
Supplemental Material  

 

 

Supplemental Material for: 

Characterization of a novel plasmid-borne thiopeptide gene cluster 

in Staphylococcus epidermidis strain 115 

 

 

Philip R. Bennallack
1
, Scott R. Burt

2
, Michael J. Heder

1
, Richard A. Robison

1*
,  

and Joel S. Griffitts
1* 

 

1
Department of Microbiology and Molecular Biology, Brigham Young University, Provo, UT 

84602, USA 

 

2
Department of Chemistry and Biochemistry, Brigham Young University, Provo, UT 84602, 

USA 

 

Contents: 

1. Supplemental Methods (Pages 2-3) 

2. List of Supplemental Tables and Figures (Page 4) 

3. Supplemental Tables S1-S5 (Pages 5-11) 

4. Supplemental Figures S1-S2 (Pages 12-23) 

5. Supplemental References (Page 24) 



Supplemental material for: S. epidermidis 115 thiopeptide plasmid 

2 
 

SUPPLEMENTAL METHODS 

I. Transformation of Bacillus subtilis 168 by starvation-induced competence  

- modified from (1) 

a) Media preparation 

Starvation medium 1 (SM1) contains 0.2% ammonium sulfate, 1.2% dipostassium hydrogen 

phosphate, 0.6% potassium dihydrogen phosphate, 0.1% sodium citrate dihydrate, 0.2% 

magnesium sulfate heptahydrate, 0.2%  yeast extract, 0.025% casamino acids, 0.01% L-

tryptophan and 0.5% glucose.  

Starvation medium 2 (SM2) differs slightly from SM1, containing 0.2% ammonium sulfate, 

1.2% dipostassium hydrogen phosphate, 0.6% potassium dihydrogen phosphate, 0.1% sodium 

citrate dihydrate, 0.8% magnesium sulfate heptahydrate, 0.1%  yeast extract, 0.0125% casamino 

acids, 0.01% L-tryptophan, 0.5% glucose and 0.022% calcium chloride dihydrate.  

Both solutions were mixed fresh on the day of transformation from stock solutions prepared 

ahead of time. The ammonium sulfate, dipostassium hydrogen phosphate, potassium dihydrogen 

phosphate and sodium citrate dihydrate can be combined and autoclaved to provide the base (ST 

Base) for both media. All other solutions were maintained as separate stocks, sterilized by 

autoclaving (magnesium sulfate heptahydrate and calcium chloride) or filter sterilization (yeast 

extract, casamino acids, tryptophan and glucose). 

b) Preparation of competent cells 

Pure cultures of B. subtilis 168 cells were grown on LB agar without antibiotics, then used to 

inoculate a 4-ml liquid culture of LB. Cells were grown overnight at 37C, 225rpm for 14-18 h. 

1 ml of overnight culture was combined with 15 ml of warm, freshly prepared SM1 (final 

OD600 ≈ 0.4-0.6) and incubated at 37C, 225rpm for 5 h. Following incubation in SM1, an equal 

volume of pre-warmed SM2 was added and cells were further incubated for 2 h under the same 

conditions. At this stage and for at least 60-90 min after, cells are competent and are ready for 

transformation. Cells may be combined with glycerol (final conc. 10%) and frozen at -80
o
C at 

this stage, however subsequent transformations may be at least two-fold less efficient than those 

performed with fresh competent cells.  
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c) Transformation of competent cells 

500 µl of competent B. subtilis cells were combined with 100-500 ng plasmid DNA (<5 µl 

volume) and incubated at 37C (with rotation) for 30 min. 200 µl of fresh LB was then added to 

cells and incubated for an additional 60 min. Following this final incubation step, the desired 

volume of cells was plated on antibiotic-containing LB (LB-Cm5) and grown overnight at 37C. 

Transformation efficiencies in the range of 2 x 10
4
-2 x 10

5 
transformants per µg DNA are 

routinely observed using this procedure. 

 

I. Transformation of Bacillus subtilis SCK6 by xylose induced competence 

B. subtilis strain SCK6 (2) harbors a Pxyl-comK insertion for rapid induction of competence in 

the presence of xylose. Strains were transformed by diluting overnight cultures of strain SCK6 

into LB-xyl (1% w/v) for 2 hours at 37C to induce competence. At this stage cells were mixed 

with 100-500 ng plasmid DNA and incubated for 60 min prior to selection. Following this final 

incubation step, the desired volume of cells was plated on antibiotic-containing LB (LB-Cm5) 

and grown overnight at 37C. High efficiency transformations are readily obtained in this 

manner.  



Supplemental material for: S. epidermidis 115 thiopeptide plasmid 

4 
 

LIST OF SUPPLEMENTAL TABLES AND FIGURES 

Table S1. Strains and assay conditions used in inhibition studies 

Table S2. Primer pairs used in assembly of pBac115. 

Table S3. NMR protocols used  

Table S4. Summary of pBac115 blastp results 

Table S5. Chemical shifts of micrococcin P1 in DMSO-d6 

 

Figure S1. Complete maps and sequences of plasmids used to construct B. subtilis mutants  

Figure S2. Summary of NMR 2D correlations  

  



Supplemental material for: S. epidermidis 115 thiopeptide plasmid 

5 
 

SUPPLEMENTAL TABLES S1-S5 

Table S1. Strains and Assay Conditions Used in Inhibition Studies 

Indicator (Test) Strain 

Gram 

Stain 

Assay 

Method
a
 Sensitive Culture Media

b
 

B. anthracis Sterne strain 1043 Positive Patch + TSA 

B. brevis ATCC 8246 Positive Spot + NB 

B. cereus ATCC 14579 Positive Patch, spot - LB, TSA 

B. licheniformis ATCC 14580 Positive Spot + NB 

B. megaterium ATCC 15127 Positive Patch + LB, TSA 

B. mycoides ATCC 6462 Positive Spot + NB 

B. sphaericus ATCC 14577 Positive Spot + NB 

B. subtilis ATCC 19659 Positive Spot + LB,TSA 

B. subtilis ATCC 6051 Positive Spot + LB 

B. subtilis SCK6 Positive Spot + LB 

B. subtilis subsp. spizizenii ATCC 6633 Positive Patch, spot - NB 

B. subtilis 168 Positive Spot + LB 

B. thuringiensis ATCC 19269 Positive Spot + NB 

B. thuringiensis Al Hakam Positive Spot + NB 

C. difficile ATCC 43598 Positive Spot + LB 

C. perfringens ATCC 13124 Positive Spot + TSA w/ blood 

E. faecalis ATCC 19433 Positive Spot + LB 

E. faecalis clinical isolate RL112105 (VRE)  Positive Patch + TSA 

L. monocytogenes ATCC 13932 Positive Spot + LB,TSA 

L. monocytogenes ATCC 15313 Positive Spot + LB,TSA 

P. polymyxa ATCC 842 Positive Spot + NB 

S. agalactiae ATCC 12386 Positive Spot + TSA w/ blood 

S. aureus ATCC 29213 Positive Spot + LB 

S. aureus ATCC 6538 Positive Spot + LB 

S. aureus ATCC 43300 (MRSA) Positive Spot + LB 

S. aureus environmental isolate RL1 (MRSA) Positive Spot + LB 

S. aureus environmental isolate RL2 (MRSA) Positive Spot + LB 

S. aureus environmental isolate RL3 (MRSA) Positive Spot + LB 

S. aureus environmental isolate RL4 (MRSA) Positive Spot + TSA 

S. aureus environmental isolate RL5 (MRSA) Positive Spot + LB 

S. epidermidis PB004 Positive Patch + LB, TSA 

S. epidermidis PB023 Positive Spot + LB 

S. pneumoniae ATCC 6303 Positive Patch + LB 

S. pyogenes RL421682 Positive Patch + LB 

S. pyogenes ATCC 51339 Positive Patch + LB 

B. thailandensis E135 Negative Spot - LB 

E. coli 0157:H7 Negative Patch - TSA 

Y. pseudotuberculosis RLPI399 Negative Patch - LB 

M. smegmatis ATCC 14468 Acid fast Spot + 7H11 
a
 Patch, flanking patch assay; Spot, spot-on-lawn assay   

b 
LB, Luria broth; NB, nutrient broth; TSA, tryptic soy agar; 7H11, mycobacteria 7H11 agar 
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Table S2: Primer pairs used in assembly of pBac115
a 

Primer 

pair 

Primer 

name 
Direction Sequence (5' - 3') 

Expected 

product 

(bp) 

Target 

1 
oPB009 Forward GGAGTATTATACGCTGCCAGC 

2068 Contig 1 
oPB010 Reverse CCACAAGGAAATGCATCCGCA 

2 
oPB011 Forward GCTGACACAACTTCTCCTGG 

2493 Contig 1 
oPB012 Reverse ATTGGACCAGGAATGGGCAG 

3 
oPB015 Forward CTTGTGTGATCTCCGGCATTCC 

2397 Contig 2 
oPB016 Reverse TGCCTGGTGGCTCATCTTTG 

4 
oPB019 Forward TGAACGTGGAGATGTTGCTGG 

1895 Contig 3 
oPB020 Reverse CAGAATGGAGGGACGAACAAGTG 

5 
oPB023 Forward TTACAAGCAAGCGTAGCGAGC 

659 Contig 4 
oPB024 Reverse ATCGCTTGAGCCCTACTCTCC 

6 
oPB027 Forward CGAATGATGTGGTTATCGCAGG 

776 Contig 5 
oPB028 Reverse TCACTTCCATATCCAGCGTCG 

a
Primer pairs 1, 2 and 4 amplified the expected product from strain 115 but not the pBac115-

deficient strain 115C. All other primer pairs amplified the expected products from both strains. 
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Table S3.  NMR Protocols 
 Protocol Key Parameters 

