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Abbreviations  
 
ts               temperature sensitive  
wt             wild type  
sRNA       small RNAs 
mRNA      messenger RNA 
TCS          two component system 
PCR          polymerase chain reaction 
LB            lysogeny broth 
Amp         ampicillin 
OD           optical density 
SDS         sodium dodecyl sulfate 
ONPG      ortho-Nitrophenyl-β-galactoside 
EHEC      enterohaemorrhagic E. coli 
 
 
 
 
 
 
 
 
 

Abstract 
	  	  
CsrA is a global post-transcriptional regulatory protein that has a great impact on 
many physiological pathways in a cell. It regulates central carbon metabolism, 
motility and biofilm formation as well as virulence, pathogenesis, quorum sensing and 
the oxidative stress response. However, CsrA is in turn also regulated by CsrB and 
CsrC sRNAs, among other factors. In this study, we explore its regulatory effect on 
three different genes/operons, cstA, glgCAP and flhDC. We performed beta-
galactosidase assays on wild type (wt) and RNase P temperature sensitive (ts) cells to 
determine the dependence on RNaseP for the CsrA, CsrB and CsrC regulatory 
cascade on these three genes. Our results showed a clear decrease in cstA and glgCAP 
activity during CsrA activation, suggesting a regulatory cascade in which inhibition of 
RNase P leads to an inactivation of CsrB and CsrC. This in turn leads to an activation 
of CsrA and an inhibition of cstA and glgCAP. The effect on flhDC, however, was not 
as clear and needs further investigation. 
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1. Introduction  
Due to their constantly changing environment, bacteria have developed complex and 

effective counter-mechanisms against changes in their environment and outside threat 

(1). In order to survive and reproduce under environmental changes, adaptations must 

take place. The adaptation reflects reprogramming of gene expression, which is 

accomplished by what is known as a global regulator. Global regulators allow bacteria 

to strictly and accurately manipulate the expression of operons and genes, with 

distinct roles, distributed all over the genome (2). One of these global regulators is 

CsrA, a post-transcriptional regulator that affects translation of its target gene by 

binding to multiple sites of its mRNA leading region, in which one of the sites 

overlaps the cognate Shine-Delgarno sequence, regulating its translation and stability. 

This regulator controls a wide range of physiological processes, such as motility and 

biofilm formation as well as central carbon metabolism (1).  

1. 1 CsrA 
The CsrA protein is composed of 61 amino acids and is encoded by the csrA gene. 

Previous global regulators have been documented as proteins that act on the 

transcriptional level. Recent studies on post-transcriptional regulators show that their 

regulation influences gene expression globally (1). Post-transcriptional regulators in 

turn regulate other global transcriptional regulators. Thus, global regulation suggests a 

cascade of interconnected regulations. An extracellular signal such as temperature 

variation or exposure to certain chemicals is the starting point of a reaction. This leads 

to changing the phenotypic traits arising from the variety of gene expression in order 

to respond to the extracellular signals (3). 

 

1. 2 Small non-coding RNAs 
Global regulators often work together with small-RNAs (sRNAs). Several targets can 

be affected by a single sRNA, leading to a major modification of cell physiology. 

These sRNAs are involved in pathogenesis, virulence and stress response regulation. 

In Escherichia coli, more than 70 sRNAs have been found and characterized. The 

majority of sRNAs fall into the bona fide class, which act by base paring with the 

target mRNA. The mechanism of action is through modification of translation or 

stability of the targets. Most of these sRNAs act together with the Hfq chaperone (4). 



	   5	  

Different classes of sRNAs have different roles. sRNAs can either bind to proteins 

like global regulators, converting them into post-transcriptional global regulators, or 

bind to mRNAs directly in order to regulate gene expression. The most studied sRNA 

is the CsrB of E. coli but there are other similar sRNAs in closely related bacteria. 

These sRNAs regulate the activity of the global regulator CsrA (5)(6). 

