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Supplementary Tables.

Supplementary Table 1. Annotation of candidate ions screened by NegMDF window for oligomycins.

RT/min m/z Compounds  Formula lon type MS/MS pattern
3.03 817.4614 X
416  781.4381 X
572  795.4533 X
583  765.4429 X
6.00  747.4681 X
6.20  761.4844 X
6.44 7755000 X
6.49  761.4844 X -
805.5066, 777.4760, 721.4536, 703.4452, 675.4426,
oligomycin ) 607.3848, 579.3875, 567.3547, 243.1255, 223.1006,
[ anglogZe 1 CestlreOis [M-H] 195.1039, 179.1079, 157.1238, 141.0556, 113.0598,
97.0298, 71.0139
oligomycin ] 745.4896, 549.3794, 241.1066, 213.1146, 141.0553,
A el anglogZe g Car2On [M-H 127.0407, 113.0619, 83.0490
oligomycin ) 777.5149, 577.4129, 463.3463, 245.1033, 217.1083,
730 7955249 B0 CuHrOr M 131.0356, 113.0606, 83.0504, 69.0346
oligomycin 759.5019, 677.4641, 641.4455, 563.3943, 449.3266,
7.37  777.5155 analogue 4 CaaH74011 [M-HJ 241.1084, 213.1129, 127.0404, 113.0608, 99.0452,
83.0505, 57.0348
oligomycin 791.5254, 773.5199, 577.4104, 463.3409, 445.3318,
749 8095409 oiies CusH78012 [M-HJ 259.1180, 231.1235, 213.1142, 145.0503, 113.0607,
83.0500, 57.0342
PR T aigomyen oo, T 0615, 213 1115, 19,0980, 165.0930. 127 0405,
44H74011 ) 0915, 213.1115, 199.0980, 165.0930, 127.0405,
rEs BAREHIE  EnElegin LiAeeel 113.0607, 99.0451, 69.0355, 57.0345
7.63  837.4999 X
oligomyain 773.0371, 691.4794, 679.3559, 577.4089, 463.3431,
765  791.5307 CusH76011 [M-H] 241.1091, 213.1117, 127.0384, 113.0607, 99.0441,
analogue 7
83.0495
7.70  731.4739 X
7.70  821.5065 X
oligomycin ] 747.5032, 577.4112, 463.3428, 445.3314, 215.0914,
eis MSEEIES anglogZe g CuHrOn [M-HI 187.0983, 153.0920, 125.0972, 101.0251, 57.0348
7.80  745.4920 X
oligomycin 773.5189, 691.4760, 577.4107, 559.3983, 463.3420,
7.80  791.5314 analogue 9 CusH76011 [M-H] 327.1805, 241.1079, 213.1129, 141.0558, 127.0400,
113.0606, 99.0447, 83.0500, 57.0351
7.84  821.5057 X
691.4433, 673.4294, 651.4104, 627.3910, 589.3741,
oligomycin ) 577.4083, 549.3441, 531.3315, 503.3392, 491.3028,
S B anagiogu{e 19 CettrOr [M-H] 463.3057, 243.1239, 179.1068, 141.0560, 113.0613,
101.0604, 57.0329
8.03  759.5042 X
oligomyain 761.4897, 693.4485, 653.4247, 591.3758, 573.3716,
8.08  807.5228 CusH76012 [M-H] 213.1104, 163.0028, 141.0550, 127.0395, 113.0597,
analogue 11 99.0448
oligomycin 691.4441, 591.4250, 571.3642, 531.3279, 477.3612,
8.14  805.5465 analogue 12 CusH78011 [M-H] 241.1078, 213.1135, 141.0577, 127.0390, 113.0601,
99.0442, 71.0128, 57.0349
oligomycin 783.4675, 741.5144, 663.4102, 657.4337, 601.4078,
825 8014792 , ooie 13 CusH70012 IM-HJ 561.3826, 479.3387, 239.0922, 211.0970, 151.0763,
99.0448, 73.0289, 59.0139
oligomyain 727.5159, 687.4845, 619.4202, 591.4255, 551.3967,
829  807.5255 analogue 14 CusH76012 [M-HJ 509.3838, 215.0920, 187.0974, 153.0923, 125.0973,
101.0240, 99.0452, 59.0132, 57.0344
oligomycin 787.4972, 719.4377, 701.4270, 691.4428, 673.4311,
8.35  805.5107 analogue 15 CusH74012 [M-HJ 651.4112, 609.3974, 591.3899, 573.3787, 561.3805,
543.3684, 195.1018, 141.0556, 113.0609, 57.0341
8.40  741.4792 X
8.45  805.5107  oligomycin  CasH74O12 [M-HJ 787.5000, 703.4415, 691.4415, 667.4225, 657.4396,




analogue 16

639.4257, 587.3750, 571.3620, 549.3439, 543.3689,

531.3322, 519.3301, 503.3363, 491.3374, 195.1024,

177.0921, 141.0556, 129.0555, 113.0613, 101.0603,
71.0138, 59.0140

oligomycin

725.4918, 703.4394, 617.4073, 589.4109, 571.3662,
543.3631, 531.3314, 507.3689, 215.0931, 195.1039,

s 08 analogue 17 CasH74012 [M-HF 187.0973, 141.0553, 125.0972, 113.0590, 101.0247,
57.0347
P 789.5159, 771.546, 703.4388, 675.4473, 647.4544,
8.67 8355239 anagfogui 1g CestraOn [M+HCOO]  635.4130, 593.4033, 175.1116, 141.0572, 113.0618,
57.0350
oligomycin . 545.3515, 505.3164, 141.0557, 129.0555, 113.0607,
RIS U analogue 19 CaaH7oOn [M-H 101.0611, 57.0345
oligomycin — 649.3905, 587.3579, 559.3652, 547.3281, 223.0975,
872 8034948  alogue2o Cest20z  [M-HI 195.1026, 153.0538, 113.0622, 101.0611
8.92 7754997 [M-H[  757.4916, 673.4294, 661.4313, 655.4221, 627.4273,
oligomycin 621.4004, 571.3992, 559.3639, 533.3473, 531.3686,
CasHo2011 519.3313, 505.3553, 491.3379, 449.3276, 427.3230,
e BEela EEED A M+HCOO 54371233, 2000836, 185.0818, 141.0551, 129.0556.
121.0657, 113.0605, 101.0609, 71.0136, 59.0135
911  775.5002 [M-H[  673.4285, 661.4307, 655.4206, 627.4258, 621.3997,
oligomycin 573.3770, 559.3638, 531.3687, 519.3318, 491.3330,
CaaH72011 . 449.3268, 195.1037, 185.0829, 167.0687, 141.0556,
Sl el.slEY  ENElRgE 22 [M+HCOOT 435 0820, 129.0550, 113.0610, 101.0611, 99.0444,
71.0139, 59.0134
918  775.5001 [M-H  661.4318, 655.4166, 641.4391, 621.3999, 573.3778,
oligomycin . 559.3632, 531.3663, 519.3306, 491.3374, 243.1267,
919 8215061 analogue23 ~* 72" [M+HCOOI 195.1023, 185.0818, 177.0913, 141.0559, 129.0553,
113.0607, 101.0614, 71.0148, 57.0345
929  789.5169 [M-H[  771.5045, 687.4470, 675.4470, 669.4372, 641.4413,
929 8254924 [H+CIF  635.4158, 585.4160, 573.3791, 545.3841, 533.3478,
929 8355219 oligomycinA . .~  [M¥HCOOL  505.3529, 487.3418, 463.3425, 243.1237, 223.0970,
(r221) astiran 195.1026, 185.0820, 177.0920, 167.0716, 141.0558,
929  771.5057 [M-H,O-HF  129.0557, 113.0607, 101.0607, 99.0451, 81.0344,
71.0137, 59.0138, 57.0346
oligomycin — 689.4266, 633.4013, 315.3877, 587.3720, 575.3599,
941 8034950  halogue24 Cesh2Oz  [M-HI 549.3390, 187.0973, 141.0551, 129.0558, 73.0285
787.4944, 759.4989, 719.4353, 701.4238, 691.4410,
oligomycin . 673.4329, 663.4456, 651.4084, 617.4037, 591.3859,
gay  E08IE analogue 25 CasH74012 [M-H] 177.0934, 141.0567, 129.0561, 113.0609, 109.0285,
99.0456
701.4647, 689.4627, 683.4510, 655.4587, 649.4325,
oligomycin . 599.4308, 587.3946, 559.4012, 547.3632, 541.3873,
949 8035313  alogue2s CesttreOn  [M-HI 519.3707, 243.1250, 141.0560, 129.0555, 113.0611,
101.0612, 71.0144, 57.0343
964 739.4633 X
964 7875000 oo [M-H]  769.4994, 685.4285, 673.4318, 633.4040, 571.3630,
CasH72011 . 531.3295, 223.0976, 205.0115, 195.1013, 129.0556,
9.64 833.5060 analogue 27 [M+HCOO] 113.0619, 101.0608, 71.0147
980  773.5207 [M-H[  755.5084, 687.4464, 659.4522, 641.4489, 619.4184,
980 8094987 . . .- [H+CIF  557.4107, 573.3787, 545.3850, 533.3493, 505.3528,
g(rng) CasH74010 463.3417, 267.2327, 195.1037, 157.1232, 141.0555,
980  819.5264 [M+HCOO]  113.0607, 109.0285, 99.0455, 85.0652, 81.0342,
57.0345
981 7254833 X
9.81 7455017 X
986 787.4999  iomycin MHI 589 3720, 545.3843, 527.3713, 241.1087, 213.1116,
g'gg 2:252"51(7)2; analogue 28 CasH7201 [MLHH+(:CgO]_ 141.0537, 111.0450, 99.0449
10.17 _ 723.4669 X

Notes: 61 candidate ions were obtained from the A3M culture. According to the MS/MS checking, 42 ions
from 30 oligomycin analogues were marked in color.



Supplementary Table 2. The BGC prediction of S. cattleya NRRL 8057 by antiSMASH 7.0.0.

Regions Type Reported products This study

Region 1.1 butyrolactone

Region 1.2 T1PKS, lassopeptide

Region 1.3 T1PKS, CDPS cryptic

Region 1.4 terpene

Region 1.5 lanthipeptide-class-i

Region 1.6 CDPS

Region 1.7 Ectoine

Region 1.8 lanthipeptide-class-iii

Region 1.9 butyrolactone

Region 1.10 T3PKS

Region 1.11 NRPS

Region 1.12 lanthipeptide-class-i

Region 1.13 terpene

Region 1.14 NRPS, T1PKS

Region 1.15 trans-T1PKS, NRPS L-681.217 (1a)' new cattlemycin
demethyl L-681.217 (1b)>  congeners (1c-1m)

Region 1.16 RiPP-like

Region 1.17 CDPS

Region 1.18 NI-siderophore

Region 1.19 terpene

Region 1.20 T3PKS, terpene

Region 1.21 NAPAA

Region 1.22 hglE-KS, NRPS

Region 1.23 butyrolactone, T1PKS, NRPS-like

Region 2.1 LAP

Region 2.2 NRPS

Region 2.3 Terpene

Region 2.4 thiopeptide, thiamitides, NRPS

Region 2.5 terpene, ranthipeptide

Region 2.6 T1PKS butyrolactols (2a-2g)

Region 2.7 hglE-KS

Region 2.8 terpene, NRPS

Region 2.9 blactam

Region 2.10 terpene

Region 2.11 butyrolactone

Region 2.12 NRPS

Region 2.13 NI-siderophore

Region 2.14 NAPAA

Region 2.15 T1PKS cattleyatetronates (3a-3b)

Region 2.16 T1PKS

Notes: L-681.217 and demethyl L-681.217 were renamed as cattlemycins A and B, respectively.



Supplementary Table 3. Proposed biosynthetic gene cluster of cattlemycins from S. cattleya NRRL 8057
(region 1.15).

