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SUPPLEMENTARY FIGURES 

Supplementary Figure S1. 

 

Supplementary Figure S1. Comparison of target RNA signals in presence of GlmZ’-gfp 
under different inducer combinations. For quantification of Northern Blots from steady state 

experiments, target RNA signals were compared to the average target RNA signal intensities in 

presence of GlmZ’-gfp on the same membrane, followed by normalization with the 5S rRNA signal. 

To exclude a systematic effect of the inducers (IPTG and arabinose) on target RNA levels in the 

different strain backgrounds in presence of the glmZ’-gfp fusion, target RNA levels from this study 

were analyzed in their respective strain backgrounds. Each strain carried plasmids pYG205, for 

production of RapZ, and pYG215 for expression the glmZ’-gfp fusion RNA. IPTG (1 mM) and 

arabinose (0.2 %) were added in different combinations as indicated (- IPTG/- ara, + IPTG/- ara, 

- IPTG/+ ara, + IPTG/+ ara). The respective target RNAs were analyzed by Northern Blot and 

signal intensities were quantified. The resulting bar graphs present the average normalized target 

RNA signal intensities and SD for (A) ompD mRNA in strain Z1129, (B) sodB mRNA in Z1013, 

(C) nhaB mRNA in Z1012 and (D) GcvB sRNA in Z1014. Number of replicates (n) are indicated 
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under the respective bars. In each strain background RNA signal intensities under different inducer 

combinations were compared to the signal intensity obtained in the + IPTG/+ ara condition, which 

was set to 100 %, and normalized to the corresponding 5S rRNA loading controls.  
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Supplementary Figure S2 

 

 
Supplementary Figure S2. Increasing the distance between GlmZ’ and the MicC start 
nucleotide in the glmZ’-micC fusion by one or two nucleotides has no impact on the 
regulatory performance of the released 5’P-MicC species. Northern blot experiment 

addressing ompD steady state levels in strains producing 5’PPP-MicC or various 5’P-MicC 

variants. Strain Z1129 (∆micC ∆glmY ∆glmZ ∆rapZ λattB::Ptac-ompD), containing plasmid 

pYG205, carried either control plasmid pYG215 (glmZ’-gfp, lanes 2-4), pYG314 (micC, lane 5), 

pYG313 (glmZ’-micC, lanes 6-8), pAS13 (glmZ’-micCG, lanes 9-11) or plasmid pAS14 (glmZ’-

micCGG, lanes 12-14). The latter two plasmids carry glmZ’-micC fusion genes with one or two 

additional G residues inserted in front of the micC start nucleotide. The empty strain Z1129 was 

included as control (lane 1). 1 mM IPTG and 0.2% arabinose were added as indicated (“+”). 

Following growth, total RNAs were extracted and separated (1.5 µg each) on 5% and 8% PAA 

gels, respectively, and subsequently blotted. The blot of the 5% PAA gel was consecutively 

hybridized with probes detecting ompD and GlmZ (first and second panel from top), whereas the 
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blot of the 8% gel was probed for MicC (forth panel from top). Blots were re-probed for 5S rRNA 

to obtain loading controls. MicC and its decay products are indicated with arrows. 
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Supplementary Figure S3 

 

Supplementary Figure S3. Mutation of the RNase E cleavage site at position + 9 increases 
steady state levels of 5’P-MicC significantly. Northern blot experiment comparing steady state 

levels of wild-type MicC and the MicCmut variant, carrying U11U12→C11C12 exchanges, abolishing 

RNase E cleavage at pos. +9. MicC and MicCmut were either produced as 5’PPP-RNAs using 

plasmids pYG314 (lane 4) and pAS3 (lane 6) or in a 5’P state through release from the GlmZ’ 

aptamer using plasmids pYG313 (lane 5) and pAS2 (lane 7). The transformant transcribing the 

glmZ’-gfp fusion from plasmid pYG215 was included in lane 2 & 3. The plasmids were tested in 

strain Z1129, which additionally contained plasmid pYG205 for synthesis of RapZ. The empty 

strain Z1129 was included in lane 1. 1 mM IPTG and 0.2% arabinose were added as indicated. 

Total RNAs were isolated and 1.5 µg each were separated on two denaturing 8% PAA gels, 

respectively. MicC generated by in vitro transcription was loaded as size marker in lane 8. Due to 
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T7 promoter design, 6 foreign nucleotides were added to the 5’ end of MicC. The DNA template 

for in vitro transcription was generated by PCR using oligonucleotides BG1823/BG1824. The 

resulting blots were hybridized with probes for MicC or GlmZ, respectively, and re-probed to obtain 

5S rRNA signals.  
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Supplementary Figure S4 

 

Supplementary Figure S4. Comparison of the regulatory performance of 5’P- and 5’PPP-
RyhB. (A) Similar experiment as shown in Figure 4, but as a difference various IPTG 

concentrations were used to induce transcription of 5’PPP-RyhB. The used strains and plasmid 

constructs are described in the legend of Figure 4. Total RNAs were isolated and separated (1.5 