1. 3 CsrB and CsrC 
CsrA activity is strictly regulated by the sRNA CsrB as well as the CsrC sRNA and 

the BarA-UvrY two component system. The latter positively regulates CsrB and CsrC 

(1). A two-component system (TCS) is composed of a sensor and a response 

regulator. It is a mechanism developed in order to respond to extracellular signals. 

The BarA-UvrY two-component system is made of the BarA sensor kinase and its 

associated response regulator UvrY (7). Abundance of weak acids such as acetate and 

formate, can lead to an activation of the BarA-UvrY TCS (8). Distortion in Krebs 

cycle intermediates also has the same effect. Once this TCS system is activated, it 

leads to an upregulation of CsrB and CsrC. The expression of CsrB and CsrC is 

positively regulated in a UvrY –dependent way at the beginning of the stationary 

phase.  The consequence of this upregulation is sequestration of CsrA, which in turn 

favors glycogenesis (9)(10). 

CsrB and CsrC contain multiple CsrA binding sites that attach to and sequester the 

global regulator leading to the inhibition of its activity (6). Another actor in this 

regulatory cascade is the membrane bound protein CsrD. It binds with high affinity to 

the sRNAs CsrB and CrsC in order to stimulate their degradation by RNase E (11).  

As mentioned, CsrA regulates numerous pathways such as central carbon metabolism, 

motility and biofilm formation as well as virulence, pathogenesis, quorum sensing and 

the oxidative stress response. (1) The regulation of the target process can either be 

positive or negative. Among the positively regulated processes are glycolysis, 

mobility, pathogenesis and other processes. Biofilm formation, glycogenesis, 

gluconeogenesis and cyclic-di-GMP synthesis are on the other hand negatively 

regulated.  (1) 
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1. 4 GlgCAP 
Regulation of glycogen accumulation by CsrA in E. coli is well known. CsrA 

downregulates glycogen build-up by tightly controlling the glgCAP operon, and glgB 

of the glgBX operon. There have not been any significantly decisive studies on glgBX 

operon regulation, but in the 5’ untranslated region of the glgCAP mRNA, four 

binding sites have been found and characterized. One of these four binding sites is 

positioned in the Shine-Dalgarno sequence of the mRNA. Upon CsrA binding to these 

sites, translation is inhibited and the mRNA is degraded (12)(13). 

1. 5 CstA 
The cstA gene, which is also negatively regulated by CsrA, encodes a putative peptide 

transporter. This gene is activated during carbon starvation (5)(14). 

1. 6 FlhDC 
Fewer positively regulated genes are known. The flhDC genes of E.coli are two of 

them. The encoded protein of these genes is a transcriptional activator for flagella 

synthetis. CsrA positively regulates the expression of these genes. (15) 

1. 7 RNase P 
RNase P is a universal endoribonuclease responsible for processing of the 5’-termini 

of precursor tRNAs, turning them into mature tRNAs. Although this is the main role 

of RNase P, numerous other targets for cleavage have been found. These include 

sRNAs like tmRNA and 4,5S RNA and several mRNAs. In E.coli and other bacteria, 

RNase P is composed of two subunits, a protein (C5 in E.coli) and an RNA (M1 in 

E.coli), which is the catalytic subunit. These subunits are present in a 1:1 

stoichiometric ratio. In vitro, the RNA subunit can perform its catalytic role alone, but 

in vivo the protein subunit is of absolute necessity (16). 
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2. Aim 
Our aim for this study originated from previous results obtained by this group, where 

we have sequenced the transcriptome as well as the proteome of a wild-type and a C5 

ts strain of E. coli at both permissive and close to non-permissive conditions. 

Preliminary data show that CsrB and CsrC small RNAs are downregulated under 

these close to non-permissive conditions suggesting an activation of CsrA. This in 

turn suggests an inhibition of GlgC (and GlgA and P) and CstA, and an activation of 

FlhDC (Figure 1) and the opposite reaction under the permissive conditions (Figure 

2). However, neither of these were detected in the proteome nor the transcriptome 

data for unknown reasons. To test the prediction of CsrA mediated regulation, we 

generated flhDC-lacZ, cstA-lacZ, glgC-lacZ and csrA-lacZ fusions, where we fused 

the gene of interest with lacZ (reporter gene)  

 

 
	  
	  
Figure 1: A model based on previous experiments. It represents the regulation of CstA, GlgCAP and 

FlhCD according to our hypothesis, during close to non-permissive conditions in ts C5 mutant cells. 