1
H  64 scans 

13
C  20000 scans 

gradient-filtered DQ-COSY  16 scans, 400 increments 

z-filtered TOCSY 32 scans, 256 increments, 90 ms DIPSI-2 spinlock 

adiabatic HSQC  16 scans, 96 increments, J1=146 Hz 

band-selective adiabatic HSQC 32 scans, 128 increments, 5-80 ppm  

band-selective adiabatic HSQC 32 scans, 128 increments, 105-150 ppm  

adiabatic HSQC-TOXY  64 scans, 96 increments, 90 ms MLEV-17 spinlock 

gradient-filtered adiabatic HMBC  16 scans, 96 increments, Jn=8 Hz 

band-selective grad.-filtered adiab. HMBC 64 scans, 128 increments, Jn=12 Hz, 110-180 ppm  

band-selective grad.-filtered adiab. HMBC 256 scans, 128 increments, Jn=3 Hz, 110-180 ppm  

adiabatic 
15

N-HSQC  128 scans, 96 increments, J1= 90 Hz 

adiabatic 
15

N-HSQC-TOXY  128 scans, 96 increments, 80 ms MLEV-17 spinlock 
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Table S5.  Chemical Shifts of Micrococcin P1 in DMSO-d6 

   Position Residue Type δ 
13

C (ppm) δ 
15

N (ppm) δ 
1
H (ppm) Mult. J (Hz) 

1 Thr 1, γ CH3 21.51 - 1.00 d 6.2 

2 Thr 1, β CH 65.55 - 3.69 m - 

2 Thr 1, OH OH - - 4.63 d br 

3 
a
Thr 1, α CH2 47.35 - 3.06 m - 

4 Thr 1, NH NH - 107.30 7.90 t 5.8 

5 Thr 2, CO C=O 164.79 - - - - 

6 Thr 2, α C 131.07 - - - - 

7 
b
Thr 2, β CH 128.31 - 6.50 q 7.0 

8 
b
Thr 2, γ CH3 13.99 - 1.68 d 7.0 

9 Thr 2, NH NH - 117.20 9.51 s - 

10 
c
Cys 1, CO C=O 159.44 - - - - 

11 Thiazole 1 C 150.90 - - - - 

12 Thiazole 1 CH 125.85 - 8.44 s - 

13 Thiazole 1 C 161.87 - - - - 

14 Thiazole 2 C 149.90 - - - - 

15 Thiazole 2 CH 122.14 - 8.57 s - 

16 Thiazole 2 C 168.81 - - - - 

17 Pyridine C 150.21 - - - - 

18 Pyridine CH 119.12 - 8.32 d 8.1 

19 Pyridine CH 141.14 - 8.43 d 8.1 

20 Pyridine C 129.60 - - - - 

21 Pyridine C 151.53 - - - - 

22 Thiazole 3 C 152.95 - - - - 

23 Thiazole 3 CH 121.90 - 8.10 s - 

24 Thiazole 3 C 170.46 - - - - 

25 Thr 3, α CH 56.59 - 5.06 dd 4.6, 8.8 

26 Thr 3, β CH 67.60 - 3.99 m - 

26 Thr 3, OH OH - - 4.76 d br 

27 Thr 3, γ CH3 21.07 - 1.02 d 6.4 

28 Thr 3, NH NH - 115.40 8.21 d 8.9 

29 
c
Cys 4, CO C=O 160.91 - - - - 

30 Thiazole 4 C 149.56 - - - - 

31 Thiazole 4 CH 125.15 - 8.28 s - 

32 Thiazole 4 C 170.32 - - - - 

33 Val α CH 55.85 - 5.12 dd 9.0, 9.0 

34 Val β CH 32.68 - 2.50 m - 
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35 
d
Val γ CH3 18.94 - 0.96 d 6.7 

36 
d
Val γ CH3 20.03 - 0.85 d 6.6 

37 Val NH NH - 120.10 8.38 d 9.0 

38 
c,e

Cys 5, CO C=O 160.24 - - - - 

39 Thiazole 5 C 148.71 - - - - 

40 Thiazole 5 CH 124.92 - 8.19 s - 

41 Thiazole 5 C 166.81 - - - - 

42 Thr 4, α C 130.09 - - - - 

43 
b
Thr 4, β CH 129.07 - 6.45 q 6.9 

44 
b
Thr 4, γ CH3 14.24 - 1.74 d 6.8 

45 Thr 4, NH NH - 120.40 9.51 s - 

46 Thr 5, CO C=O 168.98 - - - - 

47 Thr 5, α CH 58.09 - 4.67 dd 3.4, 8.0 

48 Thr 5, β CH 67.98 - 4.37 m - 

48 Thr 5, OH OH - - 5.42 d 6.0 

49 Thr 5, γ CH3 20.31 - 1.36 d 6.3 

50 Thr 5, NH NH - 109.30 7.85 d 7.9 

51 
c,e

Cys 6, CO C=O 160.27 - - - - 

52 Thiazole 6 C 150.12 - - - - 

53 Thiazole 6 CH 126.31 - 8.36 s - 

54 Thiazole 6 C 164.54 - - - - 
1
H and 

13
C chemical shifts obtained from both 1D and 2D spectra; 

15
N chemical shifts 

obtained from 2D spectra. Multiplicities and J values obtained from 1D 
1
H spectrum. 

a
Thr 

residue is decarboxylated. 
b
Thr residue is dehydrated. 

c
Remainder of the Cys is in a thiazole 

ring. 
d
The assignment of carbons 35 and 36 is ambiguous. 

e
The assignment of carbons 38 and 

51 is ambiguous. br denotes a signal that was too broad to accurately measure the J value. 
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SUPPLEMENTAL FIGURES S1-S2 

FIG S1. Complete maps and sequences of plasmids used to generate B. subtilis mutants  

Plasmid pRB014 used to generate B. subtilis SCK6 amyE::tclQ-orf18-cat mutant. The 

plasmid map shows critical features and unique restriction sites, where relevant. The 

complete nucleotide sequence is provided below with tclQ and cat shown in lowercase font. 

 

ATGTTTGCAAAACGATTCAAAACCTCTTTACTGCCGTTATTCGCTGGATTTTTATTGCTGTTTCATTTGGTTCTGGCAGGACC

GGCGGCTGCGAGTGCTGAAACGGCGAACAAATCGAATGAGCTTACAGCACCGTCGATCAAAAGCGGAACCATTCTTCATGCAT

GGAATTGGTCGTTCAATACGTTAAAACACAATATGAAGGATATTCATGATGCAGGATATACAGCCATTCAGACATCTCCGATT

AACCAAGTAAAGGAAGGGAATCAAGGAGATAAAAGCATGTCGAACTGGTACTGGCTGTATCAGCCGACATCGTATCAAATTGG

CAACCGTTACTTAGGTACTGAACAAGAATTTAAAGAAATGTGTGCAGCCGCTGAAGAATATGGCATAAAGGTCATTGTTGACG

CGGTCATCAATCATACCACCAGTGATTATGCCGCGATTTCCAATGAGGTTAAGAGTATTCCAAACTGGACACATGGAAACACA

CAAATTAAAAACTGGTCTGATCGGATCCGTAAAGCAATAGGACTTGTTCCTCCATATATTATACAATTATCCATGATTATTAT

CCTCATAAATTGGATAGTTGATTTTACCATATCTAGAGTAGGTAGTAATTAAGTAATCTTCAATAAAAATGATATCTTTAAAT

AACTCCATCTGTGGATTGGTAATATTACATTCACTTAACAAATAATATACTAGTTCTGATATTTTTAAAATTATGTATCTGTG

ATGCCTAAAGGTAGATTGTTTAAAATTTCCTATAATATTAAAAGCTATTTCAAGTATAAGTTCTTCGTAACTTTCACCTTGAT

AGTTAATTAAAAATTCGTTACAATTATTGGAATTTTTAACAAAAATAACTATTTTAATATCTGTCGATTCTTTTCTAATAGTC

ATCACTTCTACATCAAAATTCTCGAACAAAGGGTTGCCATATATACATTCTGAGAAATCTAACGTTTCTACTTTATTCGACGA

ATCACACATACATTGATATTTAATCTCGTCAAAAATTTTTTTATACATAGGATATAAAGAAAGTAGAAGActaatcttctact

ttgactcccatatttctagcagtaccttcaatcattgacattgctgtttcaatagaacttgcattcagatcaggcatttttat

ttctgcaatctcttgtaaatctttctttgaaatacttcctacaatttctttgtttggaacaccagatcctttattgatatgtg

ctttctcttttattaattcagctgtgggaggagtttttagtataaagttaaagcttcgatcttcatataccgtaatttctgca

ggaataaccccagacttttctttagtctgagcattatattgtgttacaaactccataatattaactcctgctgggcctaatgc

agtacctaccggaggtgctggagaagcttttccagcttctaattgaatattaataatttgctttatagcttttgccatTATTC