Name  Accession ID Size Proposed Function Homologs Source Strain
(aa) (identity/positive)
CamF  WP_014144293.1 387 methionine adenosyltransferase ~ WP_200428941.1 Streptomyces
(77%185%) sp. NE5-10
LcaD WP_173405727.1 243 alpha/beta fold hydrolase WP_014144294 .1 Streptomyces
(99%/100%) sp. SID5468
LcaRx WP_265736688.1 917 LuxR family transcriptional WP_236572710.1 Streptomyces
regulator (58%/70%) sp. GS7
LcaP WP_014144296.1 259 4'-phosphopantetheinyl WP_202447497 .1 Streptomyces
transferase superfamily protein (99%/100%) sp. SID5468
LcaAl WP_014144297.1 2070 beta-ketoacyl synthase N- WP_159503160.1 Streptomyces
terminal-like domain-containing (64%/71%) sp. GS7
protein
LcaAll WP_014144298.1 4608 SDR family NAD(P)-dependent WP_202446693.1 Streptomyces
oxidoreductase (99%/100%) sp. SID5468
LcaAlll WP_014144299.1 1586  non-ribosomal peptide WP_066930895.1 Streptomyces
synthetase (74%/80%) sp. NBRC 110611
LcaAlV WP_014144300.1 6721  SDR family NAD(P)-dependent WP_159503163.1 Streptomyces
oxidoreductase (67%/73%) sp. GS7
LcaAV WP_014144301.1 2501 SDR family NAD(P)-dependent WP_106433187.1 Streptomyces
oxidoreductase (100%/100%) sp. SID5468
LcaAVlI WP_014144302.1 2518 type | polyketide synthase WP_159503164.1 Streptomyces
(55%161%) sp. GS7
LcaE WP_014144303.1 469 amidase WP_066930887.1 Streptomyces
(81%/86%) sp. NBRC 110611
LcaOll WP_014144304.1 407 cytochrome P450 WP_202447498.1 Streptomyces
(99%/100%) sp. SID5468
LcaCl WP_014144305.1 1087  malonyl CoA-acyl carrier protein ~ WP_066930879.1 Streptomyces
transacylase (73%/80%) sp. NBRC 110611
LcaM WP_014144306.1 322 class | SAM-dependent WP_066930877.1 Streptomyces
methyltransferase (69%/79%) sp. NBRC 110611
LcaCll WP_202447499.1 653 acyltransferase domain- WP_066930875.1 Streptomyces
containing protein (68%/75%) sp. NBRC 110611
LcaOl WP_014144309.1 404 cytochrome P450 WP_066930873.1 Streptomyces
(78%/86%) sp. NBRC 110611
LcaRlI WP_231905110.1 222 TetR/AcrR family transcriptional WP_237694977 .1 Streptomyces
regulator (99%/100%) sp. SID5468
LcaT WP_014144311.1 536 MDR family MFS transporter WP_173158266.1 Phytohabitans
(62%/75%) suffuscus




Supplementary Table 4. Proposed biosynthetic gene cluster of butyrolactols from S. cattleya NRRL 8057

(region 2.6).
Name Accession ID Size Proposed Function Homologs Source Strain
(aa) (identity/positive)
ButQ WP_014150750.1 147 hypothetical protein WP_181856666.1 Streptomyces
(75%/85%) reniochalinae
ButP WP_014627076.1 75 biotin/lipoyl-binding carrier WP_187828509.1 Streptomyces sp.
protein (82%/90%) TRM68367
ButA WP_014150752.1 5935 type | polyketide synthase WP_245962286.1 Streptomyces
(77%182%) ardesiacus
ButO WP_014150753.1 473 propionyl-CoA carboxylase WP_267715829.1 Streptomyces sp.
subunit beta (85%/89%) CoH17
ButN WP_014150755.1 239 class | SAM-dependent WP_164368603.1 Streptomyces
methyltransferase (65%/74%) diastaticus
ButM WP_014150756.1 622 class | SAM-dependent WP_108933445.1 Streptomyces
methyltransferase (82%/87%) ardesiacus
ButT3 WP_014150757.1 308 ABC transporter ATP-binding WP_079080699.1 Streptomyces sp.
protein (82%/89%) NBRC 110030
ButT2 WP_014150758.1 253 ABC transporter permease WP_267715814.1 Streptomyces sp.
(77%/83%) CoH17
ButL WP_014150759.1 414 hypothetical protein WP_055469556.1 Streptomyces sp.
(79%184%) NBRC 110030
ButT1 WP_014150760.1 442 MFS transporter NEB62850.1 Streptomyces
(77%/84%) diastaticus
ButG WP_014150761.1 254 alpha/beta fold hydrolase WP_164368023.1 Streptomyces
(77%182%) diastaticus
ButKk WP_014150762.1 356 HAD-IIC family phosphatase WP_055469554.1 Streptomyces sp.
(86%/91%) NBRC 110030
ButJ WP_014150763.1 381 acyl-CoA dehydrogenase WP_203714514.1 Streptomyces
family protein (80%/87%) diastaticus
Butl WP_014150764.1 85 acyl carrier protein WP_053638656.1 Streptomyces sp.
(82%/90%) NRRL F-4707
ButH WP_014150765.1 302 3-hydroxybutyryl-CoA KOT98808.1 Streptomyces sp.
dehydrogenase (88%/91%) NRRL F-4711
ButF WP_014150766.1 1154  SDR family NAD(P)-dependent WP_108933441.1 Streptomyces
oxidoreductase (82%/86%) ardesiacus
Bute WP_014150767 .1 3085  type | polyketide synthase WP_053664160.1 Streptomyces sp.
(81%/85%) NRRL F-7442
ButD WP_014150768.1 3413  type | polyketide synthase WP_108933439.1 Streptomyces
(81%/86%) ardesiacus
ButC WP_014150769.1 3301  type | polyketide synthase WP_055469548.1 Streptomyces sp.
(72%/79%) NBRC 110030
ButB WP_014627073.1 2053  type | polyketide synthase WP_234353271.1 Streptomyces sp.
(71%/80%) NBRC 110030
ButR WP_014150771.1 667 LuxR C-terminal-related WP_108934774.1 Streptomyces
transcriptional regulator (75%181%) ardesiacus




Supplementary Table 5. Proposed biosynthetic gene cluster of cattleyatetronates from S. cattleya NRRL 8057
(region 2.15).

Name Accession ID Size Proposed Function Homologs Source Strain
(aa) (identity/positive)
CttT WP_014151912.1 260 phytanoyl-CoA dioxygenase family WP_267010547.1 Streptomyces
protein (83%/90%) sp. NBC_00249
CcttQ WP_014151913.1 631 SDR family oxidoreductase WP_235446340.1 Streptomyces
(65%/74%) sioyaensis
CttP WP_014626738.1 420 nucleotide sugar dehydrogenase WP_267010544.1 Streptomyces
(89%/92%) sp. NBC_00249
CttT3 WP_014151915.1 461 MFS transporter WP_285569156.1 Streptomyces
(63%/72%) sp. RTGN2
CttO WP_014151916.1 499 FAD-dependent monooxygenase WP_281066940.1 Streptomyces
(74%/82%) inhibens
CttR2 WP_041823735.1 195 PadR family transcriptional regulator WP_280720087.1 Kitasatospora
(78%/87%) sp. MAP5-34
CttN  WP_014151919.1 365 NAD(P)-dependent alcohol WP_205369216.1 Streptomyces
dehydrogenase (74%184%) noursei
CttL WP_014151920.1 402 cytochrome P450 WP_205369215.1 Streptomyces
(81%/88%) noursei
CttKk WP_014151921.1 65 ferredoxin WP_205369214.1 Streptomyces
(76%/87%) noursei
CttA  WP_014151922.1 4492 type | polyketide synthase WP_225930501.1 Streptomyces
(54%163%) koyangensis
CttE  WP_014151923.1 350 3-oxoacyl-ACP synthase Il family WP_205371423.1 Streptomyces
protein (82%/88%) noursei
CttF WP_014151924.1 87 acyl carrier protein WP_205369212.1 Streptomyces
(56%/75%) noursei
CttG  WP_014151925.1 317 thiamine pyrophosphate-dependent ~ WP_240167907.1 Streptomyces
dehydrogenase E1 component (78%/84%) noursei
subunit alpha
CttH WP_014151926.1 333 pyruvate dehydrogenase WP_205369211.1 Streptomyces
(80%/87%) noursei
Cttl WP_014151927.1 368 2-oxo acid dehydrogenase subunit WP_205369210.1 Streptomyces
E2 (70%/81%) noursei
CttJ WP_014151928.1 477 aldehyde dehydrogenase WP_205369209.1 Streptomyces
(76%/84%) noursei
CttM  WP_014151929.1 281 class | SAM-dependent WP_205369208.1 Streptomyces
methyltransferase (85%/90%) noursei
CttB Unnamed 388 type | polyketide synthase
CttC WP_014626734.1 3166 type | polyketide synthase WP_205369207.1 Streptomyces
(64%/72%) noursei
CttD WP_231904995.1 1057 type | polyketide synthase WP_205369206.1 Streptomyces
(74%/82%) noursei
CttT1  WP_014151932.1 438 MFS transporter QRX96529.1 Streptomyces
(78%/84%) noursei
CttT2 WP_014151933.1 399 MFS transporter WP_205369204.1 Streptomyces
(81%/87%) noursei
CttR1 WP_014151934.1 957 LuxR family transcriptional regulator ~ WP_205369203.1 Streptomyces

(67%/77%)

noursei




Supplementary Table 6. Summary of polyketides characterized in S. cattleya NRRL 8057 in this work.
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butyrolactol B2 (2e), R = H

BGC Compounds Formula /rI:irn MSF l\ie;:\;la ISP2 Characterization
2.15 cattleyatetronate A (3a) C15H1406 3.37 + MS/MS, NMR
2.15 cattleyatetronate B (3b) C15H1605 3.62 + MS/MS
1.15 cattlemycin G (1g) CasHssNO12 4.13 + MS/MS
1.15 cattlemycin E (1e) CasHssNO11 4.49 + + MS/MS
1.15 cattlemycin F (1f) CasHssNO11  4.64 + MS/MS
1.15 cattlemycin C (1c) CaaH4oNO10  4.77 + + + MS/MS
1.15 cattlemycin B (1b) CssHsiNO10  5.08 + + MS/MS, known
1.15 cattlemycin A (1a) CasHssNO1wo  5.31 + + + MS/MS, NMR
1.15 cattlemycin | (1i) Cs5Hs51NOg 5.36 + MS/MS
1.15 cattlemycin H (1h) C34H49NOg 5.51 + MS/MS
1.15 cattlemycin K (1k) CssHs1NOs 5.91 + MS/MS
1.15 cattlemycin L (11) Ca6Hs3NOg 5.91 + MS/MS
1.15 cattlemycin J (1j) Ca6Hs3NOg 6.02 + MS/MS
1.15 cattlemycin M (1m) C36Hs1NOg 6.05 + MS/MS
1.15 cattlemycin D (1d) Ca7HssNO10  6.13 + MS/MS, NMR
2.6 butyrolactol B2 (2d) C27H44010 7.12 + MS/MS
2.6 butyrolactol B isomer (2g) C27H4409 7.36 + MS/MS
2.6 butyrolactol A2 (2c) C28H16010 7.46 + MS/MS
2.6 butyrolactol B (2b) C27H4409 7.49 + MS/MS, NMR
2.6 butyrolactol A isomer (2f) C28H4609 7.69 + MS/MS
2.6 butyrolactol A (2a) C28H4609 7.83 + MS/MS, NMR
2.6 butyrolactol C (2e) C28H460s 7.99 + MS/MS




Supplementary Table 7a. Annotation of candidate ions screened by NegMDF window for cattlemycins.

