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TABLE S1 Oligonucleotides used in this work. Restriction sites are in bold. Lower case letters
indicate sequences compatible with pFLUX and pFLUXH plasmids.

Name Sequence 5°-3’ Resstirtlecstlon Application
CACAGGCACAGAGAACGAAAGAGGG
CpkF_D_Fw AACCCATGTCTTCGATTCCGGGGATC - e
CGTCGACC Amplification of hyg
cassette for cpkF gene
CCTTCAGGCGCTGGCGGCTGTAGGCT deletion
CpkF_D_Rv GGAGCTGCTTCGTGACGGGCTCTTCG -
CGGGCC
CpkF_Ex_F (G:_(rséA(;rCCCCATATGTCTTCGAACACCG BamHI, Ndel
CpkF_Ex_W gééglg.?‘%AGCTTGGCGCTGGTGAC Efr?;:l Amplification of cpkF gene
CpkF_Ex_R (G:AATTCGGCGCTGGTGACGGGCTCTT ECoRI
GFLUX-F gtacttcgcgaaagcttgat - Amplification of fragments
inserted between HindllI
and Ndel sites of pFLUX
and pFLUXH plasmids for
GFLUX-R gaacgagatcttcttcgtca - cloning by Gibson assembly
into pFLUX and pFLUXH
linearized by HindlIll and
Ndel
gaccaaaggaggcggacaACGTCGATCCAGCT Amplification of cpkl
p6282-G1
CGC promoter (pcpkl) for
cloning by Gibson assembly
6282-G2 aacgagatcttcttcgtcatCGCGACCGCAGAAG into pFLUX or pFLUXH
p c L .
linearized with Ndel
6283-G1 gaccaaaggaggcggacaACCTTGGTGACACC Amplification of cpkJ
P GGAG promoter (pcpkJ) for
cloning by Gibson assembly
6283-G2 aacgagatcttcttcgtcatACCGCCGAGGGTAA into pFLUX or pFLUXH
P TTG incarized wi
linearized with Ndel
ksTF CGCTCACCACCGAGGAGTTCA - e
CATATGAGTCCTTTCCAGGCGAGTCC Amplification of cpkic
p6284_Nde A Ndel promoter (pcpkK)
aacgagatcttcttcgtcatGCCACGATTGGCGA Amplification of accAl
A1-582-F gag g P
P TGAG promoter (paccAl) for
cloning by Gibson assembly
AL-582-R atatcggcatcgatgcatgg TTGCCGACCCATCG into pFLUX or pFLUXH
PAl-ocz- linearized with Ndel and

CTG

BamHI




TABLE S2 Plasmids and cosmids used in this study.

chromosome encompassing part of cpk gene cluster including
cpkF gene (bp 6905834 to 6947687)

Plasmid/cosmid Description Source or
reference
St1G7 SuperCosl cosmid carrying fragment of S. coelicolor A3(2) http://www.strepdb.

streptomyces.org.uk

Sth?-CkaDM

St1G7 cosmid derivative, in which cpkF gene was replaced by
means of PCR-targeting with a hygromycin resistance cassette
hyg amplified with primers CpkF_D_Fw and CpkF_D_Rv on
the template of plJ10700 plasmid linearized by digestion with
Xhol; recombineering was performed in E.coli
BW25113/plJ790

this work

constitutive promoter ermep*, HygR

pl1J10700 pBluescript 11 KS(+) containing hyg-oriT cassette (Gust et al. 2004)
pGEM-T Easy T-vector for direct cloning of PCR products (AmpF) Promega
pGEM-cpkF pGEM-T Easy with cpkF gene amplified with primers this work
CpkF_Ex_Fw and CpkF_Ex W
PET-21b(+) Expression vector for His-tagged recombinant proteins Novagen
pPWP2 PET-21b(+) plasmid with cpkF gene (Ndel-HindllI fragment this work
from pGEM-cpkF)
pCIW93 High copy number plasmid, ApraR (aac3(IV)), oriT (RK2), (Wilkinson et al.
ThioR (tsr), promoter tipA 2002)
pWP3 Plasmid pCJW93 in which PtipA promoter replaced with (Pawlik et al. 2021)
ermep*
pWP4 pWP3 plasmid with cpkF gene; Bpul102I (blunted with S1 this work
nuclease)-Ndel fragment from pWP2 plasmid was inserted into
EcoRI (blunted with S1 nuclease) and Ndel sites of pWP3
pGEX-6P-2 Expression vector for GST fusion proteins GE Healthcare
pSS2 pGEX-6P-2 plasmid with cpkF gene amplified with primers
CpkF_Ex_Fw and CpkF_Ex_R was inserted into BamHI and
EcoRl sites
plJ10257 ®BT]1 integrating overexpression plasmid containing strong (Hong et al. 2005)

plJ10257-cpkF

pl1J10257 plasmid with cpkF gene (Ndel-Xhol fragment from
pSS2)

this work

pSET152

®C31 integrating plasmid, Apra® (aac3(1V))