GTCACTCACTTTCAATAATTTTCTATTTAAATATATCCTAAAGAACTATACACTAGTGTAACTAAAAAATCAAGAAAAAGAAA

GAGGGCTAATATGTATTTACTATTTAAAAAAGATACATTTTACATAAAAACACATAATGAAGGTATTTTATTCAAAAATAATT

TTACAAATTTAGAAGTAAAAACTCATAAAAGTTACTATGTCTTTGAAAACTTAATTGAGTATCTCAATGGTTCCTATACAGAG

CTCAGTCTAGACTGGTACCTCGAATTCTCATGTTTGACAGCTTATCATCGGCAATAGTTACCCTTATTATCAAGATAAGAAAG

AAAAGGATTTTTCGCTACGCTCAAATCCTTTAAAAAAACACAAAAGACCACATTTTTTAATGTGGTCTTTTATTCTTCAACTA

AAGCACCCATTAGTTCAACAAACGAAAATTGGATAAAGTGGGATATTTTTAAAATATATATTTATGTTACAGTAATATTGACT

TTTAAAAAAGGATTGATTCTAATGAAGAAAGCAGACAAGTAAGCCTCCTAAATTCACTTTAGATAAAAATTTAGGAGGCATAT

1765 EcoRI (1)

1757 KpnI (1)

1741 SacI (1)

521 BamHI (1)

3099 SalI (1)

3216 SmaI (1)

3216 XmaI (1)

amyE 3' Homology Region 3100..4128

SpecR 4938..5720

5939 XhoI (1)

AmpR 7388..6729
7277 ScaI (1)

pRB014

7910 bp

ColE1 origin 6631..5949

cat 2079..2729

3010 SphI (1)

amyE 5' Homology Region 1..521

ORF18 (S. epidermidis 115) 1044..565

tclQ (S. epidermidis 115) 1489..1067

A
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CAAatgaactttaataaaattgatttagacaattggaagagaaaagagatatttaatcattatttgaaccaacaaacgacttt

tagtataaccacagaaattgatattagtgttttataccgaaacataaaacaagaaggatataaattttaccctgcatttattt

tcttagtgacaagggtgataaactcaaatacagcttttagaactggttacaatagcgacggagagttaggttattgggataag

ttagagccactttatacaatttttgatggtgtatctaaaacattctctggtatttggactcctgtaaagaatgacttcaaaga

gttttatgatttatacctttctgatgtagagaaatataatggttcggggaaattgtttcccaaaacacctatacctgaaaatg

ctttttctctttctattattccatggacttcatttactgggtttaacttaaatatcaataataatagtaattaccttctaccc

attattacagcaggaaaattcattaataaaggtaattcaatatatttaccgctatctttacaggtacatcattctgtttgtga

tggttatcatgcaggattgtttatgaactctattcaggaattgtcagataggcctaatgactggcttttataaTATGAGATAA

TGCCGACTGTACTTTTTACAGTCGGTTTTCTAATGTCACTAACCTGCCCCGTTAGTTGAAGAAGGTTTTTATATTACAGCTCC

AGATCCTCTACGCCGGACGCATCGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACC

GATGGGGAAGATCGGGCTCGCCACTTCGGGCTCATGAGCGCTTGTTTCGGCGTGGGTATGGTGGCAGGCCCCGTGGCCGGGGG

ACTGTTGGGCGCCATCTCCTTGCATGCACCATTCCTTGCGGCGGCGGTGCTCAACGGCCTCAACCTACTACTGGGCTGCTTCC

TAATGCAGGAGTCGCATAAGGGAGAGCGTCGACATGGATGAGCGATGATGATATCCGTTTAGGCTGGGCGGTGATAGCTTCTC

GTTCAGGCAGTACGCCTCTTTTCTTTTCCAGACCTGAGGGAGGCGGAAATGGTGTGAGGTTCCCGGGGAAAAGCCAAATAGGC

GATCGCGGGAGTGCTTTATTTGAAGATCAGGCTATCACTGCGGTCAATAGATTTCACAATGTGATGGCTGGACAGCCTGAGGA

ACTCTCGAACCCGAATGGAAACAACCAGATATTTATGAATCAGCGCGGCTCACATGGCGTTGTGCTGGCAAATGCAGGTTCAT

CCTCTGTCTCTATCAATACGGCAACAAAATTGCCTGATGGCAGGTATGACAATAAAGCTGGAGCGGGTTCATTTCAAGTGAAC

GATGGTAAACTGACAGGCACGATCAATGCCAGGTCTGTAGCTGTGCTTTATCCTGATGATATTGCAAAAGCGCCTCATGTTTT

CCTTGAGAATTACAAAACAGGTGTAACACATTCTTTCAATGATCAACTGACGATTACCTTGCGTGCAGATGCGAATACAACAA

AAGCCGTTTATCAAATCAATAATGGACCAGACGACAGGCGTTTAAGGATGGAGATCAATTCACAATCGGAAAAGGAGATCCAA

TTTGGCAAAACATACACCATCATGTTAAAAGGAACGAACAGTGATGGTGTAACGAGGACCGAGAAATACAGTTTTGTTAAAAG

AGATCCAGCGTCGGCCAAAACCATCGGCTATCAAAATCCGAATCATTGGAGCCAGGTAAATGCTTATATCTATAAACATGATG

GGAGCCGAGTAATTGAATTGACCGGATCTTGGCCTGGAAAACCAATGACTAAAAATGCAGACGGAATTTACACGCTGACGCTG

CCTGCGGACACGGATACAACCAACGCAAAAGTGATTTTTAATAATGGCAGCGCCCAAGTGCCCGGTCAGAATCAGCCTGGCTT

TGATTACGTGCTAAATGGTTTATATAATGACTCGGGCTTAAGCGGTTCTCTTCCCCATTGAGGGCAAGGCTAGACGGGACTTA

CCGAAAGAAACCATCAATGATGGTTTCTTTTTTGTTCATAAATCAGACAAAACTTTTCTCTTGCAAAAGTTTGTGAAGTGTTG

CACAATATAAATGTGAAATACTTCACAAACAAAAAGACATCAAAGAGAAACATACCCTGCAAGGATGCTGATATTGTCTGCAT

TTGCGCCGGAGCAAACCAAAAACCTGGTGAGACACGCCTTGAATTAGTAGAAAAGAACTTGAAGATTTTCAAAGGCATCGTTA

GTGAAGTCATGGCGAGCGGATTTGACGGCATTTTCTTAGTCGCGACGCGAGGCTGGATGGCCTTCCCCATTATGATTCTTCTC

GCTTCCGGCGGCATCGGGATGCCCGCGTTGCAGGCCATGCTGTCCAGGCAGGTAGATGACGACCATCAGGGACAGCTTCAAGG

ATCGCTCGCGGCTCTTACCAGCCTAACTTCGATCACTGGACCGCTGATCGTCACGGCGATTTATGCCGCCTCGGCGAGCACAT

GGAACGGGTTGGCATGGATTGTAGGCGCCGCCCTATACCTTGTCTGCCTCCCCGCGTTGCGTCGCGGTGCATGGAGCCGGGCC

ACCTACTGAAGTGGATTTCTTTAAGCTAGAGGATCGATCTGTATAATAAAGAATAATTATTAATCTGTAGACAAATTGTGAAA

GGATGTACTTAAACGCTAACGGTCAGCTTTATTGAACAGTAATTTAAGTATATGTCCAATCTAGGGTAAGTAAATTGAGTATC

AATATAAACTTTATATGAACATAATCAACGAGGTGAAATCATGAGCAATTTGATTAACGGAAAAATACCAAATCAAGCGATTC

AAACATTAAAAATCGTAAAAGATTTATTTGGAAGTTCAATAGTTGGAGTATATCTATTTGGTTCAGCAGTAAATGGTGGTTTA

CGCATTAACAGCGATGTAGATGTTCTAGTCGTCGTGAATCATAGTTTACCTCAATTAACTCGAAAAAAACTAACAGAAAGACT

AATGACTATATCAGGAAAGATTGGAAATACGGATTCTGTTAGACCACTTGAAGTTACGGTTATAAATAGGAGTGAAGTTGTCC

CTTGGCAATATCCTCCAAAAAGAGAATTTATATACGGTGAGTGGCTCAGGGGTGAATTTGAGAATGGACAAATTCAGGAACCA

AGCTATGATCCTGATTTGGCTATTGTTTTAGCACAAGCAAGAAAGAATAGTATTTCTCTATTTGGTCCTGATTCTTCAAGTAT

ACTTGTCTCCGTACCTTTGACAGATATTCGAAGAGCAATTAAGGATTCTTTGCCAGAACTAATTGAGGGGATAAAAGGTGATG

AGCGTAATGTAATTTTAACCCTAGCTCGAATGTGGCAAACAGTGACTACTGGTGAAATTACCTCGAAAGATGTCGCTGCAGAA

TGGGCTATACCTCTTTTACCTAAAGAGCATGTAACTTTACTGGATATAGCTAGAAAAGGCTATCGGGGAGAGTGTGATGATAA

GTGGGAAGGACTATATTCAAAGGTGAAAGCACTCGTTAAGTATATGAAAAATTCTATAGAAACTTCTCTCAATTAGGCTAATT

TTATTGCAATAACAGGTGCTTACTTTTCTGGAGTTCTTTAGCAAATTTTTTTATTAGCTGAACTTAGTATTAGTGGCCATACT

CCTCCAATCCAAAGCTATTTAGAAAGATTACTATATCCTCAAACAGGCGGTAACCGGCCTCTTCATCGGGAATGCGCGCGACC

TTCAGCATCGCCGGCATGTCCCCCTGGCGGACGGGAAGTATCCAGCTCGAGGTCGGGCCGCGTTGCTGGCGTTTTTCCATAGG

CTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGC

GTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGG

GAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCAC

GAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCC

ACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT

ACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGATAGCTCTTGA

TCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGA

AGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAA
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AAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGAC

AGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGT

GTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAG

ATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATT

AATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGT

GTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCA

AAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCA

CTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATA

GTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA

TCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCA

CCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGG

AATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCA

TGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGAC

GTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTAACAAA

ATTCTCCAGTCTTCACATCGGTTTGAAAGGAGGAAGCGGAAGAATGAAGTAAGAGGGATTTTTGACTCCGAAGTAAGTCTTCA

AAAAATCAAATAAGGAGTGTCAAGA 

Plasmid pRB015 used to generate B. subtilis SCK6 amyE::tclWX-cat mutant. The plasmid 

map shows critical features and unique restriction sites, where relevant. The complete 

nucleotide sequence is provided below with tclW, tclX and cat indicated in lowercase font. 

