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SUMMARY 
In recent years, a heterogeneous class of small RNAs in bacteria, sRNAs, have been 
recognized as capable of transcriptional regulation through antisense mechanisms. To 
date, over 70 sRNAs have been experimentally identified in Escherichia coli but not all 
of these have recognized targets. This project bioinformatically predicted new mRNA 
targets for sRNA regulation and experimentally validated the predictions using a 
translational fusion technique developed by Urban and Vogel (2007).  
 
Nine outer membrane protein (OMP) genes were predicted as targets of sRNA regulation. 
To validate the predictions, the OMP target genes and the sRNA genes were cloned 
downstream of constitutive promoters in separate but compatible plasmids. The 5’ 
untranslated region of each OMP gene was cloned in frame with green fluorescent 
protein gene (gfp) as a reporter. The E. coli strain MC4100 was transformed with the 
OMP::gfp and sRNA plasmids. Western blot analysis probing for green fluorescent 
protein was used to quantify any regulation of the OMP gene target.  
 
The translational fusion system employed was shown to be successful for validating the 
algorithm for predicting sRNA targets. The results indicated fepA and imp may be 
upregulated by the sRNAs RyeA and SraF, respectively, and that phoE may be 
downregulated by the predicted sRNA PsrA17. 
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INTRODUCTION 
Small RNAs 
What are small RNAs? 
Traditionally there were three types of RNA addressed in Biology courses: mRNA, tRNA 
and rRNA. All of these are involved in genetic information transfer from genes to 
proteins, either by being information carriers or as part of the protein synthesis 
machinery. More recently, additional forms of RNA have been discovered across all 
domains. These additional forms of RNA have been found to be involved in the 
regulation of gene expression, often through antisense binding. Because they are not 
translated into protein, these regulatory RNAs are collectively referred to as non-coding 
RNAs. In bacteria these RNAs are referred to as small RNAs (sRNAs). sRNAs generally 
range from 50 to 300 nucleotides in size and have complex secondary structures that 
include multiple stem-loops as exemplified by MicA sRNA and OxyS sRNA (figure 1) 
(for review, see: Zeiler and Simons 1998; Storz et al. 2005;Vogel and Papenfort 2006).  

 
Figure 1 A schematic representation of sRNAs MicA and OxyS. Schematic representations adapted from 
Argaman and Altuvia 2000; Udekwu et al. 2005.  
 
Some sRNAs may be classified as cis encoded antisense RNAs. Cis-encoded antisense 
RNA genes are fully complementary to their target RNAs because they are encoded on 
the non-coding strand of their gene target. Cis-encoded RNAs are most often found on 
plasmids, transposons and phages (for a review, see Brantl 2007). Trans-encoded 
antisense RNA genes are encoded apart from their gene targets, often in the regions 
between genes known as intergenic regions (Argaman et al. 2001). As a consequence 
trans-encoded antisense RNAs have shorter binding regions and are not fully 
complementary to their targets (Altuvia and Wagner 2000; Vogel and Papenfort 2006; 
Urban and Vogel 2007). The protein Hfq (host factor needed for replication of phage Q-
beta) is often needed, though not always, to assist trans-encoded antisense RNAs in 
binding to their targets. This appears not to be the case with cis-encoded antisense RNAs. 
Hfq is a chaperone protein whose specific mechanism of action is not fully understood. 
Nevertheless, it is clear that Hfq aids in the binding of many trans-encoded sRNA to their 
mRNA targets (for review, see Brennan and Link 2007).  
 
How many sRNAs are there? 
In E. coli, over 70 sRNAs have been identified, though only about one third have known 
targets. A single sRNA may have multiple targets, and a single target may be regulated 
by multiple sRNAs (for review, see Johansen et al. 2006; Vogel and Papenfort 2006).  
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How do sRNAs regulate? 
So far there are two ways sRNAs have been found to regulate gene expression, either by 
interacting with proteins or by interacting with mRNAs. There are relatively few 
examples of sRNA regulation through proteins. A well known example involves the 
regulation of the translational regulation protein CsrA by the sRNA CsrB. In this case, 
the sRNA sequesters multiple copies of the regulatory protein, and thus the mRNAs 
targeted by this protein become de-repressed (Liu et al. 1997). 
 
The majority of sRNA regulatory events involves antisense binding to a target gene’s 
mRNA. Base pairing occurs between single-stranded regions of the sRNA and mRNA. 
Single-stranded regions in RNA may be the loops of stem loop structures or unstructured 
regions next to or between loop stems. It is possible for the initial base pairing to be loop-
loop, linear-linear or loop-linear interactions (figure 2) (for review, see Zeiler and Simons 
1998).  
 

 
Figure 2. Cartoon depictions of the three types of sRNA, mRNA interactions: a. loop-loop base pairing, b. 
linear-linear base pairing, c. loop-linear base pairing.  
 
The base pairing of an sRNA to its mRNA target can affect the stability of the target 
mRNA negatively or positively. The negative regulation can occur by the sRNA binding 
within the 5’ untranslated region (UTR) of the target mRNA at or near the Shine-
Dalgarno (SD) sequence, blocking ribosome access. An example is provided by the MicA 
sRNA regulation of ompA translation (figure 3) (Udekwu et al. 2005; Johansen et al. 
2006; Vogel and Papenfort 2006; Urban and Vogel 2007). The down regulation of gene 
expression may additionally result from destabilization resulting in the target mRNA and 
sRNA being rapidly degraded (for review, see Gottesman 2004; Guillier et al. 2006).  
 