The red arrows indicate a decrease in activity while the green arrows indicate an increase. 
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Figure 2: A model based on previous experiments. It represents the regulation of CstA, GlgCAP and 

FlhCD according to our hypothesis, during permissive conditions in ts C5 mutant cells. The red arrows 

indicate a decrease in activity while the green arrows indicate an increase. 

3. Materials and methods  
 

3. 1 Extraction of DNA for generation of Lac-fusions 
The DNA used to generate the flhDC-lacZ, cstA-lacZ, and glgC-lacZ as well as the 

csrA-lacZ fusions were extracted from the genomic DNA of E. coli MG1655. We 

used bead beating as the cell disruption technique. This method uses small glass, 

ceramic or steel beads mixed with a sample suspended in aqueous media. The sample 

and bead mix is exposed to high level agitation by stirring or shaking. Beads crash 

with the cellular sample, destroying the cell to release its intracellular content. 

 
 

3. 2 PCR 
For PCR amplification of the different gene sequences desired for the beta-

galactosidase assay, a set of primers was designed and used (Table 1) 

	  
Table 1: Primers designed for amplification of desired genes. Underlined sequences indicate additional 
nucleotides introduced for the purpose of cloning. 
Primers	   Sequence	  5'	  to	  3'	   Size	  (bp)	  
FP15109-‐glgC	  fw	  lacZ	   TTTGAATTCGTTAACAACGTTGTTGCTCTCC	  

	  
31	  

FP15110-‐glgC	  rv	  lacZ	   TTTGGATCCTCGGAGTTGATGCAGTTAGACAG	  
	  

32	  

FP15111-‐cstA	  fw	  lacZ	   TTTGAATTCGTACGGCAGTTTTGGGATG	  
	  

28	  

FP15112-‐cstA	  rv	  lacZ	   TTTGGATCCGCTCCCATTACAGAGAGCAC	  
	  

29	  

FP15113-‐flhDC	  fw	  lacZ	   TTTGAATTCGTTGGAGTCATTACCCATTTATGTTAAG	  
	  

37	  

FP15114-‐flhDC	  rv	  lacZ	   TTTGGATCCTGAATATCCCGCGCTTCC	  
	  

27	  

FP1701-‐csrA	  fw	  LacZ	   TTTGAATTCCTGCAGCGTTAGCCAGTGTGA	  
	  

30	  

FP1702-‐csrA	  rv	  LacZ	   TTTGGATCCGTGACCTCATCCCCAATCATGAG	   32	  
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3. 3 Plasmid and ligation  
We used the plasmid pRS552, which has an AmpR gene as a selective marker and a 

lacZ-gene without a promoter. This plasmid was also used as a negative control 

during the beta-galactosidase assay (figures 3,4).  

The plasmid was cleaved with EcoR1 and BamH1 as well as FastAP 

(Thermosensitive Alkaline Phosphatase), which catalyzes the release of 5'- and 3'-

phosphate groups from DNA, RNA, and nucleotides. It dephosphorylates all types of 

DNA ends (blunt, 5'- and 3'-overhangs) 

This enzyme also removes phosphate groups from proteins. The PCR product and the 

cleaved plasmid were mixed together with an addition of ligase and ligation buffer to 

acquire a plasmid containing the desired lacZ-gene fusion. This was performed for all 

four lacZ-gene fusions used in the experiment.  

	  

3. 4 Transformation  
The completed plasmid was then sequenced to confirm the desired fusion. 

Transformation of the plasmid was carried out with electroporation, using E.coli A49 

wt and C5 ts competent cells as hosts. Transformation via heat shock was avoided due 

to the ts strain.  

