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Table S1. Strains and plasmids used or constructed in this study

Strains or plasmids

Characterization

Reference or source

Strains

E. coli BW25113/pIJ790

E. coli DH5a/p1]773

E. coli ET12567/pUZ8002

E. coli ET12567/pUB307

Streptomyces sp. 51502

Astpl

Astpl/AwsmA

AwsmO/P/Q/R/Os/X/
Y/R1/R2/R3/R4/ XY

S. atratus SCSIO
ZH16NSEP

S. lividans SBT5

Plasmids

SuperCosl

pIJ790

plJ773

pUZ8002

pUB307

Cosmid 10-11F

Cosmid 13-4D; 13-5D

pBAC/1-9A

Host strain for homologous
reorganization during PCR-targeting

process
Host strain of plasmid pl]773

Donor strain for conjugation with
Streptomyces
Donor strain for conjugation with
Streptomyces
The wide-type strain, producer of

streptopyrroles

stpl gene deletion mutant

wsmA gene in-frame deletion mutant

AwsmO/P/Q/R/Os/X/
Y/R1/R2/R3/R+/XY gene deletion
mutant

Derived from S. atratus SCSIO ZH16;
host strain for heterologous
expression

Host strain for heterologous

expression

Ampr, Kanr, cosmid vector

Cmy, including A-RED (gam, bet, exo)
for PCR-targeting

Aprr, source of acc(3)IV and oriT

fragment

Kan, including tra for conjugation

Aprr, including tra for conjugation

Ampr, Kanr, a cosmid which contains
partial streptopyrrole biosynthetic
gene cluster

Ampr, Kanr, a cosmid which contains
AilaMN deleted partial WS-5995
biosynthetic gene cluster

a cosmid which contains intact wsm

biosynthesis cluster

This study

This study

This study

This study

This study

This study

This study

This study

This study

Abbreviations: Ampr, ampicillin resistance; Kanr, kanamycin resistance; Apr', apramycin



resistance, Cmr, chloramphenicol resistance



Table S2. Primers used in this study

Name

Sequence (5’-3')

Purpose

For screening the cosmid library and BAC library

Orf-wsmAa-scF

Orf-wsmAa-scR

Orf-wsmAb-scF

Orf-wsmAb-scR

Orf-wsmAc-scF

Orf-wsmAc-scR

Orf-wsmAd-scF

Orf-wsmAd-scR

Orf-wsmAe-scF

Orf-wsmAd-scR

CGGATCTACCTCGGTGCGG
GGTAGATGTTGCCGTGGGCC
GGGGCTCGAGGTTCTCGCAC
CCGGCTCGGTCAGCACCATC
GAGTTCACCGGGCTGGAGGC
GGTTGACGGCGTCCAGGATG
GCTAGGGCTCATCACGTTCG
CGGCTGTACGGTGACTTCGG
GCATCGAGCGGGACCTGCAC