 
Figure 3. The sRNA MicA (bottom) base pairs with its target, ompA mRNA ,(top) across the Shine-
Dalgarno (SD) blocking the ribosome interaction and translation.  
Schematic representation adapted from Udekwu et al. 2005,  
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In the few instances of positively regulated gene expression, the mRNA’s secondary 
structure blocks ribosome access to the SD thereby blocking translation. Through sRNA 
binding to the mRNA, a conformational change occurs in the mRNA, allowing the 
ribosome access to the SD to initiate translation. The regulation of rpoS by DsrA sRNA 
provides an example of this positive regulation. The SD sequence of the rpoS mRNA is 
found within a hairpin structure, rendering it inaccessible to initiating ribosomes. The 
sRNA DsrA binds one half of the inhibitory structure within the rpoS mRNA, thereby 
unmasking the SD (figure 4) (Majdalani 1998). 
 

 
Figure 4. DsrA sRNA base pairing with rpoS mRNA exposing the ribosome binding site (RBS). Schematic 
representation adapted from Altuvia and Wagner 2000.  
 
Outer Membrane Proteins  
What are outer membrane proteins? 
E.coli is a Gram-negative bacterium. Gram-negative bacteria are characterized by their 
cell wall comprised of a thin layer of peptidoglycan. The cell wall is found in the 
periplasmic space between the inner and outer membrane. The composition of the inner 
and outer membrane differ. The inner membrane is comprised of phospholipids while the 
outer membrane contains lipopolysaccharides in the outer leaflet (figure 5). Roughly 50% 
of the outer membrane consists of proteins (Koebnik et al. 2000). There are two kinds of 
proteins found in the outer membrane: lipoproteins, which are anchored on the inner 
leaflet and integral membrane proteins. The integral membrane proteins can serve as 
channels or as adhesions (for review, see Ruiz et al. 2006)  
 

 
Figure 5. The gram negative cell wall is comprised of a thin peptidoglycan layer surrounded by an inner 
membrane, and an outer membrane containing lipopolysaccharides. The inner and outer membranes have 
proteins anchored to and within them. 
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What are porins? 
The outer membrane with its proteins is extremely important because it provides a 
selective barrier between the bacterium and the environment. The flow of nutrients and 
waste products crossing the hydrophobic membrane occurs through barrel-shaped 
proteins known as porins (Ruiz 2006). Porins are able to regulate the passage of 
molecules through the outer membrane due to variations in the pore characteristics, such 
as pore size and charge, rather than through a specific binding site (Phoenix 1996).  
 
Why are porins important? 
The environmental conditions bacteria must survive are subject to change. Increase or 
decrease in the concentration of nutrients, toxins and antibiotics create challenges to 
survival. E. coli may adjust to its environment by altering its outer membrane protein 
(OMP) composition. As an example, two of the most common porins are OmpC and 
OmpF alternate in their relative abundance depending on extracellular conditions. OmpC 
has a smaller pore diameter than OmpF and is highly expressed when the bacteria is in an 
environment with excess nutrients or toxins. OmpF with a larger diameter is highly 
expressed when the environment is nutrient deficient (for review, see Pratt et al. 1996; 
Nikaido 2003). In addition, it has been found by Hirai et al. (1986) that the development 
of antibiotic resistance can be related to changes in porin expression and their structure. 
So, the outer membrane porins are critical for survival.  
 
Outer Membrane Protein mRNAs as Targets 
Approximately one third of the known E. coli sRNAs have OMPs as targets for 
regulation. The OMPs of any Gram-negative bacteria are literally the first line of defense 
against the changing environment, thus, they need to be tightly regulated. sRNAs are 
viewed as a quick and energy efficient means of post-transcriptional regulation making 
them an ideal regulator of OMPs (for review, see Johansen et al. 2006; Vogel and 
Papenfort 2006).  
 
Strategies 
How are sRNA targets found? 
In their review for identifying and validating sRNA targets, Vogel and Wagner (2007) 
define sRNA targets as “an mRNA or protein with which the sRNA physically interacts 
and whose function, stability or translation it affects”. A brief overview of a few of the 
strategies presented in their review follow.  
 
Genetic strategies make use of random insertions of promoterless reporter genes such as 
lacZ, which codes for the enzyme beta-galactosidase. Beta-galactosidase degrades lactose 
into glucose and galactose. Bacteria with beta-galactosidase activity grown on plates 
containing X-gal will be able to degrade the X-gal which will result in a blue colored 
colony. If an sRNA inhibits a gene that the lacZ gene has been fused to the colonies, 
when grown on plates containing X-gal, will be white because there will be no beta-
galactosidase activity.  
 
Bioinformatic strategies can be undertaken using the characteristics of the experimentally 
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established sRNAs. The programs may take into account such information as: sequence 
conservation, base pairing and secondary structure. These approaches create a ranked 
output of the sRNA-target mRNA pairings.  
 
Biochemical fishing is a strategy that uses sRNA as the bait with the aid of the chaperone 
protein Hfq. Since sRNAs often bind Hfq it may be modified to include a tag, such as a 
His tag which provides a means to extract the sRNA bound to its target.  
 
How are sRNA target predictions validated? 
Translational fusions of target genes with a reporter gene such as gfp coding for green 
fluorescent protein (Gfp) or lacZ coding for beta-galactosidase, may be used to validate 
targets. The regulatory effect on a target gene can be quantified through the expression of 
the reporter gene fused to the predicted target. In the case of Gfp, fluorescence can be 
measured and for beta-galactosidase, activity can by quantified.  
 
Site specific mutagenesis can be a useful tool to validate targets. Since the sRNA must 
base pair with its target in order to have an effect, disrupting the predicted base pairing 
would result in loss of control.  
 