	  

3. 6 Beta-galactosidase assay 
An overnight culture of the transformed cells was grown at 33°C for approximately 

16-20 hours. 200 µl of overnight culture were then diluted in 20 ml LB+ampicillin  

(50 µg/ ml) using 200 ml E-flasks. The flasks containing the diluted cultures were 

then incubated while shaking at either 33°C (permissive temperature) or 40°C (close 

to non-permissive temperature) until optical density (OD) of 0,45-0,55 was reached. 

For this measurement we used a spectrophotometer set on a wavelength of 600 nm. 

When the cells reached an OD of 0,45-0,55, they were put on ice to stop their growth.  

Each gene fusion had their own activity range so we had to adjust the volume of cells 

used for the beta-galactosidase assay in order to acquire readable data. The used 

volumes are shown in table 2. 
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Table 2: This table lists the different volumes of culture used during the beta-galactosidase assay. 
 
Gene  Volume (ml) 
GlgCAP 5 
CstA 0,1 
FlhDC 0,02 
CstA 0,02/0,01 

 
	  
The cells used were pelleted in microfuge tubes in a cold room (4°C), and re-

suspended with Z-buffer containing Beta-mercaptoethanol. The volume of Z-buffer 

used (in ml) was equal to the OD measured for each specific culture, for example, an 

OD of 0,500 corresponds to 0,500 ml of Z-buffer. After re-suspension, 2 drops of 

0,1% SDS and 3 drops of chloroform were added using a Pasteur pipet. The cells 

were then lysed by vortexing the mixture for exactly 15 seconds.  

200 µl of each mixture was then transferred to two wells of a microtiter plate. As 

substrate we used ONPG (ortho-Nitrophenyl-β-galactoside) (4 µg/ ml); 40 µl were 

added to each 200 µl of mixture. We then measured the amount of yellow colour 

produced by each gene fusion every 10 minutes, during 1 hour. The Beta-

galactosidate activity was obtained from the slope of the curve of colour produced vs 

time normalised to 1 mL culture volume. 

	  

3. 7 Temperature sensitivity test 
We also performed a temperature sensitivity test after each beta-galactosidase assay to 

make sure that the cells were still ts and had not reverted due to a mutation. Two 

LA+ampicillin (50 µg/ ml) plates were patched with 8 wt and 8 ts colonies. One of 

the plates was incubated at 33°C and the other at 44°C. 	  
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4. Results  
	  
	  

4. 1 Inactive RNase P C5 protein leads to the inhibition of cstA and 
glgCAP activity but does not increase flhDC activity 
To test our hypothesis we performed a series of beta-galactosidase assays, using the 

generated flhDC-lacZ, cstA-lacZ, and glgC-lacZ fusions. The beta-galactosidase assay 

was performed with wt cells at 33 °C and 40 °C. The same conditions were used for ts 

mutant cells of the same strain. For cells grown at 33°C (permissive temperature), 

there was no significant difference in gene expression between the wt cells and the ts 

mutant cells (Figure 3). flhDC had the highest activity followed by cstA and glgCAP 

with the lowest activity.  

 

On the other hand, when the wt and ts cells were grown at 40°C, a significant 

difference in activity was observed (figure 4). cstA activity increased by 

approximately 50% in the wt cells but decreased by 50% in the ts mutant cells. 

glgCAP activity also increased in the wt by approximately 30% and decreased by 

70% in the mutant cells. Although the activity of these two genes supports our 

hypothesis, flhDC does the opposite. Its activity does not vary significantly between 

the two growth temperatures in the mutant cells, while it almost doubles in the wt 

cells. 

These results suggest that an inactivation of C5 in RNase P leads, through an indirect 

cascade of reactions, to the inhibition of cstA and glgCAP activity, while it has no 

major effect on flhDC. Combined with the results from the transcriptome as well as 

the proteome analyses, we can suggest that the inhibition of CsrB and CsrC is 

correlated with the inhibition of cstA and glgCAP and the relaying agent of this effect 

is the global regulatory protein CsrA.  