750 -

700

£ 650+ o .
600 | :
550 A
012345686 78 9101112
RT/min

Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
MSF 3.45 610.2904 cattlemycin analogue C30H45NO12 [M-H] 610.2928
MSF 3.58 662.2960 cattlemycin analogue Cs7H45NO10 [M-HJ 662.2971
MSF 3.75 662.2959 cattlemycin analogue Cs7H45NO10 [M-H] 662.2971
MSF 3.75 708.4092 [H+CI] 708.4095
MSF 3.91 624.3061 cattlemycin analogue C31H47NO12 [M-H] 624.3084
MSF 4.79 630.3271 cattlemycin C (1c) Ca4H49NO10 [M-H] 630.3284
MSF 4.99 658.3583 cattlemycin analogue CssHs53NO10 [M-H] 658.3570
MSF 5.34 658.3584 cattlemycin A (1a) CasHs53NO1o [M-H] 658.3570
MSF 5.35 694.3349 [H+CI] 694.3363
MSF 5.74 672.3737 cattlemycin analogue Cs7H55NO10 [M-H] 672.3753
MSF 5.74 718.3792 [M+HCOO]- 718.3808
MSF 6.13 672.3738 cattlemycin D (1d) Cs7H55NO10 [M-H] 672.3753
MSF 6.13 708.3508 [H+CI1 708.3520
MSF 6.13 718.3793 [M+HCOO]" 718.3808
MSF 7.60 640.2821 X
MSF 9.43 644.3972 X
MSF 11.14 580.3380 X

Notes: 17 candidate ions were obtained from the MSF culture. According to the MS/MS checking, 14
ions from 9 cattlemycin analogues were marked in color, including cattlemycins A, C and D.



Supplementary Table 7b. Annotation of candidate ions screened by NegMDF window for cattlemycins.

N
1S

750 -

700

650

600

550

T T T T T T T

456 7 8 9 101112

012 3
RT/min

Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
ISP2 2.54 586.3091 X
ISP2 2.65 616.3195 X
ISP2 2.71 618.3347 X
ISP2 2.72 600.3247 X
ISP2 2.83 602.3486 X
ISP2 2.84 662.3362 X
ISP2 2.97 600.3251 X
ISP2 413 692.3651 cattlemycin G (1g) CssHs55NO12 [M-HJ 692.3651
ISP2 4.35 674.3541 cattlemycin analogue CasHs3NO11 [M-HJ 674.3546
ISP2 4.42 674.3544 cattlemycin analogue CasHs3NO11 [M-HJ 674.3546
ISP2 4.43 676.3683 cattlemycin analogue Cs6Hs5NO11 [M-H] 676.3702
ISP2 4.49 676.3698 cattlemycin E (1e) CasHs5NO11 [M-HJ 676.3702
ISP2 4.58 630.3283 cattlemycin analogue C34H49NO10 [M-H] 630.3284
ISP2 4.64 674.3543 cattlemycin F (1f) CasHs3NO11 [M-HJ 674.3546
ISP2 4.77 630.3280 cattlemycin C (1c) C34H49NO10 [M-H] 630.3284
ISP2 4.77 644.3437 cattlemycin analogue CasH51NO1o [M-HJ 644.3440
ISP2 4.89 676.3699 cattlemycin analogue Cs6Hs5NO11 [M-H] 676.3702
ISP2 492 642.3279 cattlemycin analogue CasH49NO1o [M-HJ 642.3284
ISP2 4.95 658.3594 cattlemycin analogue CssHs53NO10 [M-H] 658.3570
ISP2 5.08 644.3441 cattlemycin B (1b) CssH51NO1o [M-HJ 644.3440
ISP2 5.09 658.3597 cattlemycin analogue CasHs53NO1o [M-HJ 658.3570
ISP2 5.31 658.3599 cattlemycin A (1a) CasHs53NO1o [M-HJ 658.3570
ISP2 5.31 694.3360 [H+CIT 694.3363
ISP2 5.31 696.3349 [M+37CI] 696.3333
ISP2 5.31 640.3487 [M-H20-H]  640.3491
ISP2 5.58 658.3593 cattlemycin analogue CasHs53NO1o [M-H] 658.3570
ISP2 9.55 644.4012 X

Notes: 27 candidate ions were obtained from the ISP2 culture. According to the MS/MS checking, 19

ions from 16 cattlemycin analogues were marked in color, including cattlemycins A, B, C, E, F and G.



Supplementary Table 7c. Annotation of candidate ions screened by NegMDF window for cattlemycins.
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I 65
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° eo0
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012345678 9101112

Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
A3M 2.84 662.3362 X
A3M 4.33 676.3704 cattlemycin analogue CasHs5NO 11 [M-HJ 676.3702
A3M 442 610.3278 X
A3M 4.49 676.3703 cattlemycin E (1e) CasHs5NO 11 [M-HJ 676.3702
A3M 4.77 630.3284 cattlemycin C (1c) C34H49NO10 [M-HJ 630.3284
A3M 4.78 644.3440 cattlemycin analogue Cs5Hs51NO10 [M-HJ 644.3440
A3M 4.82 646.3564 cattlemycin analogue CssHs3NO10 [M-H] 646.3597
A3M 4.96 658.3597 cattlemycin analogue CasHs3sNO10 [M-HJ 658.3570
A3M 4.96 694.3362 [H+CI]- 694.3363
A3M 4.96 696.3349 [M+37CI] 696.3333
A3M 5.07 660.3719 cattlemycin analogue CasHssNO10 [M-H] 660.3753
A3M 5.08 644.3441 cattlemycin B (1b) Cs5Hs51NO10 [M-HJ 644.3440
A3M 5.10 658.3596 cattlemycin analogue CasHs3sNO1o [M-HJ 658.3570
A3M 5.15 644.3438 cattlemycin analogue Cs5Hs51NO10 [M-HJ 644.3440
A3M 5.31 658.3603 cattlemycin A (1a) CasHs3sNO10 [M-HJ 658.3570
A3M 5.31 694.3363 [H+CI]- 694.3363
A3M 5.31 696.3353 [M+37CI) 696.3333
A3M 5.31 640.3488 [M-H20-H]  640.3491
A3M 5.36 628.3490 cattlemycin | (1i) CasHs51NOg [M-HJ 628.3491
A3M 5.51 614.3335 cattlemycin H (1h) C34H49NOg [M-HJ 614.3335
A3M 5.52 628.3489 cattlemycin analogue C35H51NOg [M-H] 628.3491
A3M 5.61 628.3490 cattlemycin analogue C35H51NOg [M-H] 628.3491
A3M 5.64 658.3598 cattlemycin analogue CasHs3sNO1o [M-HJ 658.3570
A3M 5.69 642.3646 cattlemycin analogue C36Hs53NOo [M-H] 642.3648
A3M 5.80 628.3487 cattlemycin analogue C35H51NOg [M-H] 628.3491
A3M 5.91 612.3543 cattlemycin K (1k) CasHs51NOs [M-HJ 612.3542
A3M 5.91 642.3648 cattlemycin L (11) CasHs3NOg [M-HJ 642.3648
A3M 6.02 642.3654 cattlemycin J (1j) CasHs3NOg [M-HJ 642.3648
A3M 6.05 640.3493 cattlemycin M (1m) CasHs51NOg [M-HJ 640.3491
A3M 8.89 724.3479 X
A3M 9.55 644.3999 X
A3M 9.74 724.3488 X

Notes: 32 candidate ions were obtained from the A3M culture. According to the MS/MS checking, 27 ions
from 22 cattlemycin analogues were marked in color, including cattlemycins A, B, C, E, and H-M.



Supplementary Table 8a. Annotation of candidate ions screened by NegMDF window for butyrolactols.

600

550

m/z
s

500+ . o

450

RT/min
Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
MSF 3.34 513.2540 X
MSF 3.35 531.3012 X
MSF 3.42 499.2749 X
MSF 3.45 575.3271 X
MSF 3.52 543.3010 X
MSF 3.56 513.2906 X
MSF 3.60 587.3274 X
MSF 3.65 557.3168 X
MSF 6.30 563.2841 X
MSF 6.81 577.2993 X
MSF 712 527.2852 butyrolactol B2 (2d) C27H44010 [M-H] 527.2862
MSF 7.29 469.2563 X
MSF 7.36 511.2903 butyrolactol B isomer (29) C27H4409 [M-H] 511.2913
MSF 7.46 541.3007 butyrolactol A2 (2c) C28H46010 [M-H] 541.3018
MSF 7.49 511.2902 butyrolactol B (2b) C27H4409 [M-H] 511.2913
MSF 7.49 547.2669 X
MSF 7.50 469.2797 X
MSF 7.56 469.2564 X
MSF 7.59 561.3045 X
MSF 7.69 525.3058 butyrolactol A isomer (2f) C28H1609 [M-H] 525.3069
MSF 7.83 525.3056 butyrolactol A (2a) C28H1609 [M-H] 525.3069
MSF 7.83 561.2824 X
MSF 7.84 483.2952 X
MSF 7.99 509.3111 butyrolactol C (2e) C28H160s [M-H] 509.3120
MSF 8.14 495.2718 X
MSF 8.25 465.2849 X
MSF 9.04 509.2873 X
MSF 9.37 485.2816 X
MSF 9.69 497.2874 X
MSF 9.73 497.3223 X
MSF 11.28 473.2816 X

Notes: 31 candidate ions were obtained from the MSF culture. According to the MS/MS checking, 7
butyrolactol ions were identified and marked in color.



Supplementary Table 8b. Annotation of candidate ions screened by NegMDF window for butyrolactols.

600

600 -

ISP2 . A3M
550{ 550 .
N N .,
£ .e E .
5004 ¢ 500 A
450 x x — 450
0 2 4 6 10 12 0 2 3456 7 8 9 1011 12
RT/min RT/min
Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
ISP2 1.52 503.3194 X
ISP2 1.53 501.3406 X
ISP2 1.61 517.3352 X
ISP2 1.61 553.3118 X
ISP2 214 515.3198 X
ISP2 214 517.3345 X
ISP2 2.21 559.3457 X
ISP2 2.44 571.3092 X
ISP2 2.61 531.3144 X
ISP2 2.61 567.2911 X
ISP2 2.64 585.3254 X
ISP2 2.68 583.3454 X
A3M 2.45 569.2936 X
A3M 2.50 517.2509 X
A3M 2.65 585.3249 X
A3M 2.68 583.3459 X
A3M 3.94 531.3510 X
A3M 4.27 545.3665 X
A3M 4.39 527.3561 X
A3M 7.44 469.2573 X

Notes: 12 and 8 candidate ions were obtained from the ISP2 and A3M cultures, respectively. None of

them was idenfidied as butyrolactols according to the MS/MS checking.



Supplementary Table 9. Annotation of candidate ions screened by NegMDF window for cattleyatetronates.
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350
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gaoof \.
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ESOO- Lé‘300-
250 250
200 T T T T T 1 200 T T T T T 1
0 2 4 6 8 10 12 (1] 2 4 6 8 10
RT/min RT/min
Medium RT/min Obs m/z Compounds Formula lon type Calc m/z
A3M 0.62 267.0868 X
A3M 0.95 259.0937 X
A3M 2.16 277.1191 X
A3M 2.69 281.1141 X
A3M 2.69 243.0695 X
A3M 2.95 319.1662 X
A3M 3.10 281.0666 X
A3M 3.37 289.0717 cattleyatetronate A (3a) C15H140e6 [M-H]J 289.0718
A3M 3.62 275.0923 cattleyatetronate B (3b) C15H160s5 [M-H] 275.0925
A3M 3.75 285.1708 X
A3M 3.77 287.1611 X
A3M 4.29 301.1559 X
A3M 4.31 301.1770 X
A3M 5.90 331.1662 X
A3M 7.24 265.1479 X
ISP2 0.95 257.0779 X
ISP2 1.78 247.0758 X
ISP2 2.63 277.1229 X
ISP2 2.70 243.0695 X
ISP2 2.94 319.1662 X



ISP2 7.63 311.1686 X
MSF 0.59 241.0926 X
MSF 0.63 247.0934 X
MSF 0.63 257.0777 X
MSF 0.81 241.0827 X
MSF 0.91 267.0730 X
MSF 0.94 257.0774 X
MSF 1.16 301.0923 X
MSF 1.30 2451140 X
MSF 1.32 331.1030 X
MSF 1.34 277.0859 X
MSF 1.95 259.1295 X
MSF 2.03 295.1395 X
MSF 2.41 291.0869 X
MSF 2.46 287.0557 X
MSF 2.82 275.0922 X
MSF 2.82 307.0818 X
MSF 2.94 271.0607 X
MSF 2.98 301.0713 X
MSF 3.21 287.1032 X
MSF 3.75 255.1135 X
MSF 3.87 255.1135 X
MSF 4.40 253.1343 X
MSF 4.59 313.1187 X
MSF 5.25 269.1307 X
MSF 5.43 251.0921 X
MSF 6.23 309.1703 X
MSF 6.96 265.1579 X
MSF 7.01 297.1525 X
MSF 7.07 265.1474 X
MSF 7.64 311.1680 X
MSF 7.91 309.1734 X
MSF 7.91 311.1681 X
MSF 8.71 293.1786 X

Notes: 15, 6 and 33 candidate ions were obtained from the A3M, ISP2 and MSF cultures, respectively.
According to the MS/MS checking, cattleyatetronates A and B were identified and marked in color.



