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Supporting information

GUS assay results from for BGC promoters

Table S1: The activities of for gene cluster promoters were measured by fusing the promoters upstream of the
B-glucoronidase reporter gene in pMF96. Activity of B-glucoronidase was measured by hydrolysis of PNPG
using absorbance at 420 nm as described in Method Details: GUS assay.

Strain Name Mean Miller Units/ mg protein + Standard Error

S. formicae WT pMF96 0.37 £1.10
S. formicae WT pMF23 91.75+21.75
S. formicae Afor) pMF96 0.00 £1.67
S. formicae Afor) pMF23 86.98 +18.81
S. formicae AforGF pMF96 2.01 +£2.49
S. formicae AforGF pMF23 100.83 +12.22
S. formicae AforZ pMF96 0.37 £0.56
S. formicae AforZ pMF23 94.44 +16.37
S. formicae WT pfor) 32.82 + 12.83
S. formicae Aforl pfor) 84.85 +10.05
S. formicae WT pforG 50.56 +14.34
S. formicae AforGF pforG 26.68 +8.11
S. formicae WT pforH 33.62 +£12.52
S. formicae AforGF pforH 11.86 +5.07
S. formicae WT pforZ 0.38 £1.65
S. formicae AforZ pforZ 11.41 +7.68




Table S2: Media used in this study, related to Method Details.

Media

Recipe (per litre)

Water

pH

SFM

20 g soy flour
20 g mannitol
20 g agar

Tap

MYM

4 g maltose

4 g yeast extract
10 g malt extract
+/- 18 g agar

50:50 Tap:deionised

7.3

LB

10 g tryptone

5 g yeast extract

10 g NaCl (omitted when selecting with
Hygromycin)

+/- 20 g agar

Deionised

7.5

2YT

16 g tryptone
10 g yeast extract
5 g NaCl

Deionised

7.0




Table S3: Bacterial strains used and generated in this study, related to Experimental Model and

subject details.

aac(3)IV

replaced with apramycin
gene

Strain Description/Genotype Plasmid Resistance Reference/Source
F— mcrA A(mrr-hsdRMS-
mcrBC) ®80/acZAM15
E. coli Top10 AlacX74 recAl araD139 Invitrogen™
A(ara leu) 7697 galU galK
rpsL (StrR) endAl nupG
N\, A(araD-araB)567,
AlacZ4787(::rrnB-4), laclp-
! Datsenko and
E. coli BW25113 4000(laclQ), rpoS369(Am), | pli790 CmiR {N 2000)
rph-1, A(rhaD-rhaB)568, anner,
hsdR514
MacNeil et al.,
E. coli ET12567 dam  dem™ hsdS pUZ8002 Cmlf/Tetk (1992)
S. formicae wild- Lab stock
type
MSSA ATCC 6538P American Type
Culture Collection
MRSA ATCC BAA-1717 American Type
Culture Collection
S. formicae Afor) forJ deletion strain This work
S. formicae AforGF | forGF deletion strain This work
S. formicae AforZ forZ deletion strain This work
S. formicae AforJ: forJ complementation under | pRD030 Hyg" This work
®BT1 forl pforM forM promoter
S. formicae AforJ: forJ complementation under | pRD063 Hyg" This work
®BT1 for) for) promoter
S. formicae AforJ: forJ complementation under | pRD06 Hyg" This work
®BT1 pErmE* for) ErmE* promoter
S. formicae AforGF: | forGF complementation pRD031 Hyg® This work
®BT1 forGF under native promoter
Whole for cluster deletion
S fomiceafor. | STHETerlet it ek
- - : R i
®C31 for 1-4 annotated by AntiSMASH) pRDO37 Apr This work
aac(3)IV . .
replaced with apramycin
gene
Whole for cluster deletion
S. formicae Afor: complemented with pESAC-
@®C31 for 1-7 13 215-G with genes 1-7 pRDO38 Aprf? This work
aac(3)IV replaced with apramycin
gene
Whole for cluster deletion
S. formicae Afor: complemented with pESAC-
@®C31 for 32-43 13 215-G with genes 32-43 pRD0O39 Aprf This work




S. formicae Afor:

Whole for cluster deletion
complemented with pESAC-

@®C31 for 36-43 13 215-G with genes 36-43 pRD040 Aprf This work
aac(3)IV replaced with apramycin

gene
S. formicae Aforl: forJ deletion mutant pRD034 Hyg® This work
®BT1 forJ 3x Flag complemented in-trans with

