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Supplementary Tables 

 

Table S1. Strains and plasmids used in this study. 

 

  

Strains Relevant characteristics Reference 

E. coli     

DH5α 
supE44 ΔlacU169 (φ80lacZDM15) hsdR17 recA1 endA1 
gyrA96 thi-1 relA1, strain used for cloning procedures 

Invitrogen 

BL21(DE3) 
F−ompT hsdSB(rB

− mB
−) gal dcm BL21(DE3), protein 

production host 
(1) 

S3974 
Derivate of K-12 (CGSC #6300),  
F-, λ-, rph+ ilvG+  

(2) 

T221 
S3974 ΔhnsFRT,, E. coli strain used for complementation 
studies of Δhns phenotype 

(3) 

M. tuberculosis   

H37Rv  wild-type laboratory strain, DNA used as PCR template ATCC 25618 

C. diphtheriae   

ATCC 27010  wild-type laboratory strain, DNA used as PCR template DSM 44123 

C. amycolatum   

PAP 272 wild-type, genomic DNA was used for PCR as template DSM 44737 
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C. glutamicum 

ATCC 13032 Biotin-auxotrophic wild type (4) 

WT::cgpS-strep 
Derivative of ATCC 13032 with genomic exchange 
of the cgpS gene to cgpS-strep, encoding a C-
terminal Strep-tag fusion. 

This study 

ATCC 13032 ΔCGP3 
ATCC 13032 with in-frame deletion of prophage 
CGP3 (cg1890-cg2071) 

(5) 

WT::Plys -eyfp 
Derivative of ATCC 13032 containing the prophage 
reporter Plys-eyfp integrated into the intergenic 
region of cg1121-cg1122 

(6) 

Plasmids     

pAN6 
KanR; C. glutamicum/E. coli shuttle vector for gene 
expression under control of the tac promoter; (Ptac, 
lacIq, pBL1 oriVC.g., pUC18 oriVE.c.) 

(7) 

pAN6-cgpS Derivative of pAN6 containing the cgpS gene This study 

pAN6-cgpS-Strep 
Derivative of pAN6 containing the cgpS gene 
without stop codon encoding a C-terminal Strep-tag 
fusion 

This study 

pAN6-N-cgpS 
Derivative of pAN6 containing the first 65 amino 
acids of the cgpS gene 

This study 

pAN6-N-cgpS-Strep 
Derivative of pAN6 containing the first 65 amino 
acids of the cgpS gene fused C-terminally to a 
Strep-tag coding region 

This study 

pAN6-lsr2-N-M.tub 
Derivative of pAN6 containing the first 58 amino 
acids of the lsr2 gene (Rv3597c) of Mycobacterium 
tuberculosis H37Rv 

This study 

pAN6-cgpS-N-C.amyc 

Derivative of pAN6 containing the first 66 amino 
acids of the homologous cgpS gene 
(CORAM0001_2081) of Corynebacterium 
amycolatum DSM 44373 

This study 

pAN6-cgpS-N-C.diph 
Derivative of pAN6 containing the first 59 amino 
acids of the homologous cgpS gene (DIP2266) of 
Corynebacterium diphtheriae DSM 44123 

This study 
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pAN6-alpA-eyfp Derivative of pAN6 containing a alpA-eyfp fusion This study 

pK19mobsacB 
KanR; plasmid for allelic exchange in C. 
glutamicum; (pK18 oriVE.c., sacB, lacZα) 

(8) 

pK19mobsacB-cgpS-
Strep 

Derivative of pK19mobsacB containing the cgpS-
Strep construct for the allelic exchange of the native 
cgpS gene to a C-terminally strep-tagged version in 
the chromosome of C. glutamicum. 

This study 

pK18mobsacB-  
KanR; plasmid for integration of foreign DNA into 
the intergenic region between cg1121-cg1122 
(oriVE.c., sacB, lacZα). 

(5) 

pEC-XC99E 

catI, laclq, Ptrc, rrnB (T1 and T2), oriVE.c, per and 
repA (pGA1) C.g.. 
E. coli – C. glutamicum shuttle and expression 
vector conferring chloramphenicol resistance. 

(9) 

pEC-XC99E-cgpS-
mcherry 

Derivative of pEC-XC99E containing the cgpS gene 
cloned upstream of the mcherry gene under control 
of the tac promoter.  

This study 

 

  



4 
 

Table S2. Oligonucleotides used in this study for cloning, qPCR and affinity 

chromatography. Bold sequences represent the overlapping sequences needed for Gibson 

assembly (10). Restriction sites are underlined. 