Supplementary Table 10. 'H (500 MHz) and '*C (125 MHz) NMR data for cattlemycins A (1a) and D (1d) in

DMSO-ds.
W AW
o N/ o o —~ 3 o
18 18 . 1 A /s 18 18 6 s - /s
19 \17 N b 102 ! \17 i b 92 !
Lot cotflemyein® _KeyHvsc |
cattlemycin A* cattlemycin D
No. OH oC HMBC 'H-'"H NOESY | ©®H oC HMBC '"H-'H NOESY
1 167.5 166.5
2 589 1217 1,4 4 6.00 119.9 1,4 4
3 722 144.0 1,4,5 5 7.30 1447 1,5 5
4 6.42 1294 2,3,6 2 6.43 1291 2,6 2
5 6.73 1401 3,6,7 3,7 6.78 140.9 3,7 3,7
6 6.31 130.4 4,5,8 8 6.32 130.3 4,8 8
7 6.01 136.7 56,8 5,8 6.03 1373 5,8 5,8
8 4.23 83.0 6 6,7,10 4.24 82.9 6 6,7,10
9 4.18 73.3 10 4.18 73.3 10
10 1.86 39.0 8,9, 11 8, 11,34 1.86 39.0 8,9, 11 8, 11,34
11 4.47 76.5 14, 34 8,10,13,34 | 4.47 76.5 34 8,10, 13, 34
12
13 1.59 39.0 34 11, 14 1.59 39.0 34 11, 14
14 3.32 88.7 11,13,16,35,36 3.32 88.7 11,13,16,35,36
15 135.3 135.2
16 595 1284 14,17,18, 36 18 595 1284 14, 18, 36 18
17 | 645 126.3 19 19, 36 6.45 126.3 19 19, 36
18 564 130.0 16, 19 16, 19 564 130.0 16, 19 16, 19
19 3.97 40.2 17, 18, 21 3.97 40.2 17, 18, 21
3.74 3.74
20 8.39 19, 21 22,19 8.39 19, 21 22,19
21 174.2 174.2
22 | 232 55.0 20,23,37,38 20,24,37,38 | 2.32 55.0 20,23, 37, 38 20, 37, 38
23 97.8 97.8
24 1.88 39.0 23, 25, 26 37 1.88 39.0 23, 25, 26 37
1.18 1.18
25 3.74 70.8 26, 39 24, 27 3.74 70.8 26 24, 27
26 73.0 73.0
27 | 414 73.5 26,29, 30, 39 25 414 73.5 25
28
29 579 130.1 27, 31 31 579 130.1 27, 31 31
30 | 6.46 1245 27,32 33 6.46 124.5 33
31 6.01 129.3 29, 33 29, 32 6.00 1293 29, 33 29, 32
32 5.41 124.3 30, 33 31,33 540 1243 30, 33 31,33
33 1.70 13.1 31,32 30, 32 1.69 13.1 31, 32 30, 32
34 0.62 9.9 11, 13, 14 10, 14, 36 0.62 9.9 11, 13, 14 10, 14, 36
35 3.06 55.4 14 3.06 55.4 14
36 1.56 104 14, 15, 16 17, 34 1.56 104 14, 15, 16 17, 34
37 1.57 204 21,22,23, 38 38 1.57 20.4 21,22, 38 38
38 0.84 11.8 22,37 22,37 0.84 11.8 22,37 22,37
39 0.82 13.3 25, 26, 27 29 0.82 13.3 25, 26, 27 29
40 3.67 51.2 1

* The NMR spectra of 1a were consistent with the reported spectra in reference?.



Supplementary Table 11. 'H (600 MHz) and *C (125 MHz) NMR data for butyrolactols A (2a) and B (2b) in

DMSO-ds.
HO _oH .
OH OH
o= 124 18 18 19 o B
OH OH OH 2
butyrolactol A
HO . oH .
OH OH
O i AAA AR AR
OH oH oH = ® 7 Lo 2425
butyrolactol B
butyrolactol A* butyrolactol B
No. 5C S6H (Jin Hz) 5C S6H (Jin Hz)
1 174.8 174.8
2 741 4.26 (1H, dd, 9.0, 5.2) 74.1 4.26 (1H, dd, 9.0, 5.2)
3 72.4 4.16 (1H, m) 72.4 4.16 (1H, m)
4 79.4 4.33 (1H, m) 79.4 4.33 (1H, m)
5 66.3 3.63 (1H, m) 66.3 3.63 (1H, m)
6 68.2 3.72 (1H, m) 68.2 3.72 (1H, m)
7 68.3 3.72 (1H, m) 68.3 3.72 (1H, m)
8 69.0 3.49 (1H, m) 69.0 3.49 (1H, m)
9 72.5 3.35 (1H, m) 72.5 3.35 (1H, m)
10 35.6 1.69 (1H, m) 35.6 1.69 (1H, m)
11 35.9 2.44 (1H, m) 35.9 2.44 (1H, m)
1.86 (1H, m) 1.86 (1H, m)
12 131.3 5.61-5.56 (1H, m) 131.3 5.61-5.56 (1H, m)
13 131.4 5.98 (1H, m) 131.4 5.98 (1H, m)
14 130.7 6.04 (1H, m) 130.7 6.04 (1H, m)
15 130.7 5.57-5.51 (1H, m) 130.7 5.57-5.51 (1H, m)
16 32.0 2.10 (2H, m) 32.0 2.10 (2H, m)
17 26.9 2.22 (2H, m) 26.9 2.22 (2H, m)
18 128.6 5.27 (1H, dt, 10.8, 7.4) 128.6 5.27 (1H, dt, 10.8, 7.4)
19 128.9 5.93 (1H, m) 128.9 5.93 (1H, m)
20 125.1 6.31 (1H, m) 1254 6.31 (1H, m)
21 135.3 5.66 (1H, dt, 14.6, 7.0) 134.7 5.65 (1H, dt, 14.5, 6.9)
22 275 2.05 (2H, m) 30.0 2.09 (2H, m)
23 43.1 1.24 (2H, m) 37.9 1.24 (2H, m)
24 30.0 26.9 1.52 (1H, m)
25-27 29.1 0.88 (9H, s) 22.3 0.87 (6H, d, 6.6)
28 15.6 0.77 (3H, d, 6.7) 15.6 0.77 (3H, d, 6.7)

* The NMR spectra of 2a were consistent with the reported spectra in reference®.



Supplementary Table 12. '"H NMR (600 MHz) and "*C NMR (150 MHz) NMR data of cattleyatetronate A
(3a) in MeOH-d..

0 (0]

OH

2.0

5 7 9 11
N2 NI NENENS
o |
15 14 13 OH

0]

0]
CTIT O
W NG N
o] SEEA o

= TH.'TH COSY ~* HMBC

No. ¢ 3u (Jin Hz) H-H COSY HMBC

1 179.1

2 98.2

3 185.8

4 131.0  7.51 (1H, dd, 15.1) 5 3,6

5 140.8  7.30 (1H, dd, 15.1, 11.2) 4,6 3,7

6 133.6  6.54 (1H, m) 5,7 57,8

7 140.9  6.67 (1H, dd,14.6, 10.7) 6,8 56,89

8 131.7  6.58 (1H, m) 7,9 9

9 1414 6.4 (1H, d, 15.1) 8 7,8,11,13
10 142.2

11 131.3  5.95(1H, s) 9,12, 13
12 176.3

13 13.9 2.14 (3H, s) 9,10, 11, 12
14 197.2

15 71.2 4.26 (2H, s) 1,14
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Supplementary Fig. 2. The C-O cleavages observed in T1PKs. In most cases, this cleavage occurs
through a B-elimination-like mechainsm, accompanied by the formation of new unsaturated bonds in the
fragments. The McLafferty-type rearrangement was classified as the p-elimination of ester for
simplification in this work.
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Supplementary Fig. 3. The a-cleavages observed in T1PKs. The a-cleavage describes the C-C bond
cleavage at the a-position of an oxygen-containing group due to the high polarity of C-O bonds. It is also
known as a-elimination in some references.
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Supplementary Fig. 4. The retro-aldol cleavages observed in polyketides with 3-hydroxyl ketone.
The fragmentation reactions via charge migration fragmentation (CMF) and charge retention
fragmentation (CRF) were introduced in the reference*. In CRF reaction, the cleavage of 3-hydroxyl
ketone can also proceed with a retro-Diels-Alder(RDA)-like mechanism.
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Supplementary Fig. 5. Other CID-reactions observed in polyketides.
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Supplementary Fig. 7. In-source fragmentation of 8 polyketide standards.
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Supplementary Fig. 8. In-source fragmentation mechanism in positive and negative ESI. The
formal B-elimination is favored on the positive ESI mode due to the protonation of a hydroxyl group, while
deprotonation blocks this process. For example, dehydration fragments are commonly observed in ESI(+)
scan, which can be explained by charge migration fragmentation (CMF) from an oxonium cation. In
contrast, under ESI(-) scan, the alkoxide anion could not dehydrate, and dehydration only takes place
by the mechanism of less frequent charge retention fragmentation (CRF) of a neutral hydroxyl group. As
shown in the fragmentation patterns of deuterated tetronasin®, charge migration fragmentation is favored
over charge retention fragmentation.
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Supplementary Fig. 9. The definition of NegMDF window for oligomycins.




O]

Genome mining
Location: 3,784,857 - 3,887,784 nt. (total: 102,928 nt) Show pHMM detection rules used Download region SVG Download region GenBank file
2
wansAT-PKS
L ]
NAPS TIPRS

o o
WODA @ D C...O D B B S B A O30 DO DD DD

3.70

r
500

@

0w S w |
G0 e 0 m wifrsim @il el

Fﬁ@g ©ite 0@ & «wil=D ¢IGE0e @9iGDe & ITEy

NRPS/PKS domains R )
FICO S ‘
@
(2) KnownClusterBlast and literature mining (6) define potential variants
Query sequence
DOTDDIEIOHE @ cyclization -[H0]  [0,1]

BGC0001070: kirromycin (42% of genes show similarity), NRP+Polvketide:Modular type I polyketide+Polyketide: Trans-A

Genes for this moiety are @ KR-inactivation ~ -[2H] [0,1]

lackin query sequence T~

Reported product of query BGC :

OH
" OMe OH/ 77\ @ DH-inactivation ~ +[H20] [0,1]
N> o
oxidation +O]

[-2,2]

reduction +[2H] [0,1]

cattlemycin A (1a)

kirromycin Core - C35H53NO10
@ variable substrate
Mal
@ define NegMDF window u
MMal #[CHy] [-2,2]
Variants ?
Core [M-H]- « +a*[H,0], a=[-1,1] “
¢ [CasHsNOso- o +b*[2H], b=[-1,1] EMal
« Even only + +c*[0], c=[-2,2]
« +d*[CH,), d=[-2,2]
®

x10°

-ESI (rt: 5.324 min) Frag=175.0V CID@20.0 (658.3000[z=1] -> **) 5
3 &
© «©
S 3
g o
- (2]
o~
<
<
['e}
™ miz =153.0557
[+
>
S
3
5 Neutral loss 114.07
3 = S o ]
o | 8 g g & g 8
0 < o o o 5 g9 N g -114.07 2
Sg g geRg § 8828 3 9 |8 g
o T N - = M YN o N ~ o ©
N o e o N © X o [=1P N o~ el
T8 L S¥S|l 35 T-— © 4
AL NS | I [ 1.3 1 g I
100 200 300 400 500 600 700

Supplementary Fig. 10. The NegMDF window definition and MS/MS features for cattlemycins.
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Supplementary Fig. 11. The NegMDF window definition and MS/MS features for butyrolactols.
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Supplementary Fig. 13. Detection of cattleyatetronate ions in A3M crude culture of S. cattleya. (a) The
total ion chromatogram (TIC) of A3M crude culture of S. cattleya in the ESI (-) mode. The EICs spectra of
compounds 3b (b) and 3a (c) indicate relatively low intensities of cattleyatetronates. (d) The TIC of A3M
crude culture of S. cattleya in the ESI (+) mode. The EICs spectra of 3b (e) and 3a (f) indicate almost
undetectable signal of cattleyatetronates under ESI (+).
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Supplementary Fig. 16. Proposed biosynthesis of cattlemycins. a. Comparison of /ca BGC from S.
cattleya NRRL 8057 and kir BGC from S. collinus TG 365 for kirromycin (MIBiG ID: BGC0001070). b.
Proposed pathway for cattlemycin (L-681,217) biosynthesis. The M8-KR and M8-MT domains were
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Supplementary Fig. 17. Proposed biosynthesis of butyrolactols a. Comparison of but BGC from S.
cattleya NRRL 8057 and orf10 BGC from S. sp. NBRC 110030 (MIBiG ID: BGC0001537). b. Proposed
pathway for butyrolactol biosynthesis.
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Supplementary Fig. 18. Bioinformatic analysis of KR domains in cattlemycin BGC. (a) The key motifs for
KR classification in cis-AT PKS’. (b) The sequence alignment of KR domains from cattlemycin BGC (Lca) and
kirromycin BGC (Kir), with position indicated by module number. The module 13 and 14 of them belong to cis-
AT PKS, and the rest belong to frans-AT PKS. B-type KRs in frans-AT PKS tend to have the second D
conserved in the LDD motif, and the sequence alignment suggests high sequence similarity between the
corresponding KR domains of the two PKSs. The absolute stereoconfiguration of cattlemycins was proposed
based on the absolute stereochemistry of kirromycin® and NOESY correlation.



