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Figure S1. (A) Physical maps of chromosomal DNA containing the wild-type S. lividans TK24 act cluster for actinorhodin and red 

cluster for undecylprodigiosin, and the deleted alleles of the S. lividans, ∆act ∆red and S. lividans, ∆act-FRT ∆red-BCC strains. Thick 

arrows denote the direction and size of genes. Red arrows represent the act and red genes. Gene labelling is based on the genomic 

sequence of S. lividans TK24 (GenBank Acc. No. CP009124)
1
. The black bars below the maps represent the probes used for Southern 

hybridization analysis. Relevant restriction sites are indicated.  

(B) Southern hybridization analysis of chromosomal DNA from the indicated strains verifying the correct integration and removing of 

the antibiotic cassette. 1 µg of gDNA from the corresponding strain was digested with the restriction enzymes indicated, separated by 

electrophoresis in 0.8% (w/v) agarose gel and transferred on Hybond N (Amersham) as described in Ausubel et al.
2
 Hybridization 

followed the standard DIG protocol (Roche, Mannheim, Germany) using the DIG-labelled probes 1 and 2 for verification of correct 

red and act deletion, respectively. Lambda DNA-BstEII digest was used as the size standard.  
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Figure S2. Absorptions, accurate mass and MS/MS profile of metabolite detected in the extract of S. lividans RedStrep1 [pYQS040/pYQS060] 

strain. Detected compound has m/z of 349.1213 [M+H]
+
 (calculated for coelimycin P1 (C17H20N2)4S) 349.1215 [M+H]

+
) and three UV 

maximums at 225, 275 and 360 nm with peak at 360 nm being characteristic for coelimycin P1
3
. The MS/MS fragmentation pattern is the same as 

described for coelimycin P1
4
. 

 

 

                                              

  



4 

 

Table S1. Plasmids used in this study. 

Plasmid name Description Construction details Source 

pSET152 
Integrative E.coli-Streptomyces vector, ɸC31 

attachment site, Am
R
  

5 

pUWL-oriT E.coli- Streptomyces shuttle vector, Amp
R
, Tsr

R
 

 
6 

pBpsA 
Integrative E.coli-Streptomyces vector, ɸBT1 

attachment site, Am
R
  

7 

pKC1218 hyg_mut E.coli- Streptomyces shuttle vector, Hyg
R
 

Am
R
 marker replaced with HygR, one EcoRI site 

eliminated 
This study 

pTSA101 Intermediate/construction vector 
pKC1218hyg_mut backbone with bpsA gene 

under control of P21 promoter and CymR operator 
This study 

pYQS031 Intermediate/construction vector  
Ligation of PCR PermE-dnaQ2 with pKC1218 

hyg_mut (HindIII/EcoRI) 
This study 

pYQS040 SLIV_06710 PO - BpsA in pSET152 backbone 

Ligation: pSET152 (BamHI/EcoRI) + PCR 

SLIV_06710 PO (BamHI/SpeI) + pTSA101 

(SpeI/EcoRI, bpsA) 

This study 

pYQS041 SLIV_06815 PO - BpsA in pSET152 backbone 

Ligation: pSET152 (BamHI/EcoRI) + PCR 

SLIV_06815 PO (BamHI/SpeI) + pTSA101 

(SpeI/EcoRI, bpsA) 

This study 

pYQS042 SLIV_09080 PO - BpsA in pSET152 backbone 

Ligation: pSET152 (BamHI/EcoRI) + PCR 

SLIV_09080 PO (BamHI/SpeI) + pTSA101 

(SpeI/EcoRI, bpsA) 

This study 

pYQS046 
Backbone was used for double crossover to 

knockout target gene 

Ligation: PCR dnaQ1 flanking A (AgeI/BamHI) + 

PCR dnaQ1 flanking B (BamHI/HindIII) + 

pTSA101 (HindIII/AgeI) 

This study 

pYQS056 SLIV_31825 PO - bpsA in pSET152 backbone 

Ligation: pSET152 (BamHI/EcoRI) + PCR 

SLIV_31825 PO (BamHI/SpeI) + pTSA101 

(SpeI/EcoRI, bpsA) 

This study 

pYQS060 
Cluster specific positive regulator: PermE-

SLIV_06705 in pKC1218, Hyg
R
 

Ligation of pYQS031 with PCR SLIV_06705 

(EcoRI/XbaI) 
This study 
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pYQS061 
Cluster specific positive regulator: PermE-

