
MC5 RS26525 AMP binding NZ CP012159.1 7326419 7327703

Trp O
C

U
 R

S36485 AM
P binding N

C
 016946.1 2465568

2466747

Gln MYMAC RS17980 AMP binding NZ CP022203.1 4332659 4333862

Ile I1A RS11530 AMP binding NZ CM001561.1 2668521 2669715

Tr
p 

C
1A

50
 R

S
10

93
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

59
57

.1
 2

48
93

25
 2

49
05

19

Le
u 

LE
N

 R
S

12
89

5 
A

M
P 

bi
nd

in
g 

N
Z 

A
P

01
49

40
.1

 3
24

75
92

 3
24

87
95

Pr
o 

A0
K 

RS
20

78
5

AM
P 

bi
nd

in
g 

NZ
 A

AQ
W

01
00

00
01

.0
 4

43
34

00
 4

43
45

73

Pr
o 

SC
V2

02
65

 R
S0

84
85

 A
M

P 
bi

nd
in

g 
NC

 0
23

14
9.

1 
18

01
93

5 
18

03
10

8

IC
B

G
1293 1orn

Val M
XAN RS18335 AMP binding NC 008095.1 4518803 4520009

Tyr C
M

C
5 R

S
20580 A

M
P

 binding N
Z C

P
012159.1 5617344 5618538

P
he M

X
A

N
 R

S
17630 A

M
P

 binding N
C

 008095.1 4292644 4293823

G
ly

 A
ZL

 R
S1

95
15

 A
M

P 
bi

nd
in

g 
N

C
 0

13
85

5.
1 

10
10

19
8 

10
11

41
0

A
sp

 L
IL

A
B

 R
S

27
72

5 
A

M
P

 b
in

di
ng

 N
C

 0
15

71
1.

1 
68

17
86

0 
68

19
08

1

Ile LEN RS12890 AMP binding NZ AP014940.1 3241154 3242351

ICBG162 sal

Pr
o 

M
XA

N
 R

S1
98

35
 A

M
P 

bi
nd

in
g 

N
C

 0
08

09
5.

1 
50

17
07

6 
50

18
27

0

Lys BH711 RS10235 AMP binding NZ CP017296.1 2353361 2354588

Pr
o 

DP
AD

HS
01

 R
S0

94
60

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

13
99

3.
1 

19
69

20
3 

19
70

37
6

scabichelin S
C

A
B

85471c

rhodochelin R
H

A
1b

Cys
 P

SPA7 R
S04185 AMP binding N

C 009656.1 865629 866823

H
is C

O
C

O
R

 R
S

19655 A
M

P
 binding N

C
 017030.1 4898109 4899294

Pr
o 

SC
E1

57
2 

RS1
00

35
 A

M
P 

bi
nd

in
g 

NC 0
21

65
8.

1 
27

22
34

5 
27

23
56

9

Pr
o 

PL
ES

 R
S0

90
10

 A
M

P 
bi

nd
in

g 
N

C
 0

11
77

0.
1 

18
66

60
9 

18
67

78
2

Lys STAUR RS17695 AMP binding NC 014623.1 4333569 4334790

hOrn PFL01 RS09295 AM
P binding NC 007492.2 2070450 2071662

H
is C

A
C

I R
S

13570 A
M

P
 binding N

C
 013131.1 3117948 3119148

Val LILAB RS36490 AMP binding NC 015711.1 6290798 6291995

Tr
p 

AA
31

4 
R

S2
17

70
 A

M
P 

bi
nd

in
g 

N
Z 

C
P0

11
50

9.
1 

55
05

47
5 

55
06

66
6

Leu C
M

C
5 R

S
35280 A

M
P

 binding N
Z C

P
012159.1 9770009 9771203

b 
A

la
 B

V
G

93
 R

S
02

46
0

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

89
26

.1
 5

13
03

8 
51

42
56 IC

B
G

162 2orn

Ala C
G

R
 R

S01675 AM
P binding N

C
 009342.1 348447 349575

Gln AO356 RS28240 AMP binding NZ CP012831.1 6482704 6483916

Th
r A

ZL
 R

S34
46

0 A
M

P b
ind

ing
 N

C 0
13

85
5.

1 
75

49
91

 7
56

21
8

Orn AZC RS16725 AMP binding NC 009937.1 3745025 3746237

b 
A

la
 B

V
G

91
 R

S
21

14
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

89
25

.1
 4

37
90

20
 4

38
02

17

Sal B479 RS19465 AMP binding NC 019905.1 4271048 4272377

Ser CMC5 RS08850 AMP binding NZ CP012159.1 2384537 2385743

Le
u 

LE
N

 R
S

12
90

0 
A

M
P 

bi
nd

in
g 

N
Z 

A
P

01
49

40
.1

 3
25

09
51

 3
25

21
66

A
sn B

E
73 R

S
11750 A

M
P

 binding N
Z C

P
007221.1 2651720 2652932

Glu PFLA506 RS18250 AMP binding NC 017911.1 4098760 4099963

Gln B723 RS27320 AMP binding NZ CP010945.1 6003609 6004812

Tyr B
G

L R
S

09360 A
M

P
 binding N

Z C
P

002580.1 2174281 2175451

P
he A

R
325 R

S
05815 A

M
P binding N

Z C
P

013046.2 1226707 1227877

Glu PFLU RS19575 AMP binding NC 012660.1 4429363 4430572

b 
A

la
 S

M
B

20
99

 R
S

23
22

0 
A

M
P 

bi
nd

in
g 

N
Z 

H
G

73
88

68
.1

 4
90

30
43

 4
90

42
40

Gln AA314 RS19840 AMP binding NZ CP011509.1 4963025 4964234

Sal MFUL124B02 RS07605 AMP binding NZ CP006003.1 1839384 1840656

Ser SCE RS53095 AMP binding NC 010162.1 5804104 5805310

Lys WT26 RS11070 AMP binding NZ CP013443.1 1668936 1670154

A
sn

 A
V

I R
S

23
38

0 
A

M
P

 b
in

di
ng

 N
C

 0
11

99
1.

1 
10

50
66

 1
06

29
9

Cys
 PADK2 R

S03615 AMP binding N
C 018080.1 757736 758930

Sal STAUR RS08290 AMP binding NC 014623.1 2069414 2070653

Sal LILAB RS25930 AM
P binding NC 015711.1 6323985 6325215

Gln LILAB RS25850 AMP binding NC 015711.1 6274615 6275818

Sal PPS RS20200 AMP binding NC 015733.1 4395685 4396990

Tr
p 

X
80

9 
R

S
11

35
5 

A
M

P
 b

in
di

ng
 N

C
 0

23
03

7.
2 

25
36

65
7 

25
37

85
1

IC
BG11

42
 se

r

Ile AA314 RS21775 AMP binding NZ CP011509.1 5521346 5522555

Ty
r C

Y
FU

S
 R

S
39

89
5

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

20
98

.1
 9

85
06

00
 9

85
17

73

Cys
 B

49
19

 R
S07

37
5 A

MP bi
nd

ing
 N

Z C
P02

14
90

.1 
15

32
51

7 1
53

37
41

Ser LILAB RS36665 AMP binding NC 015711.1 6499107 6500322

hO
rn PA96 R

S13100 AM
P binding N

Z C
P007224.1 2839390 2840605

Arg DPADHS01 RS15020 AMP binding NZ CP013993.1 3158323 3159544

Orn A0K RS15205 AMP binding NZ AAQW01000001.0 3251393 3252629

H
is

 C
0R

09
 R

S
12

38
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

55
45

.1
 2

76
48

99
 2

76
61

05

Thr C
MC5 R

S20580 AMP binding N
Z C

P012159.1 5604588 5605827

H
is A

C
251 R

S
22560 A

M
P

 binding N
Z C

P
015116.1 945307 946486

taiwachelin B1228c

P
he B

V
G

91 R
S

02135 A
M

P binding N
Z C

P
018925.1 451988 453158

Glu PPUT RS08250 AMP binding NC 009512.1 1816424 1817624

Leu MXAN RS19445 AMP binding NC 008095.1 4876795 4877986

Ser MYMAC RS17970 AMP binding NZ CP022203.1 4302263 4303475

A
sp

 L
E

N
 R

S
12

58
0 

A
M

P
 b

in
di

ng
 N

Z 
A

P
01

49
40

.1
 3

08
42

98
 3

08
55

01

Ser PLES RS09010 AMP binding NC 011770.1 1869657 1870869

Le
u 

A
B

A
Z3

9 
R

S
23

84
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
00

77
95

.1
 2

94
74

9 
29

59
19

Cys 
SCV20265 RS03640 AMP binding NC 023149.1 764398 765592

Cys
 S

TA
UR R

S34
18

5 A
M

P b
ind

ing
 N

C 0
14

62
3.

1 
84

83
64

3 
84

84
84

9

Ala BJE04 RS05335 AMP binding NC 005139.1 1055642 1056950

Th
r M

FU
L1

24
B02

 R
S24

17
0 A

M
P b

ind
ing

 N
Z 

CP00
60

03
.1

 6
21

92
16

 6
22

04
22

Pr
o 

M
FU

L1
24

B0
2 

RS0
76

30
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

18
64

58
6

18
65

81
0

Pr
o 

SC
E1

57
2 

RS
58

66
0 

AM
P 

bi
nd

in
g 

NC
 0

21
65

8.
1 

36
43

38
1 

36
44

59
9

Tr
p 

A
O

U
00

 R
S

24
09

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
54

23
.1

 5
34

80
07

 5
34

92
01

Tr
p 

C
1A

50
 R

S
10

93
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

59
57

.1
 2

50
52

58
 2

50
64

52

Ser S
CE1572 R

S54890 AMP binding N
C 021658.1 3667504 3668737

Thr S
TAUR RS05635 AMP binding NC 014623.1 1374427 1375648

Ty
r B

B
R

47
 R

S
14

16
0 

A
M

P
 b

in
di

ng
 N

C
 0

12
49

1.
1 

28
98

01
7 

28
99

21
4

Tyr M
X

A
N

 R
S

21385 A
M

P
 binding N

C
 008095.1 5427081 5428260

A
sp

 P
FW

H
6 

R
S

17
01

0 
A

M
P

 b
in

di
ng

 N
Z 

C
M

00
10

25
.1

 3
77

63
91

 3
77

75
79

Gln AO356 RS28235 AMP binding NZ CP012831.1 6453168 6454380

G
ly

 S
M

U
 1

33
9 

A
M

P
 b

in
di

ng
 N

C
 0

04
35

0.
2 

12
61

41
5 

12
62

53
4

Tyr BIZ51 R
S09720 AM

P binding N
Z C

P017458.1 2171629 2172730

H
is C

Y
D

94 R
S

24530 A
M

P
 binding N

Z C
P

025986.1 1564142 1565321

Gln SOCE26 RS12635 AMP binding NZ CP012673.1 3355021 3356215

Ty
r A

D
99

7 
R

S
12

39
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

49
70

.1
 2

63
50

06
 2

63
61

94

Ty
r K

S
O

 R
S

09
81

0 
A

M
P

 b
in

di
ng

 N
C

 0
20

27
2.

1 
19

64
70

6 
19

65
89

4

A
sn S

C
E

1572 R
S

58660 A
M

P
 binding N

C
 021658.1 3647821 3649030

hO
rn U769 RS13180 AM

P binding NC 023019.1 2870556 2871768

Phe PL963 RS13570 AMP binding NZ LT962480.1 2994839 2996039

Ala MXAN RS07420 AMP binding NC 008095.1 1791484 1792777

Lys A
B

A
Z39 R

S
25235 A

M
P binding N

Z C
P

007795.1 637550 638795

Ala M
XAN

 R
S07815 AM

P binding N
C

 008095.1 1902295 1903519

Lys SCE RS19935 AMP binding NC 010162.1 5411432 5412683

Val M
FUL124B02 RS19480 AMP binding NZ CP006003.1 4861316 4862522

A
sp

 A
A

31
4 

R
S

19
84

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
15

09
.1

 4
95

98
24

 4
96

10
51

Ala AZL RS18410 AM
P binding NC 013855.1 722119 723343

Arg MXAN RS21375 AMP binding NC 008095.1 5413874 5415098

b Ala O
CO

 RS11610 AM
P binding NC 016947.1 2491024 2492359

P
he S

TA
U

R
 R

S
20455 A

M
P

 binding N
C

 014623.1 5035226 5036408

cahuitamycin cahBb

Leu MXAN RS18335 AMP binding NC 008095.1 4509257 4510457

A
la

 M
X

A
N

 R
S

17
63

0 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
42

88
90

6 
42

91
04

2

Ser AA314 RS21770 AMP binding NZ CP011509.1 5492251 5493466

Gln AO356 RS21130 AMP binding NZ CP012831.1 4717523 4718741

b Ala
NXT3 RS19305 AM

P binding NZ CP024307.1 3951058
3952390

hO
rn PFLSS101 RS11520 AM

P binding NZ CM
001513.1 3579439 3580654A

sn A
A

314 R
S

15460 A
M

P
 binding N

Z C
P

011509.1 3855707 3856925

Ty
r K

S
O

 R
S

09
80

0 
A

M
P

 b
in

di
ng

 N
C

 0
20

27
2.