Supplementary Fig. 19. Proposed MS/MS fragmentation pathway of cattlemycin A (1a, m/z 658) and B

(1b, m/z 644).
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Supplementary Fig. 20. Proposed MS/MS fragmentation pathway of cattlemycin C (1c, m/z 630).
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Supplementary Fig. 21. Proposed MS/MS fragmentation pathway of cattlemycin D (1d, m/z 672).
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Supplementary Fig. 22. Proposed MS/MS fragmentation pathway of cattlemycin E (1e, m/z 676).
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Supplementary Fig. 23. Proposed MS/MS fragmentation pathway of cattlemycin F (1f, m/z 674).
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Supplementary Fig. 24. Proposed MS/MS fragmentation pathway of cattlemycin G (1g, m/z 692).
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Supplementary Fig. 25. Proposed MS/MS fragmentation pathway of cattlemycin H (1h, m/z 614).
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Supplementary Fig. 26. Proposed MS/MS fragmentation pathway of cattlemycin | (1i, n/z 628).
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Supplementary Fig. 27. Proposed MS/MS fragmentation pathway of cattlemycin J (1j, m/z 642).
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Supplementary Fig. 28. Proposed MS/MS fragmentation pathway of cattlemycin K (1k, m/z 612).
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Supplementary Fig. 29. Proposed MS/MS fragmentation pathway of cattlemycin L (11, m/z 642).
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Supplementary Fig. 30. Proposed MS/MS fragmentation pathway of cattlemycin M (1m, m/z 640).
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Supplementary Fig. 31. Proposed MS/MS fragmentation pathway of butyrolactol A (2a) and its isomer

(2f).
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Supplementary Fig. 32. Proposed MS/MS fragmentation pathway of butyrolactol B (2b) and its isomer

(29).
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Supplementary Fig. 33. Proposed MS/MS fragmentation pathway of butyrolactol A2 (2c).
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Supplementary Fig. 34. Proposed MS/MS fragmentation pathway of butyrolactol B2 (2d).

a [M-HT 527 d cleavage
0
OH OH OH OH |
X NS
o
Exact Mass: 303.2330
b'cl +c'cl +c'cl -H,0 +b' cl
Cleavage atc cleavage at+c cleavage o a Cleavage ecleavage
_ OH OH O o) o
Oﬁ w 'Y \ I SO N .~
o o o) o 5 o
Exact Mass: 103.0037  Exact Mass: 89.0244  Exact Mass: 71.0139  Exact Mass: 59.0139 Exact Mass: 273.2224
x104 |-ESI (rt: 7.15 min) Frag=175.0V CID@20.0 (527.3000[z=1] -> **)
4.5 -
&
4l 3
[s2]
o
2
3.5 1
3,
2.5
2_
1.5 1
5]
143 g 2 3
9 N~ [s¢] (22}
[}
B3 & N 8 &
05 S © w9 ]~
i 2 ]
< 3 ~N © S W
~ o
0- " ln.ln|rlL|.lh e i i A...ll.h ALl L I CPRPRTTITI A 1y

T .I T T T T T T T T T T T 2 il : : - = :
75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575
Counts vs. mass-to-charge (m/z)



Supplementary Fig. 35. Proposed MS/MS fragmentation pathway of butyrolactol C (2e).
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Supplementary Fig. 36. Proposed MS/MS fragmentation pathway of cattleyatetronate A (3a).
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Supplementary Fig. 37. Proposed MS/MS fragmentation pathway of cattleyatetronate B (3b).
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Supplementary Fig. 38. '"H NMR spectrum (500 MHz, DMSO-ds) of cattlemycin A (1a).
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Supplementary Fig. 39. >*C NMR spectrum (125 MHz, DMSO-ds) of cattlemycin A (1a).
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Supplementary Fig. 40. 'H,"H-COSY spectrum (500 MHz, DMSO-dé) of cattlemycin A (1a).
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Supplementary Fig. 41. 'H,"H-NOESY spectrum (500 MHz, DMSO-ds) of cattlemycin A (1a).
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Supplementary Fig. 42. HSQC spectrum (500 MHz, DMSO-ds) of cattlemycin A (1a).
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Supplementary Fig. 43. HMBC spectrum (500 MHz, DMSO-ds) of cattlemycin A (1a)
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Supplementary Fig. 44. "H NMR spectrum (500 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig. 45. >*C NMR spectrum (125 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig. 46. 'H,"H-COSY spectrum (500 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig. 47. 'H,"H-NOESY spectrum (600 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig. 48. HSQC spectrum (500 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig.

49. HMBC spectrum (500 MHz, DMSO-ds) of cattlemycin D (1d).
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Supplementary Fig. 50. "H NMR spectrum (600 MHz, DMSO-ds) of butyrolactol A (2a).
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Supplementary Fig. 51. '>*C NMR spectrum (125 MHz, DMSO-ds) of butyrolactol A (2a).
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Supplementary Fig. 52. 'H,"H-COSY spectrum (600 MHz, DMSO-ds) of butyrolactol A (2a).
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Supplementary Fig. 53. 'H,"H-NOESY spectrum (500 MHz, DMSO-ds) of butyrolactol A (2a).
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Supplementary Fig. 56. '"H NMR spectrum (600 MHz, DMSO-ds) of butyrolactol B (2b).
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Supplementary Fig. 57. '>*C NMR spectrum (125 MHz, DMSO-ds) of butyrolactol B (2b).
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Supplementary Fig. 60. HSQC spectrum (600 MHz, DMSO-ds) of butyrolactol B (2b).
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Supplementary Fig. 62. '"H NMR spectrum (600 MHz, MeOH-dJ) of cattleyatetronate A (3a).
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Supplementary Fig. 63. ">*C NMR spectrum (150 MHz, MeOH-d.) of cattleyatetronate-A (3a).
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Supplementary Methods

Instruments and materials

HPLC-HRMS analyses were performed on an Agilent 1290 HPLC with 6546 QTOF MS system.
HPLC-DAD-MS analyses were performed on an Agilent 1260 HPLC with a DAD detector and a 6125B
MSD detector. Semipreparative HPLC was carried out using an Agilent 1260 or a Shimadzu LC-20AD
system. In all HPLC analyses, a mobile phase of (A) H20 with 0.1% formic acid and (B) acetonitrile with
0.1% formic acid were used unless otherwise specified. NMR spectra were acquired on Bruker 500 or
600 MHz AVANCE NEO spectrometers with tetramethylsilane as the internal standard. The strains S.
avermitilis MA-4680 and S. cattleya NRRL 8057 were obtained from the China General Microbiological
Culture Collection Center (CGMCC). Strain cultivation was performed at 28 °C in an incubator for agar
plates or in a rotary shaker at 200 rpm for liquid media. Polyketide standards were purchased from Energy
Chemical (Shanghai; for erythromycin), Bide Pharm (Shanghai; for rifamycin S, midecamycin, rapamycin,
and natamycin), and Shanghai Yuanye Bio-Technology (Shanghai; for clarithromycin, amphotericin B,
and nystatin).

Strain preparation and fermentation

Three media were utilized in this study, including ISP2 medium (yeast extract 0.4 g, malt extract 1 g,
glucose 0.4 g, distilled water up to 100 mL, pH 7.2), A3M medium (soluble starch 0.2 g, glycerol 0.2 g,
glucose 0.5 g, yeast extract 0.3 g, cotton seed powder 1.5 g, Diaion HP-20 1 g, distilled water up to 100
mL, pH 7.0) and MSF agar medium (mannitol 2 g, soy flour 2 g, agar 2 g, distilled water up to 100 mL).
The seed culture of S. avermitilis was prepared by culturing in ISP2 medium for 3 days, which was then
inoculated on MSF agar plates (20 mL medium/plate, 10 days incubation) with a 1% inoculation for
polyketide production. The seed culture of S. cattleya was prepared by culturing in ISP2 medium for 2
days, which was then inoculated in ISP2 medium (100 mL/flasks, 3 days), A3M medium (100 mL/flasks,
3 days), and MSF agar plates (20 mL/plate, 10 days) with a 1% inoculation for polyketide production.

Standard conditions for HPLC-HRMS analysis

Chromatographic analyses were performed using an Agilent Poroshell 120 EC-C18 column (2.1x100
mm, 2.7 uym). The mobile phase consisted of phase A and B with gradient program (0-10 min, 5-100% B;
10-14 min, 100 % B; 14-14.1 min, 100-5% B; 14.1-16 min, 5% B) at a flow rate of 0.4 mL/min at 40 °C.
Scan MS and MS/MS data were recorded on an Agilent 6546 QTOF MS system equipped with a Dual
Auto Jet Stream ESI. The ESI was operated in both positive and negative modes, with the following
parameters: Gas Temp: 325 °C; Drying Gas: 8 L/min; Nebulizer: 35 psi; Sheath Gas Temp: 350 °C; Sheath
Gas Flow: 11 L/min; VCap: 3500 V; Nozzle Voltage: 1000V; Fragmentor: 175V; Skimmer: 65 V; Oct1 RF
Vpp: 750V. For Scan MS detection, the mass range of m/z was set from 100 to 1700. For MS/MS detection,
the energy for collision-induced dissociation (CID) was set to 10, 20, 30 and 40 eV, with mass range of
m/z 50-1700.

Construction of an in-house MS/MS database of bacterial T1PKs.

The MS and MS/MS spectra of 8 commercially available polyketides (s1-s8) were manually analyzed
for fragmentation assignment. The MS and MS/MS spectra of reported polyketides (r1-r222) were
gathered from 59 references and were summarized in Supplementary Dataset 1. The references were
selected under the criteria of: (i) polyketides produced by bacterial modular type | polyketide synthases;



(i) the biosynthesis of the polyketides involve more than 5 PKS modules and less than two NRPS
modaules; (iii) MS analyses performed utilizing a soft ionization source such as ESI| or MALDI, and MS/MS
analyses employed collision techniques such as CID or HCD. A limited number of semi-synthetic
polyketides were also included to facilitate accurate fragment assignments.

Bioinformatic structural prediction for NegMDF

The flow chart depicting the definition of the NegMDF window is presented in Supplementary Fig.
1. Genome mining of S. avermitilis MA-4680 (GenBank: GCF_000009765.2_ASM976v2) and S. cattleya
NRRL 8057 (GenBank: GCF_000237305.1_ASM23730v1) was conducted using antiSMASH 7.0%. BGC
similarity search was performed by KnownClusterBlast in antiSMASH.