Application 
Oligo-

nucleotide 
Sequence (5´→ 3´) and 

properties 
Comment 

pK19mobsacB-
cgpS-strep 

LF_cgpS_pK19_
fw 

CCTGCAGGTCGACTCTAGAG 

CTGGTCGTCTGTGTAGCTAC 
PCR product contains an 
overlapping sequence to 

BamHI-digested 
pK19mobsacB plasmid 

LF_cgpS_rv 
GTCCATAGTCCTAACCAATCATGT
AA 

cgpS_strep_fw 
GATTGGTTAGGACTATGGAC 

ATGGCCATTATTCAGTCGGTC 
PCR product contains an 

overlapping sequence to the 
left flank of cgpS (PCR 

product above) cgpS_strep_rv TTACTTCTCGAACTGTGGGTG 

RF_cgpS_fw 
CACCCACAGTTCGAGAAGTAA 

GAGCCCTGTGGAGAATTGTTG 
PCR product contains  

overlapping sequences to 
cgpS-strep and to an EcoRI-

digested pK19mobsacB 
plasmid 

RF_cgpS_pK19
_rv 

AAAACGACGGCCAGTGAATT 

ACGCGGCGACCTCATC 

Cgps_indel-fw GGACATTATCACCCAACCACAC Oligonucleotides to verify the 
correct integration of cgpS-

strep CgpS_indel_rv 
CAAGGAATCGTTTACCTATATCGA
G 

 Restriction enzyme 

pAN6 with the 
coding regions 

for the N-
terminal parts of 
the CgpS/Lsr2 

homologs 

C.a.fw 
GCGC CATATG 
ATGGCACGCCGCGAACTAAT 

NdeI 

C.a.fw 
CGCG CCCGGG 
ATGGCACGCCGCGAACTAAT 

SmaI 

C.a.N.rv 
GCGC GCTAGC 
CTATACAACCGTGCTGTGATCAATA
G 

NheI 

C.a.rv 
GCGC GGATCC 
CTAGTTAGCGCTCTCGTACTTTTC 

BamHI 

C.d.fw 
CGCG CATATG 
ATGGCACGTCGTGAAATC 

NdeI 

C.d.fw 
CGCG CCCGGG 
ATGGCACGTCGTGAAATC 

SmaI 

C.d.N.rv 
GCGC GCTAGC 
CTAGTGCGCTTTTTCTATGAAGGG 

NheI 

C.d.rv 
GCGC GGATCC 
TTAGCGCTTGGTGGACTTAAG 

BamHI 

M.t.fw 
GCGC CATATG 
ATGGCGAAGAAAGTAACCGTC 

NdeI 

M.t.fw 
CGCG CCCGGG 
ATGGCGAAGAAAGTAACCGTC 

SmaI 

M.t.N.rv 
GCGC GCTAGC 
CTAGACGCGACGGCCCG 

NheI 

M.t.rv 
GCGC TCTAGA 
TCAGGTCGCCGCGTG 

XbaI 
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pAN6 cgpS/ 
cgpS-strep/ 

cgpS-N/ cgpS-
N-strep 

cgps_fw 
CGCGC CATATG 
ATGGCCATTATTCAGTCGGTCG 

NdeI 

cgps_strep_rv 
CGCGC GCTAGC 
TTCGAAAGGAATGCCTTCTTTTTC 

NheI 

cgps_rv 
CGCGC GAATTC TTA 
TTCGAAAGGAATGCCTTC 

EcoRI 

cgpS_n_rv 
CGCGC GCTAGC TTA 
CTGGCGTGCAGATTCCTC 

NheI 

cgpS_n_strep
_rv 

CGCGC GCTAGC 
CTGGCGTGCAGATTCCTC 

NheI 

pAN6-alpA-eyfp 

alpA_OL_pAN
6_fw 

TGCAGAAGGAGATATACATA 

ATGGCTCAAAAACAGGACACGAC PCR product contains 
overlapping sequences to 
NdeI and EcoRI-digested 

pAN6 plasmid eYFP-
OL_pAN6_rv 

AAAACGACGGCCAGTGAATT 

TTATCTAGACTTGTACAGCTCGTCC 

pEC-XC99E-
cgpS-mcherry 

PcgpS-pEC-fw 
GCGGTATTTCACACCGCATATG 

CTGGTCGTCTGTGTAGCTAC PCR product contains 
overlapping sequences to 

NdeI -digested pEC-XC99E 
plasmid and to mcherry 

cgpS-rv-OL-
mcherry 

CTCGCCCTTGCTCACCAT 

TTCGAAAGGAATGCCTTCTTTTTCG 

mcherry_fw ATGGTGAGCAAGGGCGAG PCR product contains an 
overlapping sequence to PstI 