1 
19

43
14

7 
19

44
33

5

Tr
p 

AA
31

4 
R

S2
17

75
 A

M
P 

bi
nd

in
g 

N
Z 

C
P0

11
50

9.
1 

55
42

28
6 

55
43

47
7

Val LILAB RS37560 AMP binding NC 015711.1 6509878 6511072

Tyr B
IZ52 R

S
09625 A

M
P binding N

Z C
P

017457.1 2153839 2154940

Orn DW
68 RS09240 AMP binding NZ CP013124.1 1995475 1996684

Sal JK RS09270 AMP binding NC 007164.1 2125642 2126896

A
sp

 A
A

31
4 

R
S

24
42

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
15

09
.1

 6
20

05
79

 6
20

17
85

Sal PFLQ2 RS14795 AMP binding NZ CM001558.1 2912988 2914218

Cys AI22 RS00225 AMP binding NZ CP007147.1 59123 60302

P
he M

FU
L124B

02 R
S

11610 A
M

P
 binding N

Z C
P

006003.1 2836033 2837191

Glu HZ99 RS27125 AMP binding NZ CP008896.1 6016758 6017961

hO
rn PSPA7 RS13610 AM

P binding NC 009656.1 2933130 2934342

Thr M
XAN RS19830 AMP binding NC 008095.1 5004906 5006127

H
is M

FU
L124B

02 R
S

19475 A
M

P
 binding N

Z C
P

006003.1 4843535 4844717

Lys PAO1OR RS13140 AMP binding NZ LN871187.1 2845709 2846933

Le
u 

M
Y

M
AC

 R
S

20
18

5 
AM

P 
bi

nd
in

g 
N

Z 
C

P0
22

20
3.

1 
49

93
71

7 
49

94
89

3

Gly 
M

YM
AC R

S2
18

00
 A

M
P 

bin
din

g 
NZ 

CP0
22

20
3.

1 
54

20
66

5 
54

21
84

4

Phe AA314 R
S28695 AM

P binding N
Z C

P011509.1 7372786 7373962

Val LILAB RS36490 AMP binding NC 015711.1 6297155 6298718

Arg LILAB RS29620 AMP binding NC 015711.1 7360037 7361261

Gln PPS RS20310 AMP binding NC 015733.1 4423348 4424551

hO
rn PFLA506 RS15295 AM

P binding NC 017911.1 3459097 3460312

Th
r B

JE
04

 R
S21

74
5 A

M
P b

ind
ing

 N
C 0

05
14

0.
1 

14
32

27
7 

14
33

47
7

Ser MXAN RS18335 AMP binding NC 008095.1 4515599 4516811

Val AA314 RS21770 AMP binding NZ CP011509.1 5487673 5488882

Gln HV99 RS21065 AMP binding NZ CP008868.1 4562027 4563239

Ala M
AFF R

S08910 AM
P binding N

C
 002678.2 1616441 1617635

fu
sc

ac
he

lin
 T

fu
18

67
b

Lys CGU45 RS00910 AMP binding NZ CP022526.1 214981 216205

scabichelin SCAB85471b

Tr
p 

P
P

E
 R

S
10

62
0 

A
M

P
 b

in
di

ng
 N

C
 0

14
48

3.
2 

23
46

89
8 

23
48

09
2

Ser LEN RS12890 AMP binding NZ AP014940.1 3226991 3228215

Ty
r L

E
N

 R
S

19
93

0 
A

M
P

 b
in

di
ng

 N
Z 

A
P

01
49

40
.1

 5
04

44
97

 5
04

57
03

A
sp

 C
Y

FU
S

 R
S

29
72

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

02
20

98
.1

 7
34

75
47

 7
34

87
68

Le
u 

G
LE

 R
S

13
04

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
31

40
.1

 3
32

14
39

 3
32

26
63

Arg PSF113 RS39195 AMP binding NC 016830.1 2034722 2035943

Gln PPUTW619 RS17885 AMP binding NC 010501.1 3912955 3914152

A
sp S

C
E

1572 R
S

25985 A
M

P
 binding N

C
 021658.1 7168786 7170016

Ile RK79 RS03160 AMP binding NZ CP026067.1 638321 639500

Ile AA314 RS19945 AMP binding NZ CP011509.1 5028647 5029850

Orn KIM5 RS29460 AMP binding NZ CP021127.1 500914 502114

Sal M
FUL124B02 RS23185 AM

P binding NZ CP006003.1 5890600 5891830

Th
r B

CE R
S11

73
0 A

M
P b

ind
ing

 N
C 0

03
90

9.
8 

22
94

29
7 

22
95

54
5

Cys DPADHS01 RS03770 AMP binding NZ CP013993.1 799120 800299

Tyr C
M

C
5 R

S26525 AM
P binding N

Z C
P012159.1 7323209 7324394

ICBG601 sal

Ile LL3 RS01665 AMP binding NC 017190.1 337963 339163

G
ly

 G
LE

 R
S2

16
90

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
13

14
0.

1 
54

56
11

8 
54

57
32

1

A
sn

 G
LE

 R
S

16
22

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
31

40
.1

 4
12

32
56

 4
12

44
80

Cys
 S

CE15
72

 R
S44

64
5 A

MP bi
nd

ing
 N

C 02
16

58
.1 

12
21

72
85

 12
21

84
85

hOrn PP 4219 AM
P binding NC 002947.4 4770125 4771334

Trp AC251 RS26470 AM
P binding NZ CP015116.1 1947204 1948434

Ser PDEN RS12745 AMP binding NC 008686.1 2575215 2576385

H
is LB

M
341 R

S
17385 A

M
P

 binding N
Z C

P
016905.1 333383 334568

A
sp

 M
FU

L1
24

B
02

 R
S

22
46

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

00
60

03
.1

 5
67

15
48

 5
67

27
69

b 
A

la
 B

G
L 

R
S

26
73

5 
A

M
P

 b
in

di
ng

N
Z 

C
P

00
25

81
.1

 2
27

68
85

 2
27

81
15

Pr
o 

M
AF

F 
R

S3
50

80
 A

M
P 

bi
nd

in
g 

N
C

 0
02

67
9.

1 
46

56
2 

47
78

6

G
ly 

PP
 4

21
9 

AM
P 

bi
nd

in
g 

NC
 0

02
94

7.
4 

47
76

49
1 

47
77

67
9

cahuitamyci
n AMK48225.1

Tyr C
A

741 R
S

06720 A
M

P
 binding N

Z A
P

018233.1 1693953 1695138

Pr
o 

CYF
US 

RS2
97

25
 A

M
P 

bi
nd

in
g 

NZ 
CP0

22
09

8.
1 

73
37

96
2 

73
39

17
7

A
sn

 L
IL

A
B

 R
S

29
63

0 
A

M
P

 b
in

di
ng

 N
C

 0
15

71
1.

1 
73

70
04

2 
73

71
25

7

b Ala M
FUL124B02 RS10340 AM

P binding NZ CP006003.1 2550590 2551841

IC
B

G
162 1orn

Sal AMK58 RS23130 AMP binding NZ CP012916.1 377064 378303

Lys HV95 RS17415 AMP binding NZ CP008864.2 3637265 3638489

A
sn LE

N
 R

S
19905 A

M
P

 binding N
Z A

P
014940.1 5004679 5005918

A
sn S

TA
U

R
 R

S
20455 A

M
P

 binding N
C

 014623.1 5042996 5044211

Gln PFLA506 RS15295 AMP binding NC 017911.1 3455914 3457120

Asp CYFUS RS22160 AMP binding NZ CP022098.1 5437312 5438533

Ty
r B

A
X

H
7 

R
S

07
62

5 
A

M
P

 b
in

di
ng

 N
C

01
71

91
.1

 1
46

52
45

 1
46

64
33

A
sn LE

N
 R

S
19910 A

M
P

 binding N
Z A

P
014940.1 5008121 5009339

Cys PADK2 RS03610 AMP binding NC 018080.1 753543 754722

Glu F22031 RS25395 AMP binding NZ CP007399.1 5465734 5466934

Ala M
XAN

 R
S17545 AM

P binding N
C

 008095.1 4221698 4222898

Gln PLES RS15050 AMP binding NC 011770.1 3165051 3166263

Ile A19Y RS17305 AMP binding NZ CM002803.1 3950717 3951965

Lys MFUL124B02 RS23195 AMP binding NZ CP006003.1 5894534 5895758

hOrn B723 RS27305 AM
P binding NZ CP010945.1 5982446 5983658

G
ly 

CYF
US 

RS2
76

40
 A

M
P 

bi
nd

in
g 

NZ 
CP0

22
09

8.
1 

67
85

75
8 

67
86

97
0

G
ly 

G
LE

 R
S2

48
45

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

13
14

0.
1 

27
29

17
1 

27
30

37
4

Arg PP 4243 AMP binding NC 002947.4 4823359 4824580

Glu YSA RS20210 AMP binding NC 017986.1 4499038 4500238

Ser GLE RS16220 AMP binding NZ CP013140.1 4099942 4101160

Ile LILAB RS25835 AMP binding NC 015711.1 6248195 6249401

b 
A

la
 B

W
99

7 
R

S
13

50
5 

A
M

P
 b

in
di

ng
 N

Z 
LT

70
70

61
.1

 2
92

31
63

 2
92

43
54

Arg PFLA506 RS18250 AMP binding NC 017911.1 4095589 4096810

A
sn B

V
V

20 R
S

11105 A
M

P
 binding N

Z C
P

019091.1 2261068 2262295

Ser CYFUS RS29080 AMP binding NZ CP022098.1 7142040 7143252

Gln MYMAC RS20185 AMP binding NZ CP022203.1 5003104 5004286

Ser MXAN RS21445 AMP binding NC 008095.1 5453260 5454472

Tyr PL963 RS13610 AMP binding NZ LT962480.1 3091725 3092919

Lys PPUTGB1 RS20645 AMP binding NC 010322.1 4562385 4563618

Gln PPUBIRD1 RS08215 AMP binding NC 017530.1 1845092 1846301

ICBG1142 oxazoline Ser

IC
BG11

22
 se

r

Ser MXAN RS18335 AMP binding NC 008095.1 4528844 4530056

cahuitamyci
n CahA

Val M
FUL124B02 RS44085 AMP binding NZ CP006003.1 3692022 3693213

Tyr A
A

314 R
S

19840 A
M

P
 binding N

Z C
P

011509.1 4979393 4980581

Th
r L

EN R
S19

85
5 A

M
P b

ind
ing

 N
Z 

AP01
49

40
.1

 4
98

22
50

 4
98

34
53

Glu PADK2 RS13150 AMP binding NC 018080.1 2782729 2783929

Arg HZ99 RS27125 AMP binding NZ CP008896.1 6019923 6021141

IC
B

G
601 2orn

hOrn PFLUOLIPICF7 RS25370 AMP binding NZ CP005975.1 5534156 5535386

Ser G655 RS13095 AMP binding NC 020912.1 2833180 2834377

hO
rn AI22 R

S20095 AM
P binding N

Z C
P007147.1 4375785 4377000

b Ala NG
R c33370 AM

P binding NC 012587.1 3522697 3524029

Le
u 

LE
N

 R
S

12
90

0 
A

M
P 

bi
nd

in
g 

N
Z 

A
P

01
49

40
.1

 3
26

05
69

 3
26

17
57

Al
a 

M
XA

N
 R

S0
78

15
 A

M
P 

bi
nd

in
g 

N
C

 0
08

09
5.