 

ATGTTTGCAAAACGATTCAAAACCTCTTTACTGCCGTTATTCGCTGGATTTTTATTGCTGTTTCATTTGGTTCTGGCAGGACC

GGCGGCTGCGAGTGCTGAAACGGCGAACAAATCGAATGAGCTTACAGCACCGTCGATCAAAAGCGGAACCATTCTTCATGCAT

GGAATTGGTCGTTCAATACGTTAAAACACAATATGAAGGATATTCATGATGCAGGATATACAGCCATTCAGACATCTCCGATT

AACCAAGTAAAGGAAGGGAATCAAGGAGATAAAAGCATGTCGAACTGGTACTGGCTGTATCAGCCGACATCGTATCAAATTGG

CAACCGTTACTTAGGTACTGAACAAGAATTTAAAGAAATGTGTGCAGCCGCTGAAGAATATGGCATAAAGGTCATTGTTGACG

CGGTCATCAATCATACCACCAGTGATTATGCCGCGATTTCCAATGAGGTTAAGAGTATTCCAAACTGGACACATGGAAACACA

CAAATTAAAAACTGGTCTGATCGGATCCACAAGCTTCAGAGCTCTCACTTCGCAAACCCTCTGTATTATAAATATttacactt

caaacctcttgcttaatacaatatacattgcgcaaaatagcacgaatatcccagcataaattaacaaaatctctacactaaac

atatccgacaatggcccaaatattatcattcctagaggaagcgcgcatgaattcgcaatttgtacaagactgaacatccgtcc

gtgcattgatggttctactttctcctgcaataacacagtaactggtgtattgaagcacggcatcgttataccaattaaaaaat

taaatactaaatacataataaatatcggtgctattccgagtccaatcataagcagtccatataatgcacaagctagcgctgtt

902 NheI (1)

537 SacI (1)

521 BamHI (1)

3810 KpnI (1)

cat 4132..4782

SpecR 6991..7773

amyE 3' Homology Region 5153..6181

5269 SmaI (1)

5269 XmaI (1)

5152 SalI (1)

5063 SphI (1)

ColE1 origin 8684..8002

AmpR 9441..8782
9330 ScaI (1)

pRB015

9963 bp

amyE 5' Homology Region 1..521

tclX (B. cereus ATCC 14579) 1776..574

tclW (B. cereus ATCC 14579) 3520..1943

B 
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gtatgcatacgattacgaaaaccaccccacgcggcaatcaatacgccaccagctgccgcaccagcactaaaggtcatctcact

agcagtaagtctccacatttcggccccgaaagaacgagttaccattaaaggtgttaaaaaagcagctggacttattaaaatca

tgatgataatcaataaaacgattagccttttaataaatacattttcttttaaataagagaatccttctttaattccttgtaga

ttagatttttgcttattctctgcattcacatgtccctctacttgaatgataagcataatactaattccaatcatagccgtaat

aacatcaataaaaaatgttgtttcaatgctggcaatagaaagaatcgccgcacttgctgctggagaaagaaacataattaaag

atgtaatactgctatttattccatttactttcataagatactctttcggaacgatttgcggaattaatgcattcacagctggc

gtttgtactcctgttccagctgaacgaatgagtaacacaataaaaagtaaccaaatacttttatatcctgttaaaaataaaat

tgctaaaactaacgtcgcaatcgctataattccatccgataacataatcatctttttacggtcataacgatcaatccaaacac

ctgcaaacaaagatatcgcaatttgtggtagaaaaccgcaaacagttgaaatagtcaacatcactcctgatgatgttgtaagg

gtgatataccatataatcgcgtattgcacgagagaggaacctaacaacgaaatagtttgagcggtcaaaaataatataatttt

cgttttccaattgttttcactcatatgtttcacACCCCCTTAACTAATCCCGTCTCTATATGAAAGATACTATCTGCCCAATC

AAGATAAAAACTCGCTTCGTGAGATACGAGTATAATGCTGCCCTTAAACTTAATTAACGCCTTTTGCAAAGCTTCCTTCGCTT

CTGCATCTAAATGATTTGTCGGCTCATCTAAAAttaataagttacaaggtgataataataatccgcaacccccttaactaatc

ccgtctctatatgaaagatactatctgcccaatcaagataaaaactcgcttcgtgagatacgagtataatgctgcccttaaac

ttaattaacgccttttgcaaagcttccttcgcttctgcatctaaatgatttgtcggctcatctaaaattaataagttacaagg

tgataataataatccgcacagtttcaccttcgattgttcaccaccacttaacgtacgaatttcttgcgaaacgtgcgtatcct

tcactccacacgcagctaaatgatggcgtatttccttcatattcagtttaggaaactgttctgaaataatttgaagcggcgtt

aaagaatcattgctccaatttaaatcttgctcataatatccaatctttatttgctctgaaaagtgaaactctccagaaatact

atcaatatttccaacgattgtttttaataaagtagattttcctactccattgaaacctgtaataacaattttttgcctaccca

ttactgaaaaattcaactttggtaagagagcgaagtcgtaaccaacttcaaagttatttacttcaagaactgtctgaactgaa

atgggaagttcctgaaaatgaatagacggtttatgagtaaaacttggtggcgcaattctttccatacgctgtaattgttttcg

acgaccttgcgctatttttgaattcaccccagcaatatttctacgaatatactcttccgttttttcaattttcttttgctgtg

cataatattggcgaatataatcttttcgcaaatgctccttttgtcttacaaaatctgagtatttgccgtaatacttcttaact

gttccgaactctacatcacatatgcaagaagttaccttttccagaaaatcaaaatcatgtgatacgacaataaacgctccttc

aaaattcattaaataattagcaagccactccacatgctccttatcgagaaaattcgtcggttcatctagcaataaaatattag

gctcttctaataagagcttcgctaaaattacctttgcacgctgccctccgcttaattcaccaatcacacgattcatcccaatc

acatcaatacctaaaccggctgccaccttattcgtaatactatctactgaataaaaatcatgagcctcgagcagtccttgaat

ttctgccgctttcaatagttgattttcatctccagtcatcgcactttcttcatataacttgttcattctcttttccatttcat

acaaatcataaaaggctctctttaaatattgagaaatggtataaccctcatcaatttctgcgtattgatcaagatgtccaatt

tgaatatttggttgccactttatgtctcccttatcagaaataatttcccccaccaatattttcattaatgtgctttttcctgc

accattctgcccaacaattcccatatgctcccctttatgcaaatcaaaagaagcattttcgtataatactttatctataaaac

tatgtgataaactttcaactttaagtaaactcatTTTTATTCCTCTTTTCCTGAAATTAAAAAAAGCAGAGAGATAGCGTCAT

TCGACACTAGCCCTCTGCTTCATGGTTTTTCCTATACTACTCCAATTTATAGTAAAGACTCATCGGAATAATATACACAAAGG

GCCATAGACAAAGCATTGTCTATGGCCCCTTAATCTATTTTATACACCAGCTGAAAAACCATAACGAAATAAGCATAGATAAA

CTATACTTTTTTAGAAAAGTTATTCAGCCGATGAATATAGGGGATTTATACCCCTTGATTAAGCTCCGTACAACGGTACCTCG

AATTCTCATGTTTGACAGCTTATCATCGGCAATAGTTACCCTTATTATCAAGATAAGAAAGAAAAGGATTTTTCGCTACGCTC

AAATCCTTTAAAAAAACACAAAAGACCACATTTTTTAATGTGGTCTTTTATTCTTCAACTAAAGCACCCATTAGTTCAACAAA

CGAAAATTGGATAAAGTGGGATATTTTTAAAATATATATTTATGTTACAGTAATATTGACTTTTAAAAAAGGATTGATTCTAA

TGAAGAAAGCAGACAAGTAAGCCTCCTAAATTCACTTTAGATAAAAATTTAGGAGGCATATCAAatgaactttaataaaattg

atttagacaattggaagagaaaagagatatttaatcattatttgaaccaacaaacgacttttagtataaccacagaaattgat

attagtgttttataccgaaacataaaacaagaaggatataaattttaccctgcatttattttcttagtgacaagggtgataaa

ctcaaatacagcttttagaactggttacaatagcgacggagagttaggttattgggataagttagagccactttatacaattt

ttgatggtgtatctaaaacattctctggtatttggactcctgtaaagaatgacttcaaagagttttatgatttatacctttct

gatgtagagaaatataatggttcggggaaattgtttcccaaaacacctatacctgaaaatgctttttctctttctattattcc

atggacttcatttactgggtttaacttaaatatcaataataatagtaattaccttctacccattattacagcaggaaaattca

ttaataaaggtaattcaatatatttaccgctatctttacaggtacatcattctgtttgtgatggttatcatgcaggattgttt

atgaactctattcaggaattgtcagataggcctaatgactggcttttataaTATGAGATAATGCCGACTGTACTTTTTACAGT

