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Summary 
 
Small RNAs (sRNA) are non-coding RNAs often transcribed from intergenic regions. 
sRNAs vary both in size and secondary structure but they all have in common that almost 
all the time they inhibite or activate translation of mRNA of certain genes. Alternatively 
they can act by titrating regulatory proteins. Often they act by basepairing to target 
mRNA near the ribosome binding site to prevent initiation of translation. In Escherichia 
coli more than 70 sRNAs are identified, the majority of which are expressed only during 
different stress conditions, for example when the DNA is damaged and the SOS-response 
is on. It is necessary for bacteria to be able to quickly adapt to different conditions. To 
use sRNAs as regulators is efficient as they act directly on the mRNA instead of the DNA. 
The aim with this project was to find out what genes are activated or inactivated by an 
sRNA, IstR-2 (inhibitor of SOS-induced toxicity by RNA), that is only expressed during 
the SOS-response. 
 
To investigate up- and downregulation of all genes in the whole genome of E. coli 
microarrays were used. I started up with two strains of E. coli, one coding for IstR-2 and 
one strain without the istR2 region used as a reference. RNA was extracted and labeled 
with cy3 and cy5 during reverse transcription. cDNA from the strain containing IstR-2 
and the reference sample were hybridized on an array containing the genome of E. coli. 
The two arrays were compared in a database which generated a list with the 15 genes that 
were expressed most differently in the presence of IstR-2.  
 
Among the 15 candidate genes being regulated by IstR-2, some were upregulated while 
others were downregulated. Upregulated genes are involved in the heat shock response 
and depend on σ32 to be transcribed. The role of IstR-2 could be to adapt the bacteria to 
this kind of stress by regulating the amount of σ32 in the cell. The downregulated genes 
are involved in the formation of the ribosome. Perhaps IstR-2 could have something to do 
with the downregulation of ribosomal proteins in response to environmental changes. 
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Introduction 
 
Small RNA (sRNA) 
Even though Jacob and Monod 1961 hypothesized that RNA could regulate gene 
expression, it took more then 40 years until there was a major breakthrugh for small 
regulatory RNA. Regulatory RNAs are untranslated RNAs. sRNAs that act by 
basepairing to target mRNA are called antisense RNA. Often these bind near the 
ribosome binding site (RBS) to inhibit translation (Wassarman 2002). Some regulatory 
RNAs can bind to proteins and change their activity, while others activate genes by 
changing the secondary structure of the mRNA (Guillier and Gottesman 2006). In 
bacteria they are called small non-coding RNA (sRNA) and can vary in size from 50 to 
400 nt (Vogel and Sharma 2005). sRNAs do not have any characteristic secondary 
structure, but the majority of all sRNAs have stem loops (Wagner and Vogel 2003). 
Interaction between sRNA and target mRNA can be initiated by loop-loop interaction, a 
so called kissing complex, which leads to a longer and more stable basepairing (Kolb et 
al 2000).  
 
E. coli encodes over 70 sRNAs and most of those are expressed only under different 
stress-conditions (Wagner and Vogel 2003). Also many sRNAs are present in pathogenic 
bacterial strains (Romby et al. 2006). Bacteria need to be able to adapt to environmental 
changes, e.g. lack of nutrients, and sRNAs are often involved in the regulation of genes 
involved in the adaptations (Wagner and Vogel 2003). Many sRNAs inhibit genes 
involved in cell division and those sRNAs are shown to accumulate during stationary 
phase (Romby et al. 2006). 
 
The most studied bacterium whit respect to sRNAs is E. coli, although all bacteria 
probably have sRNAs (Wassarman 2002). Many sRNAs are transcribed within intergenic 
regions (Wagner and Flärdh 2002) and can be difficult to find. One way of finding new 
sRNAs is to compare intergenic sequences between different species and look for 
conserved elements (Argaman et al 2001, Rivas et al. 2001, Wassarman et al. 2001).  
 
Trans- and cis-encoded antisense RNA 
Antisense RNA can either be transcribed in opposite orientation from the same locus as 
its target mRNA (cis-encoded) or from a different locus on the chromosome (trans-
encoded) (Wagner and Flärdh 2002).  The cis-encoded antisense RNA has full 
complementarity to its target, in contrast to trans-encoded sRNA that is only partially 
complementary to the target mRNA (Wagner and Flärdh 2002). Some people predict that 
there are several hundred sRNAs yet to be found, and most of the sRNAs now known are 
trans-encoded (Vogel and Sharma 2005). sRNAs that regulate target mRNAs by 
discontinuous basepairing often require a helper-protein, Hfq, for the RNA interaction 
(Zhang et al. 2006).  
 