Aim of the Project 
With over 70 sRNAs identified, and only a handful having known targets, this project 
aimed to identify new targets of sRNA-mediated regulation in E. coli. Because the entire 
E. coli genome provides a large number of potential targets, and because one third of the 
known sRNA targets are OMPs, the search focus was narrowed to the E. coli OMP genes. 
OMPs are ideal targets because it is through them E. coli adjusts to its quick changing 
environment. Thus, OMPs require rapid and specific regulation, the kind of regulation 
sRNAs are capable of providing through antisense binding. A bioinformatic strategy was 
adopted to predict OMP targets using a program developed by Johan Reimegård of 
Gerhart Wagner’s group and a Gfp translational fusion strategy was used for target 
validation (based on Urban and Vogel 2007).  
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RESULTS  
Nine Tentative Outer Membrane Protein Targets Predicted 
Johan Reimegård developed an algorithm to predict sRNA targets for regulation based 
on: the secondary structures of the sRNA and target mRNA, the base pairing between the 
sRNA and target mRNA and the sRNA sequence conservation of the interaction sites in 
up to four genomes. From the sRNA and OMP genes screened, the program generated 
ranked lists of close to 100 sRNA-OMP target pairings. The 29 highest scoring pairs 
were additionally screened manually to identify the regulatory pairs in order to be 
experimentally tested (figure 6). Fourteen pairs of sRNA genes, including two predicted 
sRNAs, PsrA17 and PsrA23, and OMP targets were selected based on the location of the 
base pairing (table 1). Nine sRNA-OMP target pairs have predicted base pairing that 
would directly block the SD region in the 5' UTR (untranslated region) of the OMP. 
Three of the pairs have the base pairing upstream of the SD region and two have base 
pairing downstream of the SD. 
 

 
Figure 6. Examples of the predicted structure and base pairing regions between sRNA and target mRNA. A. 
PsrA17 (sRNA) base pairing is predicted to occur between a hairpin loop of PsrA17 and single stranded 
region of phoE mRNA across the Shine-Dalgarno (SD) (boxed) along with base pairing between two single 
stranded regions downstream of the translation start (underlined). B. SraF (sRNA) base pairing with imp2 
mRNA is predicted to occur between two single stranded regions across the SD (boxed) and the translation 
start (underlined).  
 



9 

Table 1. The predicted OMP and sRNA regulatory pairs including the location of the predicted initial 
antisense interaction relative to the Shine-Dalgarno (SD).  
Target  sRNA Predicted interaction relative to the Shine-Dalgarno  

eaeH DsrA 
PsrA23 

28 base pairs blocking the SD and overlapping the AUG 
12 base pairs downstream of the SD overlapping the AUG 

fepA RyeA 41 base pairs upstream of the SD (in a hairpin) 
fhuA PsrA23 18 base pairs upstream of the SD 
imp2 SraF 26 base pairs overlapping the SD 
nanC MicF 51 base pairs far upstream of the SD 
ompA SraB 

SroE 
Tpke11 

22 base pairs overlapping the AUG 
8 base pairs blocking the SD 
15 base pairs blocking the SD 

phoE PsrA17 28 base pairs blocking the SD 
tolC SraH 15 base pairs blocking the SD 
ytfM SraB 

SraD (MicA) 
RyeB 

13 base pairs blocking the SD and AUG 
12 base pairs blocking the SD and AUG 
9 base pairs downstream of the SD overlapping the AUG 

 
Green Fluorescent Protein Expression Detected From Cloning 
The sRNA genes and translational gfp fusions to OMP genes of E. coli were cloned into 
compatible plasmids downstream of constitutive promoters and were used to transform E. 
coli strain MC4100. To identify the successful expression of OMP::gfp, the double 
transformants containing plasmids with OMP fusions and the insert-less sRNA control 
plasmid, respectively, were imaged at 100x magnification using fluorescent microscopy 
(figure 7). OMP::gfp expression was visible in all transformants excluding the non-
transformed control, MC4100. The OMP::gfp expression was not the same in all 
transformants with ompA::gfp showing the greatest visible expression and fepA::gfp the 
least.  
 

A  B  C 

 D  E  F 
Figure 7. OMP::gfp expression in MC4100 strain of E. coli visible at 100x magnification. Each strain was 
transformed with the sRNA control plasmid and the following outer membrane fusion: A. fepA::gfp. B. 
imp2::gfp. C. nanC::gfp. D. ompA::gfp. E. phoE::gfp. F. MC4100 untransformed control 
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Identification of Transcription Start Sites 
The transcription start sites are not known for all genes, making the cloning of the OMP 
genes’ 5’ UTRs by direct polymerase chain reaction (PCR) amplification impossible. In 
order determine the correct transcription start site and clone the 5’ UTR of the OMP 
targets genes, 5’ RACE (rapid amplification of cDNA ends) was used. 5’ RACE, in this 
case, makes use of the enzyme tobacco acid pyrophosphatase (TAP) to cleave the alpha 
and beta phosphate groups off the 5’ end of the primary mRNA transcripts allowing for 
ligation of an RNA adaptor to the 5’end (figure 10). The TAP-cleaved mRNA would be 
recognizable in comparison to non TAP-cleaved RNA after reverse transcription-PCR 
using a forward primer specific for the adaptor.  
 
ompA was used as a positive control because the transcription start was known, thereby 
the size of the expected PCR product, 195 nucleotides, was known. The additional PCR 
product in the TAP-treated sample corresponded to the expected size of the ompA PCR 
product indicating the 5’ RACE protocol was efficient (figure 8). However the OMPs 
with unknown transcription start sites (table 6) could not be amplified for cloning by 5’ 
RACE presumable due to technical problems. In the case of tolC and ytfM, corresponding 
PCR products could be detected with the TAP treated and untreated samples.  
 

 
Figure 8. Gel electrophoresis of the 5’ RACE cDNA amplification in a 2% RNase free agarose gel for 
cloning the 5‘ UTR of outer membrane protein genes. The PCR product from twice amplified TAP treated 
and untreated cDNA using DNA oligonucleotide primers specific to the RNA adaptor and the gene of 
interest.  
 