CCTGAGGGGCTGTGGACGTG

For gene replacement

Del_stpl-F

Del_stp1-R

Del_wsmA-F

Del_wsmA-R

del_wsmX-F

del_wsmX-R

del_wsmY-F

CCGGACGACCGGCTCTCCAACCACGCGCCGT

TCAACTTCactagt ATTCCGGGGATCCGTCGACC
GACGCAGACGGAAACCCGGTCGACGATCATG

TAGGTGGGactagtTGTAGGCTGGAGCTGCTTC

GCCAAGAACTTCTGGAGCCTGCTGAGTGAGG

GACGCACGactagtATTCCGGGGATCCGTCGACC

GCTGCCGACGGTGAGTACCGTGTCGGTGAGCT

GGTCGCGactagtIGTAGGCTGGAGCTGCTTC

GCCTGGTACACCGTCGGCGAGCACCACTTC

GGTGAGCGGATTCCGGGGATCCGTCGACC

CAGGTGCAGGTCGTGGCCCCACAGCTCGTG

CAGGCGCCCIGTAGGCTGGAGCTGCTTC

GTCTGGGTCGACGTCGACACGGTCCTGTCC

GCCCCGCCCATITCCGCGGGATCCGTCGACC

For screening the
cosmid library and
BAC library; and
for verifying right

exconjugants

For in-frame

disrupting stp1

For in-frame

disrupting wsmA

For disrupting

wsmX and wsmXY

For disrupting

wsmY and wsmXY




del_wsmY-R

del_wsmOs-F

del_wsmOs-R

del_wsmRi-F

del_wsmRi-R

del_wsmR2-F

del_wsmR2-R

del_wsmO-F

del_wsmO-R

del_wsmP-F

del_wsmP-R

del_wsmQ-F

del_wsmQ-R

del_wsmR-F

GCAGGCGGTGACTCCGCTGCCGCAGTAGAC

GACGACGTCIGTAGGCTGGAGCTGCTTC

GCGGTGATCGCCGCGTCCACCACGCGTGTA

CGGGTCTTCATTCCGGGGATCCGTCGACC

CAGGCTCAGCCGCTGGATCTCCGCTCGCGC

GTCCIGTAGGCTGGAGCTGCTTC

CTGCCGTCGTACCTCGCCGGGCACGTGGCG

CGCATCGGCATTCCGGCGGATCCGTCGACC

CCGTTCCTCGGGGGTGAAGCAGCCGAGGA

AGGAGTCCTGIGTAGGCTGGAGCTGCTTC

GACGGCCTCGAGGTGTGCAAGGCCATCCGC

GCCGTCAGCATTCCGGGGATCCGTCGACC

GCGGAGGCTGCTGACGTGGGTGTCGACGGT

CCGCCGGGATGTAGGCTGGAGCTGCTTC

CCCTTTCCCGGCAAGGTGGTGATCCGGTCG

GTGGCGCTCATTCCGGGGATCCGTCGACC

GGCGTAGTAGCCGTCGGGGCGGATCAGGAG

CGCCTCGTCIGTAGGCTGGAGCTGCTTC

GCGGACGTCGCGGACGACACGGCGAAGGC

GGCCGCCGAGATTCCGGGGATCCGTCGACC

CTGGCTCACGTCCTGCGGAGTACCGAGGCG

CGGGATCAGTIGTAGGCTGGAGCTGCITC

GCGGCCCTGCGCGGGCTGGTCGACGAGGA

ATGGGCCCGGAITCCGGGGATCCGTCGACC

CGAGGCACCGCCGGTCGAGCCCAGCGGCA

CGAGCACCGCIGTAGGCTGGAGCTGCTTC

GGGGTCAACCCGGTCGACTGGAAACGCCGT

TCGGGCCGCATTCCGGGGATCCGTCGACC

For disrupting

wsmOs

For disrupting

wsmR1

For disrupting

wsmRz

For disrupting

wsmO

For disrupting

wsmP

For disrupting

wsmQ

For disrupting

wsmR




CACGACCGCGCCCAGGATCGCCGGGTCGCG

del_wsmR-R
CACCGGCCCTGTAGGCTGGAGCTGCTTC
GCGAAACGCCGGGCCATCACCCAAGGCGC
del_wsmRs-F
GCGTGCCGTCATTCCGGGGATCCGTCGACC  For disrupting
GACGAAGTGGAGGGTGGCCCGGGCGGGGC wsmRs
del_wsmRs-R
TGGAGATGTGTGTAGGCTGGAGCTGCTTC
GACAAGGGCTACGACGCCATGACCGTCGGC
del-wsmRa-F
GACATCGCCATTCCGGGGATCCGTCGACC For disrupting
GGCGTGGTAGAAGGTCCGTTCGATCATCCA  wsmR4
del-wsmRa-R

GCACAGGGCIGTAGGCTGGAGCTGCTITC

For verifying the mutants

ID_stp1-F GAACCTCCGACATCCAGCGC For verifying the
ID_stpl-R TGACCAGCCCACGCCTG disruption of Astpl
ID-wsmX-F GCTAGGGCTCATCACGTTCG For verifying

GCGGCGGTCAGTTCGGTG AwsmX and
ID-wsmX-R

AwsmXY

ID-wsmY-F GACGCCGGATGGGTGAGCG For verifying

GGACAGGTCCGTGGACCAGG AwsmY and
ID-wsmY-R

AwsmXY

ID-wsmR4-F GGCCACCACCCCGCACGAAG For verifying
ID-wsmR4+-R GATGTGTTCGCATGTCGCCG AwsmRa
ID-wsmOs-F CGTGCCGGACCACCCCTAC For verifying
ID-wsmOs-R CAGCACCTGGATGACGTGGTG AwsmOs
ID-wsmRi-F CGGTCCGCTGTTTCGGAGC For verifying
ID-wsmRi-R GTGGTCACTCGGCGCACG AwsmR1
ID-wsmR2-F GCGTGGACCTCGTCCTGATGG For verifying
ID-wsmR2-R GCCGCGTACGGTGACGACC AwsmR:
ID-wsmO-F CGAAGGGCATCAGCAACCTG For verifying
ID-wsmO-R GGGATGGTCTGCGTTCGGCC AwsmO