SLIV_06745 in pKC1218, Hyg
R
 

Ligation of pYQS031 with PCR SLIV_06745 

(EcoRI/XbaI) 
This study 

pYQS062 
Cluster specific positive regulator: PermE-

SLIV_09200 in pKC1218, Hyg
R
 

Ligation of pYQS031 (EcoRI/XbaI) with PCR 

SLIV_09200 (MfeI/XbaI)  
This study 

pYQS063 
Cluster specific positive regulator: PermE-

SLIV_09220 redD in pKC1218, Hyg
R
 

Ligation of pYQS031 with PCR SLIV_09220 

RedD (EcoRI/XbaI) 
This study 

pYQS064 
Cluster specific positive regulator: PermE-

SLIV_31695 in pKC1218, Hyg
R
 

Ligation of pYQS031 with PCR SLIV_31695 

(EcoRI/XbaI) 
This study 

pYQS065 

Used to construct hybrid repressor HR1: REC 

SLIV_09200 - linker SLIV_09200 - HTH 

SLIV_09075 

Gibson assembly: Reverse PCR pYQS046 + PCR 

SLIV_09075 flanking A1 + PCR HR1-frag4 + 

PCR HR1-frag1 + PCR SLIV_09075 flanking B1 

This study 

pYQS066 

Used to construct hybrid repressor HR2: HTH 

SLIV_09075 - linker SLIV_09075 - REC 

SLIV_09200 

Gibson assembly: Reverse PCR pYQS046 + PCR 

SLIV_09075 flanking A2 HR2-frag2 + PCR HR2-

frag3 + PCR SLIV_09075 flanking B2 

This study 

pYQS070 
single crossover plasmid for insertion knockout of 

SLIV_06770, Amp
R
 and Tsr

R
 

Ligation PCR SLIV_06770 middle with pUWL 

(NdeI/BamHI) 
This study 

pYQS079 PermE-HR1, pKC1218 backbone, Hyg
R
 

Ligation of PCR Hybrid Repressor 1 (XbaI/MfeI) 

with pYQS060 (XbaI/EcoRI) 
This study 

pYQS080 PermE-HR2, pKC1218 backbone, Hyg
R
 

Ligation PCR Hybrid Repressor 2 (XbaI/MfeI) 

with pYQS060 (XbaI/EcoRI) 
This study 

PO: promoter-operator. HR: hybrid repressor. PR: putative positive regulator 
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Table S2. Escherichia coli and Streptomyces lividans strains used in this study. 

Strain name Description Plasmid(s) used for conjugation Source/reference 

Escherichia coli XL1-blue 

General cloning host: recA1 endA1 gyrA96 thi-1 

hsdR17 supE44 relA1 lac [F´ proAB lacI
q
 

Z∆M15 Tn10 (Tet
R
)] 

 Stratagene 

Escherichia coli ET125671 

(pUZ8002) 

Mediates conjugative DNA transfer from RP4 

oriT with helper plasmid pUZ8002 (Kan
R
, Cm

R
). 

Methylation deficient (dam
−
, dcm

−
, hsdM

−
) 

 8 

S. lividans TK24 S. lividans wild-type strain 
 

2 

RedStrep1 TK24 ∆act ∆red 
Deleted clusters for actinorhodine 

and undecylprodigiosin 
This study 

TK24 + Reporter 1 TK24 attBC31 :: SLIV_06710PO-bpsA pYQS040, attBC31 integrative This study 

TK24 + Reporter 2 TK24 attBC31 :: SLIV_06815PO-bpsA pYQS041, attBC31 integrative This study 

TK24 + Reporter 3 TK24 attBC31 :: SLIV_09080PO-bpsA pYQS042, attBC31 integrative This study 

RedStrep 1 + Reporter 1 RedStrep 1 attBC31 :: SLIV_06710PO-bpsA pYQS040, attBC31 integrative This study 

RedStrep 1 + Reporter 2 RedStrep 1 attBC31 :: SLIV_06815PO-bpsA pYQS041, attBC31 integrative This study 

RedStrep 1 + Reporter 3 RedStrep 1 attBC31 :: SLIV_09080PO-bpsA pYQS042, attBC31 integrative This study 

RedStrep 1 + Reporter 4 RedStrep 1 attBC31 :: SLIV_31825PO-bpsA  pYQS056, attBC31 integrative This study 