µg each; as exception 3 µg were loaded in lane 1) on two denaturing 5% PAA gels. After blotting, 
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one blot was consecutively hybridized with probes detecting sodB and GlmZ (first and second 

panel from top), while the other blot was probed for RyhB (fourth panel from top). Blots were re-

probed for 5S rRNA to obtain loading controls. (B) Quantification of Northern blot. Bar graph 

presenting the normalized signal intensities of sodB (n=1). sodB mRNA signal intensities, in 

presence of RyhB and GlmZ-RyhB, were compared to sodB signal intensities obtained in 

presence of GlmZ’-gfp (lanes 4, 5; = 100 %) and normalized to the corresponding 5S rRNA loading 

controls. 
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Supplementary Figure S5 

 

Supplementary Figure S5. Determination of sodB decay rates triggered by 5’PPP- and 5’P-
RyhB and analysis of RyhB stability. (A) Northern blot for determination of sodB decay rates in 

presence of 5’PPP-RyhB and 5’P-RyhB and evaluation of RyhB stability. Transcription was 

stopped with rifampicin (t0) and samples were removed at indicated times for RNA extraction and 

Northern blotting. Strain Z1013 (∆ryhB ∆glmY ∆glmZ ∆rapZ) carried plasmid pYG205 and 

additionally either plasmid pYG275 (ryhB) or plasmid pYG274 (glmZ’-ryhB). Strain JW1648 

(∆sodB) was included in lane 1. The bacteria were grown in presence of 1 mM IPTG to induce 

transcription of ryhB and the glmZ’ fusion genes. Arabinose (0.2 %) was added to trigger RapZ-

mediated cleavage of the fusion RNAs. Total RNAs (1.5 µg each) were separated on two 

denaturing PAA gels, containing 5% or 8% acrylamide, and subsequently blotted. The blot 

resulting from the 5% PAA gel was consecutively hybridized with probes detecting sodB and GlmZ 

(first and second panel from top), while the other blot was probed for RyhB (fourth panel from top). 

Blots were re-probed for 5S rRNA to obtain loading controls. (B) Semi-logarithmic plots of sodB 
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and RyhB signal intensities for half-life determination. The data are presented as mean, n = 2. 

Half-lives values are presented as mean ± SD.  
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Supplementary Figure S6 

 

Supplementary Figure S6. Northern blot addressing the precise size of the nhaB mRNA. 

Total RNA extracted from strain Z1012 (∆cpxQ ∆glmY ∆glmZ ∆rapZ) containing plasmids pYG205 

(rapZ) and pYG215 (glmZ’-gfp, lanes 3, 4) was loaded next to an RNA size marker RiboRuler High 

Range RNA Ladder (Thermo Scientific; lane 1). Strain JW1175 (∆nhaB, lane 2) demonstrates 

nhaB probe specificity. IPTG (1 mM) and arabinose (0.2 %) was added as indicated. To detect 

nhaB mRNA (first panel from top), 3.5 µg of total RNA was separated on an 1 % agarose gel and 

subsequently transferred to the membrane via vacuum blotting. EtBr stained 23S/16S rRNAs and 

the RNA ladder were visualized after blotting in a ChemiDoc (second panel from top).  
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Supplementary Figure S7 

 

Supplementary Figure S7. Comparison of gel migration velocities of 5’PPP-CpxQ and CpxQ 
derived from the GlmZ’-CpxQ fusion with endogenous CpxQ. Northern blot addressing size 

differences between CpxQ variants. Total RNAs extracted from the empty strains S4197 (wild-

type), Z1012 (∆cpxQ, ∆glmY ∆glmZ ∆rapZ), and JW1175 (∆nhaB) were analyzed in lanes 1-3. 

RNAs (3 µg in lanes 1-3; 1.5 µg in lanes 4-7) were separated on an 8% denaturing PAA gel, 

blotted and consecutively hybridized with probes detecting CpxQ, GlmZ and 5S rRNA.   
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Supplementary Figure S8 

 

Supplementary Figure S8. Analysis of GcvB repression by 5’PPP- and 5’P-SroC. (A) 

Northern blot experiment addressing GcvB steady state levels in presence of the GlmZ’-gfp control 

fusion, 5’PPP-SroC and 5’P-SroC. Strain Z1014 (∆sroC ∆glmY ∆glmZ ∆rapZ) carried plasmid 

pYG205 (rapZ) and additionally either plasmid pYG215 (glmZ’-gfp, lanes 4, 5, 14, 15), pYG277 

(sroC, lanes 6-9 and 16-19) or plasmid pYG276 (glmZ’-sroC, lanes 10-13 and 20-23). The empty 

strains S4197 (wild-type), Z1014 (∆sroC, ∆glmY ∆glmZ ∆rapZ), and JVS06081 (∆gcvB) were 
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included to demonstrate specificity of probes (lanes 1-3). Bacteria were grown in absence or 

presence of arabinose and various concentrations of IPTG as indicated. Total RNAs (1.5 µg each, 

as exception 3 µg were loaded in lane 1) were separated on two denaturing 8% PAA gels and 

subsequently blotted. The blots were consecutively hybridized with probes detecting GcvB, SroC, 

GlmZ and 5S rRNA. (B) Quantification of Northern blots. Bar graphs presenting the average 

normalized signal intensities and SD of 2 independent experiments. GcvB signal intensities, in 

presence of SroC (light grey) and GlmZ’-SroC (dark grey), were compared to GcvB signal 

intensities obtained in presence of GlmZ’-gfp on the respective membrane (lanes 4, 5 or 14, 15;  