Quantification of Green Fluorescent Protein Regulation 
Detection of fluorescence by microscopy does not allow for accurate quantification and 
therefore the expression of the gfp fused OMP genes was quantitated by Western blot 
(figure 9 A). ImageJ (Rasburn 2007) analysis was used to determine OMP::gfp 
expression in the Western blot. For each OMP fusion, GroEL was used as a loading 
control reference in order to standardize the OMP::Gfp values. As expected, MicA sRNA 
downregulates ompA::gfp expression, as was previously published (Udekwu et al. 2005). 
None of the predicted sRNAs cloned were able to regulate ompA (figure 9 B). The OMP 
genes fepA and imp2 showed positive regulation by sRNAs RyeA and SraF (figure 9 B). 
nanC showed almost no regulation by its predicted sRNA regulator, MicF sRNA (figure 
9 B). phoE showed a decrease in expression in the presence of the predicted sRNA, 
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PsrA17, quantitatively similar to the decrease in expression of ompA by MicA sRNA 
(figure 9 B). 
 

A  

B  
Figure 9. Relative regulation of outer membrane proteins (OMP) by sRNA. A. Western blots showing protein 
expression of GroEL (60 kDa) and OMP::Gfp (30 kDa) in MC4100 transformed by each OMP::gfp and 
sRNA regulatory pair. B. The relative to control regulation of OMP genes by sRNA determined after ImageJ 
analysis of the Western blot.  
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DISCUSSION 
Prediction of Outer Membrane Protein Targets for sRNA Regulation 
In this project nine OMP targets were predicted as targets for regulation by 11 different 
sRNA genes. The sRNA regulation of five OMP targets was tested by Western blot. 
Among the five OMPs tested, three showed signs of regulation indicating Johan 
Reimegård’s algorithm for predicting sRNA targets to be effective.  
 
Uncloned Outer Membrane Protein Target Genes 
Four of the OMPs could not be tested due to the inability to clone the 5’ UTR by 5’ 
RACE. The inability to clone the four OMPs with unknown transcription starts may have 
been related to the design of the forward primer oligodeoxyribonucleotide used in 5’ 
RACE. The forward primer specific to the RNA adaptor sequence included an NsiI 
restriction site. The NsiI restriction site of the forward primer had no complementarity to 
the RNA adaptor which resulted in a shorter primer annealing sequence during the first 
rounds of amplification (appendix 1). The melting temperature of the initial 
complementary portion of the forward primer was less than 30°C. A PCR amplification 
program was used to try to accommodate the low annealing temperature needed for the 
first rounds of amplification. A new oligonucleotide specific to the RNA adaptor with a 
higher melting temperature was ordered.  
 
The OMP target genes tolC and ytfM showed equally sized PCR products from both the 
TAP treated and untreated samples. This suggests that the forward and reverse primers 
could anneal to a secondary site in the cDNA template producing the same-sized bands; 
the expected amplification of the forward primer would have depended on binding to the 
ligated RNA-oligo sequence. A BLAST search of the oligonucleotide primer sequence 
specific to the RNA adaptor with the Ecocyc database (Keseler et al. 2005) shows a 
stretch of 13 nucleotides with 100% sequence complementarity within the sequence. The 
location of the tolC and ytfM gene-specific primers are 3 and 4 million bases apart and 
not, as the PCR products in the TAP treated and untreated samples show, 100 and 200 
bases. A BLAST search of the tolC and ytfM gene specific primers did not show any 
complementarity to regions 100 or 200 nucleotides from the secondary binding location 
of the RNA adaptor primer. So, it is unclear what caused the PCR products for these two 
genes. 
 
Positive Regulation of FepA and Imp2 
The positive regulation of expression of fepA and imp2 was interesting since most of the 
known sRNA regulation of OMPs involves negative regulation (Storz 2004). FepA is 
identified by Buchanan et al. (1999) as involved with the transport of iron into the 
periplasm and with the transfer of colicins B and D. The predicted sRNA-OMP base 
pairing between RyeA sRNA and fepA was predicted of the SD within a stem-loop 
structure. The predicted interaction suggests the mRNA stem loop structure is altered. 
Although this stem-loop structure does not contain the SD, the altered mRNA followed 
by up-regulation of fepA is reminiscent of the sRNA DsrA regulation of rpoS (figure 4).  
 
Imp is an essential protein of the outer membrane that may be involved in envelope 
biogenesis (Braun and Silhavy 2002). The lack of Imp leads to filamentation, loss of 
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integrity and eventually cell lysis (Braun and Silhavy 2002). According to the Ecocyc 
database there are two known promoters for imp (Keseler 2005). imp2 is identified as 
such because it was cloned from the promoter 2 start. The Western blot results show 
sRNA SraF positively regulated imp2 which is counter to what the predicted base pairing 
across the SD would suggest. This unexpected increase in expression may be the result of 
another player involved with Imp2 but at the moment it is unclear what caused the up-
regulation.  
 
Negative Regulation of PhoE 
The extent of negative regulation of phoE by the sRNA PsrA17 was similar to that of the 
known regulation of ompA by the sRNA MicA. PhoE is an anion porin that is involved in 
the uptake of inorganic phosphate and phosphorylated compounds. It is a part of the PHO 
regulon which is associated with phosphate starvation (for review, see Pheonix 1996; 
Taschner et al. 2004). The predicted interaction between PsrA17 sRNA and phoE mRNA 
blocks the SD which suggests negative regulation, similar to the MicA sRNA regulation 
of ompA (figure 3). The negative regulation of phoE shown is even more exciting 
because the sRNA regulator is itself predicted, but has yet to be identified in vivo. psrA17 
is a predicted trans sRNA gene that contains a T rich 3’ end preceded by a GC rich 5-mer 
inverted repeat indicative of a Rho-independent terminator. Taschner et al. (2004) 
identified the down-regulation of phoE by sigma-S, the sigma factor associated with 
stationary phase and stress response. psrA17 may be under the control of sigma-S, thus, 
contributing to the negative regulation of phoE.  
 