3x flag-tagged forJ for ChIP
S. formicae AforGF: | forGF deletion mutant pRDO35 Hyg® This work
®BT1 forGF 3x Flag | complemented in-trans with

3x flag-tagged forGF for

ChipP
S. formicae AforZ: forZ deletion mutant pRDO36 Hyg® This work
®BT1 forZ 3x Flag complemented in-trans with

3x flag-tagged forZ for ChIP
S. formicae AforV forV deletion strain (Qinetal., 2017)
S. formicae AforX forX deletion strain (Qin et al., 2020)
S. formicae AforY forY deletion strain (Qin et al., 2020)
S. formicae AforS forS deletion strain (Qinetal., 2019)
S. formicae AforJ, forV deletion strain with forJ This work
AforV deletion
S. formicae AforlJ, forX deletion strain with forJ This work
AforX deletion
S. formicae Aforl, forY deletion strain with forJ This work
AforY deletion
S. formicae AforlJ, forS deletion strain with forJ This work
AforS deletion
S. formicae: pMF96 | Wildtype strain with GUS pMF96 Hyg® This work

but no promoter controlling

expression (negative

control)
S. formicae: pMF23 | Wildtype strain with GUS pMF23 Aprf? This work

but no promoter controlling

expression (negative

control)
S. formicae Aforl: forJ deletion strain with GUS | pMF96 Hyg® This work
pMF96 but no promoter controlling

expression (negative

control)
S. formicae Aforl: forJ deletion e strain with pMF23 Aprf? This work
pPMF23 GUS but no promoter

controlling expression

(negative control)
S. formicae AforGF: | forGF deletion strain with pMF96 Hyg® This work
pMF96 GUS but no promoter

controlling expression

(negative control)
S. formicae AforGF: | forGF deletion e strain with | pMF23 Aprf? This work
pPMF23 GUS but no promoter

controlling expression

(negative control)
S. formicae AforZ: forZ deletion strain with pMF96 Hyg® This work

pMF96

GUS but no promoter




controlling expression
(negative control)

S. formicae AforZ: forZ deletion e strain with pMF23 Apr? This work
pPMF23 GUS but no promoter

controlling expression

(negative control)
S. formicae Aforl: forJ deletion strain with GUS | pRD062 Hyg® This work
®BT1 GUS pfor) expressed under pforJ
S. formicae: ®BT1 Wildtype strain with GUS pRD062 Hyg® This work
GUS pforJ expressed under pforJ
S. formicae: ®BT1 WIldtype strain with GUS pRDO54 Hyg® This work
GUS pforG expressed under pforG
S. formicae AforGF: | forGF deletion strain with pRDO54 Hyg® This work
®BT1 GUS pforG GUS expressed under pforG
S. formicae: ®BT1 Wildtype strain with GUS pRDO55 Hyg® This work
GUS pforH expressed under pforH
S. formicae AforGF: | forGF deletion strain with pRDO55 Hyg® This work
®BT1 GUS pforH GUS expressed under pforH
S. formicaa: ®BT1 Wildtype strain with GUS pRDO58 Hyg® This work
GUS pforZ expressed under pforZ
S. formicae AforZ: forZ deletion strain with pRDO58 Hyg® This work

®BT1 GUS pforZ

GUS expressed under pforZ




Table S4: ePACs and plasmids used or generated in this study, related to Experimental Model and

subject details.

Plasmid

Description

Resistance

Reference

pUZ8002

RK2 derivative
with a
mutation in
oriT

Kan®R

(Keiser et al., 2000)

pMS82

ori, pUC18,
hyg, oriT, RK2,
int ®BT1

Hyg

(Gregory, Till and Smith,
2003)

pli773

“aac(3)IV oriT
bla

Apr®

(Gust et al., 2004)

pR9604

pUB307
derivative

CarbF

(Piffaretti, Arini and
Frey, 1988)