RedStrep 1 + Reporter 1+ PR1  
RedStrep 1 SLIV_06710PO-BpsA + ermEp-

SLIV_06705 
pYQS060, replicative This study 

RedStrep 1 + Reporter 1+ PR2 
RedStrep 1 SLIV_06710PO-BpsA + ermEp-

SLIV_06745 
pYQS061, replicative This study 

RedStrep 1 + Reporter 4+ PR5 
 RedStrep 1 SLIV_31825PO-BpsA + ermEp-

SLIV_31695 
pYQS064, replicative This study 

TK24 + Reporter 3 + PR3  
RedStrep 1 SLIV_09080PO-BpsA + ermEp-

SLIV_09200 
pYQS062, replicative This study 
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TK24 + Reporter 3 + PR4  
RedStrep 1 SLIV_09080PO-BpsA + ermEp-

SLIV_09220 RedD 
pYQS063, replicative This study 

TK24 ∆SLIV_09075 :: HR1 TK24 ∆SLIV_09075 :: Hybrid repressor_1 
pYQS065, for deletion knockout by 

double crossover 
This study 

TK24 ∆SLIV_09075 :: HR2 TK24 ∆SLIV_09075 :: Hybrid repressor_2 
pYQS066, for deletion knockout by 

double crossover 
This study 

TK24 ∆SLIV_09075 :: HR1 + 

Reporter 3 

TK24 ∆SLIV_09075 :: Hybrid repressor_1 + 

SLIV_09080PO-BpsA 
pYQS042, attBC31 integrative This study 

TK24 ∆SLIV_09075 :: HR2 + 

Reporter 3 

TK24 ∆SLIV_09075 :: Hybrid repressor_1 + 

SLIV_09080PO-BpsA 
pYQS042, attBC31 integrative This study 

RedStrep 1 + Reporter 1 + PR1 

∆SLIV_06770 

SLIV_06770 was knocked out in “RedStrep 1 + 

Reporter 1 + PR1” 

pYQS070, for insertion knockout 

by single crossover  
This study 

RedStrep 1 + Reporter 3+ HR1 RedStrep 1 SLIV_09080PO-BpsA + ermEp-HR1 pYQS079, replicative This study 

RedStrep 1 + Reporter 3 + HR2 RedStrep 1 SLIV_09080PO-BpsA + ermEp-HR2 pYQS080, replicative This study 

PO: promoter-operator. HR: hybrid repressor. PR: putative Positive Regulator 

HR1: REC SLIV_09200 - linker SLIV_09200 - HTH SLIV_09075 

HR2: HTH SLIV_09075 - linker SLIV_09075 - REC SLIV_09200 

  



8 

 

Table S3. Primers for plasmid construction used in this study. 

Primer name 
5’-3’ sequence  

(Italic: endonuclease restriction enzyme site) 
PCR product (size bps, template) 

Enzyme/paired 

primer 

YQ30_SE TAATGGATCCGTCGTGCTCCGTGGTCGC 
PCR SLIV_06710 PO (258, TK24)  

BamHI 

YQ30_AS ACACCACTAGTCGCCTTTTCCCCTTACCGTTC SpeI 

YQ31_SE TATAGGATCCGCCTGCCTCCTTGTTCAT 
PCR SLIV_06815 PO (137, TK24) 

BamHI 

YQ31_AS CAGTACTAGTGGGTCCCCCCCAGGAATC SpeI 

YQ32_SE AGATGGATCCTTTCTCCGCTTCACCTCG 
PCR SLIV_09080 PO (164, TK24) 

BamHI 

YQ32_AS AATTACTAGTCGGGCAGCCTTCGGCAGGA SpeI 

YQ42_SE CAATGGATCCGACGCCTCCTTCCAGTG 
PCR SLIV_31825 PO (120, TK24) 

BamHI 

YQ42_AS ACACCACTAGTGAACCCCCACCTCCTTAAG SpeI 

YQ47_SE ATCATCTAGACATCCGCGGCACGGCAAAC 
PCR SLIV_06705 (927, TK24) 

XbaI 

YQ47_AS GTACTGAATTCCGAGATCGGGCGCGTCAC EcoRI 

YQ48_SE CGCATCTAGAAGTCGTGGCCAGGAGAATAC 
PCR SLIV_06745 (1743, TK24)  

XbaI 

YQ48_AS ATACTGAATTCGACGGCGGAGACGGTGGG EcoRI 

YQ49_SE ATCATCTAGAGCCCGCACGCCACGTACGGT 
PCR SLIV_09200 (739, TK24)  