1 
18

99
16

3 
19

00
33

0

Lys SCE1572 RS10035 AMP binding NC 021658.1 2719105 2720332

Val S
CE1572 RS30805 AMP binding NC 021658.1 8462732 8463872

Glu PPUBIRD1 RS08125 AMP binding NC 017530.1 1799047 1800247

Phe BVG84 RS19230 AMP binding NZ CP018930.1 4013955 4015137

hOrn PPUBIRD1 RS08215 AM
P binding NC 017530.1 1848272 1849481

Orn PA50071 RS13010 AMP binding NZ CP012001.1 2814278 2815514

Le
u 

A
ZO

B
R

 R
S

25
85

0 
A

M
P

 b
in

di
ng

 N
C

 0
16

61
8.

1 
85

28
57

 8
53

69
4

Ala 
RS R

S02
14

0 A
M

P b
ind

ing
 N

C
00

32
95

.1
 4

60
98

0 
46

15
14

Thr 
SCE15

72
 R

S25
98

5 A
MP bi

nd
ing

 N
C 02

16
58

.1 
71

71
98

7 7
17

32
23

A
sn B

V
V

19 R
S

11090 A
M

P
 binding N

Z C
P

019089.1 2254982 2256215

scabichelin SC
A

B85471d

Ile A7318 RS10590 AMP binding NZ CP015639.1 2368896 2370078

Cys
 S

TA
UR R

S19
75

0 A
M

P b
ind

ing
 N

C 0
14

62
3.

1 
48

50
81

0
48

52
01

9

Arg PFLU RS21515 AMP binding NC 012660.1 4846018 4847239

Gln YQ19 RS16430 AMP binding NZ CP011317.1 3455126 3456338

hO
rn PFLU RS12435 AM

P binding NC 012660.1 2767716 2768931

Ser MFUL124B02 RS44255 AMP binding NZ CP006003.1 5397920 5399129

Tyr PSSSM RS12150 AMP binding NZ CM001986.1 3214719 3215913

Thr L
ILAB R

S29630 AMP binding N
C 015711

.1 7366802 7368038

P
he A

ZL R
S

18525 A
M

P
binding N

C
 013855.1 746396 747566

IC
BG12

93
 se

r

IC
BG

11
42

 b
 a

la

Sal AA314 RS21665 AM
P binding NZ CP011509.1 5446135 5447362

hOrn PFLSS101 RS11530 AMP binding NZ CM001513.1 3565188 3566409

b Ala SFHH103 RS17760 AM
P binding NC 016812.1 3787891 3789223

H
is C

M
R

15 R
S

19475 A
M

P
 binding N

C
 017589.1 674180 675359

hO
rn A0K RS15205 AM

P binding NZ AAQ
W

01000001.0 3255971 3257186

Glu YH69 RS15035 AMP binding NZ CP011369.1 3129136 3130336

Thr
 C

YFUS R
S30

08
5 A

MP bi
nd

ing
 N

Z C
P02

20
98

.1 
74

61
48

3 7
46

26
89

Thr 
GLE

 R
S24

83
0 AMP bi

nd
ing

 N
Z C

P01
314

0.1
 27

21
63

5 2
72

285
6

Trp A19Y RS17275 AMP binding NZ CM002803.1 3927393 3928626

O
rn

 C
Y

FU
S

 R
S

33
27

0 
A

M
P 

bi
nd

in
g 

N
Z 

C
P

02
20

98
.1

 8
28

52
06

 8
28

64
36

erythrochelin S
A

C
E

3035a

gobichelin gobS
b

Lys HW03 RS02335 AMP binding NZ CP008863.1 490006 491230

ICBG1293 se
r o

xazoline

P
he S

TA
U

R
 R

S
20455 A

M
P

 binding N
C

 014623.1 5039741 5040923

Sal SCE1572 RS44600 AMP binding NC 021658.1 12201007 12202231

Tyr C
A934 R

S10250 AM
P binding N

Z C
P021259.1 2245004 2246105

Ser LILAB RS25835 AMP binding NC 015711.1 6243761 6244973

A
sp

 L
IL

A
B

 R
S

25
85

0 
A

M
P

 b
in

di
ng

 N
C

 0
15

71
1.

1 
62

80
96

0 
62

82
18

1

isopyochelin 0510

Arg DPADHS01 RS15140 AMP binding NZ CP013993.1 3193171 3194368

Tr
p 

P
P

Y
C

2 
R

S
12

07
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

79
68

.3
 2

66
41

20
 2

66
53

14

Tyr M
FU

L124B02 R
S21100 AM

P binding N
Z C

P006003.1 5291053 5292250

Tyr C
A926 R

S09725 AM
P binding N

Z C
P021265.1 2179002 2180103

Thr 
AA31

4 R
S24

42
0 A

MP bi
nd

ing
 N

Z C
P01

15
09

.1 
61

94
21

9 6
19

54
43

Lys BH711 RS10240 AMP binding NZ CP017296.1 2362952 2364182

P
he G

LE
 R

S
16220 A

M
P

 binding N
Z C

P
013140.1 4106305 4107493

Arg PPUTGB1 RS19240 AMP binding NC 010322.1 4242582 4243803

Sal RS RS02190 AMP binding NC 003295.1 469118 470417

A
sp

 S
C

E
 R

S
42

29
0 

A
M

P
 b

in
di

ng
 N

C
 0

10
16

2.
1 

11
49

63
82

 1
14

97
60

0

Tyr C
KW

05 R
S06245 AM

P binding N
Z LT906457.1 1377860 1379054

Leu MFUL124B02 RS22460 AMP binding NZ CP006003.1 5674743 5675943

Val MXAN RS36330 AMP binding NC 008095.1 4302205 4303402

G
ly 

CM
C5 

RS1
48

20
 A

M
P 

bi
nd

in
g 

NZ 
CP0

12
15

9.
1 

39
92

77
5 

39
93

96
9

Ile BAXH7 RS01675 AMP binding NC 017191.1 328403 329591

Le
u 

LE
N

 R
S

10
27

5 
A

M
P

 b
in

di
ng

 N
Z 

A
P

01
49

40
.1

 2
45

37
24

 2
45

49
39

b Ala SF83666 RS17265 AM
P binding NZ CP023070.1 3538983 3540315

Lys PFLSS101 RS11520 AMP binding NZ CM001513.1 3585679 3586909

Orn MDS RS09010 AMP binding NC 015410.1 1964671 1965880

Ile AA314 RS19945 AMP binding NZ CP011509.1 5022314 5023517

Lys M802 RS12345 AMP binding NC 022360.1 2667892 2669116

Leu MFUL124B02 RS21110 AMP binding NZ CP006003.1 5319895 5321089

Tyr M
FU

L124B
02 R

S
19475 A

M
P

 binding N
Z C

P
006003.1 4849871 4850900

Cys
 S

OCE26
 R

S52
24

5 A
M

P b
ind

ing
 N

Z 
CP01

26
73

.1
 1

42
90

28
0 

14
29

14
92

Glu AO356 RS02895 AMP binding NZ CP012831.1 644273 645473

Tr
p 

V
K

72
 R

S
11

64
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

14
20

.1
 2

66
84

63
 2

66
96

57

Lys SCV20265 RS14505 AMP binding NC 023149.1 3081813 3083037

Tr
p 

C
LO

C
E

L 
R

S
12

40
0 

A
M

P
 b

in
di

ng
 N

C
 0

14
39

3.
1 

29
42

06
0 

29
43

24
8

Orn DW
68 RS09240 AMP binding NZ CP013124.1 1989211 1990420

Arg PFLQ2 RS09420 AMP binding NZ CM001558.1 4182567 4183788

Ser MXAN RS17625 AMP binding NC 008095.1 4274925 4276137

Leu BUE84 RS23865 AMP binding NZ CP018786.1 5270681 5271872

Al
a 

AZ
L 

R
S1

85
25

 A
M

P 
bi

nd
in

g 
N

C
 0

13
85

5.
1 

74
33

09
 7

44
48

2

Arg KKK RS09260 AMP binding NZ CP015202.1 2041986 2043207

Tyr B
H

695 R
S

07495 A
M

P
 binding N

Z C
P

020771.1 1509057 1510239

Thr 
CYFUS R

S28
21

5 A
MP bi

nd
ing

 N
Z C

P02
20

98
.1 

69
33

54
0 6

93
47

70

hO
rn SC

V20265 R
S14505 AM

P binding N
C

 023149.1 3084993 3086208

Val M
FUL124B02 RS23305 AMP binding NZ CP006003.1 5935925 5937113

H
is C

D
C

59 R
S

19190 A
M

P
 binding N

Z C
P

021767.1 812782 813961

O
rn

 G
LE

 R
S1

42
00

 A
M

P 
bi

nd
in

g 
N

Z
C

P0
13

14
0.

1 
35

96
84

2 
35

98
06

9

Gln PFLQ2 RS19385 AMP binding NZ CM001558.1 1820394 1821600

b 
A

la
 P

C
C

21
 R

S
03

00
0 

A
M

P
 b

in
di

ng
 N

C
 0

18
52

5.
1 

66
70

60
 6

68
24

8

A
sp

 P
FW

H
6 

R
S

17
02

5 
A

M
P

 b
in

di
ng

 N
Z 

C
M

00
10

25
.1

 3
78

16
89

 3
78

28
65

Val MFUL124B02 RS21110 AMP binding NZ CP006003.1 5313514 5314708

fuscachelin Tfu1871

Lys CD797 RS15080 AMP binding NZ CP022000.1 3165231 3166455

gobichelin gobSa

b Ala O
EM

 RS10775 AM
P binding NC 021715.1 2329513 2330848

Val AA314 RS25250 AMP binding NZ CP011509.1 6447604 6448798

Thr M
YMAC R

S21805 AMP binding N
Z C

P022203.1 5423987 5425223

Sal BJE04 RS21765 AMP binding NC 005140.1 1440519 1441758

hO
rn PLES RS15040 AM

P binding NC 011770.1 3158339 3159551

Ser PECWA RS18325 AMP binding NC 013421.1 4110093 4111314

Pr
o 

M
FU

L1
24

B0
2 

RS2
13

80
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

53
91

41
1 

53
92

62
9

Sal TO73 RS04405 AMP binding NZ CP010822.1 800044 801298

Tr
p 

P
P

M
 R

S
12

37
0 

A
M

P
 b

in
di

ng
 N

C
 0

17
54

2.
1 

27
54

96
6 

27
56

16
0

Ile myaer RS14630 AMP binding NZ CP011304.1 2988912 2990121

Ile MXAN RS17625 AMP binding NC 008095.1 4279362 4280571

Trp M
AH

 R
S13515 AM

P binding N
Z AP012555.1 3021315 3022494

Ile PFLU RS12485 AMP binding NC 012660.1 2814594 2815776

Tyr M
XAN

 R
S18335 AM

P binding N
C

 008095.1 4532027 4533236

Sal TTJL18 RS06810 AMP binding NC 017587.1 1269828 1271001

Trp BC
R16 RS24705 AM

P binding NZ CP016555.1 1423811 1425041

A
sn A

C
U

17 R
S

10040 A
M

P
 binding N

Z C
P

011959.1 2263296 2264508

Gln MXAN RS36330 AMP binding NC 008095.1 4305379 4306582

IC
BG16

2 s
er

Thr S
CE1572 RS58660 AMP binding N

C 021658.1 3651919 3653128

b Ala USDA257 RS28525 AM
P binding NC 018000.1 6088230 6089562

ta
iw

ac
he

lin
 B

12
26

O
rn P

E
C

W
A R

S
18325 A

M
P binding N

C
 013421.1 4114671 4115913

Cys
 C

MC5 R
S08

84
5 A

MP bi
nd

ing
 N

Z C
P01

21
59

.1 
23

69
95

0 2
37

11
62

P
he S

C
E

1572 R
S

30805 A
M

P
 binding N

C
 021658.1 8466017 8467220

A
sn C

M
C

5 R
S

08850 A
M

P
 binding N

Z C
P

012159.1 2387831 2389085

Arg PFLSS101 RS08590 AMP binding NZ CM001513.1 4241050 4242271

Ile MYMAC RS17035 AMP binding NZ CP022203.1 4036817 4038017

b 
A

la
 P

FL
01

 R
S

09
30

5 
A

M
P

 b
in

di
ng

 N
C

 0
07

49
2.

2 
20

96
26

3 
20

97
43

9

Arg PPUBIRD1 RS08125 AMP binding NC 017530.1 1802200 1803421

Orn GEM RS08825 AMP binding NC 018513.1 1932095 1933313

IC
BG

16
2 

b 
al

a

Pr
o 

G
65

5 
RS

08
17

0 
AM

P 
bi

nd
in

g 
NC

 0
20

91
2.