Structural prediction of a PKS BGC was performed by separating the biosynthesis into starter unit
loading, PKS elongation, PKS offloading, and post-PKS modification. Predictions were made based on
the domain types predicted by antiSMASH, or by CD-search and BLAST. Phylogenetic analyses were
performed by the FastTree 2.1 plugin in Geneious Prime 2024.0.1 (https://www.geneious.com) using the
amino acid alignment made by MAFFT G-INS-i algorithm.

Metabolomics data processing for NegMDF

For metabolomics analysis of strains in liquid media, 0.5 mL of each sample was taken and freeze-
dried. Then, 0.5 mL MeOH was added and the mixture was treated with ultrasound for 15 min. For strains
culturing on agar media, one plate of each sample was collected and extracted using 20 mL of MeOH
with ultrasound for 15 min. After centrifugation, the supernatant was analyzed by HPLC-HRMS employing
negative ESI and Scan MS modes. The obtained raw data were then transformed into an mzXML file
using MSconvert®? and subsequently processed using MZmine 3 (version 3.2.8)% to extract all detected
ions. The MZmine workflow and relevant parameters were as follows: (I) Mass detection. Polarity:
negative. MS level: 1. (Il) ADAP chromatogram builder. Retention time: 0.5-12.0 min. Group intensity
threshold: 5.0E3. Min. highest intensity: 2.0E3. Scan to scan accuracy (m/z): 0.005 m/z or 20.0 ppm. (llI)
Local minimum resolver. Chromatographic threshold: 90%. Min. search range RT: 0.05. Min. relative
height: 0.001%. Min. absolute height: 1.0E3. Min. ration of peak top/edge: 1.50. Peak duration range: 0-
2. Min. of data point: 4. (IV) '3C isotope filter. m/z tolerance 0.005 m/z or 10.0 ppm. Retention tolerance
0.02. (V) Export feature list as CSV file. The resulting file should contain the retention time (RT), m/z, and
peak area information of all ions. The ions with peak area less than 2.0E3 and ions from media were
removed.

The extracted ions were then screened according to the structural prediction results by a script (for
details, see “the Python script for NegMDF screening” section). To confirm the identity of each hit, targeted
MS/MS analysis was conducted to examine the fragmentation patterns of each ion by manual inspection.

Isolation of polyketides
The fermentation culture of S. cattleya in ISP2 medium (500 mL, 9 days) was collected and extracted
using EtOAc (500 mL x 3 times). After removing the solvent in vacuo, the crude extract was redissolved
in MeOH and separated on a Shimadzu semipreparative HPLC system. Compounds 1a was purified
using a YMC C18 column (250 mm x 10 mm, 5 ym, YMC) with isocratic 45% B at 4 mL/min. Cattlemycin
A (1a): white solid, 5.0 mg; [a]>’ +112.8 (¢ 0.1, MeOH); for NMR spectral data, see Supplementary Table
10 and Supplementary Fig. 38-43; for MS/MS data, see Supplementary Fig. 19.

The fermentation culture of S. cattleya on MSF agar medium (125 plates, 80 mL/plate each) was



collected and extracted using organic solvent (CH2Cl2/MeOH 1:1, v/v, 10 L x 2 times). After removing the
solvent in vacuo, the crude extract was redissolved in methanol and separated by Sephdex LH-20 (GE
healthcare) column chromatography using methanol as eluent. The fractions with cattlemycins were
collected and further separated on a Shimadzu semipreparative HPLC system. Compound 1d was
isolated using a YMC C18 column (250 mm % 10 mm, 5 ym, YMC) with gradient program as follows: O-
15 min, 5-100% B; 15-15.5 min, 100 % B; 15.5-16 min, 100-5% B; 16-21 min, 5% B, with a flow rate at 5
mL/min. A second round of purification was then performed for 1d with isocratic 60% B with a YMC C18
column (250 mm x 10 mm, 5 ym, YMC) at 4 mL/min. Cattlemycin D (1d): white solid, 1.1 mg; [a]5 +110.4
(c 0.1, MeOH); for NMR spectral data, see Supplementary Table 10 and Supplementary Fig. 44-49;
for MS/MS data, see Supplementary Fig. 21.

The fermentation culture of S. cattleya on MSF agar medium (180 plates, 80 mL/plate each) was
collected and extracted using organic solvent (CH2Cl2/MeOH 1:1, v/v, 15 L x 2 times). After removing the
solvent in vacuo, the crude extract was redissolved in methanol and separated by Sephdex LH-20 column
chromatography using methanol as eluent. The fractions with butyrolactols were collected and further
separated on an Agilent 1260 semipreparative HPLC system. Compounds 2a and 2b were isolated using
a Shim-pack GIST C18 column (250 mm x 14 mm, 5 ym, Shimadzu) with gradient program as follows:
0-15 min, 5-100% B; 15-20 min, 100 % B; 20-20.1 min, 100-5% B; 20.1-25 min, 5% B, with a flow rate at
5 mL/min. A second round of purification was then performed for 2a and 2b with isocratic 70% and 60%
B, respectively, with a YMCTriart Phenyl column (250 mm x 10 mm, 5 ym, YMC) at 4 mL/min. Butyrolactol
A (2a): white solid, 1.0 mg; for NMR spectral data, see Supplementary Table 11 and Supplementary
Fig. 50-55; for MS/MS data, see Supplementary Fig. 31. Butyrolactol B (2b): white solid, 0.8 mg; for
NMR spectral data, see Supplementary Table 11 and Supplementary Fig. 56-61; for MS/MS data, see
Supplementary Fig. 32.

Co-culture of S. cattleya with Tsukamurella pulmonis TP-B0596 (gifted by Dr. Hiroyasu Onaka) was
performed by 500-mL flask containing 100 mL of ASM medium, with a total of 4 L volume. 3 mL of S.
cattleya seed culture and 1 mL of T. pulmonis seed culture were simultaneously added. After fermentation
for 7 days, the fermentation broth was centrifuged at 8000 rpm for 30 min, and the precipitate was
extracted using organic solvent (CH2Cl2/MeOH 1:1, v/v, 1 L x 2 times). After removing the solvent in vacuo,
the crude extract was redissolved in methanol and separated by Sephdex LH-20 column chromatography
using methanol as eluent. The fractions containing 3a was detected by HPLC-DAD-MS and then
combined. The result compound was analyzed by NMR without further purification. Cattleyatetronate A
(3a): brown solid, 10 mg; for NMR spectral data, see Supplementary Table 12 and Supplementary Fig.
62-67; for MS/MS data, see Supplementary Fig. 36.

The Python script for NegMDF screening.

# prepare the NegMDF window in a csv file

cattleyatetronate [C1sH1504]-, Odd, +[O]*[0,3], +[CH2]*[0,2], +[H20]*[-1,0], [2H]*[0,2]
butyrolactol [C2sH4509]-, Odd, +[O]*[-1,1], +[CH2]*[-2,2], +[H20]*[-1,1], [2H]*[-1,1]
cattlemycin [C3sHs2NO10], Even, +[O]*[-2,2], +[CH2]*[-2,2], +[H20]1*[-1,1], [2H]*[-1,1]

A B © D E F G H J K L M N (0] P Q R S
1 |compound odd_even initial mcr change_1 mcrcl  change 2 mcrc2 change.3 mcrc3 change 4 mcrcd change 5 mcrc5 change 6 mcrc6 change 7 mcrc7  change 8 mcr_c8
2 |cattetronate 1 2580976 3 1599491 2 1401565 1 -18.0106 2 201565
3 |butyrolactol 1 5253069 1 -15.9949 1 1599491 2 14.01565 2 -14.0157 1 18.01056 1 -18.0106 1 201565 1 -2.01565
4 |cattlemycin 0 658.3597 2 -15.9949 2 1599491 2 14.01565 2 -14.0157 1 18.01056 1 -18.0106 1 201565 1 -2.01565



# prepare the ion list of the target strain culture in a csv file

Using the MSF culture of S. cattleya as an example, the initial ion list was exported by MZmine 3. The
ions with peak area less than 2000 were removed for simplification. The ions from medium were removed
by background subtraction. 828 ions were included in final csv file.

A B < D E

1|id rt mz Integer  decimal

3 052 1469385 146 09385
3 5 053 102.9487 102 09487
4 6 0.53 114.9886 114 0.9886
5 10 0.53 1589785 158 09785
6 15 0.53 304.9086 304  0.9086
7 19 054 2729586 272 09586
8 30 055 1909281 190 09281
9 31 055 421.0277 421 00277
10 34 056 112.9854 112 09854
11 44 057 1289593 128 09593

12 49 057 437.0016 437 0.0016

# run following Python script on PyCharm 2022.3 (Community Edition)
# extract target ions

import os

import csv

import numpy as np

from scipy.spatial import ConvexHull

from shapely.geometry import Point, Polygon, LineString

# extract sample data
def sample_data_generator(sample_path):
sample_data =[]
with open(sample_path, 'r', newline=", encoding='utf-8-sig') as f:
for row in f:
if row.split(',")[0] == "id":
pass
else:
decimal = float(row.split(',")[4].strip())
list_tem = [row.split(",")[0], row.split(',")[1], row.split(",")[2], int(row.split(',")[3]), decimal]
sample_data.append(list_tem)
return sample_data

# extract compound name
def compounds_name_generator(target_compound_path):
compounds_name =[]
with open(target_compound_path, 'r', newline=", encoding='utf-8-sig') as f:
for row in f:
if row.split(",")[0] == 'compound":
pass
else:
compounds_name.append(row.split(',")[0].strip())
return compounds_name

# extract compound feature



def compounds_feature_generator(target_compound_path):
with open(target_compound_path, 'r', newline=", encoding="utf-8-sig') as f:
compounds_feature = {}
for row in f:
compound_feature =]
if row.split(",")[0] == 'compound":
pass
else:
i=3
while i+1 < len(row.split(',")):
if row.split(",")[i].strip() ==":
break
else:
compound_feature.append([int(row.split(",")[i].strip()), float(row.split(",")[i+1].strip())])
i+=2
compounds_feature[(float(row.split(',")[2]), row.split(*,")[1])] = compound_feature
return compounds_feature

# generate data for convex hull
def hull_data_generator(initial_mcr, compound):
compound_arrays = []
for array in compound:
new_array =[]
for i in range(array[0]+1):
new_array.append(i * array[1])
compound_arrays.append(new_array)
cartesian_product = [[]]
for array in compound_arrays:
new_result =[]
for x in cartesian_product:
fory in array:
new_result.append(x + [y])
cartesian_product = new_result
hull_data =[]
for item in cartesian_product:
mcr = initial_mcr
for num in item:
mcr += num
hull_data.append([int(mcr), mcr - int(mcr)])
return hull_data

# screen for each compound
def single_screening(compound_feature, sample_data, tolerance=2e-2):
for key in compound_feature:



sample_data_screening = [['id', 'rt', 'mZ', 'Integer’, 'decimal’]]
hull_data = hull_data_generator(key[0], compound_feature[key])
hull_array = np.array(hull_data)
hull = ConvexHull(hull_array)
convex_hull_points = hull_array[hull.vertices]
convex_hull_polygon = Polygon(convex_hull_points)
for point in sample_data:
if int(point[3] % 2) == int(key[1]):
test_point = Point(point[3], point[4])
test_point_shapely = Point(test_point)
is_inside = convex_hull_polygon.contains(test_point)
is_touching_edge = convex_hull_polygon.touches(test_point)
if is_inside:
sample_data_screening.append(point)
elif is_touching_edge:
sample_data_screening.append(point)
else:
check=0
convex_hull_vertices = np.array(convex_hull_points)
for i in range(len(convex_hull_vertices)):
p1 = convex_hull_vertices]i]
p2 = convex_hull_vertices[(i + 1) % len(convex_hull_vertices)]
line = LineString([p1, p2])
distance = test_point_shapely.distance(line)
if distance < tolerance:
check =1
break
if check == 1:
sample_data_screening.append(point)
return sample_data_screening

# screen for compounds
def multiple_screening(sample_path, compounds_feature path):
compounds_name = compounds_name_generator(compounds_feature path)
compounds_feature = compounds_feature_generator(compounds_feature path)
for root, dirs, files in os.walk(sample_path):
for file in files:
file_path = os.path.join(root, file)
screening_result = []
if 'new' in file_path:
sample_points = sample_data_generator(file_path)
i=0
for key in compounds_feature:
screening_result.append([compounds_nameli]])



screening_result += single_screening({key: compounds_feature[key]}, sample_points)
i+=1
screening_result_path = file_path.strip('_new.csv') +' ' + f{compounds_name}' +'.csV'
with open(screening_result_path, 'w', newline=", encoding='utf-8") as f:
writer = csv.writer(f)
for row in screening_result:
writer.writerow(row)
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Supplementary Dataset 1.