= 100 %) and normalized to the corresponding 5S rRNA loading controls (left graph). SroC signal 

intensities (SroC, light grey; GlmZ’-SroC, dark grey) were compared to the signal intensity 

obtained for SroC in lane 9 (=100 %) or lane 19 (=100 %) on the respective membrane and 

normalized to the 5S rRNA loading controls (right graph). 
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Supplementary Figure S9 

 

Supplementary Figure S9. Comparison of the regulatory strength of 5’P- and 5’PPP-CpxQ 
in a strain lacking pyrophosphohydrolase RppH. (A) Similar experiment as shown in Figure 5, 

but as a difference strain Z1076, additionally lacking the rppH gene, was used for comparison of 

nhaB mRNA levels in presence of 5’PPP-CpxQ or 5’P-CpxQ. The empty strains S4197 (wild-type), 

Z1076 (∆rppH ∆cpxQ, ∆glmY ∆glmZ ∆rapZ), and JW1175 (∆nhaB) were included in lanes 1-3. 

Total RNAs were isolated and 1.5 µg of each sample was separated on two denaturing PAA gels 

containing 5% and 8% acrylamide, respectively. Resulting blots were consecutively hybridized 

with probes detecting nhaB (first panel from top) and GlmZ (second panel from top) or probed for 

CpxQ (fourth panel from top). Both membranes were re-probed for 5S rRNA to obtain loading 

controls. (B) Quantification of Northern blots. Bar graphs presenting the average normalized signal 
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intensities and SD of 2 independent experiments. nhaB mRNA signal intensities, in presence of 

GlmZ’-CpxQ and CpxQ, were compared to nhaB signal intensities obtained in presence of GlmZ’-

gfp (lanes 4, 5; = 100 %) and normalized to the corresponding 5S rRNA loading controls (top 

graph). CpxQ signal intensities were compared to the strongest signal obtained for CpxQ (lane 

13; = 100 %) and normalized to the 5S rRNA loading controls (bottom graph). 
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Supplementary Figure S10 

 

Supplementary Figure S10. Comparison of the regulatory strength of 5’PPP- and 5’P-SroC 
in a strain lacking pyrophosphohydrolase RppH. (A) Similar experiment as shown in 

Supplementary Figure S8, but strain Z1077, lacking additionally the rppH gene, was used for 

comparison of GcvB levels in presence of 5’PPP- SroC or 5’P-SroC. Bacteria were grown in 

absence or presence of arabinose and various concentrations of IPTG as indicated. Total RNAs 

(1.5 µg each; as exception 3 µg were loaded in lane 1) were separated on two denaturing 8% PAA 
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gels and subsequently blotted. The blots were consecutively hybridized with probes detecting 

GcvB, SroC, GlmZ and 5S rRNA. (B) Quantification of Northern blots. Bar graphs presenting the 

average normalized signal intensities and SD of 2 independent experiments. GcvB signal 

intensities, in presence of SroC (light grey) and GlmZ’-SroC (dark grey), were compared to GcvB 

signal intensities obtained in presence of GlmZ’-gfp on the respective membrane (lanes 4, 5 or 

14, 15;  = 100 %) and normalized to the corresponding 5S rRNA loading controls (left graph). SroC 

signal intensities (SroC, light grey; GlmZ’-SroC, dark grey) were compared to the signal intensity 

obtained for SroC in lane 9 (=100 %) or lane 19 (=100 %) on the respective membrane and 

normalized to the 5S rRNA loading controls (right graph). 
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Supplementary Figure S11 

 

Supplementary Figure S11. Comparison of GcvB decay rates triggered by 5’PPP- and 5’P- 
SroC in a strain lacking pyrophosphohydrolase RppH. (A) Similar experiment as shown in 

Figure 7, but as a difference the ∆rppH strain Z1077 was used for comparison of GcvB decay in 

presence of 5’PPP-SroC or 5’P-SroC and analysis of SroC stability. The transformants were grown 

in presence of 0.01 mM IPTG to induce transcription of sroC and the glmZ’ fusion genes. 

Arabinose (0.2%) was additionally added to trigger cleavage of the fusion RNAs. Total RNAs were 

isolated and separated (1.5 µg each; as exception 3 µg were loaded in lane 1) on two denaturing 

8% PAA gels, respectively. After blotting, one blot was consecutively hybridized with probes 

detecting GcvB and SroC (first and second panel from top), while the other blot was probed for 

GlmZ (fourth panel from top). Blots were re-probed for 5S rRNA to obtain loading controls. (B) 
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Semi-logarithmic plots of GcvB and SroC signal intensities for half-life determination. The data are 

presented as mean, n = 2. Half-lives values are presented as mean ± SD.   
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Supplementary Figure S12 

 

Supplementary Figure S12. Comparison of ompD decay rates triggered by 5’PPP- and 5’P- 
MicC in a strain lacking pyrophosphohydrolase RppH. (A) Similar experiment as shown in 

Figure 3, but as a difference the isogenic ∆rppH strain Z1153 was used for comparison of ompD 

decay in presence of 5’PPP-MicC or 5’P-MicC and determination of MicC stability. The 

transformants were grown in presence of 1 mM IPTG to induce transcription of micC and the glmZ’ 

fusion genes. Arabinose (0.2 %) was added to trigger cleavage of the fusion RNAs. Total RNAs 