CGGTTTTCTAATGTCACTAACCTGCCCCGTTAGTTGAAGAAGGTTTTTATATTACAGCTCCAGATCCTCTACGCCGGACGCAT

CGTGGCCGGCATCACCGGCGCCACAGGTGCGGTTGCTGGCGCCTATATCGCCGACATCACCGATGGGGAAGATCGGGCTCGCC

ACTTCGGGCTCATGAGCGCTTGTTTCGGCGTGGGTATGGTGGCAGGCCCCGTGGCCGGGGGACTGTTGGGCGCCATCTCCTTG

CATGCACCATTCCTTGCGGCGGCGGTGCTCAACGGCCTCAACCTACTACTGGGCTGCTTCCTAATGCAGGAGTCGCATAAGGG

AGAGCGTCGACATGGATGAGCGATGATGATATCCGTTTAGGCTGGGCGGTGATAGCTTCTCGTTCAGGCAGTACGCCTCTTTT

CTTTTCCAGACCTGAGGGAGGCGGAAATGGTGTGAGGTTCCCGGGGAAAAGCCAAATAGGCGATCGCGGGAGTGCTTTATTTG

AAGATCAGGCTATCACTGCGGTCAATAGATTTCACAATGTGATGGCTGGACAGCCTGAGGAACTCTCGAACCCGAATGGAAAC

AACCAGATATTTATGAATCAGCGCGGCTCACATGGCGTTGTGCTGGCAAATGCAGGTTCATCCTCTGTCTCTATCAATACGGC
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AACAAAATTGCCTGATGGCAGGTATGACAATAAAGCTGGAGCGGGTTCATTTCAAGTGAACGATGGTAAACTGACAGGCACGA

TCAATGCCAGGTCTGTAGCTGTGCTTTATCCTGATGATATTGCAAAAGCGCCTCATGTTTTCCTTGAGAATTACAAAACAGGT

GTAACACATTCTTTCAATGATCAACTGACGATTACCTTGCGTGCAGATGCGAATACAACAAAAGCCGTTTATCAAATCAATAA

TGGACCAGACGACAGGCGTTTAAGGATGGAGATCAATTCACAATCGGAAAAGGAGATCCAATTTGGCAAAACATACACCATCA

TGTTAAAAGGAACGAACAGTGATGGTGTAACGAGGACCGAGAAATACAGTTTTGTTAAAAGAGATCCAGCGTCGGCCAAAACC

ATCGGCTATCAAAATCCGAATCATTGGAGCCAGGTAAATGCTTATATCTATAAACATGATGGGAGCCGAGTAATTGAATTGAC

CGGATCTTGGCCTGGAAAACCAATGACTAAAAATGCAGACGGAATTTACACGCTGACGCTGCCTGCGGACACGGATACAACCA

ACGCAAAAGTGATTTTTAATAATGGCAGCGCCCAAGTGCCCGGTCAGAATCAGCCTGGCTTTGATTACGTGCTAAATGGTTTA

TATAATGACTCGGGCTTAAGCGGTTCTCTTCCCCATTGAGGGCAAGGCTAGACGGGACTTACCGAAAGAAACCATCAATGATG

GTTTCTTTTTTGTTCATAAATCAGACAAAACTTTTCTCTTGCAAAAGTTTGTGAAGTGTTGCACAATATAAATGTGAAATACT

TCACAAACAAAAAGACATCAAAGAGAAACATACCCTGCAAGGATGCTGATATTGTCTGCATTTGCGCCGGAGCAAACCAAAAA

CCTGGTGAGACACGCCTTGAATTAGTAGAAAAGAACTTGAAGATTTTCAAAGGCATCGTTAGTGAAGTCATGGCGAGCGGATT

TGACGGCATTTTCTTAGTCGCGACGCGAGGCTGGATGGCCTTCCCCATTATGATTCTTCTCGCTTCCGGCGGCATCGGGATGC

CCGCGTTGCAGGCCATGCTGTCCAGGCAGGTAGATGACGACCATCAGGGACAGCTTCAAGGATCGCTCGCGGCTCTTACCAGC

CTAACTTCGATCACTGGACCGCTGATCGTCACGGCGATTTATGCCGCCTCGGCGAGCACATGGAACGGGTTGGCATGGATTGT

AGGCGCCGCCCTATACCTTGTCTGCCTCCCCGCGTTGCGTCGCGGTGCATGGAGCCGGGCCACCTACTGAAGTGGATTTCTTT

AAGCTAGAGGATCGATCTGTATAATAAAGAATAATTATTAATCTGTAGACAAATTGTGAAAGGATGTACTTAAACGCTAACGG

TCAGCTTTATTGAACAGTAATTTAAGTATATGTCCAATCTAGGGTAAGTAAATTGAGTATCAATATAAACTTTATATGAACAT

AATCAACGAGGTGAAATCATGAGCAATTTGATTAACGGAAAAATACCAAATCAAGCGATTCAAACATTAAAAATCGTAAAAGA

TTTATTTGGAAGTTCAATAGTTGGAGTATATCTATTTGGTTCAGCAGTAAATGGTGGTTTACGCATTAACAGCGATGTAGATG

TTCTAGTCGTCGTGAATCATAGTTTACCTCAATTAACTCGAAAAAAACTAACAGAAAGACTAATGACTATATCAGGAAAGATT

GGAAATACGGATTCTGTTAGACCACTTGAAGTTACGGTTATAAATAGGAGTGAAGTTGTCCCTTGGCAATATCCTCCAAAAAG

AGAATTTATATACGGTGAGTGGCTCAGGGGTGAATTTGAGAATGGACAAATTCAGGAACCAAGCTATGATCCTGATTTGGCTA

TTGTTTTAGCACAAGCAAGAAAGAATAGTATTTCTCTATTTGGTCCTGATTCTTCAAGTATACTTGTCTCCGTACCTTTGACA

GATATTCGAAGAGCAATTAAGGATTCTTTGCCAGAACTAATTGAGGGGATAAAAGGTGATGAGCGTAATGTAATTTTAACCCT

AGCTCGAATGTGGCAAACAGTGACTACTGGTGAAATTACCTCGAAAGATGTCGCTGCAGAATGGGCTATACCTCTTTTACCTA

AAGAGCATGTAACTTTACTGGATATAGCTAGAAAAGGCTATCGGGGAGAGTGTGATGATAAGTGGGAAGGACTATATTCAAAG

GTGAAAGCACTCGTTAAGTATATGAAAAATTCTATAGAAACTTCTCTCAATTAGGCTAATTTTATTGCAATAACAGGTGCTTA

CTTTTCTGGAGTTCTTTAGCAAATTTTTTTATTAGCTGAACTTAGTATTAGTGGCCATACTCCTCCAATCCAAAGCTATTTAG

AAAGATTACTATATCCTCAAACAGGCGGTAACCGGCCTCTTCATCGGGAATGCGCGCGACCTTCAGCATCGCCGGCATGTCCC

CCTGGCGGACGGGAAGTATCCAGCTCGAGGTCGGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC

ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTC

GTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAG

CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACC

GCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAAC

AGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGT

ATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGATAGCTCTTGATCCGGCAAACAAACCACCGCTG

GTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACG

GGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCT

TTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTG

AGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAG

GGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCC

AGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAG

TAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATG

GCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGG

TCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCA

TGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGC

TCTTGCCCGGCGTCAACACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGG

GCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTT

TTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGT

TGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATG

TATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCA

TGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTAACAAAATTCTCCAGTCTTCACATCGGT

TTGAAAGGAGGAAGCGGAAGAATGAAGTAAGAGGGATTTTTGACTCCGAAGTAAGTCTTCAAAAAATCAAATAAGGAGTGTCA

AGA  
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Plasmid pRB029 used to generate B. subtilis 168 ∆rplK::rplK-cat mutant (PB213). The 

plasmid map shows critical features and unique restriction sites, where relevant. The 

complete nucleotide sequence is provided below with rplK and cat shown in lowercase font. 

 

GAATTCGGATCCCCCTGGTTATGTGCTTGTTGAAATTGTAATGACAGACGACTCTTGGTATGTCGTCCGCAACACGCCGGGCG

TTACTGGATTCGTAGGATCTGCCGGGTCAGGTTCAAAACCGACGCCGCTTCTTCCGGGGGAAGCAGAAACCATTCTGAAGAGA

ATGGGCATGGATGAACGAAAAACTGATATTGACTTTGAACTGAAAGAGACAGTGAAAGTAATAGACGGACCTTTTGCTAACTT

TACAGGATCAATTGAAGAGATTGATTATGATAAAAGCAAGGTCAAAGTTTTCGTTAATATGTTTGGCCGTGAAACGCCGGTTG

AGCTGGAATTTACCCAAATCGATAAATTGTAATGTGAAAAAACTTGAAATTGCTATATATAAATGATAATATAGCAAAGGTAC

GTCTTGGACTTATCCAAGGCAACTAGCATGATATTTCGTCATTCATATAAAGAATGAAACCTTGAGTGGGAGGGTTTACCCTA

TTACCACATCACGGACTTAAGGAGGTGTGTCTCgtggctaaaaaagtagttaaagttgtaaaattgcaaattcctgctggaaa

agctaacccagcaccaccagttggacctgcacttggtcaagccggtgttaacatcatgggattctgtaaggagtttaacgctc

gtacagctgaccaagctggtttaatcattcctgttgaaatttcggtttacgaagaccgttcatttacatttattacaaaaact