Regulation of OmpA and NanC Undetected 
Both OmpA and NanC  already have multiple sRNA regulators identified. These OMPs 
were predicted as targets for additional sRNA. OmpA is a monomeric porin-like channel 
association with nonspecific diffusion (Sugarwara and Nikaido 1994). NanC, a member 
of the OmpG family, is a specific transporter of N-acetylneuraminic acid (Zhai et al. 
2002). The predicted interactions of SraB, SroE and Tpke11 with the ompA mRNA all 
involved blocking the SD or translation start site which is indicative of negative 
regulation. The predicted interaction of MicF with the nanC mRNA is far upstream of the 
SD which made it interesting. However, neither of these targets showed any indication of 
being regulated 
 
Future Work  
To further explore these sRNA-OMP target interactions it is necessary to repeat the 
Western blot analysis with protein extracts from new cultures to validate the results 
presented here. In addition, Northern blot analysis should be used to verify sRNA 
production. In the case of ompA and nanC, the Northern blot would validate the lack of 
regulation. 
 
Additional exploration of the regulation of fepA, imp2, and phoE should include 
mutational analysis to verify the predicted specific base pairing. Disruption of the base 
pairing is expected to result in loss of regulation and would validate the predicted 
interactions. 
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All the sRNAs used in this project are trans-encoded sRNAs, which often require the 
chaperone protein Hfq to bind their targets. Repeating the Western blot experiments with 
an MC4100 hfq- strain will identify whether the sRNAs in question require the assistance 
of Hfq for regulation. 
 
PsrA17 is a predicted sRNA. Its gene sequence is 66 nucleotides in length and shows a 
characteristic Rho-independent termination sequence which is common for other trans-
encoded antisense sRNA genes. So far, this sRNA has not been found expressed in vivo. 
Because PsrA17 sRNA has been shown to negatively regulate PhoE (figure 9 B), it may 
be possible to culture MC4100 in environmental conditions that support high expression 
of PhoE, followed by a change in the conditions, possibly sigma-S inducing stress, such 
that PhoE is no longer needed. Under circumstances of PhoE down-regulation it may be 
possible to identify PsrA17 by Northern blot analysis. 
 
The leader sequences for eaeH, fhuA, nanC and tolC should be determined in order to 
properly construct the OMP vector plasmids and assess expression and possible control 
by Western blots. 
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METHODS AND MATERIALS 
Strains 
The E. coli strains (table 2) used were maintained at 37°C with media appropriate to the 
protocol, as described below.  
 
Table 2. E. coli strains used. 
Strain Genotype Source  
Top10  F- mcrA ∆(mrr-hsdRMS-mcrBC) φ80lacZ∆M15 ∆lacX74 

recA1 ara∆139 ∆ (ara-leu)7697 galU galK rpsL (StrR) 
endA1 nupG 

Invitrogen 

MC4100 F- araD139([]) ∆(argF-lac)169 LAM- el4- flhD5301 
∆(fruK-veiR)725(fruA25)relA1 rpsL1 rpsL150 (strR) 
rbsR22 ∆(fimB-fimE)632(::IS1) deoC1 

Laboratory 
strain 

 
Plasmids 
The sRNA genes were cloned in pZE12-luc from Lutz and Bujard (1997). The sRNA 
control plasmid,  pJV300, and the OMP plasmid, JV861-9, was provided by Jörg Vogel 
of Max Plank Institute, Germany (2006). 
 
Target Predictions 
Johan Reimegård’s in-house developed sRNA target finder program, compared all known 
and predicted sRNA genes against a list of the known E. coli OMP genes provided by 
Aurelie Fender using the Ecocyc database (Keseler et al. 2005). The program generated a 
rated list of proposed sRNA regulators for the OMPs based on: possible base pairing 
between the sRNA and mRNA, the likelihood of binding based on the RNA secondary 
structures, and the degree of conservation of the base pairing regions among one, two, 
three and four genomes (E. coli, Salmonella typhimurium, Klebsiella pneuumoniae and 
Yersinia pestis). The highest scoring pairs were additionally screened manually to 
identify the potentially real regulatory pairs in order to be experimentally tested (figure 
6). 
 
Oligonucleotides 
DNA oligonucleotides were ordered from Sigma and RNA oligonucleotides were ordered 
from Dharmacon (table 3).  
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Table 3. DNA and RNA oligonucleotides.  
Name Tm °C Sequence* (5’ to 3’) Use 
pLlacO-C 61.0 GTGCTCAGTATGTTGTTATCCG sRNA 