1 
17

48
53

8 
17

49
71

1

Ser RS RS20190 AMP binding NC 003296.1 807850 809053

Cys
 G

655 R
S03610 AMP binding N

C 020912.1 752814 754008

b 
A

la
 P

FL
Q

2 
R

S
11

77
0 

A
M

P
 b

in
di

ng
 N

Z 
C

M
00

15
58

.1
 3

62
63

40
 3

62
74

98

Ala JK R
S09235 AM

P binding N
C

 007164.1 2116013 2117327

Ty
r B

V
V

20
 R

S
11

11
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

90
91

.1
 2

27
09

01
 2

27
21

04

Val S
TAUR RS23870 AMP binding NC 014623.1 5954218 5955415

A
sn C

Y
FU

S
 R

S
39900 A

M
P

 binding N
Z C

P
022098.1 9861806 9863003

A
sn P

350 R
S

35210 A
M

P
 binding N

Z C
P

013732.1 670804 672001

Arg PFLUOLIPICF7 RS16665 AMP binding NZ CP005975.1 3627899 3629120

Ala AZL RS16400 AMP binding NC 013855.1 216226 217312

Gln PP 4219 AMP binding NC 002947.4 4773305 4774514

Gln MXAN RS19835 AMP binding NC 008095.1 5023349 5024531

O
rn

 L
IL

A
B

 R
S

29
63

5 
A

M
P 

bi
nd

in
g 

N
C

 0
15

71
1.

1 
73

81
16

7 
73

82
38

2

Arg U769 RS13060 AMP binding NC 023019.1 2817687 2818908

G
lu C

YFU
S R

S38310 AM
P binding N

Z C
P022098.1 9459540 9460743

Arg AI22 RS20255 AMP binding NZ CP007147.1 4434438 4435659

Val AZL RS16355 AMP binding NC 013855.1 209104 210295

Gln PFLSS101 RS11520 AMP binding NZ CM001513.1 3590125 3591328

Phe AA314 R
S28685 AM

P binding N
Z C

P011509.1 7342309 7343482

Glu AOD73 RS13475 AMP binding NZ CP012679.1 2853369 2854569

Thr M
FUL124B02 RS22460 AMP binding NZ CP006003.1 5707128 5708367

Th
r L

ILA
B R

S29
17

0 A
MP bi

nd
ing

 N
C 01

57
11

.1 
72

37
81

4 7
23

90
20

A
sn C

Y
FU

S
 R

S
30070 A

M
P

 binding N
Z C

P
022098.1 7441494 7442718

A
sn M

X
A

N
 R

S
20840 A

M
P

 binding N
C

 008095.1 5264851 5266075A
sp

 P
P

U
TG

B
1 

R
S

20
64

0 
A

M
P

 b
in

di
ng

 N
C

 0
10

32
2.

1 
45

59
08

7 
45

60
27

2

G
ly 

M
XA

N R
S2

22
85

 A
M

P 
bi

nd
in

g 
NC 0

08
09

5.
1 

57
37

28
6 

57
38

48
0

Gln CYFUS RS29725 AMP binding NZ CP022098.1 7344358 7345573

salinichelin orf20b

Cys P350 RS27480 AMP binding NZ CP013731.1 2259995 2261174

Ala MXAN RS07815 AMP binding NC 008095.1 1892815 1894036

G
ly 

BC
ER

E0
00

1 
RS

10
89

0 
AM

P 
bi

nd
in

g 
NZ

 C
M

00
07

14
.1

 2
09

74
65

 2
09

86
74

Cys PA96 RS03610 AMP binding NZ CP007224.1 754683 755862

Cys PSPA7 RS04180 AMP binding NC 009656.1 861436 862615

Pr
o 

AI
22

 R
S2

49
70

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
07

14
7.

1 
54

46
49

4 
54

47
66

7

erythrochelin S
A

C
E

3035d

IC
B

G
1034 2orn

Gln PSF113 RS39645 AMP binding NC 016830.1 2146095 2147301

Tr
p 

C
P

H
A

26
6 

R
S

02
84

5 
A

M
P

 b
in

di
ng

 N
C

 0
08

63
9.

1 
60

16
98

 6
02

92
2

Pr
o A

A3
14

 R
S1

98
40

 A
M

P 
bin

din
g 

NZ 
CP0

11
50

9.
1 

49
69

42
1 

49
70

63
9

Ala M
C

A R
S10300 AM

P binding N
C

002977.6 2263398 2264583

Ala TT RS01740 AMP binding NC 005835.1 325419 326592

Arg SCE1572 RS25990 AMP binding NC 021658.1 7188276 7189494

Val MXAN RS36330 AMP binding NC 008095.1 4314928 4316122

Ala GSU1677 AMP binding NC 002939.5 1835000 1836236

Ser PADK2 RS13305 AMP binding NC 018080.1 2826621 2827818

Ile AB688 RS15145 AMP binding NZ CP011789.1 3408949 3410143

hOrn PADK2 RS13310 AM
P binding NC 018080.1 2849907 2851119

Cys
 D

M42 R
S16205 AMP binding N

Z C
P007786.1 2485958 2487155

H
is M

877 R
S

76580 A
M

P
 binding N

Z C
M

002280.1 7907806 7909006

Gln AA314 RS21775 AMP binding NZ CP011509.1 5518118 5519330

Ala AZL R
S19430 AM

P binding N
C

 013855.1 983216 984425

Arg PPUTW619 RS17985 AMP binding NC 010501.1 3960037 3961258

O
rn JK

 R
S

09065 A
M

P binding N
C

 007164.1 2069196 2070366

Lys SCE1572 RS49500 AMP binding NC 021658.1 13537194 13538421

Gly 
CM

C5 
RS2

70
10

 A
M

P 
bin

din
g 

NZ 
CP0

12
15

9.
1 

75
62

15
9 

75
63

36
2

IC
BG

60
1 

b 
al

a

ICBG1142 sal

Leu AA314 RS40145 AMP binding NZ CP011509.1 10256567 10257770

Ser SCE1572 RS25995 AMP binding NC 021658.1 7198256 7199471

Ile MYMAC RS17035 AMP binding NZ CP022203.1 4027343 4028552

gobichelin gobR
a

b Ala RSAL33209 RS11160 AMP binding NC 010168.1 2251908 2253240

Tyr Psyr 2616 AMP binding NC 007005.1 3168962 3170156

Trp B
B

R
47 R

S
14680 A

M
P

 binding N
C

 012491.1 3069468 3070644

Gln PFLUOLIPICF7 RS25375 AMP binding NZ CP005975.1 5548202 5549405

hO
rn A0K RS15200 AM

P binding NZ AAQ
W

01000001.0 3237143 3238355

hOrn PSF113 RS39640 AM
P binding NC 016830.1 2134891 2136100

A
sp

 A
A

31
4 

R
S

25
25

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
15

09
.1

 6
45

07
78

 6
45

19
99

Orn B479 RS19580 AM
P

binding NC 019905.1 4292769 4293975

Ala MXAN RS36330 AMP binding NC 008095.1 4299004 4300228

P
he A

A
314 R

S
21775 A

M
P

 binding N
Z C

P
011509.1 5524529 5525696

P
he

 L
E

N
 R

S
12

90
0 

A
M

P
 b

in
di

ng
 N

Z 
A

P
01

49
40

.1
 3

25
41

34
 3

25
53

46

Glu PFLSS101 RS08590 AMP binding NZ CM001513.1 4244221 4245424

Orn PPUTW
619 RS17885 AM

P binding NC 010501.1 3917428 3918634

Cys 
AZOLI R

S19010 AMP binding NC 016586.1 143608 144796

G
ly

 C
YF

U
S 

R
S2

90
80

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
22

09
8.

1 
71

54
73

6 
71

55
92

7

Glu SCV20265 RS14335 AMP binding NC 023149.1 3020618 3021818

Tr
p 

E
R

IC
2 

R
S

09
46

0 
A

M
P

 b
in

di
ng

 N
C

 0
23

13
4.

1 
20

00
38

9 
20

01
58

0

Pr
o 

LE
N

 R
S1

02
65

 A
M

P 
bi

nd
in

g 
N

Z 
AP

01
49

40
.1

 2
43

75
82

 2
43

88
30

A
rg

 P
FL

01
 R

S
11

44
5 

A
M

P 
bi

nd
in

g 
N

C
 0

07
49

2.
2 

25
98

98
8 

26
00

23
0

b Ala MUL RS22545 AMP binding NC 008611.1 4824450 4825791

b A
la C

B
U

D
 R

S
04195 A

M
P

 binding N
C

 009727.1 811137 812352
Ser MFUL124B02 RS22460 AMP binding NZ CP006003.1 5696397 5697612

Trp S
O

C
E

26 R
S

24945 A
M

P
 binding N

Z C
P

012673.1 6792106 6793288

Ser CMC5 RS26385 AMP binding NZ CP012159.1 7259517 7260723

P
he S

O
C

E
26 R

S
30750 A

M
P

 binding N
Z C

P
012673.1 8481108 8482311

IC
B

G
1122 orn

IC
B

G
1293 2orn

Cys DM42 RS16200 AMP binding NZ CP007786.1 2481723 2482902

hO
rn G

655 R
S13095 AM

P binding N
C

 020912.1 2845255 2846470

Lys B479 RS19600 AMP binding NC 019905.1 4318410 4319643

Glu PF1751 RS19555 AMP binding NZ CP010896.1 4323579 4324773

Ser SOCE26 RS48125 AMP binding NZ CP012673.1 13175307 13176519

Gln PPUTW619 RS17905 AMP binding NC 010501.1 3934450 3935650

Ala KPN RS03300 AMP binding NC 009648.1 693810 695046

ICBG162 oxazoline Ser

Arg P797 RS17805 AMP binding NZ CP008739.1 3909791 3911012

Orn MDS RS09010 AMP binding NC 015410.1 1958398 1959607

hOrn P797 RS17655 AM
P binding NZ CP008739.1 3828704 3829916

Pr
o 

SC
E1

57
2 

RS
13

58
5 

AM
P 

bi
nd

in
g 

NC
 0

21
65

8.
1 

36
63

07
8 

36
65

17
2

Glu AI22 RS20255 AMP binding NZ CP007147.1 4437630 4438830

H
is

 B
A

LI
 R

S
12

78
0 

A
M

P
 b

in
di

ng
 N

C
 0

21
36

2.
1 

25
87

85
5 

25
89

03
7

G
ly 

G
LE

 R
S1

62
20

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

13
14

0.
1 

41
03

11
6 

41
04

31
0

Tr
p 

A
O

U
00

 R
S

24
09

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
54

23
.1

 5
36

37
00

 5
36

48
94

hOrn KKK RS04195 AMP binding NZ CP015202.1 921991 923203

Pr
o 

G
LE

 R
S1

30
50

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
13

14
0.

1 
33

31
10

1 
33

32
37

9

A
sn M

X
A

N
 R

S
22305 A

M
P

 binding N
C

 008095.1 5749535 5750747

G
ly 

CM
C5 

RS2
73

95
 A

M
P 

bi
nd

in
g 

NZ 
CP0

12
15

9.
1 

76
39

73
1 

76
40

91
3

b 
Al

a 
BH

37
3 

R
S1

75
45

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
17

40
5.