-digested pEC-XC99E 
plasmid 

mCherry_rv_O
L 

AACAGCCAAGCTTGCATGCC 

TTACTTGTACAGCTCGTCCATGC 

    

Application 
Oligo-

nucleotide 
Sequence (5´→ 3´) Comments 

qPCR (circular 
phage DNA and 
reference gene) 

Phage-LC-for CCCACGTTCACCCCACAAACG 
 

Phage-LC-rev CTAAAATGAAGCCATCGCGACC 
 

ddh-LC-for ACGTGCTGTTCCTGTGCATGG 
 

ddh-LC-rev GCTCGGCTAAGACTGCCGCT 
 

Affinity 
chromatography 

with PalpAC 

PalpAC-Biotin-
Tag fw 

*GAGGAGTCGTCGATGTGGAGACC*
TCGCACTCAATAATGCGGTGG 

Asterisks highlight the biotin 
labelled sequences 

Biotin-oligo *GAGGAGTCGTCGATGTGGAGACC* 

PalpAC rv GCGCATACGCACATTACGC 
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Table S3. Oligonucleotides used for the generation of DNA fragments for EMSA 

experiments. 

Oligonucleotide Sequence (5´→ 3´) and properties 
Product 

length (bp) 
GC content of 
product (%) 

gntK-Prom-fw ATGGTGGCGTCATGCTCGGCCG 560 49.3 

gntK-Prom-rv GGATTTGCCGCAGCCAGAAACGC 
  

cg0150fw GGGGTAATAAGACAAAACAGTGGG 500 39.6 

cg0150rv TAGAAATCAGCGACAACCATGCTTC 
  

cg0421fw GGATACTTTCTGTTTTGGTTGGTC 500 41.5 

cg0421rv GAAATTACCAAGATGCACCACCTC 
  

cg0432fw CCTTTTCTAGACAAGACCTGATC 500 42.0 

cg0432rv ACCAACGACGTCGGATTAGG 
  

cg0718fw ATAAGTCATGGTTCAACCTCGG 500 44.0 

cg0718rv CCTAAAACGACACCATCTCAAAAG 
  

cg0726fw TACCACTTGCCTTTGTAGCGTTC 500 46.0 

cg0726rv ACTTGGAAACCGGCAGCAAG 
  

cg1028fw TGGTCAGCGCAGCGAC 500 50.3 

cg1028rv AAGTTGAGTCTTGGGCCGG 
  

cg1517fw GTATGACCAAATGGGACGAAGG 500 42.0 

cg1517rv GATAAGCCACTCAACCACCAAAC 
  

cg2782fw GACGCTGAGAAGGACTACG 500 49.5 

cg2782rv TTGAAGGTATCTCCGACAGCAAC 
  

cg2805fw AAGAAGGCTGAGTTTAGTGGGG 500 44.8 

cg2805rv AGAAGACGTCCAAAATCCCGTC 
  

cg3060fw CAAAATCAATGCGAGAGCGAAG 500 44.0 

cg3060rv CTGCAGAGCTGAAATTATCGAC 
  

cg3304fw GGATAACTTCCCCACAATTGAC 500 47.7 

cg3304rv AAGCGTGCCATTGTTCTCCC 
  

cg1951fw CTCTATTGGCTCTTAATGGTCAATTAC 500 33.4 

cg1951rv GCCTCTTAAAGCACAGTTATTGCG 
  

cg1966fw GCTCAGTATCAATGTCGTCACC 500 36.3 

cg1966rv GTCGAAGTGGTGTCGTTATTTAGG 
  

cg2023fw GCACCACCAACAAGTGCC 500 40.7 

cg2023rv TGGGAGCATTTCACTGCACG 
  

cg1977fw GTTCTAAACATAAGGAACGCGC 500 39.1 

cg1977rv CGATGGTGCAGTGACCATG 
  

cg1936fw CATCGCTCATTGTTACTTAATTACCC 500 36.0 

cg1936rv CCTGAAGAATTTGCTCAGCCG 
  

cg1940fw CCATAGTCAAGATTCCCAATCAAC 500 39.5 

cg1940rv GATTCAGGTGATGTAGCGCTG 
  

cg1917fw CCTGTAGCCTGCGACGTTAA 500 42.2 

cg1917rv GTGCACCGGTAGCCATAATAG 
  

cg1895fw TCACGGGTGGAATCGGAG 500 38.3 

cg1895rv GCTTGGATCATCTGAACAGAGTG 
  

cg2014fw AGCGTCAATCGGAATCTGCG 500 40.7 

cg2014rv CAGTTGCGCTAGATAAGCGAG 
  

cg1890fw GCGACAAACAAATAGATCAGCTG 500 41.8 

cg1890rv GGGGTTTATTACCTGCCTGC 
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Table S4. Results of the ChAP-Seq experiment. The 90 identified regions are evaluated 