plasmid 
rb_pZE12xbaLF 67.2 GCTCTAGAGGCATCAAATAAAACGAAAG sRNA 

plasmid 
rb_dsrAF 61.4 PAACACATCAGATTTCCTGGTG sRNA 
rb_dsrAR 76.7 TTTTTTCTAGAAAATCCCGACCCTGAGGGGG sRNA 
rb_psrA17xF 70.0 PAAAAAAAACACTCCTTTTCAGGAGCCTG sRNA 
rb_psrA17xR 75.8 TTTTTTCTAGACCCGCATCATTAATGAGCCTGC3 sRNA 
rb_psrA23xF 66.7 PATGATATTGAAAATGATTATCAATGCCG sRNA 
rb_psrA23xR 70.8 TTTTTTCTAGAAAAACCATACCCTTACGAAAAGTACG sRNA 
rb_ryeAF 66.4 PAAAGTCAGCGAAGGAAATGCTTC sRNA 
rb_ryeARt 71.6 TTTTTTCTAGAAAAAAAACCGCCTCAGTTCTTTC sRNA 
rb_sraBF 55.7 PTAGGCATATT TTTTTCCATC sRNA 
rb_sraBR 70.9 TTTTTTCTAGAAAAGAAAAAGGCAGCCTGTG sRNA 
rb_sraFF 63.4 PGCAAAGGGGAGTAACTTCATTG sRNA 
rb_sraFR 76.0 TTTTTTCTAGAAAAAAACGGCCAACGTCGGAAG sRNA 
rb_sraHF 67.8 PGTGCGGCCTGAAAAACAGTG sRNA 
rb_sraHRbis 77.1 TTTTTTCTAGAAAAAAATGACCGGCTAGACCGGGG sRNA 
rb_sroExF 77.3 PATAACGTGAT GGGAAGCGCCTCGCTTC sRNA 
rb_sroExR 74.4 TTTTTTCTAGAATAAAAATGAACCCTCAACGCTTCCC sRNA 
rb_tpke11F 63.5 PTCGCCCTATAAACGGGTAATTATAC sRNA 
rb_tpke11R 66.9 TTTTTTCTAGATCTTTTTTAAATTGCCCTAG sRNA 
rb_fepAF 69.5 PTTTTTATGCATCTATTTGCATTTGCAATAGC OMP 
rb_fepAR 78.0 TTTTTGCTAGCCGCTACCCCATAAATCCCCAG OMP 
rb_imp2F 73.6 TTTTTATGCATATTCAATGCCGTGCCTAACAC OMP 
rb_imp2R 83.3 TTTTTGCTAGCGGTGGCCAGGAGAGTGGGGATACG OMP 
rb_nanCF 72.2 PTTTTTATGCATAAAGGTGCACCAAGATAGTCAATG OMP 
rb_nanCR 67.9 TTTTTGCTAGCTACGCCAGAAAGTATTTTAG OMP 
5-RNA-A3 (RNA) -- GAUAUGCGCGAAUUCCUGUAGAACGAACACUAGAAGAAA 5’ RACE 
rb_eaeHR 68.6 TTTTTGCTAGCTTGTTTATGACCTGTTTTATAATG 5’ RACE 
rb_fhuAR 76.4 TTTTTGCTAGCTTTTGGCTGAGCAGTTTTGGAAC 5’ RACE 
rb_tolCR 79.9 TTTTTGCTAGCGCCGATAAGAATGGGGAGCAATTTC 5’ RACE 
rb_ytfMR 71.5 TTTTTGCTAGCTACACAGCATAACTGTCGGATATAG 5’ RACE 
adaptorA3 64.1 TTTTTATGCATTAGAACGAACACTAGAAG 5’ RACE 
pZE-A 62.9 GTGCCACCTGACGTCTAAGA Colony PCR 
pZE-T1 62.6 CGGCGGATTTGTCCTAGT Colony PCR 
pJV861-9+ 59.4 CTCGAGTCCCTATCAGTGATAG Colony PCR 
pJV861-9- 63.3 CAAGAATTGGGACAACTCCAG Colony PCR 
*P denotes phosphate  
 
Polymerase Chain Reaction 
All PCR was conducted with 10 pmols of forward and reverse primers using the 
conditions presented in table 4. The sRNA plasmid was amplified using 200 µM dATP, 
dCTP, dGTP, dTTP. The sRNA genes (table 5) and OMP genes (table 6) with known 
transcription starts were PCR amplified using 10 pmols of gene specific forward and 
reverse primers (table 3). Upon PCR completion, a small aliquot (5 µL) was checked by 
agarose gel electrophoresis and the remainder PCR product was purified with NucleoSpin 
Extract II kit according to the manufacturer’s protocol (Nucleospin). 
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Table 4. Polymerase chain reaction conditions.  
Amplification Template Reaction 

Volume 
Primers DNA 

Polymerase 
and Buffer 

Cycling 
Conditions 

sRNA 
plasmid 

pZE12-luc, 
30 ng  

50µL pZE12xbaI, 
pLlacO-C 

Phusion 
(Finnzymes); 
1xPhusion HF 
Buffer 
(Finnzymes) 

98°C 1 min; 
30x (98°C 
30 sec, 55°C 
30 sec, 72°C  
2 min); 
72°C 10 
min 

sRNA genes, 
OMP genes 

MC4100, 1 
colony 

25 µL table 3 puReTaq 
Ready-To-Go 
PCR Beads 
(Illustra) 

95°C 5 min; 
35x (95°C 
40 sec, 50°C 
67°C 40 sec, 
72°C 1 
min); 72°C 
10 min 

Colony PCR transformed 
Top 10 or 
MC4100, 1 
colony 

25 µL sRNA: 
pZE-A, 
pZE-T1; 
OMP: 
pJV861-
9+,pJV861-
9- 

puReTaq 
Ready-To-Go 
PCR Beads 
(Illustra) 

95°C 5 min; 
35x (95°C 
40 sec, 52°C 
40 sec, 72°C 
1 min); 
72°C 10 
min 

 
Table 5. sRNA genes, locations and PCR product size.  
sRNA gene Position Size 
dsrA 2023337….2023251 complement 87 nucleotides 
psrA17 3474464….3474529 complement 66 nucleotides 
psrA23 4098710….4098760 complement  51 nucleotides 
ryeA 1921090….1921338 271 nucleotides 
ryeB 1921188….1921308 complement 121 nucleotides 
sraB 1145812….1145980 169 nucleotides 
sraD (micA) 2812823….2812897 75 nucleotides 
sraF 3236396….3236583 188 nucleotides 
sraH (ryhA) 3348599….3348706 108 nucleotides 
sroE 2638617….2638708 complement 92 nucleotides 
tpke11 14080….14168 89 nucleotides  
 