PESAC-13 215-G

aphll, tsr

Kan®/Tsr®

BioS&T and (Qin et al.,
2017)

pCRISPomyces-2

R
Apr , oriT,
SG5(t
rep” (S{

ColEl
ori

sSpcas9,
synthetic guide
RNA cassette

Apr

(Cobb, Wang and Zhao,
2015)

plJ10257

oriT, ©®BT1
attB-int,
ermEp*,
pMS81
backbone

Hyg

(Hong et al., 2005)

pMF96

OBT1 attB-int,
uidA CDS, GUS
plasmid

Hyg

(Feeney et al., 2017)

plJ10740 (pMF23)

dC31 attB-int,
ermEp*

Apr

(Feeney et al., 2017)

pRD026

pCRISPomyces-
2 forJ flanking
DNA and gRNA

Apr

This work

pRD027

pCRISPomyces-
2 forGF
flanking DNA
and gRNA

Apr

This work

pRD028

pCRISPomyces-
2 ForZ flanking
DNA and gRNA

Apr

This work




pMS82 pforM

pRDO30 Hyg® This work
for)
pRDO31 PMS82 pforG |\ s This work
forGF
pMS82 pforz
pRD032 forz Hyg® This work
pMS82 pforM
R .
pRD034 forJ 3x Flag Hyg This work
pMS82 pforG
R .
pRDO035 forGF 3x Flag Hyg This work
pMS82 pforz
R .
pRD036 forZ 3x Flag Hyg This work
pESAC-13 215-
pRD037 G 1-4aac(3)IV | an®/Tsr® This work
oriT
pESAC-13 215-
pRD038 G1-7aac(3)IV | an®/Tsr® This work
oriT
pESAC-13 215-
pRD039 G 32-43 Kan®/TsrR This work
aac(3)IV oriT
pESAC-13 215-
pRD040 G 36-43 Kan®/TsrR This work
aac(3)IV oriT
pMF96 pforGF
pRDO54 GUS Hyg® This work
pMF96 pforH
pRDO55 GUS Hyg"® This work
pMF96 pforZ
pRD0O58 GUS Hyg"® This work
pMF96 pfor)
pRD062 Hyg® This work

GUS




pRDO63

pMS82 pfor)
for)

Hyg

This work

pRD0O64

plJ10257 forl

Hyg

This work




Table S5: Primers designed and used for this study (5’-3’), related to Experimental Model and subject

details. Capital bases indicate overhangs, restriction sites etc.

Primer name

Description

Sequence

PCRISP Test F

Test Xbal site pCRISP2

aggctagtccgttatcaacttgaaa

pCRISP Test R

Test Xbal site pCRISP2

tcgccacctctgacttgagegtcga

Spacer test

Test Bbsl site of
pCRISP2

atacggctgccagataaggc

KO, right flank

For) Forl Repair template forJ gcteggttgeegeegggegttttttaTCTAGAggtgtgcgegaagaacggec
KO, left flank
For) Rev 1 Repair template forJ GCTGCTGCGACCAGGCGAGCTCGCcactgacgceggtcgttececg
KO, left flank
For) For 2 Repair template forJ GCGAGCTCGCCTGGTCGCAGCAGCtgacgtgcttcgagaccgec
KO, right flank
For) Rev 2 Repair template forJ gcaacgcggcectttttacggttcctggccTCTAGAcctcttcatgttectggtgggcc

For) gRNA For

sgRNA forJ deletion

ACGCtgccgacaccttctccatga

For) gRNA Rev

sgRNA forJ deletion

AAACtcatggagaaggtgtcggca

For) KO Test 1F

Test forJ deletion in
genome

cctcttcggtgagegcttegagg

For) KO Test 2R

Test forJ deletion in
genome

cctgttggacttcgegceaggc

For) KO Test 2F

Test forJ deletion in
genome

gtacgccaggaggacgtgcg

For) KO Test 1R

Test forJ deletion in
genome

gccgacgeggceacttctatec

KO, right flank

ForZ Forl Repair template forZ gcteggttgecgeegggegttttttaTCTAGAcgaacaggecgacgcetgaacag
KO, left flank

ForZRev 1 Repair template forZ GCTGCTGCGACCAGGCGAGCTCGCcatggcttgaagtccagcacgtcc
KO, left flank

ForZ For 2 Repair template forZ GCGAGCTCGCCTGGTCGCAGCAGCtcatccgtacctggcagetcegteg
KO, right flank

ForZ Rev 2 Repair template forZ gcaacgcggcectttttacggttcctggccTCTAGAccgaggceggacggategegtec