(1.5 µg each) were separated on two denaturing PAA gels containing 5% or 8% acrylamide, 

respectively, and subsequently blotted. The blot resulting from the 5% PAA gel was consecutively 

hybridized with probes detecting ompD and GlmZ (first and second panel from top), while the other 

blot was probed for MicC (fourth panel from top). Blots were re-probed for 5S rRNA to obtain 
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loading controls. (B) Semi-logarithmic plots of ompD and MicC signal intensities for half-life 

determination of one experiment (n=1). 
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Supplementary Figure S13 

 

Supplementary Figure S13. Analysis of ompD decay triggered by MicC in Salmonella 
strains synthesizing wild-type RNase E or the RNase E R169K variant. (A) Northern blots 

showing ompD mRNA and 5’PPP-MicC decay in Salmonella Typhimurium strains Z1266 (WT rne, 

∆micC) and Z1267 (rneR169K, ∆micC), respectively. Bacterial strains were transformed with  

plasmid pYG314 transcribing MicC from the PLlacO-1 promoter. The empty strains Z1266 and Z1267 

were included in lane 1 and 2. The transformants were grown in presence of 1 mM IPTG to induce 

transcription of micC. Transcription was stopped with rifampicin (t0) and samples were harvested 

at indicated times for RNA extraction and Northern blotting. Total RNAs (1.5 µg each) were 

separated on two denaturing PAA gels, containing 5% and 8% acrylamide, and were subsequently 

blotted. Membranes were hybridized with the respective probes to detect ompD (top panel) and 

MicC (third panel). Blots were re-probed for 5S rRNA to obtain loading controls. Full-length (FL) 

MicC and its decay products are indicated with arrows. (B) Semi-logarithmic plots of ompD and 

MicC signal intensities for half-life determination. The data are presented as mean, n = 2. Half-
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lives values are presented as mean ± SD. In the rneR169K strain, signal intensities of the 5S 

signal and the 5S rRNA precursor were summed up for normalization.  
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Supplementary Figure S14 

 

Supplementary Figure S14. Determination of ompD decay rates triggered by 5’PPP-  and 
5’P-MicC in a strain expressing the truncated rne598 variant. (A) Similar experiment as shown 

in Figure 3, but as a difference the rne598 strain Z1245 was used. The transformants were grown 

in presence of 1 mM IPTG to induce transcription of micC and the glmZ’ fusion genes. Arabinose 

(0.2 %) was added to trigger RapZ-mediated cleavage of the fusion RNAs. Total RNAs were 

extracted and separated (1.5 µg each) on two denaturing PAA gels, containing 5% or 8% 

acrylamide, respectively. After blotting, the membrane resulting from the 5% PAA gel was 

consecutively hybridized with probes detecting ompD and GlmZ (first and second panel from top), 

while the other blot was probed for MicC (fourth panel from top). Blots were re-probed for 5S rRNA 
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to obtain loading controls. (B) Semi-logarithmic plots of ompD and MicC signal intensities for half-

life determination. The data are presented as mean, n = 2. Half-lives values are presented as 

mean ± SD.   
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Supplementary Figure S15 

 

 

Supplementary Figure S15. RNA half-life experiments in presence of the GlmZ’-gfp fusion 
RNA to show sRNA-specific target destabilization. For each strain background, as listed in 

Table 1, control experiments in absence of the respective sRNA were performed. Thus, strains 

expressing the glmZ’-gfp (pYG215) fusion were grown in parallel and treated the same as the 

cultures expressing the respective sRNA variants. One representative Northern blot for each strain 

background is shown. Target RNA half-lifes were calculated as described from 1-3 independent 

experiments. 
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SUPPLEMENTARY MATERIALS AND METHODS 

Construction of plasmids 

Plasmid pYG205 was obtained by replacing the SalI-XbaI fragment comprising strep-rapZ in 

plasmid pYG13 with a PCR fragment obtained with oligonucleotides BG1307/BG397 and plasmid 

pFDX4324 as template. This construction places wild-type rapZ provided with the RBS of the 

Bacillus subtilis sacB gene under PAra control. Plasmid pYG215 was constructed in several steps. 

First, the XhoI-NdeI fragment comprising the operator-less Ptac and the ptsN gene in the pSC101 

derivative plasmid pFDX4294 was replaced with a PCR fragment carrying the lacIq allele. The 

latter fragment was generated using primers BG1316/BG1337 and plasmid pKES170 as template. 

In the resulting plasmid pYG192, a novel PstI site was introduced by reverse primer BG1337. 

Next, a PCR fragment comprising the PLlacO1::glmZ’-rpsT-3xFLAG λt0 tet cassette from plasmid 

pYG183 was amplified using primers BG1318/BG1319 and cloned between the AgeI-PstI sites on 

plasmid pYG192, resulting in plasmid pYG193. Finally, the gfpmut3* gene was amplified with 

BG1345/BG1354 from plasmid pYG213 and used to replace the AgeI-XbaI fragment comprising 

rpsT-3×FLAG in plasmid pYG193, resulting in plasmid pYG215. 