MS/MS database of bacterial T1PKs.

Part 1. MS/MS data from references

222 compounds from 59 references were collected here. Red and blue line represent proposed
fragmentation pathways in +ESI and -ESI| modes, respectively.

C-O cleavage, the most common MS/MS fragmentation for T1PKs, predominantly occurs through a -
elimination mechanism in most cases. In this table, it is recorded according to its elimination type, including B-
elimination of hydroxy (BEH), methoxy (BEM), ester (BEE), ether (BEO), glycosyl (BEG), sulfonic acid (BES),
phosphoric acid (BEP), halogen (BEX). The BEH elimination can occur at any hydroxyl group in the structure
and is therefore not labeled on the structure

The a-cleavage includes the elimination of hydroxy (aEH), ketone (aEK), carboxyl (aEC), and other oxo-
group (aEO, including epoxy, ether, methoxy). For 3-hydroxy ketone moiety, a-cleavage is performed as retro-
aldol elimination (aE-RA),

Other CID cleavage reaction recorded in this table includes amide cleavage (Amide), Retro-Diels-Alder
reaction (RDA), and allyl cleavage of polyene moiety.

No. Compounds and Representatives Structure and lon [Ref.]

Observed cleavages proposed fragmentation source | Data
Location

r1-r7 premonensins A, B, Bu, +ESI [1]
Prg, All, Pr, Cl FigS16
BEH, BEE FigS42
aEH, aEK, aEC, aE-RA
Polyene

r8 premonensin M10a +ESI [1]

r9 premonensin M10g HO = = = FigS19
BEH
aEC, aE-RA

r110 premonensin M114 +ESI [1]

r premonensin M11g FigS20
aEK, aEO

premonensin M11g

r12 premonensin M12, O OH OH [OH O o) +ESI [1]

r13 premonensin M12g HO = = = FigS21
BEH
(]EH, C(EC, oE-RA premonensin M12g

r14 ER2%premonensin A +ESI [1]

r15 ER2%-premonensin B FigS23
BEH, BEE
aEH, aEK, aEC, aE-RA

r116 ER6G°-premonensin A +ESI [1]

r17 ER6G°-premonensin B FigS25
BEH, BEE
aEH, aE-RA
Polyene ER6° premonensin B




r18 ER8°-premonensin A +ESI [1]
r19 ER8°-premonensin B FigS26
BEE
aEH, aEK, aE-RA
Polyene
r20 KR4%-premonensin A +ESI [1]
r21 KR4°-premonensin B FigS27
oE-RA
r22 KR6°-premonensin A +ESI [1]
r23 KR6°-premonensin B FigS28
BEH, BEE
aEH, aEK, aE-RA
r24 KR11%-premonensin A +ESI [1]
r25 KR11%-premonensin B FigS29
BEH
aEC, aE-RA
r26 KR12%premonensin A +ESI [1]
r27 KR12%premonensin B FigS30
BEE
aEH, aEK, aE-RA
r28 KR11%-premonensin M114 +ESI [1]
r29 KR11%-premonensin M11g FigS32
aE-RA
r30 KR12%premonensin M124 +ESI [1]
r31 KR12%premonensin M12; FigS33
BEH
aEH, aE-RA
r32 DH2%-premonensin A +ESI 1
r33 DH2%-premonensin B FigS34
aEH, aEK, aE-RA
r34 DH4%premonensin A +ESI 1
r35 DH4%-premonensin B FigS35
aE-RA
DH4° premonensin B
r36 DH5%-premonensin B +ESI 1
BEE FigS36
aEH, aE-RA
DH5° premonensin B
r37 DH7%premonensin A +ESI [1]
r38 DH7%premonensin B FigS37
BEH
aE-RA . ,
DH7" premonensin B
r39 DH8%premonensin A +ESI [1]
r40 DH8%-premonensin B FigS38

aE-RA

DH8° premonensin B




r41- piericidins A1 and 16 +ESI [2]

r57 analogues DatasetS1
BEH No.4, 6, 8-
oEH 14,16, 19-
Polyene 25

r58- piericidins B1 and 5 +ESI [2]

ré3 analogues DatasetS1
BEM No. 5, 7,15,
Polyene 17, 18, 26

ré4- glucopiericidin A1a and 6 OH +ESI [2]

r70 glycosyl piericidins OH DatasetS1
BEG o OH No. 28-33,
aEO 35
Polyene

r71 phospho-piericidin A1 OH HO_ OH +ESI [2]
BEP 0 DatasetS1
aEO No. 34
Polyene

r72 mer-A2026-0 +ESI [2]
aEH DatasetS1
Polyene No.41

mer-A2026-0

r73- 10-MeO-mer-A2026-0 +ESI [2]

r74 10-MeO-mer-A2026-B DatasetS1
BEM No.42-43
aEO
Polyene

10-MeO-mer-A2026-0

r75 actinopyrone A +ESI [2]

Polyene DatasetS1
No.46

r76 10-MeO-actinopyrone A +ESI [2]

r77 10-MeO-actinopyrone B DatasetS1
BEM No.47-48

Polyene

10-MeO-actinopyrone A




r78 bongkrekic acid and -ESI [3]

r79 deoxybongkrekic acid FigS3
BEM
aEC

r80- lagunapyrones A-E +ESI [4]

ré4 BEH FigS6
aEH

r85- fulvuthiacenes A-C +ESI [5]

r87 BEM Fig2

r88 malyngamide | +ESI [6]

r89 malyngamide C FigS1/S6
BEX
Amide

r90 malyngamide C acetate -36 +ESI [6]

r91 N-methyl malyngamide C cl 6) FigS1/S6
acetate |
BEX, BEE
Amide

r92- azabicyclenes B-D +ESI [7]

ro4 Extended
Amide Data Fig2

azabicyclene A

ro5 pellasoren A o H +ESI [8]
aEO /\/\”/N Mﬁ\/oro FigS3
Amide, Polyene o

pellasoren A

r96- aurantinins B-D 0 +ESI [9]

ra98 BEH, BEG o Figd
Polyene OH

HO
aurantinin B




r99 spectinabilin +ESI [10]
BEM, BEO FigS7
aEO
Polyene

r100 tetronate intermediate 4 HO 0 0 +ESI [11]
aEK _ PPN Figd

HO [e)

r101 agglomerin A o -ESI [12]
BEH FigS11
aEK FigS12

HO [e)
agglomerin A
r102 hydroxy-agglomerin A HO o o -ESI [12]
oEK, aEH P FigS11
FigS12
HO 0
hydroxy-agglomerin A

r103 acetyl-agglomerin A O}_F o -ESI [12]
BEE o/ © FigS11
aEK %MV FigS12

HO 0
acetyl-agglomerin A

r104 tetrocarcin A +ESI [13]

BEG FigS1
TableS1

r105 tetronasin +ESI [14]
BEH, BEM, BEO Full text
aEK, aEO

[15]
FigS9

r106 tetronasin intermediate 3 +ESI [15]

BEH, BEM FigS9

tetronasin intermediate 3




r107

tetronasin intermediate 4
BEH, BEM

+ESI

[15]
FigS13

r108

nocamycin |
BEH, BEM, BEO
aEK, aEO

+ESI

[16]
FigS1

r109

nocamycin V
BEH, BEM, BEO
aEK, aEH, aEO

+ESI

(171
FigS1

r110

lydicamycin
BEH
aEH

lydicamycin

+ESI

[18]
FigS4

ri11

30-demethyllydicamycin
BEH
aEH

OH

30-demethyllydicamycin

+ESI

[19]
FigS6

r112

maduramicin
BEG, BEM
aEC

maduramicin

+ESI

[20]
Fig1

ri13

octacyclomycin
BEH, BEG
aEC

HO

octacyclomycin

+ESI

[21]
FigS15




ri14 a-770 +ESI [21]
BEH, BEE, BEO Fig5
aEO

a-770

r115 a-823 +ESI [21]
BEH, BEG, BEM, BEO Fig3
aEC, aEO

a-823
r116- nonactin and 7 analogues +ESI [22]
rM23 | BEE 0 0 Full text
(0] () (0]
(0]
o o o
OM
nonactin

r124 lasalocid A HO +ESI [23]

r125 iso-lasalocid A Fig2/3
BEH, BEO
aEC, aEH, aE-RA

44 lasalocid A

r126 monensin A +ESI [24]

127 monensin B Full text
BEH, BEO
aEH

monensin A

r128 nanchangmycin and 1 ~0 +ESI [25]

r129 analogue )\\/oj\ TableS2
BEH, BEG, BEO TableS3
aEH

OH

nanchangmycin




r130 nigericin +ESI [26]
BEH, BEM FigS3
aEC

r131 streptimidone o +ESI [27]
BEH -17 HN OH O FlgSZ
aEK, aE-RA

. (0] NN
Amide
156 199
streptimidone

r132 streptimidone analogue 2 o +ESI [27]
BEH -17 HN o] FigS2
aEK

) o) XX
Amide
182
streptimidone analogue 2

r133 streptimidone analogue 3 +ESI [27]
BEH FigS2
Amide

streptimidone analogue 3

r134 streptimidone analogue 4 o +ESI [27]
BEH HO 0 FigSZ
aEK X N
Amide

07/ NH,

r135 streptimidone analogue 5 +ESI [27]
BEH, BEM FigS2
aEK

r136 gladiofungin A -ESI [28]

r137 gladiofungin B FigS14/S15
BEH o OH
aEC, aE-RA

gladiofungin A
r138 lacunalide A methyl ester BEH, aEH, Polyene +MALDI | [29]
FigS12
OH OH |OH O (0] (@) o OH |[OH |OH [OH |[OH O (0]
™ O N A O/
lacunalide A methyl ester
r139 linearmycin A BEH, aEH, aE-RA, Polyene +ESI [30]

FigS4




OH OH OH OH OH OH OH OH OH OH O OH OH OH [e]

X X A A T T T Xy OoH
linearmycin A
r140 linearmycin B BEH, aEH, aE-RA, Polyene +ESI [31]
FigS9/S10
OH OH OH OH OH OH OH OH OH OH O OH OH OH o
HaN N N N ) O e N N X R Ve e T
linearmycin B
ra neomediomycin B BEH, aEH, aE-RA +ESI [32]
-ESI FigS2

OH OH
HoN

neomediomycin B

r142 desulfoclethramycin BEH, aEH, aE-RA, Polyene +ESI [33]
FigS6
-CH,N,
OH OH OH OH OH OH OH OH OH O OH OH OH o
HaN N N N N D S S S S g N X XXX VoH
NH,

desulfoclethramycin

r143 funisamine BEH, BES -ESI [34]
aEH, aE-RA FigS43/S44
TableS6
m/z 96.96
-SO4H,

OH OH OH OH OH OH OH OH

funisamine

r144 inha-neotetrafibricin A BEH, BEG -ESI [35]