(Kieser et al. 2000)

plJ10257apra

plJ10257 plasmid in which hygromycin resistance was
replaced with apramycin resistance gene. EcoRV-Kpnl
fragment (3505 pz) from plJ10257 and EcoRV-BlIpl fragment
(2012 pz) from pSET152 were blunted with Klenow enzyme
and ligated. Correct orientation of ligated fragments restored
EcoRYV restriction site.

this work

plJ10257apra-cpkF

plJ10257apra plasmid with cpkF gene (Ndel-HindlIl fragment
from pGEM-cpkF)

this work

pFLUX ®BT1 integrating reporter plasmid with a promoterless (Craney et al. 2007)
luciferase operon luxCDAEB and apramycin resistance cassette
pFLUX-pcpkA Reporter plasmid pFLUX with cpkA promoter this work
pFLUX-pcpkD Reporter plasmid pFLUX with cpkD promoter this work
pFLUX-pscF Reporter plasmid pFLUX with scF promoter this work
pFLUX-pscoT Reporter plasmid pFLUX with scoT promoter this work
pFLUX-pcpkN Reporter plasmid pFLUX with cpkN promoter this work
pFLUX-pcpkO Reporter plasmid pFLUX with cpkO promoter this work




cassette

pFLUX-pschA Reporter plasmid pFLUX with scbA promoter this work
pFLUX-pscbR Reporter plasmid pFLUX with scbR promoter this work
pFLUX-pscbR2 Reporter plasmid pFLUX with cpkR2 promoter this work
pFLUX-pl-882 Reporter plasmid pFLUX with cpkl promoter this work
pFLUX-pcpkd Reporter plasmid pFLUX with cpkJ promoter this work
pFLUX-pcpkK Reporter plasmid pFLUX with cpkK promoter this work
pFLUX-paccAl1-582 | Reporter plasmid pFLUX with accAl promoter this work
pFLUXH ®BT1 integrating reporter plasmid with a promoterless (Szafran et al.
luciferase operon luxCDAEB and hygromycin resistance 2016)

pFLUXH-pcpkA

Reporter plasmid pFLUXH with cpkA promoter

(Bednarz et al.

2021)
pFLUXH-pcpkD Reporter plasmid pFLUXH with cpkD promoter (Bednarz et al.
2021)
pFLUXH-pscF Reporter plasmid pFLUXH with scF promoter (Bednarz et al.
2021)
pFLUXH-pscoT Reporter plasmid pFLUXH with scoT promoter (Bednarz et al.
2021)
pFLUXH-pcpkN Reporter plasmid pFLUXH with cpkN promoter (Bednarz et al.
2021)
pFLUXH-pcpkO Reporter plasmid pFLUXH with cpkO promoter (Bednarz et al.
2021)

pFLUXH-pscbA

Reporter plasmid pFLUXH with scbA promoter

(Bednarz et al.,
2021)

pFLUXH-pschR

Reporter plasmid pFLUXH with schR promoter

(Bednarz et al.

2021)
pFLUXH-pscbR2 Reporter plasmid pFLUXH with scbR2 promoter (Bednarz et al.
2021)
pFLUXH-pl-882 Reporter plasmid pFLUXH with cpkl promoter this work
pFLUXH-pcpkd Reporter plasmid pFLUXH with cpkJ promoter this work
pFLUXH-pcpkK Reporter plasmid pFLUXH with cpkK promoter this work
pFLUXH-paccAl- Reporter plasmid pFLUXH with accAl promoter this work
582
TABLE S3 Bacterial strains used in this study.
Strain Relevant genotype Source or
reference
Escherichia coli
DHS5a F~ ¢80lacZAM15 A(lacZY A-argF)U169 recAl endAl Promega

hsdR17(rk~, mk*) phoA supE44 A thi-1 gyrA96 relAl

BW25113/p1J10790

Recombineering strain harbouring arabinose-inducible RED
genes on the plasmid p1J790

(Iacl*rran A|aCZW316 hsdR514 Aal’aBADAHas ArhaBADng
rph-1 A(araB-D)567 A(rhaD-B)568 AlacZ4787(::rrnB-3)
hsdR514 rph-1 plJ790)

(Gust et al. 2004)