Plasmid pYG315 carries the Salmonella ompD gene (-69 to +1178) under control of an operator-

less Ptac promoter and allows for site-specific integration of the latter cassette into the λattB site 

on the E. coli chromosome. Its construction, which involved several intermediate steps, is based 

on plasmid pKEM20, which is designed for integration of translational lacZ fusions into the E. coli 

λattB site. First, the SalI-XbaI fragment comprising proV’ in pKEM20 was replaced with a glmS’ (-

311 to +129) fragment, which created a translational glmS’-lacZ fusion on the resulting plasmid 

pBGG19. The glmS’ fragment was generated by PCR using primers BG121/BG123. 

Subsequently, the XbaI-TatI fragment comprising the lacZ gene was replaced with the sequence 

encoding superfolder (sf) GFP (including its RBS). The sf-gfp fragment was amplified using 

primers BG1456/BG1455 and plasmid pXG10-SF (1) as template and digested with XbaI and 

Acc65I prior to ligation with the TatI-XbaI vector backbone of plasmid pBGG19. This construction 

created a transcriptional glmS’-sf-gfp fusion on the resulting plasmid pMK5 and introduced a novel 

PstI site downstream of the sf-gfp CDS. Next, the PvuII-XbaI fragment comprising the glmS 5’ 

region was replaced with a PCR fragment obtained by using oligonucleotides BG1457/BG123 and 

plasmid pMK5 as template. The forward primer BG1457 introduced the sequence of an operator-

less Ptac promoter upstream of glmS’, resulting in plasmid pMK7. Finally, the SalI-PstI fragment 

encompassing the Ptac::glmS’-sf-gfp fusion in pMK7 was replaced with a PCR fragment generated 

with primers BG1705/BG1720 using chromosomal DNA of Salmonella Typhimurium SL1344 as 
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template. Forward primer BG1705 anneals to the ompD 5’ UTR and reintroduces the operator-

less Ptac promoter, thereby creating the Ptac::ompD fusion in plasmid pYG315.  

The plasmids transcribing the various glmZ’-sRNA fusion RNAs from PLlacO-1 were obtained by 

replacing the AgeI-XbaI fragment in plasmid pYG215 with PCR fragments comprising the sRNA 

sequence of choice. The latter were amplified using chromosomal DNAs of E. coli-K12 (ryhB, 

cpxQ, sroC) or Salmonella Typhimurium SL1344 (micC) as templates and the following 

oligonucleotides resulting in the mentioned plasmids: glmZ’-cpxQ (BG1493+BG1514, pYG272); 

glmZ’-micC (BG1700+BG1702, pYG313); glmZ’-micCG (BG2045+BG1702; pAS13); glmZ’-

micCGG (BG2046+BG1702; pAS14); glmZ’-micCmut (BG1797+BG1702; pAS2); glmZ’-ryhB 

(BG1489+BG1513; pYG274); glmZ’-sroC (BG1497+BG1515; pYG276). 

The plasmids transcribing the sRNAs as primary transcripts from PLlacO-1 were generated by 

substitution of the AatII-XbaI fragment in plasmid pYG215 with the sRNA sequences of choice. 

The various sRNAs were amplified from chromosomal DNA using the following oligonucleotides 

resulting in mentioned plasmids: cpxQ (BG1496+BG1514, pYG273), micC (BG1701+BG1702, 

pYG314); micCmut (BG1798+B1702, pAS3); ryhB (BG1492+BG1513; pYG275); sroC 

(BG1500+BG1515; pYG277).  
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SUPPLEMENTARY TABLES 

Supplementary Table I. Bacterial strains used in this study. 

Name Genotype Reference 
Escherichia coli-K12 
JVS06081 TOP10 ∆gcvB::kan (2) 
JVS8024 MC4100 ∆glmZ::kan (3) 
JW1175 F- ∆(araD-araB)567 ∆lacZ4787(::rrnB-3) λ- ∆nhaB::kan rph-1 ∆(rhaD-

rhaB)568, hsdR514 
(4) 

JW1648 F- ∆(araD-araB)567 ∆lacZ4787(::rrnB-3) λ- ∆sodB::kan rph-1 ∆(rhaD-
rhaB)568, hsdR514 

(4) 

JW2798 F- ∆(araD-araB)567 ∆lacZ4787(::rrnB-3) λ- ∆rppH754::kan rph-1 
∆(rhaD-rhaB)568, hsdR514 

(4) 