regarding their peak width, peak maxima and area. Furthermore, the regions are classified 

into three categories as described in Figure S3. Genes within the CGP3 region are 

highlighted in green. 

 

Table S5. Impact of CgpS countersilencing on the C. glutamicum transcriptome. CGP3 

prophage genes are highlighted in green. ORFs exhibiting are more than two-fold altered 

mRNA ratio (of >2 or < 0.5, p-value <0.05) are shown. 

 

Table S6. PSI-BLAST results of CgpS. e-value was set <= 0.005 across several orders of 

the phylum Actinobacteria and phages as annotated in the NCBI database 

(http://www.ncbi.nlm.nih.gov/). 
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Supplementary Figures 

 

 

Figure S1: CgpS orthologs. A. Phylogenetic tree based on the multiple sequence 

alignments of CgpS/Lsr2 homologs of selected Corynebacteria (C. kroppenstedtii, C. 

amycolatum, C. diphteriae, C. urealyticum, C. jeikeium), and Mycobacteria (M. tuberculosis, 

M. spec., M. leprae, M. marinum, M. avium). Alignments were performed using Clustal 

Omega (11) with standard configurations. Data for phylogenetic tree were derived from 

alignments and visualized using tree vector (12). Analysis indicates that CgpS displays a 

higher sequence identity to mycobacterial Lsr2 proteins than to the corynebacterial orthologs.  
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Figure S2: Silencing of CGP3 prophage induction. A and B. Phage reporter cells 

(WT::Plys-eyfp) were transformed with pAN6, pAN6-cgpS and pAN6-cgpS-mcherry and were 

cultivated in CGXII with 50 µM IPTG and in the presence or absence of 0.6 µM MMC. The 

mCherry (A) and eYFP (B) fluorescence as well as backscattered light were measured in the 

BioLector® microcultivation system and were used to calculate the specific fluorescence. 

The specific fluorescence after 20 h of cultivation is shown. The data represent average 

values from three biological replicates including the standard deviation. 
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Figure S3: Threshold variation of the CgpS ChAP-Seq data. Based on mean normalized 

coverage values which were obtained by ChAP-sequencing experiments, thresholds were 

varied to validate its impact on the estimated binding of CgpS to the CGP3 region and to the 

entire genome of ATCC 13032. Based on this analysis, bound regions showing a threshold T 

>3 were considered as CgpS targets in this study (20.46% of CGP3 and 1.49% of the 

genome). 
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Figure S4: Genomic distribution of CgpS binding sites within genes, promoters or 

intergenic regions. A. The 90 regions bound to CgpS were classified into three categories: 

i. Binding sites within open reading frames (genes), ii. 250 bp upstream of translational start 

or according to published transcription start sites (promoter regions), and, iii. intergenic 

regions. B. Distribution of the 90 CgpS-bound genomic regions. Overall, 60% of the peaks 

are located in promoter regions and 31% within genes. Only 9% are assigned to intergenic 

regions. C. The %GC content of the regions were plotted against peak areas. Red line 

illustrates average GC content of C. glutamicum ATCC 13032, which is about 53.8% (13). 

Interestingly, a trend to higher peak areas was observed for promoter regions in comparison 

to intergenic regions or ORFs.  
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Figure S5: Comparison of predicted and experimentally identified CgpS binding sites. 