ET12567/pUZ8002

Strain for conjugal transfer of DNA from E. coli to
Streptomyces (dam dcm hsdS CamR TetR on the bacterial
chromosome; tra Kan® RP4 23 on pUZ8002)

(Kieser et al. 2000)

Streptomyces coelicolor A3(2)




M145 Wild type strain, (Kieser et al. 2000)
S. coelicolor A3(2) (SCP1- SCP2)

P100 Strain unable to produce coelimycin due to cpkC gene (Pawlik et al. 2007)
disruption

P112 (AcpkF) Deletion of cpkF (SC06278) gene (replacement with this work
hygromycin resistance cassette)

P126 P112 strain with pWP3 plasmid (control strain) this work

P127 P112 strain with pWP4 plasmid this work

P321 P112 strain with plJ10257apra-cpkF plasmid this work

P322 P112 strain with plJ10257apra plasmid (control strain) this work

M145, P112 and The strains M145 and P112 harbouring pFLUX derivatives and | this work

P100 derivatives for
luciferase reporter
assay

P100 strain harbouring pFLUXH derivatives containing
promoter sequences listed in table S2

Table S4 The top-scoring homologues of the CpkF protein found by a BLAST search of the
Transporter Classification Database (TCDB) (Saier et al. 2021)

Protein Organism Transported Length % of % of E-value Reference
(TCDB acc.) compound (aa) ident. similar
aa aa
QepA Escherichia coli  hydrophilic 511 47 63 2e-111 (Périchon et
(A5H8ADb) fluoroquinolones, al. 2008)
norfloxacin,
ciprofloxacin
EbrC Streptomyces ethidium bromide, 521 44 60 6e-110 (Lee et al.
(Q939A4%) lividans acriflavine, 2003; Lee et
tetracycline, al. 2007)
nalidixic acid,
methyltriphenyl-
phosphonium,
proflavin,
norfloxacin
PqgrB/ Streptomyces paraquat 510 45 61 3e-105 (Cho et al.
SCO1567 coelicolor 2003)
(QoL1B4)
LfrA Mycobacterium  ethidium bromide, 504 41 57 7e-92 (Rodrigues
(Q50392) smegmatis acriflavine, etal. 2011)
fluoroquinolones
QacA Staphylococcus  monovalent and 514 34 56 2e-83 (Brown and
(POAOQJ9) aureus divalent cationic Skurray
lipophilic 2001)
compounds

Table S5 The top-scoring homologues of the CpkF protein found by a BLAST search of the
Minimum Information about a Biosynthetic Gene cluster (MIBiG) repository (version 3.1)

(Medema et al. 2015)

Protein Organism BGC (MIBiG BGC mainproduct Length % of % of E-value
(GenBank acc.) (aa) ident. similar

acc.) aa aa




Strop_2718 Salinispora BGC0000150  sporolide A, B 528 48 63 5e-151
(ABP55162) tropica CNB-

440
(WP_0189600 Streptomyces  BGC0002010  streptophenazine B, 516 48 65 7e-145
37) sp. CNB091 C,F,GH
PgaJ2 Streptomyces ~ BGC0000262  gaudimycin A, C, 507 48 64 3e-138
(AHW57775)  sp. PGA64 D, prejadomycin,

rabelomycin,
UWM®6

Mayl Streptomyces BGC0001661  mayamycin 550 48 65 3e-137
(AVOO00800)  sp.
NapR4 Streptomyces ~ BGC0000394  naphthyridinomycin 529 48 65 3e-135
(AGD80627) lusitanus
Strop_2735 Salinispora BGC0000150 sporolide A, B 481 51 67 4e-133
(ABP55179) tropica CNB-

440
BecN Streptomyces BGC0000029 BE-14106 524 44 63 le-132
(AC094466)  sp. DSM

21069
(ANY94442)  Streptomyces = BGC0001584  C-1027 521 46 62 6e-131

sp. CB02366
KedX Streptoalloteic BGC0000081  kedarcidin 560 49 65 2e-129
(AFV52189) hus sp. ATCC

53650
HrnN Streptomyces BGC0002101  heronamide A, B,C 523 44 62 5e-129
(SAI182906) sp. CMB-0406

CBM-0406
mlaN Streptomyces ~ BGC0000097  ML-449 523 43 62 6e-128
(AC094494)  sp. MP39-85
SgcB Streptomyces BGC0001397  lidamycin 521 45 62 2e-126
(ALU98434)  globisporus C-

1027
SgcB Streptomyces BGC0000965  C-1027 521 45 62 2e-126
(AALO06672)  globisporus
AcmR1 Amycolatopsis BGC0001503  amycolamycin A, B 532 45 63 2e-125
(ATV95594)  sp.
LobT Micromonosp  BGC0001303  lobosamide A, B,C 577 45 63 4e-124
(ALAQ09373)  ora sp. RL09-