Housekeeping sRNA 
Several housekeeping sRNAs are known in Escherichia coli and several of those are 
conserved in many bacteria (Vogel and Sharma 2005). Some example are transfer-
messengerRNA (tmRNA) that releases the ribosome from damaged mRNA by mimiking 



 4

transferRNA (tRNA) (Wagner and Vogel 2003) and 4.5S RNA that plays an important 
role in protein secretion (Vogel and Sharma 2005).  The housekeeping sRNAs do not 
have any regulatory function and are present continuously in the bacteria, in contrast to 
the sRNAs that are only present under different stress conditions (Wagner and Vogel 
2003). Almost all sRNA are expressed only under certain conditions like stationary phase 
(Wagner and Flärdh 2002) or SOS-response (Vogel et al. 2004).   
 
Global control systems in Escherichia coli 
All bacteria need to bee able to adapt quickly to environmental changes. One way of 
doing this is to have a so called global control systems in which several genes are 
repressed by the same protein or become activated by the same alternative sigma factors 
due to environmental changes (Madigan and Martinko 2006, pp 205-230). The heat shock 
response is a global control system triggered upon temperature up-shift or other 
environmental changes (Zhao et al 2005). Sigma factor 32 (σ32) is normally degraded by 
DnaK, a protein that refolds improperly folded proteins. In response to temperature shift 
more protein becomes miss folded and DnaK refolds those. The concentration of free 
DnaK in the cell drops and the concentration of σ32 rises (Madigan and Martinko 2006, 
pp166-204). All operons that are expressed from σ32 promoters become transcribed. The 
dnaK gene is one of those.  
 
One other example of an environmental change that triggers a global control system is 
UV-light. It results in DNA damage and more than 20 genes involved in the DNA repair 
system (SOS-response) become activated (Madigan and Martinko 2006, 205-230). This 
global control system is repressed bya protein called LexA which is autocleaved by a 
second protein called RecA (Madigan and Martinko 2006, 256-299). 
 
The istR-tisAB locus 
Previous studies have shown that IstR-1 (inhibitor of SOS-induced toxicity by RNA) is a 
sRNA that is expressed continuously in E. coli (Vogel et al. 2004.) and prevents toxicity 
of a toxic peptide, TisB which is regulated by LexA (Figure 1). istR1 and tisAB (encoding 
TisB) are cotranscribed. Under normal conditions the amount of IstR-1 is enough to 
inhibit translation of tisAB mRNA. Thus, in response to DNA damage, LexA will be 
inactivated which leads to increased transcription of tisB. The amount of IstR-1 is not 
enough to inhibit translation of all tisB mRNAs and the toxic peptide TisB will be 
produced. During the SOS-response also sRNA, IstR-2 is transcribed from the same 
region. IstR-1 and IstR-2 are transcribed from different promoters but have of the same 
3´-end, in other words, IstR-2 consists of IstR-1 plus 70 nt extra (Figure 1). Because of 
the secondary structure of IstR-2, it can not base pair to tisAB mRNA and can not prevent 
the toxicity of TisB (Vogel et al. 2004). The function of IstR-2 is still not known. 
Bioinformatics searches have been made by looking for target antisense for IstR-2 in E. 
coli. Some of the top ten genes from a bioinformatics search have been experimentally 
tested without any positive results. 
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Figure 1. Schematic picture of the istR-tisAB locus 
 istR2 and tisAB are repressed by LexA and are only transcribed during the SOS-response. The promoter of 
istR1 is not affected by Lex A and is continuously transcribed in E. coli, even during the SOS-response. 
 
Microarrays 
Microarrays are powerful tools to examine what gene or genes in a whole or part of a 
genome that are affected by a certain sRNA. Microarrays provide information concerning 
up- and downregulation of all genes by comparing reference samples to test samples. In 
short, RNA is extracted from reference and test samples and labeled with different 
fluorescent dyes during reverse transcription. The two samples of labeled cDNA are 
hybridized to an array that is spotted with oligos representing all genes in the genome. 
The dyes used to label the samples are interchanged, so called dye swapping, to eliminate 
the random variation between the two dyes, and these samples hybridized to an other 
array. In a machine the absorption from the two dyes are measured and the information 
analyzed in BASE. In BASE a value, based on the mean value of the intensity of the two 
dyes for each sample is calculated for each spot on the microarrays. The values furthest 
from 0 representing the genes that are most differently expressed.  
 