S4197 MG1655 rph+ ilvG+ ∆lacZ (5) 
TM529 W3110 mlc rne598-FLAG-cat (6) 
Z24 CSH50 ∆(pho-bgl)201 ∆(lac-pro) ara thi ∆rapZ::cat (7) 
Z95  CSH50 ∆(pho-bgl)201 ∆(lac-pro) ara thi ∆glmY::cat (8) 
Z836 S4197 ∆rapZ::cat T4GT7 (Z24) → S4197; this work 
Z840 S4197 ∆rapZ Z836 cured from cat; this work 
Z933 S4197 ∆glmY::cat ∆rapZ T4GT7 (Z95) → Z840; this work 
Z953 S4197 ∆glmY::cat ∆glmZ::kan ∆rapZ T4GT7 (JVS8024) → Z933; this work 
Z956 S4197 ∆glmY ∆glmZ ∆rapZ Z953 cured from cat and kan; this work 
Z975 S4197 ∆micC::cat ∆glmY ∆glmZ ∆rapZ PCR BG1399+BG1400 → Z956, this work 
Z976 S4197 ∆micC ∆glmY ∆glmZ ∆rapZ Z975 cured from cat; this work 
Z1012 S4197 ∆cpxQ::kan ∆glmY ∆glmZ ∆rapZ PCR BG1503+BG1504 → Z956, this work 
Z1013 S4197 ∆ryhB::kan ∆glmY ∆glmZ ∆rapZ PCR BG1501+BG1502 → Z956, this work 
Z1014 S4197 ∆sroC::kan ∆glmY ∆glmZ ∆rapZ PCR BG1505+BG1506 → Z956, this work 
Z1047 S4197 ∆sroC ∆glmY ∆glmZ ∆rapZ Z1014 cured from kan; this work 
Z1048 S4197 ∆rppH::kan ∆sroC ∆glmY ∆glmZ ∆rapZ T4GT7 (JW2798) → Z1047; this work 
Z1049 S4197 ∆cpxQ ∆glmY ∆glmZ ∆rapZ Z1012 cured from kan; this work 
Z1060 S4197 ∆cpxQ ∆glmY ∆glmZ ∆rapZ skp-3×FLAG::kan PCR BG1615+BG1616 → Z1049, this work 
Z1061 S4197 ∆cpxQ ∆glmY ∆glmZ ∆rapZ skp-3×FLAG Z1060 cured from kan; this work 
Z1062 S4197 ∆rppH::kan ∆cpxQ ∆glmY ∆glmZ ∆rapZ skp-3×FLAG T4GT7 (JW2798) → Z1061; this work 
Z1076 S4197 ∆rppH ∆cpxQ ∆glmY ∆glmZ ∆rapZ skp-3×FLAG Z1062 cured from kan; this work 
Z1077 S4197 ∆rppH ∆sroC ∆glmY ∆glmZ ∆rapZ Z1048 cured from kan; this work 
Z1129 S4197 ∆micC ∆glmY ∆glmZ ∆rapZ λattB::[operator-less Ptac::ompD, 

aadA] 
pYG315/BamHI → Z976; this work 

Z1152 S4197 ∆rppH::kan ∆micC ∆glmY ∆glmZ ∆rapZ λattB::[operator-less 
Ptac::ompD, aadA] 

T4GT7 (JW2798) → Z1129; this work 

Z1153 S4197 ∆rppH ∆micC ∆glmY ∆glmZ ∆rapZ λattB::[operator-less 
Ptac::ompD, aadA] 

Z1152 cured from kan; this work 

Z1245 S4197 ∆micC ∆glmY ∆glmZ ∆rapZ rne598-FLAG-cat 
λattB::[operator-less Ptac::ompD, aadA] 

T4GT7 (TM529) → Z1129; this work 

Salmonella enterica serovar Typhimurium 
JVS6999 SL1344 (rluC-rne)::CmR rnewt (9) 
JVS10999 SL1344 (rluC-rne)::CmR rneR169K (9) 
SL1344 StrR hisG rpsL xyl (10) 
Z1266 SL1344 (rluC-rne)::CmR micC::kan PCR BG1973+BG1974 → JVS6999, this 

work 
Z1267 SL1344 (rluC-rne)::CmR rneR169K micC::kan PCR BG1973+BG1974 → JVS10999, this 

work 
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Supplementary Table II. Plasmids used in this study. 

Name  Relevant structure Reference 
pAS2 lacIq PLlacO-1::glmZ’-micCmut λt0 tet cat ori-pSC101 (micC mutated at pos.11/12: TT→CC) this work 
pAS3 lacIq PLlacO-1::micCmut λt0 tet cat ori-pSC101 (micC mutated at pos.11/12: TT→CC) this work 
pAS13 as pYG313, but additional G in front of micC start nucleotide this work 
pAS14 as pYG313, but two additional G (GG) in front of micC start nucleotide this work 
pBGG19 translational glmS’ (-311 to +129)-lacZ fusion in pKEM20 this work 
pFDX4291 operator-less Ptac sacB-RBS MCS cat ori-pSC101 (7) 
pFDX4294 ptsN in pFDX4291 (7) 
pFDX4324 rapZ in pFDX4291 (7) 
pKEM20 λattP aadA proV‘-lacZ (translational fusion, proV’ substitutable via SalI/XbaI) neo ori-p15A (11) 
pKES170 lacIq Ptac RBS-T7gene10 MCS bla ori-ColEI (12) 
pMK5 λattP aadA glmS’-sf-gfp (transcriptional fusion) neo ori-p15A this work 
pMK7 λattP aadA operator-less Ptac::glmS’-sf-gfp (transcriptional fusion) neo ori-p15A this work 
pYG13 PAra::strep-rapZ with rapZ RBS araC λattP cat bla ori-ColEI (13) 
pYG183 PLlacO-1::glmZ’-rpsT-3×FLAG λt0 in pBR-plac (14) 
pYG192 lacIq cat ori-pSC101 this work 
pYG193 lacIq PLlacO-1::glmZ’-rpsT-3×FLAG λt0 tet cat ori-pSC101 this work 
pYG205 PAra::rapZ with sacB RBS araC λattP cat bla ori-ColEI this work 
pYG213 PLlacO-1::glmZ’-gfpmut3* λt0 in pBR-plac (14) 
pYG215 lacIq PLlacO-1::glmZ’-gfpmut3* λt0 tet cat ori-pSC101 this work 
pYG272 lacIq PLlacO-1::glmZ’-cpxQ λt0 tet cat ori-pSC101 this work 
pYG273 lacIq PLlacO-1::cpxQ λt0 tet cat ori-pSC101 this work 
pYG274 lacIq PLlacO-1::glmZ’-ryhB λt0 tet cat ori-pSC101 this work 
pYG275 lacIq PLlacO-1::ryhB λt0 tet cat ori-pSC101 this work 
pYG276 lacIq PLlacO-1::glmZ’-sroC λt0 tet cat ori-pSC101 this work 
pYG277 lacIq PLlacO-1::sroC λt0 tet cat ori-pSC101 this work 
pYG313 lacIq PLlacO-1::glmZ’-micC λt0 tet cat ori-pSC101 this work 
pYG314 lacIq PLlacO-1::micC λt0 tet cat ori-pSC101 this work 
pYG315 λattP aadA operator-less Ptac::ompD (-69 to +1178) neo ori-p15A this work 