ccacctgctgcagtattgcttaaaaaagcagctggaattgagtctggttctggtgaaccaaaccgtaataaagtggcaaccgt

taagcgcgataaagtacgcgaaatcgctgaaacgaaaatgcctgacttaaacgcagcagacgttgaagcggcaatgcgcatgg

ttgaaggtactgcccgcagtatgggtattgtaatcgaggattaaTCTAGAGAGCTCTTAGGAGGCATATCAAatgaactttaa

taaaattgatttagacaattggaagagaaaagagatatttaatcattatttgaaccaacaaacgacttttagtataaccacag

aaattgatattagtgttttataccgaaacataaaacaagaaggatataaattttaccctgcatttattttcttagtgacaagg

gtgataaactcaaatacagcttttagaactggttacaatagcgacggagagttaggttattgggataagttagagccacttta

tacaatttttgatggtgtatctaaaacattctctggtatttggactcctgtaaagaatgacttcaaagagttttatgatttat

acctttctgatgtagagaaatataatggttcggggaaattgtttcccaaaacacctatacctgaaaatgctttttctctttct

attattccatggacttcatttactgggtttaacttaaatatcaataataatagtaattaccttctacccattattacagcagg

aaaattcattaataaaggtaattcaatatatttaccgctatctttacaggtacatcattctgtttgtgatggttatcatgcag

gattgtttatgaactctattcaggaattgtcagataggcctaatgactggcttttataaTATGAGATAATGCCGACTGTACCT

TGTCGGGTTGCGAGTTTTAACAAGTTCGCAACCCTTATTCGTGGGAGGTTATTCCGCTATAACCACATAAGGAGGAAATTTTA

AAATGGCTAAAAAAGGTAAAAAGTACGTTGAAGCTGCTAAGCTTGTAGACCGTTCTAAAGCTTACGACGTCTCTGAAGCAGTA

GCTCTCGTTAAAAAAACAAACACAGCTAAATTCGACGCTACAGTTGAAGTGGCTTTCCGTTTAGGGGTTGACCCTCGTAAAAA

CGACCAGCAAATCCGTGGAGCAGTTGTGCTTCCAAACGGAACTGGTAAAACTCAGCGCGTTCTCGTTTTCGCAAAAGGCGAAA

AAGCGAAAGAAGCTGAAGCTGCTGGTGCAGATTTCGTAGGCGATACTGACTACATCAACAAAATTCAACAAGGCTGGTTCGAT

350 ClaI (1)

7 BamHI (1)

1 EcoRI (1)

rplA 1746..2177

SpecR 2397..3179

2184 SalI (1)

2178 KpnI (1)

3398 XhoI (1)

ColE1 origin 4090..3408

pRB029

4194 bp

nusG 13..364

958 XbaI (1)

964 SacI (1)

rplK 532..957

cat 986..1636

C 
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TTCGATGTTATCGTAGCTACACCTGACATGATGGGTGAAGTTGGTAAAATCGGTCGTGTACTTGGACCAAAAGGTTTAATGCC

GAACCCTAAAACTGGTACAGGTACCGTCGACCACCTACTGAAGTGGATTTCTTTAAGCTAGAGGATCGATCTGTATAATAAAG

AATAATTATTAATCTGTAGACAAATTGTGAAAGGATGTACTTAAACGCTAACGGTCAGCTTTATTGAACAGTAATTTAAGTAT

ATGTCCAATCTAGGGTAAGTAAATTGAGTATCAATATAAACTTTATATGAACATAATCAACGAGGTGAAATCATGAGCAATTT

GATTAACGGAAAAATACCAAATCAAGCGATTCAAACATTAAAAATCGTAAAAGATTTATTTGGAAGTTCAATAGTTGGAGTAT

ATCTATTTGGTTCAGCAGTAAATGGTGGTTTACGCATTAACAGCGATGTAGATGTTCTAGTCGTCGTGAATCATAGTTTACCT

CAATTAACTCGAAAAAAACTAACAGAAAGACTAATGACTATATCAGGAAAGATTGGAAATACGGATTCTGTTAGACCACTTGA

AGTTACGGTTATAAATAGGAGTGAAGTTGTCCCTTGGCAATATCCTCCAAAAAGAGAATTTATATACGGTGAGTGGCTCAGGG

GTGAATTTGAGAATGGACAAATTCAGGAACCAAGCTATGATCCTGATTTGGCTATTGTTTTAGCACAAGCAAGAAAGAATAGT

ATTTCTCTATTTGGTCCTGATTCTTCAAGTATACTTGTCTCCGTACCTTTGACAGATATTCGAAGAGCAATTAAGGATTCTTT

GCCAGAACTAATTGAGGGGATAAAAGGTGATGAGCGTAATGTAATTTTAACCCTAGCTCGAATGTGGCAAACAGTGACTACTG

GTGAAATTACCTCGAAAGATGTCGCTGCAGAATGGGCTATACCTCTTTTACCTAAAGAGCATGTAACTTTACTGGATATAGCT

AGAAAAGGCTATCGGGGAGAGTGTGATGATAAGTGGGAAGGACTATATTCAAAGGTGAAAGCACTCGTTAAGTATATGAAAAA

TTCTATAGAAACTTCTCTCAATTAGGCTAATTTTATTGCAATAACAGGTGCTTACTTTTCTGGAGTTCTTTAGCAAATTTTTT

TATTAGCTGAACTTAGTATTAGTGGCCATACTCCTCCAATCCAAAGCTATTTAGAAAGATTACTATATCCTCAAACAGGCGGT

AACCGGCCTCTTCATCGGGAATGCGCGCGACCTTCAGCATCGCCGGCATGTCCCCCTGGCGGACGGGAAGTATCCAGCTCGAG

GTCGGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGG

CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCT

TACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGT

AGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTT

GAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGG

TGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAG

TTACCTTCGGAAAAAGAGTTGATAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAG

CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTC

ACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAA

TCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC 

Plasmid pRB031 used to generate B. subtilis 168 ∆rplK::cat mutant (PB230). The plasmid 

map shows critical features and unique restriction sites, where relevant. The complete 

nucleotide sequence is provided below with cat shown in lowercase font. 

 

cat 532..1182

350 ClaI (1)

1 EcoRI (1)

1205 XbaI (1)

rplA 1298..1729

1730 KpnI (1)

1736 SalI (1)

2565 PstI (1)

SpecR 1949..2731

2950 XhoI (1)

ColE1 origin 3642..2960

pRB031

3746 bp

7 BamHI (1)

nusG homology region 13..364

D 
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GAATTCGGATCCCCCTGGTTATGTGCTTGTTGAAATTGTAATGACAGACGACTCTTGGTATGTCGTCCGCAACACGCCGGGCG

TTACTGGATTCGTAGGATCTGCCGGGTCAGGTTCAAAACCGACGCCGCTTCTTCCGGGGGAAGCAGAAACCATTCTGAAGAGA

ATGGGCATGGATGAACGAAAAACTGATATTGACTTTGAACTGAAAGAGACAGTGAAAGTAATAGACGGACCTTTTGCTAACTT

TACAGGATCAATTGAAGAGATTGATTATGATAAAAGCAAGGTCAAAGTTTTCGTTAATATGTTTGGCCGTGAAACGCCGGTTG

AGCTGGAATTTACCCAAATCGATAAATTGTAATGTGAAAAAACTTGAAATTGCTATATATAAATGATAATATAGCAAAGGTAC

GTCTTGGACTTATCCAAGGCAACTAGCATGATATTTCGTCATTCATATAAAGAATGAAACCTTGAGTGGGAGGGTTTACCCTA

TTACCACATCACGGACTTAAGGAGGTGTGTCTCatgaactttaataaaattgatttagacaattggaagagaaaagagatatt

taatcattatttgaaccaacaaacgacttttagtataaccacagaaattgatattagtgttttataccgaaacataaaacaag

aaggatataaattttaccctgcatttattttcttagtgacaagggtgataaactcaaatacagcttttagaactggttacaat

agcgacggagagttaggttattgggataagttagagccactttatacaatttttgatggtgtatctaaaacattctctggtat

ttggactcctgtaaagaatgacttcaaagagttttatgatttatacctttctgatgtagagaaatataatggttcggggaaat

tgtttcccaaaacacctatacctgaaaatgctttttctctttctattattccatggacttcatttactgggtttaacttaaat

atcaataataatagtaattaccttctacccattattacagcaggaaaattcattaataaaggtaattcaatatatttaccgct

atctttacaggtacatcattctgtttgtgatggttatcatgcaggattgtttatgaactctattcaggaattgtcagataggc

ctaatgactggcttttataaTATGAGATAATGCCGACTGTACTCTAGACTTGTCGGGTTGCGAGTTTTAACAAGTTCGCAACC