The advantage of using microarrays in the search for targets for sRNA is that all genes in 
a genome can be tested in a single experiment, in comparison to methods permitting only 
analysis of each gene separately using e.g. Northern blot or lacZ-fusion. Disadvantage 
with the arrays is that it does not give any information wheter the change in gene 
expression is a direct or an indirect effect. Microarrays have been used to identify new 
targets for sRNAs in previous studies (Guillier and Gottesman 2006).  
 
Aim 
The aim with this project was to find out whath gene or genes that are regulated by IstR-2 
in E. coli. 
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Results 
 
An E. coli strain where the entire istR-tisAB locus (Figure 1) was deleted containing 
multicopy plasmids with either the istR1 region, the whole istR locus or lacZ were used in 
the experiment. To be able to investigate which genes that are regulated by IstR-2 the 
“effect” from strain encoding istR1 was subtracted from the strain encoding istR.  
 
Control of the analysis with northern blot 
Northern blot analysis was performed on the extracted RNA to control the expected 
presence of IstR-1 or IstR-1+IstR-2 in the strains. The gel shows one band at 70 nt for 
strain J462 (istR1), two bands, at 70nt respectively 140nt for strains J467 (whole istR 
locus) and no band at all for strain J464 (lacZ) (Figure 2). 

 
 
Figure 2. Result from Northern blot analysis. 
For the Northern blot analysis, RNA from bacterial strain with plasmid encoding IstR-1 (first line from 
upper left), istR-locus (second line) and LacZ (third line) were loaded into 8% polyacrylamid gel and 
transferred to a membrane. As a hybridization probe a riboprobe encoding istR2 was used. 
 
15 candidate genes to be regulated by IstR-2 (microarray) 
Microarray analysis was performed comparing cDNA from strain J462 (istR1) to cDNA 
from strains J467 (whole istR locus) (Figure 3). Microarrays were also hybridized with 
cDNA from strain J462 (istR1) and J467 (whole istR locus) against the control strain J464 
(lacZ), but those are yet to be analyzed. In the statistical analysis performed in BASE the 
two arrays with dye swapping were compared against each other, spot by spot, and 
indicated in several genes with changed gene expression (Table 1).  
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Table 1. The 15 most differently expressed genes in E. coli over-expressing istR-locus  
Gene Up- or 

down 
Regulated1 

Comment2 Bioinformatic search3 

rplD - Ribosomal (50S) subunit protein L4. Operon; rplD  
ibpA + Small heat shock protein (sHsp). Activated by σ32  
htpG + Heat shock protein. Activated by σ32  
mutM + Repair of DNA lesions. Activated by σ32   
rplB - Ribosomal (50S) subunit protein L2 Operon; rplD 0.0225 
rpsJ - Component of 30S ribosomal subunit, S10. Operon;rplD  
clpB + Unbind aggregated proteins.  Activated by σ32  
dnaK + Re-folds mis-folded peptides. Activated by σ32   
yfiA + Inhibits translation in stationary phase  
mopB + Folds newly synthesized polypeptides   
nanA - Possibly involved in anaerobic carnitine metabolism 0.0117 
rplC - Ribosomal (50S) subunit protein L3. Operon; rplD  
mopA + Heat shock protein  
hslV + Heat shock locusV. Activated by σ32  
rpsR - Component of 30S ribosomal subunit, S18  
1 Up- or downregulated in E. coli strain J462 over-expressing the whole istR-locus compared to strain J467 
over expressing istR1. 
2 Function of the protein. Ecocyc Encyclopedia of Escherichia coli, http://ecocyc.org/ 
3p-value for the complementarity between IstR-2 and target mRNA (Johan Reimegård personal 
communication).  
 
 

 
 
Figure 3. Overview of the project 
RNA was extracted from two strains containing high copy number plasmid containing only istR1 or the 
entire istR-locus. Samples was labeled with cy3 and cy5 during reverse transcription and hybridized on 
microarrays spotted with probes from the E. coli genome. The microarrays were hybridized with dye 
swapping and scanned. Results were analyzed and statistical calculations performed, which generated a list 
of the 15 most differently expressed genes for the strain with the whole istR-locus compared to istR1. 
 