FigS4
OH OH OH OH O

HoN

inha-neotetrafibricin A




145 | azalomycin F3a 6 0 +ESI [33]
BEH FigS6
aEC

H,oN
-CH,N, azalomycin F3a

r146 | azalomycin F4a 6 0O +ESI [36]
BEH FigS7
aEC

azalomycin F4a

r147 primycin A HO OH +ESI [36]

r148 deguanidino-amino- 3 FigS5
primycin A OH OH OH OH OH
BEH, BEG

primycin A

r149 | kanchanamycin C e +ES| [36]

r150 deguanidino-amino- FigS6

kanchanamycin C

BEH
aEC

kanchanamycin C




r151 desertomycin A +ESI [36]
r152 desertomycin B FigS4
BEH, BEG
H,N
desertomycin A
r153 galbonolide A +ESI [37]
Figd
BEH, BEE
aEC, aEH
r154 galbonolide B +ESI [37]
BEH, BEE Figd
aEC, aEH
r155 galbonolide C +ESI [37]
BEE Fig4
aEC, aEO
galbonolide C
r156- | stambomycin shunt o oM OH OH -ESI [38]
r159 metabolites 9-12 FigS13/S14
aEC
HO
r160 oocydin A +ESI [39]
BEE FigS2
aEC

oocydin A




r161- Cmc-thuggacin A and 4 +ESI [40]
r165 analogues Fig5/S5
BEH HO
aEH HO /N [0}
SNO
Cmc-thuggacin A
r166 JBIR-100 +ESI [41]
BEM, BEE Fig2
aEH
r167 actinoallolide A +ESI [42]
BEH FigS6
aEH, aE-RA
r168- misakinolide A and 4 +ESI [43]
r172 analogues FigS8
BEH, BEE
RDA
r173- swinholide Aand 5 +ESI [44]
r1178 analogues Fig2/S3
BEH, BEE
aEH
RDA

swinholide A




r179 | necroxime A \O +ESI [45]
r180 necroxime B N’ FigS8/
r181 necroxime D ) S11/S13
BEH \
Amide e}
NH
NH 2 29
33
O
NH
(0]
0] o)
HO
necroxime A OH
r182 necroxime C '32\'0\/ +ESI [45]
BEH _N -ESI FigS10/S12
Amide 348
=
346
BEH, BEE, BEM HNT\ Yo
aEH OHO = "
Amide O
233 OH
161 ——
HO 0
necroxime C
r183 oximidine Ill -ESI [45]
FigS9
BEH, BEE, BEM
aEH, aEC, aEO
Amide
oximidine 11l
r184 everninomicin N +ESI [46]
BEH, BEG FigS3

Cl

HO

everninomicin N

Cl

O

OHOH




r185 lucensomycin +ESI [47]
BEH, BEG FigS6
aEC

s5 rapamycin +ESI [48]

r186- | 8 rapamycin derivatives FigS4/S8

r193
BEH, BEE
aEO, aE-RA
Amide
rapamycin

r194 tartrolon E 665 607 Na* +ESI [49]
BEE FigS2
aEC, aEO, aE-RA OH O (o}

| (0] 0 ! (0]
| B//
.
o~ Na
O\[T OO
(0] O OH
41 tratrolon E

r195 tartrolon D 635 577 Na* +ESI [49]
BEE FigS2
4EC, aEO, aE-RA on 9 oH

| (6) (6]
OH
| 655 597
OH
H
O\[f 7 (0]
[e] O OH
-44
tratrolon D

r1196 | tripartilactam 19 +ESI [50]
BEH NN OH Figd
oEH, aEK HN N H

(0]

X o)
O OH
tripartilactam

0]




r197 myxovirescin A +ESI [51]

BEM, BEH Fig4
r198 geldanamycin -ESI [52]

BEE FigS21
r199- | chaxamycins A-C -ESI [53]
r201 BEH Fig3

aEH

Amide
r202 chaxamycin D -ESI [53]

BEO Fig3

Amide
r203 | strecacansamycin A OH 4 o +ESI [54]
r204 strecacansamycin B N FigS12

BEE FigS21

HO OMe
H [M+NaJ*
+Na
W/&O miz 560 (-199)
0]
[M+Na]* m/z 222
strecacansamycin A
r205 strecacansamycin C +ESI [54]
FigS32

BEE, BEG

strecacansamycin C




r206- | spiramycins I, II, Ill, IV | +ESI [55]
r209 forchiml(\/LN\ OH Fig2
BEH, BEG, BEM o0 OH
o O
mycarose
o
N/
on |
mycaminose
spiramycin |
r210 neospiramycin | | +ESI [55]
forcmm\ Fig10
BEH, BEG, BEM oMo
OH
N/
OH l
mycaminose
neospiramycin |
r211- | tylosins A, B, C, D OH +ESI [56]
r214 0 Fig3
BEH, BEG ~0 O
mycinose
NG O
0._0
~o
OH O« _O OH
O
HO O OH
mycaminose/N\ mycarose
tylosin A
r215 novonestmycin A +ESI [57]
Fig5
BEH, BEG
r216 | oleandomycin OH +ESI [58]
O DatasetS4
BEG oleandrose
OH |
0} N
o}
desosamine

oleandomycin




r217 megalomicin OH | +ESI [58]
o DatasetS4
BEG desosamine
desosamlne
1) mycarose
OH
OH
megalomicin
r218 lankamycin o +ESI [58]
)J\o DatasetS4
BEG —0
4-acetyl arcanose
chalcose
OH
_0O o}
o}
o] 0)\
lankamycin
r219 chalcomycin chalcose +ESI [58]
OH DatasetS4
BEG _0O (o}
(0]
mycinose
O RN
O/
chalcomycin
r220 kirromycin (mocimycin) +ESI [59]
BEH, BEO, BEM OH Fig2
aE-RA 7 Scheme1
. [0} OH
Amide H
HO N
(@]
kirromycin
r221 oligomycin A +ESI [59]
r222 oligomycin C -ESI Table3
BEH, BEE Fig4
aE-RA Scheme2
Scheme3

oligomycin A




Part 2. MS/MS data from polyketide standards
Part 2-1. MS/MS data of erythromycin A (s1).

o [M+H]" 734 a cleavage a+c+d cleavage
Q o
OH ;
N | Ho o o -mH0 N o
| H>»  miz558
N 0 ° o " mizsao o Ng
o OH r 2 on |
a (0]
R Exact Mass: 576.3742
\ xact Mass: 576. Exact Mass: 522.3425 Exact Mass: 408.2744
OH
b cleavage
? T
x H} - Po) ":"}
oH ! ‘
Exact Mass: 158.1176 Exact Mass: 116.1070
[M+HCOOJ 778 a cleavage a+c+d cleavage at+c+te cleavage a+c+f cleavage
[M-H] 732 o Q o}
o
OH OH OH
[e] OH (e) OH (e) OH
- o OH O
'V o T/ i o ’\“/ o} ‘ o ’\“/ I B
OH o o o (¢) N
b o - o~ - - o |
Exact Mass: 556.3491 Exact Mass: 498.3072 Exact Mass: 470.3123 Exact Mass: 442.2810
\ g+f cleavage a+b cleavage a+b+c+d cleavage at+b+c+e cleavage a+b+c+f cleavage
OH o
b cleavage \)LO_
Exact Mass: 73.0295
[e) E— o ‘
-
HO IV HO'
o o
ExactMass: 174.1136  Exact Mass: 129.0557 Exact Mass: 381.2283 Exact Mass: 323.1864 Exact Mass: 295.1915 Exact Mass: 249.1496

x10 5 |+EST P=#Es¥ (rt: 4.23 min) Frag=175.0V CID@20.0 (734.5000[z=1] —> #*#) 20230926 LRZ PolyketidesMix Target Pos 20-4--
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Part 2-2. MS/MS data of clarithromycin (s2).

[M+H]* 748 a cleavage a+c cleavage a+b+c cleavage
o o
-n*H,0
> M/z 540 -
N mea22 HO on Y “M0 ho oH Y
oH | 0 N o
b . .
HO OH HO?
Exact Mass: 590.3899 Exact Mass: 558.3637 Exact Mass: 383.2428 Exact Mass: 365.2323
OH b cleavage
t T
X H} - o n >
oH !
Exact Mass: 158.1176 Exact Mass: 116.1070
[M+HCOOJ 792 a cleavage a+c+d cleavage a+c+f cleavage a+c+f cleavage
[M-H]" 746 o]
o o
s
o o~ ~
OH (¢) ()
N~ N o ool
oH | ‘ o | o N o N
b o - 0o I o I
Exact Mass: 570.3648 Exact Mass: 512.3229 Exact Mass: 456.2967 Exact Mass: 438.2861
\ h+f cleavage atb+c+d cleavage atb+cte cleavage
OH o c+g cleavage a+b+c+f cleavage
b cleavage \)ko’ Q
Exact Mass: 73.0295 | o~
[e) —_— o ‘ o
e o e
Ho N HO o N
o o 0o

Exact Mass: 174.1136

x10 6

x10 1

. 3
.24
L1

IS A A A i A

Exact Mass: 129.0557

Exact Mass: 398.2548

Exact Mass: 337.2020

Exact Mass: 309.2071

Exact Mass: 281.1758

04

FEST P21 ¥ (rt: 4.92 min) Frag=175.0V CID@20.0 (748.5000[z=1] —> **) 20230926 _LRZ PolyketidesMix_Target Pos 204
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|
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Part 2-3. MS/MS data of midecamycin (s3).

[M+H]" 814

N
_ely_ Gy HO_

O

Exact Mass: 331.1904

Ho\‘" OH

O

Exact Mass: 374.2173

_NH
T Exact Mass: 423.2377 Exact Mass: 405.2272 -MeOH
Exact Mass: 614.3535
TN
Oy O
O O PN
O o L [ o
o) | Ze) HO™ OH OH Exact Mass: 299.1642
on N A ANH

Exact Mass: 201.1121 Exact Mass: 109.0648 Exact Mass: 174.1125 Exact Mass: 156.1019

[M+HCOO]" 858
[M-H 812

-proplonate

%@

Exact Mass: 738.4070

-MeOH
—_—

OO NINF

Exact Mass: 347.1864 Exact Mass: 315.1602

OH =
~°
o
Exact Mass: 73.0295

PLN

Exact Mass: 520.2916

WL

(o] -

o OH
OH N

Exact Mass: 390.2133

Exact Mass: 190.1085

0.0 o_0
o
. L - o
HO OH HO' o) -
N N o
PN PN

T, YU T T

Exact Mass: 155.0714  Exact Mass: 129.0557 Exact Mass: 101.0608

OH

Exact Mass: 172.0979 Exact Mass: 217.1081 Exact Mass: 173.0819

x10 5

3. 254
34
2.754
2.54
2. 254
24
1.754
1. 54
1. 254
14

0. 754

+EST M1 (rt:

1090651

4.93 min) Frag=175.0V CID@30.0 (814.5000[z=1] —> #%) 20230926 LRZ PolyketidesMix Target Pos 10-3:

1741129
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04
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T .
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Part 2-4. MS/MS data of rifamycin S (s4).

f cleavage

f+g cleavage
[M+H]* 696 ¢ o

Exact Mass: 664.2752 Exact Mass: 604.2541

e+d c\eavage e+c cleavage

o o
HO li HO li
N
HO =0 HO'
HN

PR

Exact Mass: 480.1653 Exact Mass: 422.1234

[M-H] 694 h

b+c cleavage a+b cleavage

Exact Mass: 636.2450

Exact Mass: 572.2137

a+c+g cleavage a+c+f+g cleavage

NH,
Exact Mass: 422.1245

Exact Mass: 514.1719

Exact Mass: 454.1507

a+d+f+g cleavage

Exact Mass: 392.1140

a+d cleavage

=0 / Exact Mass: 191.1067

o
Z
X OH N
o~ 20 ~
Exact Mass: 209.1172 ~ OH

Exact Mass: 586.2435 Exact Mass: 179.1067
e+b cleavage

\

e+a cleavage

Oo

‘ Exact Mass: 272.0553

Exact Mass: 394.1285

g cleavage f cleavage g+f cleavage

Exact Mass: 634.2658

Exact Mass: 602.2396

Exact Mass: 662.2607

a+e cleavage +2H a+e cleavage a+h cleavage

[o]

NH, NH

Exact Mass: 270.0408

NH,

Exact Mass: 272.0564 Exact Mass: 218.0459

<105 |+BST #“¥BF (rt: 7.71 min) Frag=175.0V CID@20.0 (696.3000[z=
1.4 2
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1.2 B
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- <
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o @ | ™ o
Lo | =
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. Qo L - oo
TS A
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Part 2-5. MS/MS data of rapamycin (s5).
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Part 2-6. MS/MS data of natamycin (s6).
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Part 2-7. MS/MS data of amphotericin B (s7).
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Part 2-8. MS/MS data of nystatin (s8).
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