1 
36

82
89

0 
36

83
78

1

hOrn PF1751 RS11140 AMP binding NZ CP010896.1 2459235 2460465

Ile amyaer RS14635 AMP binding NZ CP012375.1 2987217 2988426

Gln PFL01 RS09300 AMP binding NC 007492.2 2082923 2084129

Ala M
XAN RS07795 AM

P binding NC 008095.1 1883768 1884986

Lys PA8380 RS14465 AMP binding NZ AP014839.1 3090515 3091739

Lys A6R75 RS24645 AMP binding NZ CP015377.1 5225766 5226990

Ser G655 RS08170 AMP binding NC 020912.1 1751586 1752798

Cys M802 RS21805 AMP binding NC 022360.1 4735994 4737173

IC
BG10

34
 se

r

Arg YQ19 RS16305 AMP binding NZ CP011317.1 3411280 3412501

Th
r M

Y
M

A
C

 R
S

19
76

0 
A

M
P 

bi
nd

in
g 

N
Z 

C
P

02
22

03
.1

 4
86

12
54

 4
86

34
35

Val LILAB RS36665 AMP binding NC 015711.1 6503538 6504732

A
sn S

TA
U

R
 R

S
20465 A

M
P

 binding N
C

 014623.1 5058742 5059957

Orn P797 RS17660 AMP binding NZ CP008739.1 3842954 3844190

Thr 
SCE15

72
 R

S25
98

5 A
MP bi

nd
ing

 N
C 02

16
58

.1 
71

75
17

9 7
17

64
09

Ala JK R
S01370 AM

P binding N
C

 007164.1 332994 334143

Tyr C6H33 RS13775 AMP binding NZ LT962481.1 2926223 2927417

Trp RALSO
161 RS23750 AM

P binding NZ CM
002758.1 1679294 1680524

Ser SMU 1342 AMP binding NC 004350.2 1276088 1277270

Gln MXAN RS22285 AMP binding NC 008095.1 5740472 5741681

Sal MFUL124B02 RS37205 AMP binding NZ CP006003.1 9467435 9468704

Th
r L

IL
A

B
 R

S
27

73
0 

A
M

P 
bi

nd
in

g 
N

C
 0

15
71

1.
1 

68
30

13
8 

68
32

31
9

Sal PPS RS20205 AMP binding NC 015733.1 4397682 4399011

hO
rn F22031 R

S25505 AM
P binding N

Z C
P007399.1 5514654 5515869

erythrochelin S
A

C
E

3035c

Sal BCE RS11720 AM
P binding NC 003909.8 2287247 2288471

Le
u 

SC
E 

R
S0

18
05

 A
M

P 
bi

nd
in

g 
N

C
 0

10
16

2.
1 

49
38

24
 4

95
03

3

Val M
FUL124B02 RS22460 AMP binding NZ CP006003.1 5681124 5682333

Trp BS641 R
S12625 AM

P binding N
Z C

P018363.1 2667610 2668789

Thr P
SPA7 R

S13610 AMP binding N
C 009656.1 2925435 2926662

Orn PPUTGB1 RS20630 AM
P binding NC 010322.1 4540111 4541317

hO
rn PSPA7 RS13605 AM

P binding NC 009656.1 2914299 2915514

G
ly

 C
YF

U
S 

R
S2

90
80

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
22

09
8.

1 
71

51
56

8 
71

52
77

1

Sal M
YM

AC RS18030 AM
P binding NZ CP022203.1 4376755 4377985

Ile LL3 RS01660 AMP binding NC 017190.1 327171 328359

Le
u 

SC
E 

R
S3

49
95

 A
M

P 
bi

nd
in

g 
N

C
 0

10
16

2.
1 

95
07

17
7 

95
08

38
6

Orn GEM RS08820 AMP binding NC 018513.1 1920881 1922108

Tr
p 

P
P

S
Q

R
21

 R
S

11
94

0 
A

M
P

 b
in

di
ng

 N
Z 

C
P

00
68

72
.1

 2
78

54
85

 2
78

66
79

Tyr PSYRH RS12720 AMP binding NZ CP006256.1 2874266 2875460

A
sn FD

63 R
S

09430 A
M

P
 binding N

Z C
P

008714.1 2225792 2227019

Lys APT60 RS13510 AMP binding NZ CP013989.1 2917020 2918244

Tyr PSYRMG RS03790 AMP binding NZ CP005970.1 974428 975622

Ala PECWA RS22405 AMP binding NC 013421.1 5015272 5016010

Ile MFUL124B02 RS44350 AMP binding NZ CP006003.1 6776408 6777614

Ser RS RS20185 AMP binding NC 003296.1 798086 799289

Ile AA314 RS19945 AMP binding NZ CP011509.1 5025482 5026685

Ile MYMAC RS17970 AMP binding NZ CP022203.1 4306697 4307903

Ser CYFUS RS33240 AMP binding NZ CP022098.1 8259228 8260437

Cys
 P797 R

S27315 AMP binding N
Z C

P008739.1 5941298 5942492

H
is R

A
LS

O
161 R

S
26350 A

M
P

 binding N
Z C

M
002758.1 746622 747801

hOrn PPUT RS08505 AMP binding NC 009512.1 1885857 1887069

Phe AA314 R
S28685 AM

P binding N
Z C

P011509.1 7345456 7346629

Ser AZL RS19520 AMP binding NC 013855.1 1018346 1019588

H
is

 P
G

R
AT

 R
S

26
14

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

00
92

87
.1

 6
04

25
60

 6
04

37
60

Ty
r B

V
V

19
 R

S
11

10
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

90
89

.1
 2

26
80

12
 2

26
92

15

hO
rn PADK2 RS13305 AM

P binding NC 018080.1 2831073 2832288

hO
rn F22031 R

S25500 AM
P binding N

Z C
P007399.1 5508111 5509326

O
rn G

LE
 R

S
16220 A

M
P binding N

Z C
P

013140.1 4115338 4116622

Glu PP 4243 AMP binding NC 002947.4 4826533 4827733

A
sp

 S
O

C
E

26
 R

S
48

11
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
01

26
73

.1
 1

31
65

54
2 

13
16

67
60

Glu U769 RS13060 AMP binding NC 023019.1 2814516 2815716

Leu G
LE R

S11220 AM
P binding N

Z C
P013140.1 2843620 2844805

Leu
G

LE
 R

S
16220 A

M
P

 binding N
Z C

P
013140.1 4112164 4113358

Tyr ACA40 RS12980 AMP binding NZ CP013183.1 3067274 3068468

Arg GLE RS11225 AMP binding NZ CP013140.1 2847063 2848269

Arg YSA RS20210 AMP binding NC 017986.1 4502191 4503412

Ser A0K RS20785 AMP binding NZ AAQW01000001.0 4430313 4431525

Glu PSPA7 RS13480 AMP binding NC 009656.1 2874478 2875678

A
la

 M
X

A
N

 R
S

06
24

0 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
15

16
16

7 
15

17
34

9

Gln PFLQ2 RS19385 AMP binding NZ CM001558.1 1815837 1817043

H
is S

M
D

44 R
S

38735 A
M

P
 binding N

Z C
P

021748.1 8802888 8804082

A
sn B

V
V

20 R
S

11105 A
M

P
 binding N

Z C
P

019091.1 2257870 2259103

Val MFUL124B02 RS13420 AMP binding NZ CP006003.1 3277126 3278335

iso
pyo

ch
elin 0512

pyo
ch

elin
 pch

F

hO
rn D

PAD
H

S01 R
S15140 AM

P binding N
Z C

P013993.1 3200818 3202033
Glu DPADHS01 RS15020 AMP binding NZ CP013993.1 3155152 3156352

Leu MFUL124B02 RS21110 AMP binding NZ CP006003.1 5313514 5314708

H
is R

S
 R

S
20185 A

M
P

 binding N
C

 003296.1 794948 796127

Ile A19Y RS17310 AMP binding NZ CM002803.1 3958642 3959842

Ala RS RS23970 AM
P binding NC 003296.1 1784854 1786105

Trp O
EM

 R
S26015 AM

P binding N
C

 021715.1 2308735 2309914

rh
od

oc
he

lin
 R

HA1a

Orn HZ99 RS00200 AMP binding NZ CP008896.1 54846 56070

Ile
 M

FUL124B02 RS24435 AMP binding NZ CP006003.1 6297327 6298533

Arg PADK2 RS13150 AMP binding NC 018080.1 2785900 2787121

Leu PSPA7 R
S10085 AM

P binding N
C

 009656.1 2161912 2163127

Lys A7318 RS10535 AMP binding NZ CP015639.1 2320299 2321520

Arg G655 RS13095 AMP binding NC 020912.1 2837608 2838805

Glu AU380 RS20630 AMP binding NZ CP013696.1 4457745 4458945

Sal HW
03 RS24275 AMP binding NZ CP008863.1 5264070 5265297

P
he

 L
IL

A
B

 R
S

28
14

5 
A

M
P

 b
in

di
ng

 N
C

 0
15

71
1.

1 
69

67
90

0 
69

69
07

6

Val MXAN RS18335 AMP binding NC 008095.1 4512431 4513625

A
sn B

FP
94 R

S
09870 A

M
P

 binding N
Z LT604072.1 2386906 2388133

A
sn S

TA
U

R
 R

S
23815 A

M
P

 binding N
C

 014623.1 5912112 5913345

Lys B723 RS27320 AMP binding NZ CP010945.1 5999124 6000351

scabichelin S
C

A
B

85471a

A
sp

 P
P

U
B

IR
D

1 
R

S
08

21
0 

A
M

P
 b

in
di

ng
 N

C
 0

17
53

0.
1 

18
33

86
5 

18
35

06
2

Cys
 M

802 R
S21800 AMP binding N

C 022360.1 4731786 4732980
Pr

o 
U

76
9 

R
S0

82
05

 A
M

P 
bi

nd
in

g 
N

C
 0

23
01

9.
1 

17
53

61
8 

17
54

79
1

Phe BVG95 RS18390 AMP binding NZ CP018915.1 3882749 3883931

Ala AZL RS18550 AM
P binding NC 013855.1 759795 761109

Trp CPHA266 RS02845 AMP binding NC 008639.1 604890 606132

A
sp

 G
LE

 R
S

11
22

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
31

40
.1

 2
85

15
45

 2
85

27
48

P
he LE

N
 R

S
12415 A

M
P

 binding N
Z A

P
014940.1 2999224 3000400

Val RS RS23980 AMP binding NC 003296.1 1790156 1791365

qinichelin orf1265a

Arg M802 RS12495 AMP binding NC 022360.1 2711345 2712566

Le
u 

S
TA

U
R

 R
S

05
63

5 
A

M
P

 b
in

di
ng

 N
C

 0
14

62
3.

1 
13

78
94

8 
13

80
12

1

Glu P797 RS17805 AMP binding NZ CP008739.1 3906620 3907820

IC
BG

12
93

 b
 a

la

A
sp

 P
P

U
TW

61
9 

R
S

17
90

0 
A

M
P

 b
in

di
ng

 N
C

 0
10

50
1.

1 
39

24
53

3 
39

25
66

7

A
sp

 P
M

E
N

 R
S

14
48

0 
A

M
P

 b
in

di
ng

 N
C

 0
09

43
9.

1 
31

73
68

8 
31

74
89

1

P
ro

 A
B

A
Z3

9 
R

S
23

84
0 

A
M

P
 b

in
di

ng
 N

Z 
C

P
00

77
95

.1
 2

97
88

4 
29

90
84

Lys CD796 RS14245 AMP binding NZ CP021999.1 2940921 2942145

Ile B4919 RS07375 AMP binding NZ CP021490.1 1543398 1544652

Gln PLES RS15045 AMP binding NC 011770.1 3161682 3162894

A
sp

 M
X

A
N

 R
S

19
44

5 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
48

86
37

1 
48

87
59

5

ICBG1293 sal

Leu SMU 1342 AMP binding NC 004350.2 1279217 1280354

Val MFUL124B02 RS21110 AMP binding NZ CP006003.1 5319895 5321089

Tr
p 

B
X

P
28

 R
S

04
45

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
96

87
.1

 8
27

96
9 

82
91

60

A
sp

 M
D

S
 R

S
09

00
5 

A
M

P
 b

in
di

ng
 N

C
 0

15
41

0.
1 

19
46

19
2 

19
47

39
5

G
ly

 C
YF

U
S 

R
S0

78
35

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
22

09
8.

1 
18

78
27

0 
18

79
39

5

Arg P350 RS35925 AMP binding NZ CP013732.1 889127 890342

Lys PF1751 RS11135 AMP binding NZ CP010896.1 2449638 2450868

Ile MAE RS26180 AMP binding NC 010296.1 5528299 5529547

Val M
FUL124B02 RS27520 AMP binding NZ CP006003.1 7116590 7117790

Tr
p 

G
LE

 R
S

16
22

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
31

40
.1

 4
12

78
28

 4
12

90
64

Pr
o 

M
FU

L1
24

B0
2 

RS0
76

15
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

18
42

81
5 

18
44

04
2

Val M
XAN RS17545 AMP binding NC 008095.1 4231286 4232498

Val M
FUL124B02 RS22460 AMP binding NZ CP006003.1 5699580 5700780

A
sp

 M
X

A
N

 R
S

36
33

0 
A

M
P

 b
in

di
ng

 N
C

 0
08

09
5.

1 
43

11
73

0 
43

12
95

1

G
ly 

SC
E1

57
2 

RS6
06

10
 A

M
P 

bi
nd

in
g 

NC 0
21

65
8.