CTTATTCGTGGGAGGTTATTCCGCTATAACCACATAAGGAGGAAATTTTAAAATGGCTAAAAAAGGTAAAAAGTACGTTGAAG

CTGCTAAGCTTGTAGACCGTTCTAAAGCTTACGACGTCTCTGAAGCAGTAGCTCTCGTTAAAAAAACAAACACAGCTAAATTC

GACGCTACAGTTGAAGTGGCTTTCCGTTTAGGGGTTGACCCTCGTAAAAACGACCAGCAAATCCGTGGAGCAGTTGTGCTTCC

AAACGGAACTGGTAAAACTCAGCGCGTTCTCGTTTTCGCAAAAGGCGAAAAAGCGAAAGAAGCTGAAGCTGCTGGTGCAGATT

TCGTAGGCGATACTGACTACATCAACAAAATTCAACAAGGCTGGTTCGATTTCGATGTTATCGTAGCTACACCTGACATGATG

GGTGAAGTTGGTAAAATCGGTCGTGTACTTGGACCAAAAGGTTTAATGCCGAACCCTAAAACTGGTACAGGTACCGTCGACCA

CCTACTGAAGTGGATTTCTTTAAGCTAGAGGATCGATCTGTATAATAAAGAATAATTATTAATCTGTAGACAAATTGTGAAAG

GATGTACTTAAACGCTAACGGTCAGCTTTATTGAACAGTAATTTAAGTATATGTCCAATCTAGGGTAAGTAAATTGAGTATCA

ATATAAACTTTATATGAACATAATCAACGAGGTGAAATCATGAGCAATTTGATTAACGGAAAAATACCAAATCAAGCGATTCA

AACATTAAAAATCGTAAAAGATTTATTTGGAAGTTCAATAGTTGGAGTATATCTATTTGGTTCAGCAGTAAATGGTGGTTTAC

GCATTAACAGCGATGTAGATGTTCTAGTCGTCGTGAATCATAGTTTACCTCAATTAACTCGAAAAAAACTAACAGAAAGACTA

ATGACTATATCAGGAAAGATTGGAAATACGGATTCTGTTAGACCACTTGAAGTTACGGTTATAAATAGGAGTGAAGTTGTCCC

TTGGCAATATCCTCCAAAAAGAGAATTTATATACGGTGAGTGGCTCAGGGGTGAATTTGAGAATGGACAAATTCAGGAACCAA

GCTATGATCCTGATTTGGCTATTGTTTTAGCACAAGCAAGAAAGAATAGTATTTCTCTATTTGGTCCTGATTCTTCAAGTATA

CTTGTCTCCGTACCTTTGACAGATATTCGAAGAGCAATTAAGGATTCTTTGCCAGAACTAATTGAGGGGATAAAAGGTGATGA

GCGTAATGTAATTTTAACCCTAGCTCGAATGTGGCAAACAGTGACTACTGGTGAAATTACCTCGAAAGATGTCGCTGCAGAAT

GGGCTATACCTCTTTTACCTAAAGAGCATGTAACTTTACTGGATATAGCTAGAAAAGGCTATCGGGGAGAGTGTGATGATAAG

TGGGAAGGACTATATTCAAAGGTGAAAGCACTCGTTAAGTATATGAAAAATTCTATAGAAACTTCTCTCAATTAGGCTAATTT

TATTGCAATAACAGGTGCTTACTTTTCTGGAGTTCTTTAGCAAATTTTTTTATTAGCTGAACTTAGTATTAGTGGCCATACTC

CTCCAATCCAAAGCTATTTAGAAAGATTACTATATCCTCAAACAGGCGGTAACCGGCCTCTTCATCGGGAATGCGCGCGACCT

TCAGCATCGCCGGCATGTCCCCCTGGCGGACGGGAAGTATCCAGCTCGAGGTCGGGCCGCGTTGCTGGCGTTTTTCCATAGGC

TCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCG

TTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGG

AAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACG

AACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCA

CTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTA

CGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGATAGCTCTTGAT

CCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA

GATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAA

AAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACA

GTTACCAATGC 
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Plasmid pRB030 used to generate B. subtilis 168 ∆rplK::rplK∆P22-cat mutant (PB214). The 

plasmid map shows critical features and unique restriction sites, where relevant. The 

complete nucleotide sequence is provided below with rplK∆P22 and cat shown in lowercase 

font. 

 

GAATTCGGATCCCCCTGGTTATGTGCTTGTTGAAATTGTAATGACAGACGACTCTTGGTATGTCGTCCGCAACACGCCGGGCG

TTACTGGATTCGTAGGATCTGCCGGGTCAGGTTCAAAACCGACGCCGCTTCTTCCGGGGGAAGCAGAAACCATTCTGAAGAGA

ATGGGCATGGATGAACGAAAAACTGATATTGACTTTGAACTGAAAGAGACAGTGAAAGTAATAGACGGACCTTTTGCTAACTT

TACAGGATCAATTGAAGAGATTGATTATGATAAAAGCAAGGTCAAAGTTTTCGTTAATATGTTTGGCCGTGAAACGCCGGTTG

AGCTGGAATTTACCCAAATCGATAAATTGTAATGTGAAAAAACTTGAAATTGCTATATATAAATGATAATATAGCAAAGGTAC

GTCTTGGACTTATCCAAGGCAACTAGCATGATATTTCGTCATTCATATAAAGAATGAAACCTTGAGTGGGAGGGTTTACCCTA

TTACCACATCACGGACTTAAGGAGGTGTGTCTCgtggctaaaaaagtagttaaagttgtaaaattgcaaattcctgctggaaa

agctaacccagcaccagttggacctgcacttggtcaagccggtgttaacatcatgggattctgtaaggagtttaacgctcgta

cagctgaccaagctggtttaatcattcctgttgaaatttcggtttacgaagaccgttcatttacatttattacaaaaactcca

cctgctgcagtattgcttaaaaaagcagctggaattgagtctggttctggtgaaccaaaccgtaataaagtggcaaccgttaa

gcgcgataaagtacgcgaaatcgctgaaacgaaaatgcctgacttaaacgcagcagacgttgaagcggcaatgcgcatggttg

aaggtactgcccgcagtatgggtattgtaatcgaggattaaTCTAGAGAGCTCTTAGGAGGCATATCAAatgaactttaataa

aattgatttagacaattggaagagaaaagagatatttaatcattatttgaaccaacaaacgacttttagtataaccacagaaa

ttgatattagtgttttataccgaaacataaaacaagaaggatataaattttaccctgcatttattttcttagtgacaagggtg

ataaactcaaatacagcttttagaactggttacaatagcgacggagagttaggttattgggataagttagagccactttatac

aatttttgatggtgtatctaaaacattctctggtatttggactcctgtaaagaatgacttcaaagagttttatgatttatacc

tttctgatgtagagaaatataatggttcggggaaattgtttcccaaaacacctatacctgaaaatgctttttctctttctatt

attccatggacttcatttactgggtttaacttaaatatcaataataatagtaattaccttctacccattattacagcaggaaa

attcattaataaaggtaattcaatatatttaccgctatctttacaggtacatcattctgtttgtgatggttatcatgcaggat

tgtttatgaactctattcaggaattgtcagataggcctaatgactggcttttataaTATGAGATAATGCCGACTGTACCTTGT

CGGGTTGCGAGTTTTAACAAGTTCGCAACCCTTATTCGTGGGAGGTTATTCCGCTATAACCACATAAGGAGGAAATTTTAAAA

TGGCTAAAAAAGGTAAAAAGTACGTTGAAGCTGCTAAGCTTGTAGACCGTTCTAAAGCTTACGACGTCTCTGAAGCAGTAGCT

CTCGTTAAAAAAACAAACACAGCTAAATTCGACGCTACAGTTGAAGTGGCTTTCCGTTTAGGGGTTGACCCTCGTAAAAACGA

CCAGCAAATCCGTGGAGCAGTTGTGCTTCCAAACGGAACTGGTAAAACTCAGCGCGTTCTCGTTTTCGCAAAAGGCGAAAAAG

CGAAAGAAGCTGAAGCTGCTGGTGCAGATTTCGTAGGCGATACTGACTACATCAACAAAATTCAACAAGGCTGGTTCGATTTC

955 XbaI (1)

350 ClaI (1)

nusG 13..364

7 BamHI (1)

1 EcoRI (1)

rplA 1743..2174

SpecR 2394..3176

2181 SalI (1)

2175 KpnI (1)

3395 XhoI (1)

pRB030

4191 bp

ColE1 origin 4087..3405

rplKP22 532..954

961 SacI (1)

cat 983..1633

E 
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GATGTTATCGTAGCTACACCTGACATGATGGGTGAAGTTGGTAAAATCGGTCGTGTACTTGGACCAAAAGGTTTAATGCCGAA