XbaI 

YQ49_AS ATACTCAATTGGCCGGACCGGGGCATTCAGC MfeI 

YQ50_SE ATCATCTAGACCGATCGTTCGGTGGATGAC PCR SLIV_09220 redD (1097, 

TK24) 

XbaI 

YQ50_AS ATACTGAATTCCCGGGTCGTCAGGCGCTGAG EcoRI 

YQ51_SE GGCATCTAGAATGCGGGCACTGTATCCAGG 
PCR SLIV_31695 (863, TK24)  

XbaI 

YQ51_AS ATACTGAATTCCTCACGGCCTCCGCATGAGC EcoRI 

YQ54_SE GATAAGCTTGGGCTGCAGGTC Reverse PCR pYQS046 (7884, 

pYQS046) 
 

YQ54_AS ACCGAGTCCCACCGGTCGAAAC 
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YQ55_SE TTCGACCGGTGGGACTCGGTGCTGGAGCGCAGGTTGTC PCR SLIV_09075 flanking A1 

(1530, TK24)   

 

YQ55_AS GGGTCGTCATTTTCTCCGCTTCACCTCGG  

YQ56_SE AGCGGAGAAAATGACGACCCGTGTCCTG 
PCR HR1-frag4 (455, TK24)   

 

YQ56_AS CAATCTTGGGTTCGGGGCGGAGGTTCTTC  

YQ57_SE CCGCCCCGAACCCAAGATTGAAGCCGGC 
PCR HR1-frag1 (218, TK24)   

 

YQ57_AS GGGTGCGTCAGACGACGAGTTCGAGCAGG  

YQ58_SE ACTCGTCGTCTGACGCACCCCGTCCAGG PCR SLIV_09075 flanking B1 

(1530, TK24)  

 

YQ58_AS ACCTGCAGCCCAAGCTTATCCGGCGGTCCTCTCGTCGG  

YQ59_AS CACGGGTCGTGCGAGCTGCCTGTTCGAG 
PCR SLIV_09075 flanking A2 

HR2-frag2 (1845, TK24) 
YQ55_SE 

YQ60_SE GGCAGCTCGCACGACCCGTGTCCTGGTG 
PCR HR2-frag3 (359, TK24)  

YQ60_AS GGGTGCGTCAGATGGTTCTGATGACGTGCAC 
 

YQ61_SE CAGAACCATCTGACGCACCCCGTCCAGG 
PCR SLIV_09075 flanking B2 

(1530, TK24) 
YQ58_AS 

YQ68_SE ATCACATATGAACTTCCCGCCAGCCTGAAC PCR SLIV_06770 middle (2142, 

TK24) 

NdeI 

YQ68_AS ATAAGGATCCAAGAAGTCGGCGTCGAACTC BamHI 

YQ75_SE ACGGTGTCTCGTACACCTTC Amplify SLIV_06770 to identify 

insertion knockout (9894) 
 

YQ75_AS TTCCGTAGGTGGCCATGAGG 

YQ80_SE GCCATCTAGAGGTGAAGCGGAGAAAATGACGA PCR Hybrid Repressor 1 (678, 

pYQS065) 

XbaI 

YQ80_AS CTACTCAATTGGGTGCGTCAGACGACGAGTT MfeI 

YQ81_SE GCCATCTAGAAGGTGAAGCGGAGAAAATGC PCR Hybrid Repressor 2 (696, 

pYQS066) 

XbaI 

YQ81_AS CCGCTCAATTGCGTCAGATGGTTCTGATGAC MfeI 
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Table S4. Primers used in construction of S. lividans RedStrep1. 

 

Oligonucleotide                    Sequence (5′ − 3′)                    

12925Dir    CCCCCAATTGCGCTGAGCAAGCAGATCCGGGCCC  

129215Rev CCCCATCGATGGAAGGCCGTCAGCGGCCCGTGGC   

13030Dir CCCCAAGCTTCGAAGACCGCCAGGGACGTCAGCC 

13013Rev CCCCCTTAAGTGACGCGCACCCTCGCCTTCGCGC 

9220Dir CCCCCAATTGCCGGTACGCTTCAGATATGAGTGC   

9220Rev  CCCCGGATCCACCGTCAATGTGTTGAGGCCG 

9115Dir  CCCCCTTAAGCGTGTACTGACCCCGCCCGTCACG  

9115Rev  CCCCAAGCTTCGATCTCCTCGGCGACCCGGTCG  
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