ForZ gRNA For

sgRNA forZ deletion

ACGCgtcggcggtcaactcgactg

ForZ gRNA Rev

sgRNA forZ deletion

AAACcagtcgagttgaccgccgac

1R

genome

ForZ KO Test 1F | Test forZ deletion in gceggtgecgaaccggacge
genome

ForZ KO Test Test forZ deletion in cgcacgccgecacgacgage

2R genome

ForZ KO Test 2F | Test forZ deletion in cgcacgccgecacgacgage
genome

ForZ KO Test Test forZ deletion in cgcacgccgecacgacgage

For

ForGF Forl Repair template forGF gcteggttgeegeegggegttttttaTCTAGAggagecggtcettggecatetge
KO, left flank

FoGF Rev 1 Repair template forGF GCTGCTGCGACCAGGCGAGCTCGCggcagcectegttcacagcage
KO, left flank

ForGF For 2 Repair template forGF GCGAGCTCGCCTGGTCGCAGCAGCtgaggctcaggegggttcgatgg
KO, right flank

ForGF Rev 2 Repair template forGF gcaacgcggcectttttacggttcctggccTCTAGAcgagatcgtcatccacgegec
KO, right flank

ForGF gRNA sgRNA forGF deletion ACGCtggcgaagatgttgcgcaga




ForGF gRNA sgRNA forGF deletion AAACtctgcgcaacatcttegeca
Rev

ForGF KO Test | Test forGF deletion in gcagttcctggacgatgege

1F genome

ForGF KO Test | Test forGF deletion in cgagggtctggagaacgcegc

1R

genome

ForGF KO Test
2F

Test forGF deletion in
genome

cgtcggeaccttctaccaccg

ForGF KO Test
2R

Test forGF deletion in
genome

gcctgegtgattcateggetg

pMS82 forJ forJ gcegagaaccTAGGATCCAAGCTTgatgecggtgageagggegag
pforM F1 complementationunder

pforM
pMS82 forl forJ ggcgeegtggtegtggtcataccggeteccateggttgetg
pforM R1 complementationunder

pforM
pMS82 forJ forJ cagcaaccgatgggagccggtatgaccacgaccacggegec
pforM F2 complementationunder

pforM
pMS82 forJ for) complementation | CTGGTACCATGCATAGATCTAAGCTTgcggaggcggaccgtgectag
pforM R2 under pforM
pMS82 forZ F forZ complementation gcegagaaccTAGGATCCAAGCTTecggtcaccacccattggag
pMS82 forZ R forZ complementation | CTGGTACCATGCATAGATCTAAGCTTaggagttgtgcgcectege
pMS82 forGF F | forGF complementatio | gccgagaaccTAGGATCCAAGCTTcgtgtaccccctgtgeacg
pMS82 forGF R | forGF complementatio | CTGGTACCATGCATAGATCTAAGCTTccgctgetegecatcgaac
pMS82 TEST F Test Hindlll site pMS82 | gcaacagtgccgttgatcgtgctatg
pMS82 TEST R Test Hindlll site pMS82 | gccagtggtatttatgtcaacaccgec

ForJ-3xFLAG R

forJ 3xFlag for ChIP

gcctgaaccgectccaccgtgececgegggeacctg

ForJ-3xFLAG F

forJ 3xFlag for ChIP

caggtgcccgeggggcacggtggaggeggttcaggce

FLAG-pMS82 R

3xFlag in pMS82

CTGGTACCATGCATAGATCTAAGCTTtcaCTTGTCGTCATCGTCCTTG

pMS82 ForF forGF 3xFlag for ChIP gccgagaaccTAGGATCCAAGCTTtcgtgtaccccctgtgeacg
prom F