The 15 most differently expressed genes in strain J462 (expressing whole istR-locus) 
compared to strain J467 (expressing istR1) are shown in table 1. Six out of 15 were 



 8

downregulated and several of those are located in the rplD operon. Six of the nine 
upregulated genes are σ32-dependent. rblB and nanA were found in an earlier 
bioinformatics target search made by Johan Reimegård (data not shown). The search was 
performed by comparing the sequences of IstR-2 to all mRNAs in E. coli looking for 
complementary sequences. 
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Discussion 
 
The aim of this project was to investigate what genes are regulated by IstR-2. Genes 
regulated by sRNA are most often activated or inactivated in response to some kind of 
environmental stress. Translation of mRNA may either be affected directly by base 
paring to sRNA or indirectly by inactivation of a repressor. Transcription of IstR-2 is 
repressed by LexA, so it will be transcribed only during an SOS-response when LexA is 
inactivated. In this study I used microarrays as a tool by which it is possible to se up- and 
downregulation of mRNAs due to IstR-2, but impossible to see if the effect of IstR-2 is 
direct or indirect.  
 
Upregulation of genes involved in the heat shock response 
In table 2 nine up-regulated genes are listed. Seven of those, clpB, ibpA, htpG, dnaK, 
mopB, mopA and hslV are involved in the heat shock response (Bochtler et al 1997, 
Thomas and Baneyx 1998). dnaK, ibpA, clpB, mutM, htpG and hslV are expressed from 
σ32-dependent promoter and are activated due to binding of σ32 (Zhao et al 2005). These 
results could indicate that IstR-2 increases the concentration of σ32 in the cell. σ32 is 
degraded by DnaK during normal growth conditions, and maybe IstR-2 stabilizes σ32 and 
in that way protects the protein from degradation. Wassarman and Stortz (2000) show 
that 6S RNA is reducing the activity of σ70 in stationary phase by binding to σ70-
holoenzyme. Alternatively IstR-2 could modulate DnaK so it loses its ability to degrade 
σ32. IstR-2 could also act indirectly on another protein that would achieve the 
stabilization of σ32 or inhibition of DnaK.  
 
Downregulation of rplD operon 
Four out of six down regulated genes (Table 1) are located in the same operon (Figure 4). 
Three of those genes, rplB, rplD and rplC, encode proteins that are part of the 50S 
subunit of the ribosome. RpsJ and RpsR are part of the 30S subunit. RplB is necessary for 
the assembly of the 70S ribosome. The sequence of RplB shows a high sequence 
complementarity to the sequence of IstR-2, as evidenced by the p-value in table 2. If 
IstR-2 binds to RplB mRNA and inhibits translation of the operon, the concentration of 
ribosomes will drop and translation of all mRNA will decrease. This could be a goal to 
achieve when the bacteria need to save energy. This is in accordance with TisB toxicity 
as well. TisB slows down growth during the SOS-response by inhibitign all 
macromolecular syntheses (replication, transcription, translation) (Unoson, unpublished).  
 

 
 
Figure 4. The rplD operon  
rplD, rplB, rpdJ and rplC are all located in the same operon and are downregulated in E. coli J476 
containing plasmid coding istR locus. The picture is based on a picture from Ecocyc Encyclopedia of 
Escherichia coli (http://ecocyc.org). 
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YfiA inhibits translation during stationary phase 
YfiA is upregulated when bacteria entering stationary phase, and interferes with the 30S 
ribosomal subunit and prevents the formation of 70S ribosomes (Maki et al 2000). YfiA 
is upregulated (Table 2) in response to IstR-2 which could indicate that IstR-2 is involved 
in the adaptation to stationary phase.   
 
Possible role of IstR-2 
This experiment did not generate any data supporting my hypothesis about finding genes 
involved in the SOS-response alone. I found several genes involved in the heat shock 
response and one gene upregulated during stationary phase. Both of those are adaptations 
to environmental changes, a response to some kind of stress. The p-value (from a statistic 
analyze comparing the sequence of IstR-2 against possible antisense mRNAs) for rplB in 
combination with the shown downregulation of gene expression makes this gene 
interesting as a target for IstR-2. 
 
The microarrays I scanned had high background that disturb fluorescence at the spots. 
This made it difficult to analyze the data and may have given rise to incomplete data. In 
the future I suggest to do the experiment all over again and be more careful during the 
hybridization steps, specially the washing steps. Candidate genes will later be 
experimentally verified.    
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Materials and methods 
 
Bacterial strains 
Three different strains of Escherichia  coli were used (Table 2). In all three strains the 
istR-tisAB locus were deleted from the chromosome and were replaced with one plasmid, 
coding for either IstR-1, IstR-2 (the whole istR locus) or lacZ, as shown in the table 
below. All the plasmids contain an ampicillin resistant cassette. 
 