CCCTAAAACTGGTACAGGTACCGTCGACCACCTACTGAAGTGGATTTCTTTAAGCTAGAGGATCGATCTGTATAATAAAGAAT

AATTATTAATCTGTAGACAAATTGTGAAAGGATGTACTTAAACGCTAACGGTCAGCTTTATTGAACAGTAATTTAAGTATATG

TCCAATCTAGGGTAAGTAAATTGAGTATCAATATAAACTTTATATGAACATAATCAACGAGGTGAAATCATGAGCAATTTGAT

TAACGGAAAAATACCAAATCAAGCGATTCAAACATTAAAAATCGTAAAAGATTTATTTGGAAGTTCAATAGTTGGAGTATATC

TATTTGGTTCAGCAGTAAATGGTGGTTTACGCATTAACAGCGATGTAGATGTTCTAGTCGTCGTGAATCATAGTTTACCTCAA

TTAACTCGAAAAAAACTAACAGAAAGACTAATGACTATATCAGGAAAGATTGGAAATACGGATTCTGTTAGACCACTTGAAGT

TACGGTTATAAATAGGAGTGAAGTTGTCCCTTGGCAATATCCTCCAAAAAGAGAATTTATATACGGTGAGTGGCTCAGGGGTG

AATTTGAGAATGGACAAATTCAGGAACCAAGCTATGATCCTGATTTGGCTATTGTTTTAGCACAAGCAAGAAAGAATAGTATT

TCTCTATTTGGTCCTGATTCTTCAAGTATACTTGTCTCCGTACCTTTGACAGATATTCGAAGAGCAATTAAGGATTCTTTGCC

AGAACTAATTGAGGGGATAAAAGGTGATGAGCGTAATGTAATTTTAACCCTAGCTCGAATGTGGCAAACAGTGACTACTGGTG

AAATTACCTCGAAAGATGTCGCTGCAGAATGGGCTATACCTCTTTTACCTAAAGAGCATGTAACTTTACTGGATATAGCTAGA

AAAGGCTATCGGGGAGAGTGTGATGATAAGTGGGAAGGACTATATTCAAAGGTGAAAGCACTCGTTAAGTATATGAAAAATTC

TATAGAAACTTCTCTCAATTAGGCTAATTTTATTGCAATAACAGGTGCTTACTTTTCTGGAGTTCTTTAGCAAATTTTTTTAT

TAGCTGAACTTAGTATTAGTGGCCATACTCCTCCAATCCAAAGCTATTTAGAAAGATTACTATATCCTCAAACAGGCGGTAAC

CGGCCTCTTCATCGGGAATGCGCGCGACCTTCAGCATCGCCGGCATGTCCCCCTGGCGGACGGGAAGTATCCAGCTCGAGGTC

GGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGA

AACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTAC

CGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGG

TCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAG

TCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC

TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTA

CCTTCGGAAAAAGAGTTGATAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAG

ATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACG

TTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCT

AAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC 

Plasmid pRB024 used to generate B. subtilis 168 ∆rplK::tclQ-cat mutant (PB215). A plasmid 

map shows critical features and unique restriction sites, where relevant. The complete 

nucleotide sequence is provided below with tclQ and cat shown in lowercase font. 

 

961 SacI (1)

955 XbaI (1)

tclQ 532..954

350 ClaI (1)

nusG homology region 13..364

7 BamHI (1)

1 EcoRI (1)

cat  983..1633

SpecR 2394..3176

2181 SalI (1)

2175 KpnI (1)

3395 XhoI (1)

ColE1 origin 4087..3405

pRB024

4191 bp

rplA homology region 1743..2174

F 
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GAATTCGGATCCCCCTGGTTATGTGCTTGTTGAAATTGTAATGACAGACGACTCTTGGTATGTCGTCCGCAACACGCCGGGCGTTA

CTGGATTCGTAGGATCTGCCGGGTCAGGTTCAAAACCGACGCCGCTTCTTCCGGGGGAAGCAGAAACCATTCTGAAGAGAATGGGC

ATGGATGAACGAAAAACTGATATTGACTTTGAACTGAAAGAGACAGTGAAAGTAATAGACGGACCTTTTGCTAACTTTACAGGATC

AATTGAAGAGATTGATTATGATAAAAGCAAGGTCAAAGTTTTCGTTAATATGTTTGGCCGTGAAACGCCGGTTGAGCTGGAATTTA

CCCAAATCGATAAATTGTAATGTGAAAAAACTTGAAATTGCTATATATAAATGATAATATAGCAAAGGTACGTCTTGGACTTATCC

AAGGCAACTAGCATGATATTTCGTCATTCATATAAAGAATGAAACCTTGAGTGGGAGGGTTTACCCTATTACCACATCACGGACTT

AAGGAGGTGTGTCTCatggcaaaagctataaagcaaattattaatattcaattagaagctggaaaagcttctccagcacctccggt

aggtactgcattaggcccagcaggagttaatattatggagtttgtaacacaatataatgctcagactaaagaaaagtctggggtta

ttcctgcagaaattacggtatatgaagatcgaagctttaactttatactaaaaactcctcccacagctgaattaataaaagagaaa

gcacatatcaataaaggatctggtgttccaaacaaagaaattgtaggaagtatttcaaagaaagatttacaagagattgcagaaat

aaaaatgcctgatctgaatgcaagttctattgaaacagcaatgtcaatgattgaaggtactgctagaaatatgggagtcaaagtag

aagattagTCTAGAGAGCTCTTAGGAGGCATATCAAatgaactttaataaaattgatttagacaattggaagagaaaagagatatt

taatcattatttgaaccaacaaacgacttttagtataaccacagaaattgatattagtgttttataccgaaacataaaacaagaag

gatataaattttaccctgcatttattttcttagtgacaagggtgataaactcaaatacagcttttagaactggttacaatagcgac

ggagagttaggttattgggataagttagagccactttatacaatttttgatggtgtatctaaaacattctctggtatttggactcc

tgtaaagaatgacttcaaagagttttatgatttatacctttctgatgtagagaaatataatggttcggggaaattgtttcccaaaa

cacctatacctgaaaatgctttttctctttctattattccatggacttcatttactgggtttaacttaaatatcaataataatagt

aattaccttctacccattattacagcaggaaaattcattaataaaggtaattcaatatatttaccgctatctttacaggtacatca

ttctgtttgtgatggttatcatgcaggattgtttatgaactctattcaggaattgtcagataggcctaatgactggcttttataaT

ATGAGATAATGCCGACTGTACCTTGTCGGGTTGCGAGTTTTAACAAGTTCGCAACCCTTATTCGTGGGAGGTTATTCCGCTATAAC

CACATAAGGAGGAAATTTTAAAATGGCTAAAAAAGGTAAAAAGTACGTTGAAGCTGCTAAGCTTGTAGACCGTTCTAAAGCTTACG

ACGTCTCTGAAGCAGTAGCTCTCGTTAAAAAAACAAACACAGCTAAATTCGACGCTACAGTTGAAGTGGCTTTCCGTTTAGGGGTT

GACCCTCGTAAAAACGACCAGCAAATCCGTGGAGCAGTTGTGCTTCCAAACGGAACTGGTAAAACTCAGCGCGTTCTCGTTTTCGC

AAAAGGCGAAAAAGCGAAAGAAGCTGAAGCTGCTGGTGCAGATTTCGTAGGCGATACTGACTACATCAACAAAATTCAACAAGGCT

GGTTCGATTTCGATGTTATCGTAGCTACACCTGACATGATGGGTGAAGTTGGTAAAATCGGTCGTGTACTTGGACCAAAAGGTTTA

ATGCCGAACCCTAAAACTGGTACAGGTACCGTCGACCACCTACTGAAGTGGATTTCTTTAAGCTAGAGGATCGATCTGTATAATAA

AGAATAATTATTAATCTGTAGACAAATTGTGAAAGGATGTACTTAAACGCTAACGGTCAGCTTTATTGAACAGTAATTTAAGTATA

TGTCCAATCTAGGGTAAGTAAATTGAGTATCAATATAAACTTTATATGAACATAATCAACGAGGTGAAATCATGAGCAATTTGATT

AACGGAAAAATACCAAATCAAGCGATTCAAACATTAAAAATCGTAAAAGATTTATTTGGAAGTTCAATAGTTGGAGTATATCTATT

TGGTTCAGCAGTAAATGGTGGTTTACGCATTAACAGCGATGTAGATGTTCTAGTCGTCGTGAATCATAGTTTACCTCAATTAACTC

GAAAAAAACTAACAGAAAGACTAATGACTATATCAGGAAAGATTGGAAATACGGATTCTGTTAGACCACTTGAAGTTACGGTTATA

AATAGGAGTGAAGTTGTCCCTTGGCAATATCCTCCAAAAAGAGAATTTATATACGGTGAGTGGCTCAGGGGTGAATTTGAGAATGG

ACAAATTCAGGAACCAAGCTATGATCCTGATTTGGCTATTGTTTTAGCACAAGCAAGAAAGAATAGTATTTCTCTATTTGGTCCTG

ATTCTTCAAGTATACTTGTCTCCGTACCTTTGACAGATATTCGAAGAGCAATTAAGGATTCTTTGCCAGAACTAATTGAGGGGATA

AAAGGTGATGAGCGTAATGTAATTTTAACCCTAGCTCGAATGTGGCAAACAGTGACTACTGGTGAAATTACCTCGAAAGATGTCGC

TGCAGAATGGGCTATACCTCTTTTACCTAAAGAGCATGTAACTTTACTGGATATAGCTAGAAAAGGCTATCGGGGAGAGTGTGATG

ATAAGTGGGAAGGACTATATTCAAAGGTGAAAGCACTCGTTAAGTATATGAAAAATTCTATAGAAACTTCTCTCAATTAGGCTAAT

TTTATTGCAATAACAGGTGCTTACTTTTCTGGAGTTCTTTAGCAAATTTTTTTATTAGCTGAACTTAGTATTAGTGGCCATACTCC

TCCAATCCAAAGCTATTTAGAAAGATTACTATATCCTCAAACAGGCGGTAACCGGCCTCTTCATCGGGAATGCGCGCGACCTTCAG

CATCGCCGGCATGTCCCCCTGGCGGACGGGAAGTATCCAGCTCGAGGTCGGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCC

CCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTG

GAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT

TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCC

CGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTA

ACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTA

TTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGATAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAG

CGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTG

ACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAA

AAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGC 
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FIG S2. Summary of NMR 2D correlations. NMR analysis analysis identified a 

peptide-like backbone with a series of highly modified substituents, no N-terminus, 

and with a decarboxylated threonine at the C-terminus. The 2D NMR correlations 

implied a macrocyclic ring structure as well as several smaller aromatic rings, 

consistent with the structure of Micrococcin P1. Also, two of the threonine residues 

were dehydrated, leaving a double bond between the α and β carbons; the six 

cysteine residues were each converted into a thiazole ring; and the two serine 

residues were condensed into a pyridine ring, making the macrocycle.  
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