1 
13

51
95

56
 1

35
20

74
7

G
lu C

YFU
S R

S29080 AM
P binding N

Z C
P022098.1 7148400 7149600

Al
a 

R
S 

R
S2

01
90

 A
M

P 
bi

nd
in

g 
N

C
 0

03
29

6.
1 

81
73

78
 8

18
58

1

Ser MYMAC RS18775 AMP binding NZ CP022203.1 4554634 4555849

Trp BrL25 RS23470 AMP binding NZ CP017705.1 5116004 5117225

Sal AZOLI RS19005 AMP binding NC 016586.1 140366 141593

Cys
 S

MU 13
40

 A
MP bi

nd
ing

 N
C 00

43
50

.2 
12

64
72

2 1
26

59
04

Ile AWT69 RS13800 AMP binding NZ CP014343.1 3039185 3040379

Arg LEN RS12580 AMP binding NZ AP014940.1 3088798 3090004

Th
r B

T9
72

7 
21

47
 A

M
P b

ind
ing

 N
C 0

05
95

7.
1 

22
32

39
0 

22
33

63
8

IC
B

G
1142 1orn

hO
rn D

PAD
H

S01 R
S15145 AM

P binding N
Z C

P013993.1 3207361 3208576

Cys
 C

MC5 R
S26

97
0 A

MP bi
nd

ing
 N

Z C
P01

21
59

.1 
75

24
22

4 7
52

54
33

Tyr C
A

929 R
S

04845 A
M

P binding N
Z C

P
021277.1 1012856 1013957

Glu G655 RS12980 AMP binding NC 020912.1 2800496 2801696

Pr
o 

C
M

C
5 

R
S2

05
80

 A
M

P 
bi

nd
in

g 
N

Z 
C

P0
12

15
9.

1 
56

10
95

4 
56

12
19

9

hO
rn SC

V20265 R
S14500 AM

P binding N
C

 023149.1 3078450 3079665

Trp RS RS24040 AM
P binding NC 003296.1 1802995 1804225

Ser
 S

OCE26
 R

S29
96

5 A
M

P b
ind

ing
 N

Z 
CP01

26
73

.1
 8

27
45

82
 8

27
57

10

Le
u 

S
C

E
15

72
 R

S
25

99
0 

A
M

P 
bi

nd
in

g 
N

C
 0

21
65

8.
1 

71
81

79
6 

71
83

00
5

Lys YH69 RS15150 AMP binding NZ CP011369.1 3168658 3169882

A
sp

 P
P

 4
22

0 
A

M
P

 b
in

di
ng

 N
C

 0
02

94
7.

4 
47

84
54

4 
47

85
74

1

b 
A

la
 T

K
34

 R
S

23
14

5 
A

M
P

 b
in

di
ng

 N
Z 

C
P

01
63

80
.1

 1
42

04
68

 1
42

16
62

Lys DPADHS01 RS15145 AMP binding NZ CP013993.1 3204181 3205405

b Ala M
M

AR RS03480 AM
P binding NC 010612.1 843046 844411

A
sp

 P
P

S
 R

S
20

31
0 

A
M

P
 b

in
di

ng
 N

C
 0

15
73

3.
1 

44
27

87
2 

44
29

05
7

Leu MFUL124B02 RS22460 AMP binding NZ CP006003.1 5702742 5703930

Gln STAUR RS05640 AMP binding NC 014623.1 1392901 1394083

Val LILAB RS37560 AMP binding NC 015711.1 6516247 6517453

Ty
r L

L3
 R

S
09

62
0 

A
M

P
 b

in
di

ng
 N

C
 0

17
19

0.
1 

19
77

68
5 

19
78

87
3

Orn U769 RS13175 AMP binding NC 023019.1 2856282 2857518

Val MXAN RS19445 AMP binding NC 008095.1 4883137 4884328

A
sn B

7L66 R
S

10525
A

M
P

 binding N
Z C

P
020885.1 2327945 2329157

Ser LEN RS18875 AMP binding NZ AP014940.1 4719100 4720303

Pr
o 

LE
N

 R
S1

25
75

 A
M

P 
bi

nd
in

g 
N

Z 
AP

01
49

40
.1

 3
07

33
82

 3
07

45
73

b 
A

la
 R

P
C

 R
S

10
27

5 
A

M
P

 b
in

di
ng

 N
C

 0
07

92
5.

1 
22

47
07

9 
22

48
22

8

P
he

 X
N

C
2 

R
S

11
34

5 
A

M
P

 b
in

di
ng

N
Z 

LN
68

12
27

.1
 2

67
86

52
 2

67
98

85

Ser S
CE1572 R

S13585 AMP binding N
C 021658.1 3659868 36611

01

P
he C

M
C

5 R
S

20580 A
M

P
 binding N

Z C
P

012159.1 5614173 5615367

P
he C

M
C

5 R
S

32635 A
M

P
 binding N

Z C
P

012159.1 9064600 9065785

A
sp

 P
P

U
T 

R
S

08
50

5 
A

M
P

 b
in

di
ng

 N
C

 0
09

51
2.

1 
18

82
68

6 
18

83
89

5

Pro
 M

FU
L1

24
B02

 R
S44

08
0 A

M
P b

ind
ing

 N
Z 

CP00
60

03
.1

 3
68

56
25

 3
68

68
46

Cys
 U

769 R
S03725 AMP binding N

C 023019.1 776615 777809

IC
B

G
1122 orn2

salinichelin orf20c

O
rn

 L
IL

AB
 R

S2
96

30
 A

M
P 

bi
nd

in
g 

N
C

 0
15

71
1.

1 
73

77
77

6 
73

79
00

6

qinichelin orf1265c

Gln HZ99 RS00235 AMP binding NZ CP008896.1 90958 92161

Cys
 S

CE15
72

 R
S20

35
0 A

MP bi
nd

ing
 N

C 02
16

58
.1 

56
04

85
0 5

60
60

86

Pr
o 

PA
DK

2 
RS

07
70

5 
AM

P 
bi

nd
in

g 
NC

 0
18

08
0.

1 
16

50
11

3 
16

51
28

6

Ser AZL RS19525 AMP binding NC 013855.1 1021906 1023148

A
sp

 S
C

E
15

72
 R

S
60

61
0 

A
M

P
 b

in
di

ng
 N

C
 0

21
65

8.
1 

13
52

27
84

 1
35

23
99

6

G
ly 

BT
97

27
 2

14
7 

AM
P 

bi
nd

in
g 

NC
 0

05
95

7.
1 

22
29

21
0 

22
30

41
9

IC
B

G
1034 1orn

b A
la C

B
U

G
 R

S
06185 A

M
P

 binding N
C

 011527.1 1183682 1184897

G
lu XAU

T R
S25945 AM

P binding N
C

 009720.1 1142239 1143415

ICBG1034 oxazoline Ser

salinichelin orf20a

Val MXAN RS19445 AMP binding NC 008095.1 4876795 4877986

Le
u 

ST
AU

R
 R

S2
04

55
 A

M
P 

bi
nd

in
g 

N
C

 0
14

62
3.

1 
50

50
75

1 
50

51
94

2

Sal PLABR RS15865 AMP binding NC 015174.1 3847567 3848767

P
he

 B
G

L 
R

S
26

59
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
00

25
81

.1
 2

22
30

08
 2

22
42

65

Trp RALSO
244 RS23815 AM

P binding NZ CM
002756.1 1712362 1713592

b 
A

la
 P

C
1 

R
S

02
85

0 
A

M
P

 b
in

di
ng

 N
C

 0
12

91
7.

1 
66

11
56

 6
62

34
7

qinichelin orf1265b

Gly 
GLE

 R
S0

23
75

 A
M

P 
bin

din
g 

NZ 
CP0

13
14

0.
1 

59
74

72
 5

98
65

7

Ile MFUL124B02 RS24435 AMP binding NZ CP006003.1 6306702 6307905

Pr
o 

Y8
80

 R
S1

47
10

 A
M

P 
bi

nd
in

g 
NZ

 C
P0

20
65

9.
1 

30
78

00
4 

30
79

17
7

Trp PSYRH RS12760 AMP binding NZ CP006256.1 2980512 2981712

Leu CYFUS RS33240 AMP binding NZ CP022098.1 8268825 8270025

Trp BC350 RS19335 AM
P binding NZ CP016915.1 317321 318551

Glu B723 RS27680 AMP binding NZ CP010945.1 6088042 6089242

Tyr B
JK

08 R
S

09640 A
M

P binding N
Z

C
P

017602.1 2139839 2140940

Ser SOCE26 RS18705 AMP binding NZ CP012673.1 5090222 5091440

Gln PPUTGB1 RS20640 AMP binding NC 010322.1 4554566 4555769

Pr
o 

M
FU

L1
24

B0
2 

RS
27

52
0 

AM
P 

bi
nd

in
g 

NZ
 C

P0
06

00
3.

1 
71

10
26

3 
71

11
48

4

Arg PPUT RS08250 AMP binding NC 009512.1 1819577 1820798

Gln PFL01 RS09300 AMP binding NC 007492.2 2086100 2087306

H
is R

S
U

Y
 R

S
18780 A

M
P

 binding N
Z C

P
012688.1 812791 813970

Val M
XAN RS21445 AMP binding NC 008095.1 5456443 5457649

Ser MYMAC RS19755 AMP binding NZ CP022203.1 4845805 4847020

Th
r M

XAN R
S20

85
5 A

M
P b

ind
ing

 N
C 0

08
09

5.
1 

52
84

83
5 

52
86

04
1

Phe Psyr 2608 AMP binding NC 007005.1 3072183 3073383

A
sn LE

N
 R

S
19915 A

M
P

 binding N
Z A

P
014940.1 5018211 5019444

Ile myaer RS14625 AMP binding NZ CP011304.1 2980833 2982081

G
ly 

AZ
L 

RS3
26

30
 A

M
P 

bi
nd

in
g 

NC 0
13

86
0.

1 
85

49
4 

86
68

2

Val LILAB RS25850 AMP binding NC 015711.1 6271441 6272638

Lys HV94 RS13410 AMP binding NZ CP008872.2 2856055 2857279

Pr
o 

M
FU

L1
24

B0
2 

RS1
94

75
 A

M
P 

bi
nd

in
g 

NZ 
CP0

06
00

3.
1 

48
33

95
9 

48
35

17
7

A
sp

 P
P

S
 R

S
20

31
5 

A
M

P
 b

in
di

ng
 N

C
 0

15
73

3.
1 

44
34

36
0 

44
35

51
8 A

sn M
Y

M
A

C
 R

S
08655 A

M
P

 binding N
Z C

P
022203.1 2042926 2044144

Val MXAN RS36330 AMP binding NC 008095.1 4321291 4322488

Gln PFL01 RS11155 AMP binding NC 007492.2 2505495 2506701

Pro
 M

FU
L1

24
B02

 R
S14

88
5 A

M
P 

bin
din

g 
NZ 

CP00
60

03
.1

 3
71

11
30

 3
71

23
54

Tyr BKC06 RS13785 AMP binding NZ CP026568.1 3115140 3116334

Pr
o 

M
YM

AC
 R

S2
01

85
 A

M
P 

bi
nd

in
g 

N
Z 

C
P0

22
20

3.
1 

49
96

83
1 

49
98

02
5

Thr X
AUT RS14020 AMP binding NC 009720.1 3089357 3090584

A
sn B

V
V

19 R
S

11090 A
M

P
 binding N

Z C
P

019089.1 2258180 2259407

Arg I1A RS18840 AMP binding NZ CM001561.1 4281587 4282808

Ile LILAB RS24550 AMP binding NC 015711.1 5899349 5900558

Orn DM42 RS19565 AMP binding NZ CP007787.1 72674 73886

b 
A

la
 B

V
G

96
 R

S
19

37
5 

A
M

P 
bi

nd
in

g 
N

Z 
C

P
01

89
23

.1
 4

08
92

93
 4

09
04

90

ex
oc

he
lin

 fx
bC

a

Phe C6H33 RS13815 AMP binding NZ LT962481.1 3023003 3024203

Sal PSF113 RS45840 AMP binding NC 016830.1 3604824 3606054

P
he

 M
Y

M
A

C
 R

S
20

18
5 

A
M

P
 b

in
di

ng
 N

Z 
C

P
02

22
03

.1
 4

99
99

78
 5

00
11

54

P
he B

V
G

93 R
S

02270 A
M

P binding N
Z C

P
018926.1 471606 472776

Gln AA314 RS19945 AMP binding NZ CP011509.1 5019137 5020349

Ile PFL01 RS11155 AMP binding NC 007492.2 2508726 2509920

Lys CYFUS RS37325 AMP binding NZ CP022098.1 9217018 9218245

Ala AZL RS16430 AMP binding NC 013855.1 235446 236667

fuscachelin Tfu1867a

G
ly 

M
XA

N 
RS

19
12

5 
AM

P 
bi

nd
in

g 
NC

 0
08

09
5.