ID-wsmP-F
ID-wsmP-R
ID-wsmQ-F
ID-wsmQ-R
ID-wsmR-F
ID-wsmR-R
ID-wsmRs-F
ID-wsmRs-R
ID-wsmRa-F

ID-wsmR4-R

GTCGAACGGAACGCAGTCCC
GGCCGAACGCAGACCATCCC
CGGATACGGAGGGTCTGCAC
CACGGGGCTTGTGGAAGGTC
GCCAGACAGAGACGTCGAGG
GCCCGCTCGAACGGGATCAC
GCTGCATGGCAATTCGGCCG
GGAGCGCGGCTGGTGTAGG
GGCCACCACCCCGCACGAAG

GATGTGTTCGCATGTCGCCG

For verifying
AwsmP
For verifying
AwsmQ
For verifying
AwsmR
For verifying
AwsmRa
For verifying

AwsmRu




Table S3. Media used in this study

Medium name

Ingredient

ISP-4

MS

LB

1% soluble starch, 0.1% bacteria peptone, 0.05% yeast extract, 0.1%
KzHPOy4, 0.1% MgSO4-7H20, 0.2% (NH4)2504, 0.1% NaCl, 0.01% trace
element solution, 3% artificial sea salt, 2% CaCOs, pH 7.2-7.4

2% mannitol, 2% soybean powder, 1.5% agar, 3% artificial sea salt, and
0.2% CaCOs, pH 7.2-7.4

2% soluble starch, 0.5% corn flour, 1% malt extract, 1% glucose, 1%
maltose, 0.01% trace elements, 3% artificial sea salt, and 0.2% CaCQOs,
pH 7.2-7.4 (3% XAD-16 resins)

0.5% yeast extract, 1% Tryptone, 1% NaCl, pH 7.2-7.4




Table S4. antiSMASH prediction of biosynthetic gene clusters in Streptomyces sp. S1502.

BGC BGC type Compounds Similarity (%)
1 T1PKS limazepine 11
2 NRPS coelibactin 100
3 indole 7-prenylisatin 33
4 terpene isorenieratene 62
5 NRPS paenibactin 83
6 T3PKS germicidin 100
7 T1PKS sceliphrolactam 56
8 T3PKS herboxidiene 8
9 ectoine ectoine 100
10 melanin melanin 60
11 T1PKS pyrrolomycin 37
12 siderophore desferrioxamin 83
13 RRE-containing naphthomycin A 9
14 terpene albaflavenone 100
15 T2PKS spore pigment 66
16 siderophore - -
17 T2PKS; NRPS WS-5995/friulimicin 69/75
18 Ripp-like - -
19 terpene geosmin 100
20 siderophore - -
21 NRPS; T1PKS a-lipomycin 100
22 PKS leinamycin 15
23 lanthipeptide-class-iii SapB 100
24 terpene hopene 100
25 Ripp-like informatipeptin 42
26 NRPS coelichelin 100
27 ranthipeptide - -




Table S5. Deduced functions of ORFs of wsm gene cluster in Streptomyces sp. SCSIO 51502.