 



	   12	  

 
Figure 3: Beta-galactosidase assay executed at 33°C. It shows the activity of cstA, flhDC and glgCAP 

as well as a negative control. The blue bars represent the measured activity in wt cells and the red bars 

represent the activity measured from ts C5 mutant cells. The y-axis represents activity. Note the 

logarithmic scale.  

 
 
 

 
Figure 4: Beta-galactosidase assay executed at 40°C. It shows the activity of cstA, flhDC and glgCAP 

as well as a negative control. The blue bars represent the measured activity in wt cells and the red bars 

represent the activity measured from ts C5 mutant cells. The y-axis represents activity. Note the 

logarithmic scale.  
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Figures 5 and 6 displays how the activity of cstA, flhDC and glgCAP varies at 

different growth temperatures in both the wt and the ts strain respectively. In the wt 

strain, gene activity increased when the growth temperature was raised to 40°C for all 

genes examined. In the ts strain however, we observed the opposite effect. Gene 

activity was decreased for all examined genes as the growth temperature was raised to 

40°C 

 

 
Figure 5: Wt activity at 40°C and 33°C. The orange bars shows gene activity at 40°C and the turquoise 

bars represent gene activity at 33°C. The y-axis represents activity. Note the logarithmic scale  

 

 
Figure 6: Ts mutant activity at 40°C and 33°C. The orange bars shows gene activity at 40°C and the 

turquoise bars represent gene activity at 33°C. The y-axis represents activity. Note the logarithmic 

scale 
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Figure 7 shows the difference in activity of the genes between the wt and ts strain 
during the two different growth temperatures. Where at 33 °C, ctsA and glgCAP 
activity is increased in the ts compared to the wt, while flhDC activity is decreased in 
the ts. At 40 °C all genes activity are decreased in the ts compared to the wt. 
 

 
Figure 7: This diagram is based on the data measured for the wt and ts strain during the two growth 
temperature, 33°C and 40°C. The blue bars represent the measured data of genes activity in the ts strain 
divided by the wt strain gene activity at 33°C. The red bars represent the measured data of genes 
activity in the ts strain divided by the wt strain gene activity at 40°C.  
 
 
 
4. 2 Temperature sensitive mutants have a slower growth rate than wild 
type cells. 
An overall observation during the experiment was the difference in growth rate 

between the wt and the mutant cells. We guess that it is probably due to the cells 

deficiency in tRNA processing. Cells need transcription and translation in order to 

grow. It is all interconnected, cells need tRNA to translate and tRNAs are in turn 

depending on RNase P to produce functional tRNAs, this means that the underlying 

reason is the deficiency in making mature tRNAs. The mutant grew slower than the 

wt at 33°C and even slower at growth temperature of 40 °C (close to non-permissive 

temperature), while the opposite applied for the wt.  
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4. 3 CsrB and CsrC are not the only regulators of CsrA  
We further tested csrA activity in a direct manner, using the generated csrA-lacZ 

fusion, which was transformed into wt cells and C5 ts mutant cells of the same strain. 

A beta-galactosidase assay was performed here also, just like the previous test, with 

growth temperature of 33°C and 40°C. At growth temperature of 33°C, the activity of 

csrA does not differ significantly between the wt cells and the ts mutant cells. 

However, when the growth temperature was raised to 40°C csrA activity more than 

doubled in the wt cells, while it increases only slightly in the mutant cells (figure 8).  