1 
47

81
05

2
47

82
23

1

b 
A

la
 N

C
16

 R
S

02
91

5 
A

M
P

bi
nd

in
g 

N
Z 

C
P

00
97

69
.1

 6
21

88
8 

62
30

76

Arg PFL01 RS09300 AMP binding NC 007492.2 2090609 2091836

hO
rn PFLA506 RS15300 AM

P binding NC 017911.1 3465625 3466840A
sn LE

N
 R

S
19920 A

M
P

 binding N
Z A

P
014940.1 5021645 5022875

Le
u 

LE
N

 R
S

12
90

0 
A

M
P 

bi
nd

in
g 

N
Z 

A
P

01
49

40
.1

 3
25

73
17

 3
25

85
29

Ser CMC5 RS08845 AMP binding NZ CP012159.1 2376343 2377558
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Figure S14. Phylogeny of C domains. Cstarter, condensation domain in the first module of peptide biosynthesis; Cyc, 
cyclization domain; DCL, condensation domain that catalyzes the formation of the peptide bond between the terminal 
D-amino acid of the growing peptide chain and an L-amino acid to be incorporated; LCL, condensation domains 
condense two L-amino acids. The phylogeny was reconstructed using IQ-TREE1, employing the LG+F+R8 model of 
amino acid substitution. Support values are based on 1000 bootstrap replicates; (A) Unrooted phylogenetic tree of C 
domains. Attinimicin C domains are shown; (B) Rectangular view of the tree. It is suggested that a duplication event 
resulted in the C domains of modules 3 and 5. 
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Table S9. Samples collected in Itatiaia National Park for in situ detection of attinimicin. Sample and nest codes, 
locations and GPS coordinates are included on this table. Attinimicin was detected in samples marked with an asterisk. 
 

Code Sample Host Nest code GPS coordinates 
TF01 Ant Acromyrmex GPC02-3 -22.4516111, -44.6077500 
TF02* Ant Acromyrmex TF03-6 -22.4468056, -44.6106111 
TF03* Ant Acromyrmex TF03-3 -22.4458056, -44.6111389 
TF04* Queen Acromyrmex TF03-6 -22.446805, -44.6106111 
TF05* Ant Acromyrmex CFP02-1 -22.4508889, -44.6103056 
TF06 Garden Acromyrmex CFP02-1 -22.4508889, -44.6103056 
TF07 Garden Acromyrmex WM03-1 -22.4409722, -44.6095833 
TF08* Garden Acromyrmex GPC02-1 -22.4502222, -44.6111667 
TF09 Garden Acromyrmex GPC02-3 -22.4516111, -44.6077500 
TF10 Garden Acromyrmex TF03-3 -22.4458056, -44.6111389 
TF11 Garden Acromyrmex GPC02-2 -22.4508889, -44.6103056 
TF12* Garden Acromyrmex WM02-2 -22.4508889, -44.6103056 
TF13 Garden Acromyrmex TF03-1 -22.4409722, -44.6095833 
TF14* Garden Acromyrmex TF03-2 -22.4409722, -44.6095833 
TF15 Garden Acromyrmex CFP03-3 -22.4409722, -44.6095833 
TF16 Garden Acromyrmex WM03-6 -22.4468056, -44.6106111 
TF17 Garden Acromyrmex TF02-2 -22.4514444, -44.6125556 
TF18 Garden Acromyrmex WM03-2 -22.4409722, -44.6095833 
TF19 Garden Acromyrmex MTP03-1 -22.4458056, -44.6111389 
TF20 Ant Acromyrmex TF02-2 -22.4514444, -44.6125556 
TF21* Ant Acromyrmex CFP03-3 -22.4409722, -44.6095833 
TF22* Ant Acromyrmex WM03-6 -22.4468056, -44.6106111 
TF23* Ant Acromyrmex TF03-2 -22.4409722, -44.6095833 
TF24 Ant Acromyrmex GPC02-1 -22.4502222, -44.6111667 
TF25 Ant Acromyrmex WM03-2 -22.4409722, -44.6095833 
TF26 Ant Acromyrmex MTP03-1 -22.4458056, -44.6111389 
TF27* Ant Acromyrmex WM03-1 -22.4409722, -44.6095833 
TF28* Ant Acromyrmex WM02-2 -22.4508889, -44.6103056 
TF29 Ant Acromyrmex GPC02-2 -22.4508889, -44.6103056 
TF30 Ant Acromyrmex TF01-3 -22.4516111, -44.6077500 
TF31 Ant Acromyrmex TF03-1 -22.4409722, -44.6095833 
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Table S10. pFe comparison of attinimicin and the siderophores used in medicine to treat acute iron poisoning2 
 

Compound name pFe 

Attinimicin 18.57 ± 0.81 

Desferrioxamine 26.5 

Deferiprone 20.70 

Deferasirox 23.18 

 
 
 
 

 
Figure S15. Plots of log [EDTA/Att] against log [(Fe-EDTA)/(Fe-Att)]. Experiments were performed in triplicates. 
 
 
 

 
Figure S16. MS spectra of attinimicin complexed with metals. (A) Low-resolution MS spectrum of Fe-attinimicin. 
(B) Low-resolution MS spectrum of Ga-attinimicin. 
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Figure S17. HPLC chromatogram (l = 254 nm) of attinimicin when incubated with different metals: Ga3+, Fe3+, Ca2+, 
Zn2+, Cu2+, Mg2+ and a mixture containing all metals in equimolar ratio. The chromatogram of the mixture indicates 
that attinimicin exhibits selectivity toward Fe3+. Non-complexed attinimicin is not shown above.  
 

 
 

  
Figure S18. Dose response of Escovopsis sp. ICBG77 to attinimicin. 
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Figure S19. Inhibitory spot-on-lawn assay of attinimicin and/or oxachelin. (A) Attinimicin and/or oxachelin (in our 
laboratory’s pure compound library resulting from an unpublished project) showed no activity against the cultivar 
Leucoagaricus gongylophorus ICBG107 at concentrations up to 100 μg; (B) Inhibition of Escovopsis sp. ICBG77 by 
attinimicin and/or oxachelin (100 μg). Attinimicin showed more potent activity against the fungal pathogen than 
oxachelin. 
 

 
Figure S20. In vivo activity of attinimicin against Candida albicans. Fluconazole (4 mg/kg, non-concurrent) was 
used as a positive control. Asterisk indicates significance. 
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Table S11. Primers used in this study 
Primer Sequences 5’ to 3’ Description 

attH2F 5’-TCGTCGSCGAAGSCGAKCACCAG-3’ Forward primer for first amplification of attH 

attH2R 5’-CCGTSGTCCTSGTGATGGGCMMS-3’ Reverse primer for first amplification of attH 

attH3F 5’-CASYTSSAGCTGGGYCCG-3’ Forward primer for second amplification of attH 

attH3R 5’-GSRCGGKTTCAGSRTCGACGA-3’ Reverse primer for second amplification of attH 

att1b_F 5’-TGTTCGACCTGTTCGCGGTGCT-3’ Forward primer for first amplification of attD 

att1b_R 5’-TGASCCCRTCGATGAAGGCGAT-3’ Reverse primer for first amplification of attD 

att2b_F 5’-ATGACCAGTCTCGACGAGCGCAA-3’ Forward primer for second amplification of attD 

att2b_R 5’-YGTAGCAGGCGAGSACCACCGT-3’ Reverse primer for second amplification of attD 

FC27 5’-AGAGTTTGATCCTGGCTCAG-3’ Forward primer for amplification of 16S rDNA 

RC1492 5’-TACGGCTACCTTGTTACGACTT-3’ Reverse primer for amplification of 16S rDNA 
 
  



 

 S-26 
 
 

Materials and Methods 
General experimental procedures 
NMR spectra were recorded using a Bruker Avance III HD 600 MHz spectrometer equipped with a helium High 
Sensitivity Prodigy Cryoprobe (600 and 150 MHz for 1H and 13C NMR, respectively). High-performance liquid 
chromatography- low resolution electrospray-ionization mass spectrometry (HPLC-LR-ESI-MS) data were obtained 
using an Agilent 1200 series HPLC system equipped with a photo-diode array detector and a 6130 ESI quadrupole 
mass spectrometer. HPLC-HR-ESI-MS was carried out using an Agilent 6530 QTOF mass spectrometer equipped 
with a 1290 Infinity Binary HPLC system. HPLC purifications were carried out using an Agilent 1100 or 1200 series 
HPLC systems (Agilent Technologies) equipped with a photodiode array detector. UV spectra were acquired on an 
Amersham Biosciences Ultrospec 5300-pro UV/Visible spectrophotometer. All solvents were of HPLC quality. DNA 
samples were quantified using NanoDrop 1000 Spectrophotometer (Thermo Scientific). No unexpected or unusually 
high safety hazards were encountered with any of the experiments outlined below. 
 
Strains isolation and bioactivity screening 
Strains were isolated from samples collected in the Brazilian Amazon (Anavilhanas National Park and Ducke 
Reserve), and in Southeastern Brazil (Itatiaia National Park and University of São Paulo, Ribeirão Preto campus) 
(authorizations/permits: SISBIO #46555-1 to #46555-7 and CNPq #010936/2014-9). Bacteria were isolated as 
previously described,3 and cultured at 30 ºC, using chitin medium supplemented with the antifungals nystatin and 
cycloheximide (per liter: 4 g chitin, 0.7 g K2HPO4, 0.3 g KH2PO4, 0.5 g MgSO4·5H2O, 0.01 g FeSO4·7H2O, 0.01 g 
ZnSO4·7H2O, 0.01 g MnCl2·4H2O, 20 g of agar, 0.04 g/L nystatin, and 0.05 g/L cycloheximide). Bacteria were 
subcultured on International Streptomyces Project Medium 2 (ISP2) agar plates (per liter: 4 g yeast extract, 10 g malt 
extract, 4 g dextrose, 20 g agar) with antifungals (0.04 g/L nystatin, and 0.05 g/L cycloheximide). Pseudonocardia 
strains were identified by 16S rRNA sequencing. 
Binary challenge assays were performed between all bacterial isolates from ant nests and six reporter strains: 
Escherichia coli, Pseudomonas aeruginosa, Candida albicans, Trichoderma reesei, Streptomyces sp. I8 and 
Streptomyces sp. I17. Bacterial isolates were inoculated in the center of wells of 6-well plates containing ISP2 agar 
and incubated for 10 days at 30 ºC, after which the reporter strain was inoculated side-by-side in a distance of 1 cm. 
 