aori: origin of replication; RBS: ribosomal binding site, MCS: multiple cloning site. 
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Supplementary Table III. Oligonucleotides used in this study. 
Name Sequencea, b, c Res.site Positiond 
BG121 GCACGCGTCGACCAGCTGGTGGCCCCGGTAAC SalI, PvuII glmS -311 to -292 
BG123 GCTCTAGACATATGACCTTCTGCATCAACAAC XbaI glmS 129 to 106 
BG230 GTAGATGCTCATTCCATCTC  glmZ 1 to 20 
BG231 CTAATACGACTCACTATAGGGAGAAAACAGGTCTGTATGACAAC  glmZ 172 to 152 
BG287 TGCCTGGCGGCCGTAG  rrfD 1 to 16 
BG288 CTAATACGACTCACTATAGGGAGAGCCTGGCAGTTCCCTAC  rrfD 118 to 102 
BG397 TGGCTGCAGTCTAGATTATCATGGTTTACGTTTTTCCAGCG PstI, XbaI rapZ 855 to 833 
BG1307 GCACGCGTCGACAAAAGGAGACATGACATATGGTAC SalI rapZ 1 to 7 
BG1316 CTCGTACTCATATGCCCGACACCATCGAATGGTG NdeI pKES170 51 to 70 
BG1318 GCCCTGCAGATAAATGTGAGCGGATAACATTGAC PstI pYG183 4174 to 

4198 
BG1319 TCCCCCGGGATGCGCCGCGTGCGGCTGC AvaI pYG183 1430 to 

1406 
BG1337 GCGCTCGAGCTGCAGAACAGCTCATTTCAGAATATTTGAG XhoI, PstI pKES170 1264 to 

1240 
BG1345 CGCACCGGTCAAAGTCGGTGACAGATAACAGGAGTAAGTAATGCGTAAA

GGAGAAGAACTTTTC 
AgeI gfpmut3* 1 to 24 

BG1354 GCGTCTAGATTATTTGTATAGTTCATCCATGCCATGTG XbaI gfpmut3* 714 to 689 
BG1399 AAATAAAAATTATACTTTTAATTTGCTATACGTTATTCTGCGCGGTGTAGGC

TGGAGCTGCTTCG 
 micC -45 to -1 

BG1400 AGCAACACCGATTAAATGCTCTGGATAAGGATTATCCAATTCTAATTACAT
ATGAATATCCTCCTTAGTTCCTATT 

 micC 155 to 110 

BG1455 GCGGGTACCCTGCAGTTATTTGTAGAGCTCATCCATGCC Acc56I, PstI pXG10-SF 
BG1456 GCGTCTAGAGGATCCGCTGGCTCCGCTGCTGGTTCTGGCGAATTCATGA

GCAAAGGAGAAGAACTTTTC 
XbaI pXG10-SF 

BG1457 GCACCAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAAGTGG
CCCCGGTAACAGTAGG 

PvuII  

BG1489 CGCACCGGTTCTCGCGATCAGGAAGACCCTC AgeI ryhB -4 to 18 
BG1490 CTAATACGACTCACTATAGGGAGAGAATTCTAACGAACACAAGCACTCCC

GTG 
EcoRI ryhB 140 to 117 

BG1492 GGCCAAGACGTCGCGATCAGGAAGACCCTCGC AatII ryhB 1 to 20 
BG1493 CGCACCGGTCCTGTTTTCCTTGCCATAGACAC AgeI cpxQ -4 to 19 
BG1494 CTAATACGACTCACTATAGGGAGAGAATTCAACGGAAGCAAATCATCTGC

AATG 
EcoRI cpxQ 108 to 84 

BG1496 GGCCAAGACGTCTTTTCCTTGCCATAGACACCATC AatII cpxQ 1 to 23 
BG1497 CGCACCGGTGGCACTGAACTAATTACAAGAACC AgeI sroC -4 to 20 
BG1498 CTAATACGACTCACTATAGGGAGAGAATTCTTGTTGTAAAAAAATACCCCA

GTTC 
EcoRI sroC 213 to 187 

BG1500 GGCCAAGACGTCCTGAACTAATTACAAGAACCAGGG AatII sroC 1 to 24 
BG1501 CAAAAAGTGTTGGACAAGTGCGAATGAGAATGATTATTATTGTCTCGTGTA