18 

Table 6. The outer membrane protein (OMP) genes, location and transcription start.  
OMP Gene Location Transcription Start 
eaeH 313581….314468 unknown 
fepA  609477….611717 complement -173 
fhuA 167484….169727 unknown 
Imp2 54755….57109 complement -132, promoter 2 
nanC 4537449….4537950 -427 
ompA* 1018236....1019276 -134 
phoE* 258269….259324 -58 
ytfM 4440405….4442138 unknown 
*Obtained from Erik Holmqvist, Uppsala University 
 
Restriction Cleavages 
All restriction cleavages were performed as described in table 7. After the cleavage was 
concluded, the samples were extracted with phenol:chloroform:isoamyl alcohol and 
precipitated with ethanol as described below.  
 
Table 7. Restriction cleavages performed. 
DNA Enzyme; (Buffer) Reaction Conditions 
pZE12-luc (2 µg) or sRNA 
amplicons (0.5-1 g) 

XbaI Fast Digest, 1 unit 
(Invitrogen); (1x FastDigest 
buffer (Invitrogen)) 

50 µL, 5 minutes 37°C 

JV861-9 (3 µg) NheI, 10 units (Fermentas); 
(1x Tango buffer 
(Fermentas)) 

50 µL, overnight 37°C 

Nhe1-cleaved JV861-9 NsiI, 10 unites (New 
England Biolabs); (1x 
Buffer 3 (New England 
Biolabs)) 

50 µL, overnight 37°C 
followed by 20 minutes at 
80°C 

Outer membrane protein 
amplicons (0.5 µg) 

NsiI 10 units (New England 
Biolabs) and NheI 10 units 
(Amersham Biosciences); 
(10x Buffer M (Amersham 
Biosciences)) 

50 µL, overnight 37°C 

 
Shrimp alkaline phosphatase treatment of plasmids 
Between 1 µg and 3 µg of plasmid DNA was dephosphorylated with 1 unit of SAP 
(Shrimp Alkaline Phosphatase) (USB) in a 50 µL reaction containing 1x SAP Reaction 
Buffer for 45 minutes at 37°C. The reaction was terminated by heat inactivation for 15 
minutes at 65°C. 
 
Nucleic Acid Extraction 
Phenol:chloroform:isoamyl alcohol extraction of DNA 
For convenience and increased recovery, sample volumes were increased to at least 200 
µL prior to extraction. An equal volume of phenol:chloroform:isoamyl alcohol (PCI) 
(25:24:1) was added to the reaction which was vortexed for 30 seconds. The mixture was 
transferred to 2 mL phase lock tubes (PLT) (Eppendorf) and centrifuged for 5 minutes at 
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16000g at room temperature. The aqueous layer was transferred to a new 2 mL PLT and 
mixed with an equal volume of 100% chloroform by pipetting and then centrifuged for 5 
minutes at 16000g at room temperature. The aqueous layer was transferred to a new 1.5 
mL tube.  
 
DNA Precipitation 
DNA was precipitated with 0.1 volume of 3 M sodium acetate and 3 volumes -20°C 
100% ethanol then incubated at -20°C for a minimum of 1 hour. The DNA was pelleted 
by centrifugation at 21000g for 15 minutes at 4°C. The supernatant was decanted. After 
removal of the supernatant the DNA pellet was washed with cold 70% ethanol and 
centrifuged at 21000g for 5 minutes at 4°C. The supernatant was decanted and the DNA 
pellet was resuspended in an appropriate volume of H2O. 
 
RNA extraction 
Total RNA was prepared from 18 mL of MC4100 culture at OD600 2. 0.2 volumes of stop 
solution (5% phenol, 95% ethanol) was added to the MC4100 culture, which was then 
centrifuged for 15-20 minutes at 13000g at 4°C. The supernatant was decanted and the 
pellet was resuspended in 5 mL of 65°C Lysis Buffer (100 mM Tris-HCl pH 7.5, 40 mM 
ethylene diamine tetra acid (EDTA), 200 mM NaCl, 0.5% sodium dodecyl sulfate 
(SDS)). After a 5 minute incubation at 65°C an equal volume of 65° phenol was added 
and the mixture was vortexed for 30 seconds then transferred to 2 mL PLTs in 600 µL 
aliquots. The aliquots were centrifuged for 10-15 minutes at 16000g at room temperature. 
The aqueous layer was transferred to a new PLT and mixed by pipetting up and down 
with an equal volume of chloroform then centrifuged for 10-15 minutes at 16000g. The 
aqueous layer was transferred to a new 1.5 mL tube.  
 
One volume of isopropanol was added to the extracted RNA which was then incubated 
for a minimum of 1 hour at -20°C. The RNA aliquots were pelleted by centrifugation at 
21000g for 30 minutes at 4°C. The supernatant was decanted and the RNA pellets were 
washed with cold 75% ethanol and centrifuged at 21000g for 10 minutes in 4°C. The 
supernatant was discarded and the RNA pellets from all aliquots were resuspended in a 
single 100 µL volume of H2O. Gel eletrophoresis was used to check.  
 
The RNA was DNase treated using the TURBO DNA-free rigorous DNAse treatment 
(Ambion). 10 µg of RNA was treated with 2 units of DNase in a 50 µL reaction 
containing 1x TURBO DNase Buffer for 60 minutes at 37°C. The DNAse treatment was 
verified by agarose gel electrophoresis with an RNase free 1% agarose gel. 
 