ORF  size? Proposed function Protein homologue and origin ~ ID/SI®
TetR family transcriptional ARP51756.1 (Streptomyces sp.
wsmR4 202 39/67
regulator SCSIO 03032)
KR; short-chain
wsmO1 280 TtmK (Streptomyces afghaniensis) 42/53
dehydrogenase/reductase SDR
WsdU (Streptomyces yanglinensis
wsmU 107 Polyketide synthesis cyclase 77/83
CGMCC 4.2023)
WsdA (Streptomyces yanglinensis
wsmA 421 Beta-ketoacyl synthase 84/89
CGMCC 4.2023)
WsdB (Streptomyces yanglinensis
wsmB 405 Beta-ketoacyl synthase/CLF 74/82
CGMCC 4.2023)
WsdC (Streptomyces yanglinensis
wsmC 87 ACP 65/75
CGMCC 4.2023)
WsdD (Streptomyces yanglinensis
wsmD 260 KR; C9 80/86
CGMCC 4.2023)
WsdE (Streptomyces yanglinensis
wsmE 313 CYC C7-C12 67/76
CGMCC 4.2023)
WsdF (Streptomyces yanglinensis
wsmF 442 monooxygenase FAD-binding 55/62
CGMCC 4.2023)
Wsdl (Streptomyces yanglinensis 69/81
wsml 227  putative_anthrone_monooxygenase
CGMCC 4.2023)/JadG/GilOIL (71/85)
WsdT (Streptomyces yanglinensis
wsmOz2 494 monooxygenase FAD-binding 59/69
CGMCC 4.2023)
nuclear transport factor 2 family WsdG (Streptomyces yanglinensis
wsmG 148 40/53
protein CGMCC 4.2023)
WsdH (Streptomyces yanglinensis
wsmH 338 O-methyltransferase 65/76
CGMCC 4.2023)
wsm| 302 oxidoreductase Wsd] (Streptomyces yanglinensis 60/73




wsmK

wsmL

wsmM

wsmN

wsmX

wsmY

wsmQOs

wsmZ

wsmRi1

wsmRz

wsmO

wsmP

wsmQ

wsmR

531

317

288

611

347

268

538

480

161

249

476

265

362

300

extracellular solute-binding protein

family 5
binding-protein-dependent
transport systems
binding-protein-dependent
transport systems
ABC transporter ATP-binding

protein

luciferase family protein/LLM class

flavin-dependent oxidoreductase

putative rhodanese domain-

containing protein

oxidoreductase

Drug resistance transporter,
EmrB/QacA
transcriptional regulator, MarR

family

response regulator

monooxygenase FAD-binding

KR

pyridine nucleotide-disulfide

oxidoreductase

crotonyl-CoA reductase / alcohol

dehydrogenase

CGMCC 4.2023)

WsdK (Streptomyces yanglinensis
CGMCC 4.2023)

WsdL (Streptomyces yanglinensis
CGMCC 4.2023)

WsdM (Streptomyces yanglinensis
CGMCC 4.2023)

WsdN (Streptomyces yanglinensis
CGMCC 4.2023)

OvmZ (Streptomyces olivaceus
SCSIO TO05)
AWRS88429.1 (Streptomyces
filamentosus)

HrbZ1 (Streptomyces sp. 2238-
SVT4)

BAB69179.1 (Streptomyces
avermitilis)

StERIII (Streptomyces

steffisburgensis)

WP_237282926.1 (Streptomyces sp.

PKU-MA00045)

WsdO (Streptomyces yanglinensis
CGMCC 4.2023)

WsdP (Streptomyces yanglinensis
CGMCC 4.2023)

WsdQ (Streptomyces yanglinensis
CGMCC 4.2023)

WsdR (Streptomyces yanglinensis

CGMCC 4.2023)

37/50

44/60

41/58

54/66

41/51

51/61

41/52

42/60

39/50

71/82

77/83

84/88

74/84

82/86



TetR family transcriptional BexR2 (Amycolatopsis orientalis
wsmRs 241 48/59
regulator subsp. vinearia)

a: amino acid length; b: identity/similarity



Tree scale: 0.01 ——

TS—-GCF 900101585--Streptomyces emeiensis CGMCC 43504

TS--GCF 000156435--Streptomyces ghanaensis ATCC 14672
TS—-GCF 001906585--Streptomyces kebangsaanensis SUK12
TS-GCF 001514 125--Streptomyces longwoedensis DSM 41677

TS--GCF 001514215--Streptomyces bungoensis DSM 41781

TS-GCF 001513965--Streptomyces cellostaticus DSM 40189

TS—GCF 000720835 Streptomyces achromogenes subsp achromogenes NRRL B-2120
TS—-GCF 0007 18625--Streptomyces lavenduligriseus NRRL ISP-5487

TS-GCF 001270025--Streptomyces azureus ATCC 14921
TS--GCF 000725785--Streptomyces flavovariabilis NRRL B-16387
TS-GCF 000717055--Streptemyces iakyrus NRRL ISP-5482
TS--GCF 001513975--Streptomyces curacoi DSM 40107