Table 2. The strains and their plasmids used for the RNA preparations. 
Strain Plasmid 1 Plasmid 2 Relevant genes in plasmid 2 
J4621 pZE12-luc2 pJV3H22 PL-istR1 
J4671 pZE12-luc2 pJV660-7 PL-istR2 
J4641 pZE12-luc2 pJV968-1 lacZ 
                  pJV9753    
1thr-1 araD139 ∆(gpt-proA)62 lacY1 tsX-33 supE44 galK2 hisG4 rpsL31 xyl-5 mtl-1 argE3 thi-1 sulA211,  
∆istR-tisAB::cat  
2 Expression plasmid with ColE1 origin 
3 Plasmid used as template for the riboprobe 
 
RNA preparation 
Bacteria were grown on LA-amp plates (1,9 liter LB, 10 g sicomol agar, 19 ml glucose 
(20%), 5.7 ml CaCl2 (1M), 50 g/liter ampicillin) overnight at 37ºC. One colony from each 
strain was inoculated in 3 ml Luri-Bertani broth (LB: 10 g Bacto-tryptone, 5 g Bacto yeast 
extract, 10 g NaCl in a final volume of 1 litre) supplemented with 50 µg/ml ampicillin 
overnight at 37ºC.  The overnight cultures were diluted 1:100 in 50 ml LB and 
incubated at 37ºC with shaking and the optical density (OD) was measured at 600 nm. 
All the cells were harvested in the late exponential phase (OD=0.7) and transferred to 15 
ml Falcon tubes containing 4ºC stop-solution (5% phenol, 95% ethanol). The tubes were 
centrifuged at 10,000x g (also all subsequent centrifugations were at 10,000x g) for 20 
min, the pellet was dissolved in lysis buffer (100 mM Tris-HCl pH 7.5, 40 mM EDTA, 
200 mM NaCl, 0.5% SDS(sodium dodecyl sulfate)) and incubated at 65°C for 5 min. 
Then one volume of 65°C phenol was added to the samples followed by centrifugation 
for 15 min. The water-phase was transferred to new tubes containing one volume of 
chloroform and centrifuged for additionally 15 min. The RNA in the water phase was 
precipitated by adding 1/20 volumes of sodium acetate (NaAc) pH 5.5 and 2.5 volumes 
of ice-cold 95% EtOH, incubated at -20ºC for one hour followed by 40 min 
centrifugation at 4°C. The pellet was resuspended in 200 µl sterile H2O.  
 
All the DNA in the samples were digested with Dnase RQ1 (Promega) according to the 
manufacture for 15 min at 37°C. The RNA was cleaned by adding one volume of phenol-
chloroform-isoamylalcohol (PCI) to all samples, which were then centrifuged for 15 min. 
The water phase was transferred to new tubes, and one volume of chloroform was added 
followed by centrifugation for 15 min. The RNA (water phase) was precipitated with 
1/20 volume of NaAc and 3 volumes ethanol and incubated at -20°C for one hour 
followed by centrifugation in 30 min. The pellet was resuspended in 50 µl sterile H2O. 
The RNA concentration was measured with NanoDrop (Saveen Werner) and the RNA 
was analyzed by electrophoresis in1 % agarose in 0.5xTEB (5xTEB is 0.446M Tris, 
0.012M EDTA, 0.445M boric acid). 
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Riboprobe design and labeling with [α32P]ATP 
The sequence at the istR-tisAB locus is known since earlier studies (Vogel et al. 2004). 
The istR region, was amplified from plasmid pJV975 (P15 origin containing istR-tisAB 
locus) by the polymerase chain reaction (PCR) using primers; JB-3D 5’-
GTACTGAATTGCAGATAACAA-3’ and JB-3-E 5’-
CTTAAAACTGCATAAATCACG-3’. The PCR was performed by using PuReTaq 
Ready-to-go PCR beads (Amersham Biosciences, Uppsala, Sweden) as described by the 
supplier. 0.5 µl DNA template and 10 µM of each primer were mixted in final volume of 
25 µl. The PCR-program used started with 95°C for 5 min followed by 35 cycles of 95°C 
for 40 sec, 56°C for 40 sec, and 72°C 40 sec, 72°C for 10min. The product was purified 
using a PCR purification kit (Qiagen). Riboprobes were generated and labeled using 
MAXIscript T7 (Ambion) according the manufacture. The amplified DNA was 
transcribed with [α32 P]ATP (800 Ci/mmol (Amersham biosciences)), dNTP and RNA 
polymerase at room temperature for 30 min followed by purification with a QlAquick 
PCR purification kit (Qiagen). The riboprobe was eluted in 50 µl dH2O and analyzed on 
an 8% polyacrylamid gel (7 M Urea, 1xTEB, 1/1000 TEMED, 1/100 volumes of volumes 
of APS).  
 