These results suggest that CsrB and CsrC are not the only regulators of CsrA. If that 

was the case, then the activity of CsrA should only be increasing in the ts mutant due 

to the inactivation of CsrB and CsrC. However no further experimentation was made 

to investigate alternative regulators  

	  
	  

 
Figure 8: Beta-galactosidase assay executed at 33°C and 40°C. It shows the activity of csrA during 

different growth temperatures and in different strains. From the left; the darkest orange bar represents 

csrA activity at 40°C in the wt strain, second from the left, the brighter orange bar represents csrA 

activity at 40°C in the ts strain. The third from the left, the even brighter orange bar represents csrA 

activity at 33°C in the ts strain and the brightest orange bar, the one on the left represents csrA activity 

at 33°C in the ts strain.  
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5. Discussion  
 

The results give us a clearer picture about how the regulatory cascade of cstA and 

glgCAP is set up. Combining the results from the transcriptome and the proteome 

sequencing as well as the beta galactosidase assay, we can build a model of reaction 

very similar to our hypothesis. RNase P needs its protein subunit (C5) in order to 

function properly and cleave the sRNAs CsrB and CsrC in a correct manner. CsrB 

and CsrC in their turn regulate CsrA by sequestration leading to its inactivity. With no 

CsrA binding to their Shine-Dalgarno sequence and blocking their translation, cstA 

and flhDC activity increases.  However, there was no increase in flhDC activity 

during the close to non-permissive temperature in the ts mutant cells, which would 

have been expected from previous experiments. 

 

If we think of CsrB and CsrC as the only regulators of CsrA, we should find the 

outcome of the results a bit strange. That is however not the case. Excluding CsrD, 

which we mentioned earlier, is a membrane bound protein regulating CsrB and CsrC 

by exposing them to RNase E mediated degradation, there are a couple of other ways 

in which CsrA is regulated. 

Four CsrA binding sites upstream of the csrA initiation codon regulate the translation 

of the csrA gene. CsrA can bind to these sites and repress its own translation. One of 

these sites overlaps with its Shine-Dalgarno sequence, thus directly competing with 

the binding of the 30S ribosomal subunit. There is also a fifth csrA promoter (P4).  

Transcription from P3, which is indirectly activated by CsrA, is primarily responsible 

for increased csrA expression as cells go from exponential to stationary-phase growth. 

(17) This numerous variation in CsrA regulation mechanisms makes it easier to 

understand the results of the second beta-galactosidase assay we performed, where we 

tested the activity of csrA directly by using a generated csrA-lacZ fusion. The results 

suggest that csrA activity is significantly higher in the wt than in the ts, specially 

during the close to non-permissive temperature (40°C). This is opposite to our 

hypothesis, where we believed that dysfunction in RNase Ps C5 protein would lead to 

increased csrA activity (figure 1). 
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The same principle applies to FlhDC. Quorum sensing E. coli regulators B and C 

(QseBC) can act as a TCS in enterohaemorrhagic E. coli (EHEC) to regulate 

expression of FlhDC transcriptionally. It is also suggested that FliA (σ 28), a class 2 

flagellar gene, might assist in initiating FlhDC transcription. These are examples of 

other factors that might affect the activity of FlhDC. (18) 

 

If there should be a link between RNase P CsrB and CsrC and the activity of cstA, 

flhDC and glgCAP, according to previous data, then we should have observed an 

increase in csrA activity in ts when the temperature was increased to 40°C but at best 

it is unchanged (Figure 8). This can either be explained by an alternative regulation 

pathway as mentioned earlier, or an experimental error, probably a misplacement of 

the samples shown in figure 8, where the wt and the ts mutant bars at 40°C (10 µl) 

should have the opposite activities. csrA should have increased in the ts mutant and 

the wt should have decreased.  

Since this is the first time one explores the cascade effect of RNase P on cstA, flhDC, 

glgCAP and csrA, it is irrelevant to compare the results with previous studies. 

However I hope others will further pursue these questions for more answers, and that 

this study may provide a suitable platform and a good starting line.  

 
 
 
 
 
 
 
 
 
 
 

6. Acknowledgments 
I cannot put into words how thankful I am to Leif Kirseboms group for giving me this 
opportunity. I want to thank Fredrik Pettersson, my supervisor, for his patience with 
me, his shared knowledge and his enthusiasm in driving this project forward. I also 
want to thank Malavika Ramesh and Phani Krishna Behra for helping me out and 
guiding me trough difficult tasks. Last but not least I want to thank Santanu Dasgupta 
for the company and great words of wisdom.  
 