ForF-prom R forGF 3xFlag for ChIP ggtcaccacggtctgecatagcagectceccggttceg

ForGF F forGF 3xFlag for ChIP cgaaccggggaggctgctatgcagaccgtggtgacc

ForF-3xFLAG R

forGF 3xFlag for ChIP

gcctgaaccgectccaccgecceggtegeectgeg

FLAG-pMS82 F

3xFlag in pMS82

cgcagggcgaccggggeggtggaggcggticagge

ForZ-3xFLAG R

forZ 3xFlag for ChIP

gcctgaaccgectccaccecgetcgcacgecgecacg

ForZ-3xFLAG F

forZ 3xFlag for ChIP

cgtggcggcgtgcgageggggtggaggcggticagge

For) Test F To check expression by | gcaaggcggcgcagageg
RT-PCR

For) Test R To check expression by | gccgacaccttctccatgagg
RT-PCR

ForZ Test F To check expression by | gaaccggacgcagccgcag
RT-PCR

ForZ Test R To check expression by | cctcgacgcegtgecacgag
RT-PCR

ForF Test F To check expression by | cctcgacgegtgecacgag
RT-PCR

ForF Test R To check expression by | gcgaccagggtcatgacctcg
RT-PCR

pMF96 Hindlll Test Hindlll site of gctcaatcaatcaccggatcec

Test For pPMF96

pMF96 Hindlll Test Hindlll site of catgtccgtacctecgttg

Test Rev pPMF96

16S r RNA For gPCR reference gene cgggtctgcagtcgatacgg




16S r RNA Rev

gPCR reference gene

gctttegetectcagegteag

MLK For gPCR expression ctgatcttcggtgcecttectgtec
MLK Rev gPCR expression cggcgagcagtccgaggtc

J For gPCR expression ccgaccgtgeggaaactceg

J Rev gPCR expression gtccggatccacatgecege

HI For gPCR expression ccttcgagttcgtegtggacg
HI Rev gPCR expression gctgeteggegaccagatce
GF For gPCR expression gctccaccactacgaacageg
GF Rev gPCR expression ggagcgagtcctcgatcacg
TSRABCDE For gPCR expression cgacaccatcgacaccgec
TSRABCDE Rev | qPCR expression cgttccactccacgaccacc
UVWXY For gPCR expression gcagcttctccaggagttce
UVWXY Rev gPCR expression gccaagaagatcctcgacagg
Z For gPCR expression ctcatccggctegtcacge

Z Rev gPCR expression cagatggcggttggegage
AA For gPCR expression gaccggaggaacgcectgg
AA Rev gPCR expression cggtgtcgaggtcecttgcete

pforH-GF F For

pforG in pMF96

AAAAAcatatggcgctgctcacggtcateg

pforH-GF Rev

pforG in pMF96

AAAAActcgaggcagcctcgttcacageag

pforZ-AA F For

pforZ in pMF96

AAAAAcatatggaatccctgacgegeegeg

pforZ-AA F Rev

pforZ in pMF96

AAAAActcgaggacgatggtggtgtcgageac

for) pMF96 360

pforJ in pMF96

caattaatctagaggatccatatgcctgttcgtcgeggtgge

bp prom for
forJ pMF96 360 | pforJin pMF96 gtacctcegttgctcgactcgaggttegetcacctetgetgtgacg
bp prom rev
pforGF-H For pforH in pMF96 AAAAAcatatggcagcctcgttcacagcagce
pforGF-H Rev pforH in pMF96 AAAAActcgaggcgctgcetcacggtcateg
pMS82 forJ | for) gcegagaaccTAGGATCCAAGCT Tectgttegtegeggtgge
pforJ F1 complementationunder
pforJ
pMS82 forJ | for) ggcgeegtggtegtggtcatgttegetcacctetgetgtgacg
pforJ R1 complementationunder
pforJ
pMS82 forJ | for) cgtcacagcagaggtgagcgaacatgaccacgaccacggegec
pfor) F2 complementationunder
pforJ
pMS82 forJ | for) CTGGTACCATGCATAGATCTAAGCTTgcggaggceggaccgtgectag
pforJ R2 complementationunder
pforJ
plJ10257 for) F | forJ gtctagaacaggaggccccatatgatgaccacgaccacggege
complementationunder
pErmE*
plJ10257 forJ R | forJ catgagaacctaggatccaagcttggaacgaccgegtcagtgec

complementationunder
pErmE*




Figure S1. Calibration curve for Fasamycin E and Formicamycin |, related to Figure 2, Table 1 and Method
Details: Titre Determination.
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1800

1600 y = 7.8244x +3.9303

R?=0.9983 .

1400 =
1200
o
<
£ 1000
©
2 :
S 8w ey
3 B
= 600 B,

400 .

%
200
-
&
0
0 50 100 150 200 250
Concentration (uM)
Formicamycin | calibration curve
3000
y=6.8872x + 56.878 .#
R?=0.9969,.."

2500

200
5 vao
<
=
I nn .
o 1500
= " 1
£
©
L
o 1000

o
.
<
0 &
0 50 100 150 200 250 300 350 400 450

Concentration ( uM)