TS—-GCF 001514065--Streptomyces antibioticus DSM 40234
Iy S e 95-Streptomyces griseorubiginosus DSM 40469
TS--GCF 001685355--Streptomyces lincolnensis NRRL 2936
l— TS-GCF 001514265--Streptomyces resistomycificus DSM 40133
TS--GCF 001013905--Streptomyces leeuwenhoekil C34 DSM 42122 NRRL B-24963
TS—-GCF 000739045--Streptomyces luteus TRM 45540
‘GCF 002005225--Streptomyces pactum ACT12
I: TS--GCF 001267885--Streptomyces ambofaciens ATCC 23877
‘GCF 001860045--Streptomyces parvulus 2297
TS--GCF 000721235--Streptomyces olivaceus NRRL B-3009
‘GCF 001767375--Streptomyces pactum KLBMP 5084

‘GCF 000404005--Streptomyces sp FXJ7023
‘GCF 000772045--Streptomyces sp CCM MD2014

‘GCF 000721365--Streptomyces sp NRRL F-5650
‘GCF 001279615--Streptomyces sp NRRL F-7442
‘GCF 001417675--Streptomyces sp NBRC 110030
‘GCF 000721335--Streptomyces sp NRRL S-1831

‘GCF 000203835--Streptomyces coelicolor A32

‘GCF 0007 17845--Streptomyces violaceoruber NRRL S-12
‘GCF 000972395--Streptomyces sp WMB391

‘GCF 000739105--Streptomyces lividans TK24

GCF 002188365--Streptomyces sp CS113
TS—-GCF 0007 17995--Streptomyces violaceorubidus NRRL B-16381
‘GCF 001970135--Streptomyces sp M1013

l: ‘GCF 001517125--Streptomyces canus C-509

Figure S1 Phylogenetic analysis of Streptomyces sp. S1502 using autoMLST

A ID-2970-F ID-2970-R B
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Figure S2. Disruption of stpl in wild type S. sp. S1502 via PCR-targeting. (A) Schematic
representation for disruption of stpl. (B) PCR analyses of the WT strain and the stpl
double-cross mutant carried out using the primers listed in Table S2. M: DNA molecular
ladder; WT: using the genomic DNA of S. sp. 51502 as template; AOrf2970-1-3: using the

genomic DNA of stp1 mutant as template.
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Analysis Info Acquisition Date
Analysis Name DAData\MS\datal202301\wangyuyang_2970-A3_pos_33_01_14336.d
Method LC_Directnfusion_pos_70-500mz.m Operator scsio
Sample Name wangyuyang_2970-A3_pos ) Instrument maXis 256552.00029
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 04 B.av
Focus. Active Set Capillary 4500 V Set Dry Heater C_
Scan Begin 100 miz Set End Plate Offset -500V Set Dry Gas 4.0 Umin
Scan End 1500 miz Set Charging Voltage ov Set Divert Vaive Waste
Set Corona 0nA Set APCI Heater 0*C
Intens. +MS, 0.2min #14/
x104
3
383.1122
2
1
3762604 3032852
N | 388.3435390.3559 i o 08 Doss
375 380 385 390 305 400 405 410 mz
Meas.miz # lonFormula Score  mi/z er[ppm] em[mDa) mSigma rdb e Conf N-Rule
3370709 1 C19H1306 100.00 337.0707 08 03 85 135 even ok
3831122 1 C21H1907 10000 383.1125 -09 -03 103 125 even ok
4001385 1 C21H22NO7 100.00 400.1391 14 05 378 115 even ok
4050961 1 C21H18NaO7 3575 4050945 40 16 358 125 even ok
.
Figure S3. HE-ESI-MS spectrum of WS-5995 E (1)
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Figure S4."H NMR (500 MHz, CDCls) spectrum of WS-5995 E (1).
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Figure S5.13C NMR (125 MHz, CDCl3) spectrum of WS-5995 E (1).
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Figure S6. HMBC (500 MHz, CDCls) spectrum of WS-5995 E (1).
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Figure S7.COSY (500 MHz, CDCls) spectrum of WS-5995 E (1).
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Figure S8. HSQC (500 MHz, CDCls) spectrum of WS-5995 E (1).
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Analysis Info Acquisition Date
Analysis Name D! \Dala\MS\dala\ZOZZDQ’\manwuyang_297o-A5 _pos 63_01_13777d
Method LC_Direct Infusion_pos_70-500mz. " Operator SCS!O
Sample Name wangyuyang_2970-A5 _pos A Instrument maXis 255552.00029
Comment
Acquisition Parameter i =
Source Ty ES| lon Polarity Positive et Nebul .4 B
bl Active Set Capillary 4500V Set Dry Heater 180°C
Scan Begin 100 miz Set End Plate Offset -500 V Set Dry Gas 4.0 Umin
Scan End 1500 miz Set Charging Voltage ov Set Divert Valve Waste
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x104;
4
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2
1
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3370711 1 C19H1306 10000 337.0707 67 135 even
3540979 1 C19HIGNO6 10000 354.0972 1 9 o 7 175 125 even ok
3590533 1 C19H12NaO6 10000 359.0526 20 07 107 135 even ok