	   18	  

7. Reference list  
 

1. Timmermans, J. & Van Melderen, L. Cell. Mol. Life Sci. (2010) 67: 

2897. Doi: 10.1007/s00018-010-0381-z.  

2. Gottesman S (1984). Bacterial regulation: global regulatory networks. 

Annu Rev Genet 18:415–441.  

3. Nogueira T, Springer M (2000). Post-transcriptional control by global 

regulators of gene expression in bacteria. Curr Opin Microbiol 3:154–158.  

4. Gottesman S (2005). Micros for microbes: non-coding regulatory RNAs 

in bacteria. Trends Genet 21:399–404.  

5. Dubey AK, Baker CS, Romeo T, Babitzke P (2005). RNA sequence and 

secondary structure participate in high-affinity CsrA-RNA interaction. 

RNA 11:1579–1587.  

6. Babitzke P, Romeo T (2007). CsrB sRNA family: sequestration of RNA-

binding regulatory proteins. Curr Opin Microbiol 10:156–163.  

7. Jonas K, Melefors O (2009). The Escherichia coli CsrB and CsrC small 

RNAs are strongly induced during growth in nutrient-poor medium. FEMS 

Microbiol Lett 297:80–86.  

8. Chavez RG, Alvarez AF, Romeo T, Georgellis D (2010). The 

physiological stimulus for the BarA sensor kinase. J Bacteriol 192:2009–

2012.  

9. Suzuki K, Wang X, Weilbacher T, Pernestig AK, Melefors O, 

Georgellis D, Babitzke P, Romeo T (2002). Regulatory circuitry of the 

CsrA/CsrB and BarA/UvrY systems of Escherichia coli. J Bacteriol 

184:5130–5140.  

10. Weilbacher T, Suzuki K, Dubey AK, Wang X, Gudapaty S, Morozov 

I, Baker CS, Georgellis D, Babitzke P, Romeo T (2003). A novel sRNA 

component of the carbon storage regulatory system of Escherichia coli. 

Mol Microbiol 48:657–670.  

11. Suzuki K, Babitzke P, Kushner SR, Romeo T (2006). Identification of a 

novel regulatory protein (CsrD) that targets the global regulatory RNAs 

CsrB and CsrC for degradation by RNase E. Genes Dev 20:2605–2617.  

12. Baker CS, Morozov I, Suzuki K, Romeo T, Babitzke P (2002). CsrA 

regulates glycogen biosynthesis by preventing translation of glgC in 



	   19	  

Escherichia coli. Mol Microbiol 44:1599–1610.  

13. Liu MY, Yang H, Romeo T (1995). The product of the pleiotropic 

Escherichia coli gene csrA modulates glycogen biosynthesis via effects on 

mRNA stability. J Bacteriol 177:2663–2672.  

14. Schultz JE, Matin A (1991). Molecular and functional characterization of 

a carbon starvation gene of Escherichia coli. J Mol Biol 218:129–140.  

15. Wei BL, Brun-Zinkernagel AM, Simecka JW, Pruss BM, Bab- itzke 

P, Romeo T (2001). Positive regulation of motility and flhDC expression 

by the RNA-binding protein CsrA of Escherichia coli. Mol Microbiol 

40:245–256.  

16. Hartmann RK, Gößringer M, Späth B, Fischer S, Marchfelder A 

(2009). Chapter 8 The Making of tRNAs and More - RNase P and tRNase 

Z. Prog Mol Biol Transl Sci; 85 (C): 319-368.  

17. Helen Yakhnin, Alexander V. Yakhnin, Carol S. Baker, Elena Sineva, 

Igor Berezin, Tony Romeo, Paul Babitzke (2011). Complex regulation 

of the global regulatory gene csrA: CsrA-mediated translational repression, 

transcription from five promoters by Eσ70 and EσS, and indirect 

transcriptional activation by CsrA. 

18. Marcie B. Clarke, Vanessa Sperandio Transcriptional regulation of 

flhDC by QseBC and σ 28 (FliA) in enterohaemorrhagic Escherichia coli 