HPLC-MS 
Brazilian Pseudonocardia were grown for 10 days on liquid ISP2 containing Diaion® HP-20 resin. From each culture, 
the resin was filtered, washed with deionized water and extracted with acetone. Extracts from Brazilian 
Pseudonocardia isolates were analyzed by HPLC-HR-ESI-MS using a Phenomenex Kinetex 2.6 mm EVO C18 100Å 
(100 x 2.1 mm) column using the following conditions: 10% ACN + 0.1% FA/H2O + 0.1% FA for 1 min, 10% to 
100% ACN + 0.1% FA over 9 min, 100% 100% ACN + 0.1% FA for 3.5 min at a flow rate of 0.3 mL/min. Panamanian 
Pseudonocardia were grown for 14 days on ISP2 agar. From each solid culture, 2 cm² was excised and extracted in 
1.5 mL isopropanol for 6 hours. These extracts were dried under reduced pressure, redissolved in 1.1 mL 10% 
methanol in water, and loaded onto a pre-equilibrated 96-well Strata-X reversed phase SPE (Phenomenex). The SPE 
was rinsed with 1 mL 10% methanol in water, and the sample was eluted with 1 mL methanol and subjected to LCMS 
analysis. The extracts of Panamanian strains were analyzed using the following HPLC method: hold 10% ACN + 
0.1% FA/H2O + 0.1% FA for 0.5 min then gradient to 100% ACN + 0.1% FA over 7.5 min then hold 100% ACN + 
0.1% FA for 1 min, returning to 10% ACN + 0.1% FA/H2O + 0.1% FA, with a flow rate of 0.5 mL/min. MS spectra 
were acquired in positive ion mode and a mass range of 50-1,700 m/z. For MS and MS/MS measurements the 
electrospray ionization (ESI) parameters were set to 10 L/min sheath gas flow, 3.0 L/min auxiliary gas flow, and 
325°C gas temperature. The spray voltage was set to 3500 V, the inlet capillary temperature was set to 300°C. The 
most abundant 5 ions per MS scan were selected for fragmentation and then subsequently excluded from 
refragmentation for 10 secs. The collision energies were set to 10, 20, and 30 eV. Compounds were de-novo annotated 
manually using the Agilent MassHunter Workstation software and compared to the Antibase database. 
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Isolation of attinimicin 
Spore stocks of Pseudonocardia sp. ICBG162 were reactivated in ISP2 medium and 2 mL were transferred to 50 mL 
of fresh ISP2 medium. One liter of liquid ISP2 medium was inoculated with 50 mL of the starter culture of the 
attinimicin producers. The strains were cultured in 4 L flasks containing 1 L of liquid ISP2 medium containing Diaion® 
HP-20 (30 g/L). A total of 10 flasks were cultured in shakers for 10 d, at 30 ºC, and 200 rpm shaking. The HP-20 resin 
was filtered, washed with deionized water and extracted twice with acetone (300 mL). The organic extracts were dried 
under reduced pressure. Attinimicin was further purified by semi-preparative HPLC, using a Phenomenex Synergi™ 
10 µm Hydro-RP 80 Å column (250 x 10 mm), using the following conditions: 10% ACN for 5 min, then a linear 
gradient to 28% ACN over 35 min, linear gradient to 100% over 2 min then hold 100% ACN for 2 min, with a flow 
rate of 3 mL/min. We obtained yields of attinimicins between 4-6 mg/L. 
 
Determination of the absolute configuration of the amino acids in attinimicin 
The absolute configuration of the amino acids present in attinimicin was determined using Marfey’s method.4 
Attinimicin (1 mg) was hydrolyzed at 110 ºC in 500 µL of 6 N HCl (aq) for 18 h. HCl was removed under reduced 
pressure and the dry material was resuspended in 500 µL of DI H2O and dried three times to remove residual acid. 
The hydrolysate was dissolved in 100 µL of 1 N NaHCO3 (aq) and incubated with 50 µL of 10 mg/mL L-FDAA, in 
acetone, at 80 ºC for 3 min. The reaction was quenched by adding 50 µL of 2 N HCl (aq). Aqueous acetonitrile (1:1 – 
100 µL) was added to dissolve the mixture. The same derivatization process was performed with D and L amino acid 
standards. A 10 µL aliquot of the hydrolysate derivative was analyzed by HRLC-ESI-MS using an analytical C18 
column (Phenomenex Kinetex 2.6 μm EVO C18, 100 Å, 100 x 2.1 mm), with a gradient solvent system (20% to 60% 
ACN with 0.1% FA over 40 min). The absolute configuration of individual amino acids was determined by comparing 
retention times of the hydrolysate derived amino acids conjugates (Ser: 22.20 and 23.02 min; Orn: 12.06 min) with 
amino acid standards (L-Ser: 22.16 min; D-Ser: 22.95 min; L-Orn: 12.06 min; D-Orn: 10.65 min) subjected to Marfey’s 
derivatization and identified by MS.  
 
DNA isolation, sequencing and analysis 
Pseudonocardia spp. were cultured in 5 mL of ISP2 medium, 30 ºC, 200 rpm. After four days, cell pellets were 
obtained by centrifuging the cultures and discarding the supernatant. Pseudonocardia spp. cell pellets were incubated 
with a lysis solution (Tris-HCl 25 mM pH 8.5, sucrose 0.3 M, EDTA 25 mM), RNAse A (100 mg/mL) and lysozyme 
(50 mg/mL) at 37 ºC for 30 min, in a water bath. Then 2% SDS and proteinase K (20 mg/mL) solutions were added 
and the mixture was kept at 55 ºC for 30 min. Nucleic acids were extracted using 5 M NaCl (aq) and 
phenol:chloroform: isoamyl alcohol (25:24:1). DNA was precipitated from the aqueous phase using isopropanol and 
washed with 70% ethanol (aq). The genomes of Pseudonocardia sp. ICBG162, ICBG601, ICBG1034, ICBG1122, 
ICBG1127, ICBG1142, ICBG1288 and ICBG1293 were sequenced using PacBio single-molecule, real-time (SMRT) 
cell technology5 at the Duke University Center for Genomic and Computational Biology (GCB), Genome Sequencing 
Shared Resource.  
 
Bioinformatic analysis 
Genomes were assembled using the Canu6 pipeline (Harvard Chan Bioinformatics Core, Harvard T.H. Chan School 
of Public Health, Boston, MA). Quality of genome assemblies was assessed using QUAST 5.0.27. The putative 
attinimicin gene cluster was annotated using antiSMASH 5.0,8 BLASTp and manual analysis using Geneious 11.1.4.  
Domain specificities were determined by phylogenetic analysis. For the construction of phylogenetic trees, sequences 
were aligned using MUSCLE,9 trimmed manually and the alignments were refined using MUSCLE. Maximum-
likelihood phylogenetic trees were reconstructed using IQ-TREE 1.6.1 ModelFinder10 was used for each alignment to 
choose the best model for protein evolution. Branch support was assessed by ultrafast bootstrap UFBoot211 (1000 
bootstrap replicates). Phylogenetic trees were visualized with iTol.12 Sequence similarity networks of attinimicin 
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BGCs were obtained using BiG-SCAPE13 v1.0.1 docker image (image ID: c056fa35c8c6), using the internal MIBiG 
1.4 dataset and a cutoff of 0.3. 
 
In situ detection of attinimicin 
Ants and samples of the fungal garden were collected at Itatiaia National Park (RJ, Brazil) in December 2018. Samples 
were extracted with 1 mL MeOH and dried under reduced pressure. Extracts were resuspended in 100 μL of aqueous 
acetonitrile (1:1) and 10 μL were analyzed by HR-ESI-MS and data-dependent MS/MS.  
 
Determination of pFeIII for attinimicin and metal complexing analysis. 
pFeIII for attinimicin was determined as reported by Abergel et al.14 with modifications. Briefly, purified apo-
attinimicin, obtained as described above, was dissolved in DI water and incubated with 10-fold excess of Fe3+ for 2 h. 
In order to remove the excess of free iron, the solution was applied onto a SPE C-18 column and washed with water. 
Fe-attinimicin was eluted with methanol and dried under reduced pressure. Fe-attinimicin was then dissolved in 
HEPES buffer (10 mM HEPES and 0.1 M KCl, pH 7.4) and three different concentrations of ETDA were added from 
EDTA stock solutions in HEPES buffer, ranging from 0.05 to 1 mM. Each reaction consisted of a total volume of 100 
µL and a defined final concentration of 0.1 mM Fe-attinimicin. The reaction mixture was equilibrated at rt for 24 h, 
and the solutions were analyzed by HPLC-MS. Standard curves of apo-attinimicin and Fe-attinimicin were generated, 
and both attinimicin species were quantified. Concentrations of apo-EDTA and Fe-EDTA were calculated from total 
initial EDTA and [apo-attinimicin]. The log [EDTA]/[attinimicin] was plotted against log [Fe-EDTA]/ [Fe-
attinimicin] and the data were fit to the following  equation14: 

log $[&' − )*+,][&' − .//] 0 = 234 5[)*+,][.//] 6 + Δ9&' 

 
To test metal ion complexing selectivity, attinimicin was dissolved in water and solutions containing Fe3+, Ga3+, Ca2+, 
Zn2+, Cu2+, Mg2+ in an equimolar ratio were added. The mixtures were equilibrated at rt overnight and analyzed by 
HPLC-MS. 
 
PCR amplification and sequencing 
For the detection of the biosynthetic gene clusters nested PCRs were performed. PCRs were conducted using 
Phusion® High-Fidelity DNA Polymerase (ThermoFisher, USA) and the following conditions. First amplification: 
98 °C, 2 min; denaturation: 98 °C, 20 s; annealing: 64 °C, 15 s; extension: 72 °C, 1.5 min (for 35 cycles); final 
extension 72 °C, 4 min. Second amplification: denaturation 98 °C, 2 min; denaturation: 98 °C, 20 s; annealing: 60 °C, 
15 s; extension 72 °C, 30 s (for 35 cycles); final extension: 72 °C, 4 min. For primer sets used see Supplementary 
Table S10. Bacterial samples were heated to 100 °C for 10 min with 50 μL of PrepMan® Ultra Sample Preparation 
Reagent (ThermoFisher, USA) and centrifuged. 1 μL of this solution was used as a template for the first amplification. 
Subsequently, PCR fragments were separated by agarose gel electrophoresis with 10 μL of SYBR Safe DNA gel stain 
per 100 mL of agarose in 1x TAE and visualized by ChemiDoc XRS equipment, using the Image Lab software for 
image acquisition and analysis. Bands with the expected product size (~600 bp) were cut out, extracted from the gel 
using the QIAquick PCR Purification kit (QIAGEN, USA), and the purified fragments were used for a second round 
of amplification as described above. The final product was verified by Sanger sequencing followed by bioinformatic 
analysis using Geneious Prime 11.1.4 software package. 
 
In vitro antifungal activity of attinimicin and oxachelin 
Disc-diffusion assay: Attinimicin and oxachelin (present in our laboratory’s pure compound library as a result of an 
unpublished project, isolated under the same conditions and using the same method used for attinimicin) were each 
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screened for activity against Escopovsis sp. ICBG77 and Leucoagaricus gongylophorus ICBG107 using a modified 
version of the disc-diffusion assay. 1 mL of a Escovopsis sp. ICBG77 spore suspension (1x105 spores/mL) or a 
homogenate of Leucoagaricus gongylophorus ICBG107 were inoculated on PDA plates (Potato Dextrose Agar, BD 
Difco, USA). Attinimicin and oxachelin were dissolved in DMSO and 10 μL of these solutions were spotted on the 
plates. Cultures were incubated at 30 ºC and monitored for 14 days.  
 
Minimum inhibitory concentration assays: The MIC of attinimicin was determined using a broth microdilution 
method. The assay was performed in duplicate. The MIC value of attinimicin was defined as the lowest concentration 
in which a 50% reduction in growth is observed (determined spectrophotometrically, at 600 nm). Attinimicin and Fe- 
attinimicin were dissolved in DMSO and 20 μL of a suspension of Escovopsis sp. ICBG77 spores (1x105 spores/mL) 
were inoculated in each well of 96-well plates, containing MH broth (Mueller Hinton Broth, BD Difco, USA). The 
plates were incubated at 30 ºC, 50 rpm and monitored for 7 days. 
 
In vivo antifungal activity of attinimicin 
Animals were maintained in accordance with the criteria of the Association for Assessment and Accreditation of 
Laboratory Animal Care. Approval for animal studies were obtained from the Animal Research Committee of the 
William S. Middleton Memorial Veterans Hospital. Ethical approval for experiments and protocols were obtained 
from the University of Wisconsin Institutional Animal Care and Use Committee. Six-week-old, specific-pathogen-
free, female ICR/Swiss mice weighing 23–27 g were used for in vivo studies (Harlan Sprague-Dawley, Indianapolis, 
IN). Cyclophosphamide (Mead Johnson Pharmaceuticals, Evansville, IN) was used to induce neutropenia (100 
neutrophils per mm3) in mice. Subcutaneous injections were administered 4 days (150 mg kg−1) and 1 day (100 mg 
kg−1) before infection and 2 days after infection (100 mg kg−1). Candida albicans was cultured on SDA 24 h before 
infection. To prepare the initial inoculum, three to five colonies were transferred to a sterile pyrogen-free 0.9% saline 
solution warmed to 35 °C. The suspension was further adjusted to a 0.6 transmittance at 530 nm and 0.1 mL of 
inoculum was injected via lateral tail vein 2 h prior to the start of drug administration. Animals were sacrificed by 
CO2 asphyxiation, kidneys were removed and homogenized in sterile 0.9% saline at 4 °C. Serial dilutions were 
performed with the homogenates and aliquots were plated on SDA for viable fungal colony counts after incubation 
for 24 h at 35 °C. The limit of detection was 100 CFU per mL. Results were expressed as the mean number of CFU 
per kidney for three mice. 
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