The DNA binding motif derived from ChAP-Seq results (Fig. 3C) was checked for further hits 

in the genome of ATCC 13032 using FIMO (14). Here, 90 positions exhibiting highest 

probability (p-Values: 2.7·10-10 – 2.3·10-6) (in blue) were compared with the 90 experimentally 

identified binding sites acquired by ChAP-Seq binding studies (in red). Potential CgpS site 

within the CGP3 region (purple boxes) and outside (green boxes) are highlighted. Correlation 

between experimentally identified and predicted CgpS binding sites ~75 %.  
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Figure S6: In vitro binding studies of CgpS to its putative target sites. Electrophoretic 

mobility shift assays (EMSAs) were performed with purified CgpS-Strep protein and 21 

putative target DNA regions derived from ChAP-Seq data (Fig. 3). Green boxes indicate 

regions outside of CGP3 and the purple box sites within the CGP3 region. All tested DNA 

fragments had a size of about 500 bp and were chosen 250 bp up and downstream of the 

peak maxima, which were detected by the ChAP-Seq analysis. Overall, eleven candidate 

regions were chosen outside of CGP3 ((A) seven upstream and (C) four downstream of 

CGP3) and ten sites within the CGP3 region (B). In all lanes 90 ng DNA (12-14 pM) were 

incubated without (lane 1) or with increasing amounts of CgpS protein (lane 2: 1 µM and lane 

3: 2 µM). The promoter region of gntK (560 bp) was used as a negative control. Annotations 

und potential functions of the bound regions are listed in D. 
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Figure S7: Complementation studies of a E. coli K-12 Δhns strain with cgpS cloned 

into the overexpression plasmid pAN6. Cells were grown on bromothymol blue salicin 

indicator plates as described in Dole et al., 2002 (15). E. coli cells lacking hns were 

transformed with the empty plasmid pAN6, pAN6-cgpS or with the empty plasmid pKETW18 

or pKETW20 carrying hns. Plates were incubated at 37°C overnight. Complementation is 

based on the utilization of salicin. Salicin can be used as carbon source if the bgl operon is 

expressed. This operon is repressed by H-NS in the wild type situation. Thus, in the absence 

of H-NS, salicin is metabolized leading to a decrease of the pH resulting in a colour shift from 

blue to yellow. Complementation of the Δhns phenotype was achieved by expressing either 

hns or cgpS suggesting a similar function of both proteins. 
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Figure S8: Overexpression of hns in C. glutamicum strains. H-NS encoding gene 

located on the overexpression plasmid pAN6 was overexpressed in the prophage reporter 

strain WT::Plys-eyfp and in the ΔCGP3 strain. Cells were cultivated in CGXII minimal medium 

and hns expression was induced with 50 µM IPTG. The data represent average values of 

three biological replicates including the standard deviation.  
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Figure S9: cgpS overexpression in E. coli wild type cells. To verify whether CgpS is 

interfering with the function of H-NS in its native host, E. coli K-12 MG1655 wild type cells 

were transformed with the pAN6-cgpS plasmid. Cells were streaked on bromothymol blue 

salicin indicator plates (15) supplemented with 100 µM IPTG. As control, the wild type strain 

and a Δhns mutant were transformed with the empty plasmid pAN6. The obtained results 

suggest that heterologous cgpS expression is not able to counteract H-NS silencing at the 

bgl promoter when compared to a mutant lacking the hns gene. However, it needs to be 

highlighted that the resulting E. coli strain expressing the cgpS gene (left plate) showed a 

significant growth defect in comparison to the empty vector controls (middle and right). 
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Figure S10. Bioinformatic analysis of CgpS related proteins. A PSI-BLAST search on 

CgpS homologs with an e-value of 0.005 was conducted and achieved 5230 hits (Table S6). 

1920 sequence are individual and can be assigned to 863 taxonomical units; 618 of these 

can be allocated to bacteria or phages. Secondary structure predictions of the 618 

sequences are shown in direct comparison in N->C (A) and C->N (B) orientation. The 

increasing length of the amino acid sequences entails distortet matches in secondary 

structure prediction and hence for a better overview the two possibilites are shown. C. 

Histogramm of the 618 sequences ordered according to their amino acid sequence length. 

The maximum of this distribution is located around 110 amino acids. 
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Supplementary Videos 

Video S1: Time lapse video of a C. glutamicum microcolony under standard conditions 

(without IPTG, control). Cells of the prophage reporter strain ATCC 13032::Plys-eyfp 

carrying the countersilencing plasmid pAN6-N-cgpS were cultivated in microfluidic chambers 

(16) in standard minimal medium (CGXII with 2% (w/v) glucose, 25 µg·ml kanamycin for 20 h 

without IPTG). The video shows the first 12 h of the cultivation.  

 

Video S2: Time lapse video of the effect of CgpS countersilencing (150 µM IPTG) on 

prophage activation. The same reporter strain (Video S1) was grown in the presence of 

150 µM IPTG inducing the expression of the truncated CgpS protein (aa 1-65) covering its 

oligomerization domain. The video shows the first 16.5 h of the experiment. 
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