Northern blot 
Extracted RNA and 0.5 µl pre-radiolabeled pUC mix 8 (Fermentas) ladder were mixed 
1:1 with loading buffer LBII (Ambion), heated for one minute at 95°C and loaded on 8% 
polyacrylamide gels. The gel was run at 21 W for 1.5 hours and then transferred to Hybond 
N+ nylone membrane (Amersham). The gel and membrane were placed in a trans-blot 
cell (Bio Rad) in a coldroom at 0.2 A over night. The membrane was UV-crosslinked at 
150 mJ and pre-hybridized in RNA hybridization buffer (120 mM NaH2PO4, 7% SDS, 
50% formamid, 250 mM NaCl) at 67°C for one hour. 
 
The riboprobe was pre-heated at 95°C for five min, added to the pre-hybridized 
membrane and incubated at 67°C over night.  The membrane was washed at 67°C twice 
with 2 x SSC (20 x SSC: 175.32 g NaCl, 88.24 g tri-sodiumcitrate in a final volume of 1 l) 
and 0.1% SDS for five min, twice with 1 x SSC and 0.1% SDS for 10 min and three 
times with 0.1 x SSC and 0.1% SDS for five min. The membrane was exposed overnight 
and the signals were imaged using PhosphoImager and Image Quant software package C 
(Molecular dynamics). 
 
cDNA labeling 
The direct cDNA labeling with the Cy3 respective Cy5 dyes (Amersham) was performed 
by using Pronto! Plus direct system (Promega, Southampton, United Kingdom).Test 
spike mix and reference spike mix of the Calibration and ratior controls, Lucidea 
universal score card (Amersham biosciences)  were added to the RNA reference and test 
samples before reverse transcription was performed. The technical manual was followed 
and the reverse transcription was performed at 42ºC for 40 minutes in darkness to prevent 
degradation of the two dyes. The remaining RNA was digested with RNaseH and the 
labeled cDNA was purified using the Chip shot membrane clean-up system included in 
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Pronto! Plus direct system and eluted in 60 µl elution buffer. The cDNA concentration 
was measured with NanoDrop (Saveen Werner). 
 
Hybridization 
The microarrays were printed at the Rudbeck laboratory. Each array was printed with 70 
nt long oligos corresponding to coding genes of E. coli (Oligo microarray database, 
http://omad.operon.com/ecoli/index.php) on Ultra gap slides (Corning). The microarrays 
were pre-soaked, pre-hybridized and hybridized according Pronto! Plus direct system 
(Promega, Southampton, United Kingdom). The microarrays were incubated in pre-soak 
solution and then in pre-hybridization solution at 42°C for 15 min, followed by washing 
steps.  
 
For each hybridization 33 pmol of each dye-labeled cDNA was dried and dissolved in 
hybridization solution and incubated at 95°C for five min. The two dye-labeled cDNAs 
were transferred to the printed area of the array and incubated in Corning microarray 
hybridization chamber (Corning, USA) at 42°C for 14 hours. The microarrays were 
washed and dried by centrifugation in Falcon tubes at 1600x g for 10 min and stored in a 
dust-free environment. 
 
Scanning and analyzis of the arrays 
The microarrays were scanned in an Axon GenePix 4000B fluorescence scanner and 
analyzed in GenePix pro 6.0 software. The statistic calculations were performed in BASE 
(https://baselims.lcb.uu.se/) by comparing the ratio between the two dyes for each spot on 
the arrays separately. BASE generated a list based on values calculated from log2(T/R), 
where T (test-sample) stands for the sum of intensity from the channel representing IstR-
2 for each spot on the two arrays and R (reference-sample) is the sum of the channels 
representing IstR-1. The values furthest from 0 representing the genes that are most 
differentially expressed.  
 
The ID number in top 15 were translated into genes in Oligo microarray database 
(http://omad.operon.com/ecoli/index.php) and were examined on the Ecocyc 
Encyclopedia of Escherichia coli (http://ecocyc.org). 
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