Figure S9. HE-ESI-MS spectrum of WS-5995 A (2)
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Analysis Info Acquisition Date 1/13/2023 3:33:44 PM
Analysis Name D:\Data\MS\data\202301\wangyuyang_2970-A4_pos_34_01_14337.d
Method LC_DirectInfusion_pos_70-500mz.m (=805 ) Operator SCsIo
Sample Name wangyuyang_2970-A4_pos % Instrument maXis 255552.00029
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset 500V Set Dry Gas 4.0 Umin
Scan End 1500 miz Set Charging Voltage ov Set Divert Valve Waste
Set Corona 0nA Set APCI Heater o°'c
lm::‘ +MS, 0.3min #1
6
3383417
4
2
336.3256 23210 361132
| ' l L 346.3324 1 | 3623251 3663741
320 325 330 335 340 345 350 355 360 365 iz
Meas.m/z # lonFormula Score miz err [ppm] er[mDa] mSigma rdb e Conf N-Rule
3390862 1 C19H1506 100.00 339.0863 03 -01 215 125 even ok
3561132 1 C19H18NO6  100.00 356.1129 08 03 93 115 even ok
3610685 1 C19H14NaO6 -1#) 361.0683 -06 -02 na. 125 even ok

Figure S10. HE-ESI-MS spectrum of WS-5995 B (3)
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Analysis Info Acgquisition Date 7126/2022 11:40:34 AM
Analysis Name D3 \Dmaws\data\zozzomanqyuyang_297o-k1 _neg_53_01_13326.d
Method LC_DirectInfusion_neg_70-500mz.m ST Operator scsio
Sample Name wangyuyang_2970-A1_neg (we-tjaee Instrument maXis 256552.00029
Comment
Acquisition Parameter
Source Type ES| lon Polarity Negative Set Nebulizer 0.4 Bar

Focus Active Set Capillary 4200V Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset -500 V Set Dry Gas 4.0 Umin
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Set Corona 0nA Set APCI Heater 0°c
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3000-
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2000
1000
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3530675 1 C19H1307  100.00 3530667 368 135 even ok

Figure S11. HE-ESI-MS spectrum of WS-5995 C (4)
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Analysis Info Acquisition Date 1/13/2023 3:26:47 PM
Analysis Name D:\Data\MS\data\202301\wangyuyang_2970-A2_pos_32_01_14335.d
Method LC_Direct Infusion_pos_70-500mz.m WS p) Operator scslo
Sample Name wangyuyang_2970-A2_pos Instrument maXis 255552.00029
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Active Set Capillary 4500 V Set Dry Heater 180 °C
Scan Begin 100 miz Set End Plate Offset -500V Set Dry Gas 4.0 Vmin
Scan End 1500 miz Set Charging Voltage ov Set Divert Vaive Waste
Set Corona 0nA Set APCI Heater 0°C
Intens, WS, 02min #14)
x10%
15
337.0705
10
369.0968
05
1Ly 3523208 | 376.2592 3861228 3932858
330 340 350 360 370 380 390 mwz
Meas.m/z # lonFormula Score m/z err[ppm] err[mDa] mSigma rdb e Conf N-Rule
3370705 1 C1SH1306 10000 337.0707 05 02 247 135 even ok
369.098 1 C20H1707 10000 369.0969 03 01 217 125 even ok
3861228 1 C20H20NO7 10000 386.1234 17 07 392 115 even ok
3910783 1 C20H16NaO7 100.00 391.0788 13 05 120 125 even ok
.
Figure S12. HE-ESI-MS spectrum of WS-5995 D (5)
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Figure S13."H NMR (700 MHz, DMSO-ds) spectrum of WS-5995 A (2).
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Figure S14.3C NMR (175 MHz, DMSO-ds) spectrum of WS-5995 A (2).
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Figure S15."H NMR (700 MHz, CDCls) spectrum of WS-5995 B (3).
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Figure S17.'"H NMR (500 MHz, CD30OD) spectrum of WS-5995 C (4).
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Figure S18.3C NMR (125 MHz, CD30D) spectrum of WS-5995 C (4).