050-HVF-A
Strop_2765 Salinispora BGC0000142  salinilactam 584 44 61 Te-124
(ABP55207) tropica CNB-

440
Frig2 Streptomyces ~ BGC0002028  frigocyclinone 539 47 61 6e-124
(QDG00808)  griseus
Med-ORF25 Streptomyces ~ BGC0000245  medermycin 525 47 61 le-122
(BAC79020)  sp. AM-7161
HerN Streptomyces ~ BGC0001349  heronamide A, B, C, 520 44 62 2e-120
(AKD43759)  sp. SCSIO D,E F

03032
Orf14 Streptomyces ~ BGC0002376  bombyxamycin A, 531 41 60 2e-119
(QBL56188)  sp. B
MdpR3 Actinomadura BGCO0001008  maduropeptin 525 42 61 4e-119
(ABY66009) madurae




SSGG_00659  Streptomyces BGC0000431  stenothricin 514 47 63 4e-112
(EFE73293) filamentosus

NRRL 15998
BN6_54810 Saccharothrix ~ BGC0002070  pentangumycin, 499 48 62 8e-111
(CCH32740)  espanaensis SEK90

DSM 44229
FIvT1 Actinomadura BGC0001597  fluvirucin B2 506 42 60 2e-108
(BAV56014)  fulva  subsp.

indica
FZ103 09785 Streptomonosp BGC0002045  persiamycin A 526 46 62 7e-107
(MUL41461) orasp. PA3
HitT1 Streptomyces ~ BGC0001194  hitachimycin 538 37 54 le-91
(BAR73016)  scabrisporus

TABLE S6 Conserved amino acid motifs of the major facilitator superfamily (MFS)

transporters (Paulsen et al. 1996) found in the CpkF sequence. The consensus sequences of
the motifs (upper lines) are shown as follows: x —any amino acid, capital letter — conservative

amino acid, lowercase letter — amino acid which can be replaced with a similar one. The
amino acids of CpkF (lower lines) corresponding to the motifs are shown in bold. TMS —

transmembrane segment.

Motif Sequence match Description

(CpkF aa span)
D1 1DxTvxnvAlP In TMS1, typical for 14TMS members of
(33-43) ADLGVLWLATP MFS
A GxLaDrxGrkxxx1l In inside loop between TMS2 and TMS3;
(75-88) GTLGDRIGRRRLLI typical for all MFS members
B 1xxxRxxgGxgaa In TMS4; typical for all MFS members
(110-122) LIVARALLGVAGA
C gxxxGPxxGGx1 In TMSS5; typical for drug—ion antiporters
(156-167) GIAIGPVIGGVL
H WxwxF1INvPig In TMS6, typical for 14TMS members of
(173-184) WGSVFLMGVPVM MFS
E DxxGxxL In TMS7, typical for 14TMS members of
(207-213) DLASVVL MFS
F lgxxxGxavxgl In TMS13, typical for 14TMS members
(411-422) LGLAFGIAVTGS of MFS

TABLE S7 Streptomyces coelicolor A3(2) proteins homologous to CpkF identified by
BLAST search (http://strepdb.streptomyces.org.uk/).

SCO number Length (aa) % of identical aa % of similar aa E-value
SC0O1567 510 45 62 8e-132
SC05516 521 43 59 3e-130
SCO1751 534 40 56 le-107
SC06822 521 34 52 9e-88
SC05957 533 32 49 2e-72
SCO05076 533 35 50 %e-71
SC01190 533 30 48 5e-64
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FIGURE S1. Predicted structural features of CpkF protein. (A) Model of CpkF structure
predicted by AlphaFold (Jumper et al. 2021; Varadi et al. 2024). Protein surface hydrophobicity
is displayed in cyan(min)/yellow(max) coloring. Transmembrane helices are depicted in red
and are limited with the dark planes that indicate a cell membrane. Visualisation was made with
UCSF ChimeraX (Meng et al., 2023). (B) Topology of the transmembrane segments. Hydropathy
(blue line) and amphipathicity (red line) plots were obtained with the WHAT program (zhai &
HMMTOP
(Tusnady and Simon, 2001). TMS numbers, as well as inside (i) and outside (0) loop locations,
are given on top of the graph. The black bars mark the locations of the sequence motifs

Saier, 2001). The orange bars mark transmembrane segments as predicted by

described in Table S4.
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FIGURE S2. Expression profile of selected cpk genes. The plot is based on transcriptomic
microarray data from (Nieselt et al. 2010).
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