GGCTGGAGCTGCTTCG 
 ryhB -46 to -1 

BG1502 TAACGAACACAAGCACTCCCGTGGATAAATTGAGAACGAAAGATCAAAAA
CATATGAATATCCTCCTTAGTTCCTATTCC 

 ryhB 141 to 91 

BG1503 GTTGAAGCTATTGAGTAGTAGCAACTCACGTTCCCAGTAGGTGTAGGCTG
GAGCTGCTTCG 

 cpxQ -49 to -9 

BG1504 GCAAATTGAGGATAAAAAAAACCCCCACAGCATGTGGGGGCATATGAATA
TCCTCCTTAGTTCCTATTCC 

 cpxQ 71 to 31 

BG1505 ATGAAAGCACTGTTCAAAGAACCGAATGACAAGGCACTGAACTAAGTGTA
GGCTGGAGCTGCTTCG 

 sroC -40 to 9 

BG1506 GACATAAATCTACTCCAGAAAAAAGAGGGTAGCAGCGTTAACTGCTACCC
CATATGAATATCCTCCTTAGTTCCTATTCC 

 sroC 193 to 143 

BG1513 GCGTCTAGATAACGAACACAAGCACTCCCGTG XbaI ryhB 140 to 117 
BG1514 GCGTCTAGAAACGGAAGCAAATCATCTGCAATG XbaI cpxQ 108 to 84 
BG1515 GCGTCTAGATTGTTGTAAAAAAATACCCCAGTTC XbaI sroC 213 to 187 
BG1613 ACTTCCTGAGCCGGAACGAAAA  gcvB 1 to 22 
BG1614 CTAATACGACTCACTATAGGGAGATACATTAATCACTATGGACAGACA  gcvB 178 to 155 
BG1615 CGATGTAAAAGACATCACTGCCGACGTACTGAAACAGGTTAAAGACTACA

AAGACCATGACGG 
 skp 440 to 483 

BG1616 TGCATCCAACTGCTGCGCTAAATCAGCCAGTCGAATTGAAGGCATATGAA
TATCCTCCTTAGTTCCTATTCC 

 lpxD 45 to 1 

BG1700 CGCACCGGTTCTTGTTATATGCCTTTATTGTCACATATTC AgeI micC 1 to 27 
BG1701 GGCCAAGACGTCGTTATATGCCTTTATTGTCACATATTC AatII micC 1 to 27 
BG1702 CTAATACGACTCACTATAGGGAGATCTAGAGGAAAAACCCGGCGCAGATT

AAA 
XbaI micC 159 to 136 

BG1703 ATGTCATTCGAATTACCTGCAC  sodB 1 to 22 
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BG1704 CTAATACGACTCACTATAGGGAGATTATGCAGCGAGATTTTTCGC  sodB 582 to 562 
BG1705 GCACGCGTCGACTTGACAATTAATCATCGGCTCGTATAATGTGTGGAA 

GCCATTGACAAACGCCTCGTT 
SalI ompD -69 to -49 

BG1720 GGCCTGCAGCTGCACGGCATACTCCTTATG PstI ompD 1178 to 1157 
BG1727 CTTCACCAAAGCGGCTAAAGTG  ompD 1022 to 1044 
BG1728 CTAATACGACTCACTATAGGGAGAGCCCTGAAAGGACTGGCTTTG  ompD 1129 to 1108 
BG1797 CGCACCGGTTCTTGTTATATGCCCCTATTGTCACATATTCATTTTGTGCG AgeI micC 1 to 10/13 to 

37 
BG1798 GGCCAAGACGTCGTTATATGCCCCTATTGTCACATATTCATTTTGTGCG AatII micC 1 to 10/13 to 

37 
BG1799 ATGGAGATCTCCTGGGGCCG  nhaB 1 to 20 
BG1800 CTAATACGACTCACTATAGGGAGACGGTGATAAATACCATAAAAACCG  nhaB 500 to 476 
BG1823 CTAATACGACTCACTATAGGGAGAGTTATATGCCTTTATTGTCACATATTC  micC 1 to 27 
BG1824 AAAAAAAGCCCGAACATCCGTTCG  micC 109 to 85 
BG1973 AAATAAAAATTATACAATATCATTCGGTTACGATATTCTACGCCTGTGTAG

GCTGGAGCTGCTTCG 
 S.T. micC -45 to -1 

BG1974 AACCCGGCGCAGATTAAAAAATATTCTAAGGATTAACCTGGAAACCATATG
AATATCCTCCTTAGTTCC 

 S.T. micC 110 to 
155 

BG2045 CGCACCGGTTCTTGGTTATATGCCTTTATTGTCACATATTC AgeI micC 1 to 27 
BG2046 CGCACCGGTTCTTGGGTTATATGCCTTTATTGTCACATATTC AgeI micC 1 to 27 

aRestriction sites are underlined. bRecognition sites for the T7 RNA polymerase promoter are underlined by dashed lines. cPositions 

deviating from the wild-type sequence are in bold. dPositions are relative to the first nucleotide of the respective gene as annotated in 

the EcoCyc database (15). S.T. = Salmonella Typhimurium. 
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