CDCl

=]

& cooVuSTOoOTnNND o~ noen -+
—_ VYV YOnAaNNANNS Ll

— 0~ 0~ 0~ M~ M~~~ 0~ [~ [~ 0~ 0~~~ "‘ﬂ/m

-~

COOCH,
OH '

OH O  ws5995D

| | Lol |

T T T T T T T T T T
1.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 4.0 3. 5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 0.5
1 (ppm)

Figure S19.'"H NMR (500 MHz, CDCls) spectrum of WS-5995 D (5).
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Figure S20. 3C NMR (125 MHz, CDCls) spectrum of WS-5995 D (5).

Query sequence

D¢ UDDPHDIDIDI DD ADIDIO>

NZ_BBOK01000010 (102961-175453): Streptomyces sp. NBRC 110030, whole genome s... (50% of genes show similarity),

NZ_JAGPYQ010000001 (4560659-4685528): Streptomyces sp. BH-S5-21 Contig00001, ... (26% of genes show similarity), N

NZ_CP047019 (9956210-10028688): Streptomyces sp. ST1015 chromosome, complete ... (38% of genes show similarity), T

DA IO DHOTHOPCHDPIBIBIDD- DI T @HD@M<K KM

NZ_CP053189 (7556758-7629244): Streptomyces sp. Jing01 chromosome, complete g... (40% of genes show similarity), Tz

KKK HEK K IHOHUT-O DOPPIBCD DD DI DI-T@H-E<I-P>

NZ_JTIY01000001 (5910310-6007372): Streptomyces sp. AcH 505 scaffeld00001, wh... (31% of genes show similarity), NRI

NZ_AP018365 (7450326-7522815): Streptomyces sp. SN-593 chromosome (37% of genes show similarity), T2PKS
CONKIMUUDEKKKIGT AP DRDIIE DD OO DIKKCH

NZ_CP095481 (6884766-6991019): Amycolatopsis sp. WQ 127309 chromosome, comple... (38% of genes show similarity),

— DCDDDIKCD | O DD MIDBIIDIHE XA UBTH HIIE T

NZ_MKQRO1000011 (185845-258304): Actinokineospora bangkokensis strain 44EHW S... (34% of genes show similarity), Tz

NZ_JAGIYX010000015 (134939-207437): Kitasatospora sp. RG8 contigl5, whole gen... (30% of genes show similarity), T2P
I AT O DEHEPPPID B DPKIKP KO TOIC
NZ_KB891791 (332782-405295): Streptomyces sp. LaPpAH-165 BO70DRAFT scaffold 4... (22% of genes show similarity), T.

Figure 521 Similar gene cluster to wsm in antiSMASH database



A ID-5905-F ID-5905-R B
[3797 bp PCR prod

$15028

wsmA

2000 bp <— >1797 bp

750 bp «—

—> 723 bp

T

In-frame Mutant AwsmA
23 bp PCR product
ID-5905-F ID-5905-F

Figure S22. Disruption of wsmA in S. sp. 51502/Astp1 via PCR-targeting. (A) Schematic

representation for disruption of wsmA. (B) PCR analyses of the S. sp. S1502/Astp1 strain

and the wsmA double-cross mutant carried out using the primers listed in Table S2. M:

DNA molecular ladder; WT: using the genomic DNA of S. sp. S1502/Astp1 as template;

AwsmA-1-3: using the genomic DNA of stpl mutant as template.
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Figure 523 Amino acid sequence alignment of JadG, Wsml, GilOII and Alp].



i) WS-5995 C (standard)

ii) WS-5995 C (in methanol for 72 h)

iii) WS-5995 C (in ethanol for 72 h)

wsm
clu16:6779-36859

wsd
NZ_FNVU01000018:25365-56523

— [T

25kb 0 Identity (%) 100

Figure S25 Comparison of wsm and wsd gene clusters using Clinker.
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Figure S26 PCR verification of disruption of genes of wsm in S. sp. S1502/Astp1 via PCR-

targeting.
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