Gel Electrophoresis of Nucleic Acids 
DNA gels 
4 µL of nucleic acid sample with 1µL of 6x loading dye solution (Fermentas) product 
was subjected to gel electrophoresis on a 1-2% agarose gel in 0.5x tris-borate-EDTA 
(TBE) (45 mM tris base, 44 mM boric acid, 0.5 mM EDTA) containing 0.5 µg/mL 
ethidium bromide (Gene Choice). The gels were imaged using Syngene imaging system.  
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RNA gels 
Gel electrophoresis was performed on 1 µL of RNA wit 1 µL of 6x loading dye solution 
(Fermentas) on an RNase free 1% agarose gel in 0.5x TBE and were imaged as were the 
DNA gels.  
 
Cloning  
sRNA Cloning in pZE12-luc vector 
Between 30 and 50 ng of PCR fragment containing sRNA gene was ligated for a 
minimum of 2 hours at 17°C into 20 ng of prepared plasmid using Ready-To-Go T4 
DNA Ligase (Amersham Biosciences).  
 
OMP Cloning in JV861-9 vector 
Between 40 and 100 ng of the OMP target PCR product was ligated overnight with 40 ng 
of prepared JV861-9 in 20 µL using Ready-To-Go T4 DNA Ligase (Amersham 
Biosciences).  
 
Chemically competent Top10 cells (Invitrogen) were transformed with 5 µL of ligation 
mix by a 30 minute incubation on ice followed by 30 second heat shock at 42°C and 1 
hour recovery in 1 mL of Luria-Bertani broth (LB) (1% tryptone, 0.5% yeast extract, 
0.17M NaCl, pH adjusted to 7.0 with NaOH) while shaking at 37°C. The transformants 
were incubated over night at 37°C on Luria agar (LA) (1% tryptone, 0.5% yeast extract, 
0.17M NaCl, 1.5% agar, pH adjusted to 7.0 with NaOH) plates containing the appropriate 
antibiotics. Transformants containing the sRNA expression vector were selected with 50 
µg/mL ampicillin. Transformants containing the OMP expression vector were selected 
with 30 µg/mL chloramphenicol. Selection of positive clones was performed by colony 
PCR followed by DNA sequencing.  
 
Plasmids containing correct sequences were purified from 5-10 mL of overnight culture 
with Nucleospin’s Plasmid DNA Purification Kit. The concentration of purified plasmid 
was determined by optical density at 260 nm measured with Nanodrop 
spectrophotometer.  
 
Cloning by 5’ Rapid Amplification of cDNA Ends 
The 5’ RACE was performed with a 13 µg total of DNAse treated RNA (figure 10 A). 
Half the RNA was treated with 10 units of TAP (tobacco acid pyrophosphatase) 
(Epicentre) to remove the alpha and beta phosphates from the primary transcripts (figure 
10 B), in a 50 µL reaction containing 1x TAP reaction buffer (Epicentre) for 30 to 60 
minutes at 37°C. Following the TAP treatment, 500 pmols of RNA adaptor, 5-RNA-A3, 
(table 3) was added to the treated and non-treated TAP samples. Then RNA was PCI 
extracted, precipitated and resuspended in 10 µL of H2O.  
 
After a 3 minute incubation at 95°C followed by 5 minutes on ice, the RNA adaptor was 
ligated (figure 10 C) overnight at 17°C to the RNA in a 50 µL reaction containing 50 
units T4 RNA Ligase (Epicentre), 1x Ligase Buffer, 1 unit RNAguard (Amersham 
Biosciences), 250 nmol ATP and 5 µL 10x DMSO. The ligation was terminated by PCI 
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extraction and precipitation. After recovery the RNA pellet was resuspended in 11 µL 
H2O 
 
A cDNA library was synthesized (figure 10 D) from the ligated RNA using High 
Capacity cDNA Archive Kit (Applied Biosystems). 500 ng of treated and non-TAP-
treated RNA was used as template for 125 units of Multiscribe Reverse Transcriptase 
(Applied Biosystems) in a 50 µL reaction containing 1x Reverse Transcriptase Buffer 
(Applied Biosystems) 1x Random Primers (Applied Biosystems) and 1x dNTPs (Applied 
Biosystems). The cDNA synthesis was performed at 25°C for 10 minutes followed by 
37°C for 120 minutes.  
 
4 µL of cDNA template was amplified in a 40 µL reaction containing 1.25 units of Taq 
DNA Polymerase (Fermentas), 10x Taq Buffer with (NH4)2SO4, 3.2 µL of 25 mM MgCl2 
and 10 pmols of primers specific to the 5’ adaptor and the OMP gene of interest (table 3). 
The amplification was performed at 95°C for 9 minutes, 2 cycles (at each annealing 
temperature) of 95°C for 30 seconds, 30°C and 28°C for 40 seconds, 72°C for 40 seconds 
followed by 30 cycles of 95°C for 30 seconds, 54°C for 40 seconds, 72°C for 40 seconds 
and finalized by 72°C for 10 minutes. 20 µL of the amplification was screened on a 2% 
RNase free agarose gel in 0.5x TBE buffer. Sufficient PCR product present in the TAP 
treated sample without corresponding product in the non TAP treated sample may have 
been excised as the 5’ UTR from the OMP gene of interest and cloned into JV861-9 
 
A repeat amplification was performed using 4 µL of PCR product in 40 µL reaction with 
the same components to enhance the amplification. The amplification program was 
modified to 95°C for 5 minutes, 30 cycles of 95°C for 30 seconds, 54°C for 40 seconds, 
72°C for 40 seconds and finalized by 72°C for 10 minutes. Once again, 20 µL of 
amplification was screened, as previous, by gel electrophoresis. A product band present 
in the TAP treated sample without an equivalent sized product in the non TAP treated 
sample corresponds to the primary transcript and would have been excised as the 5’ UTR 
and cloned into JV861-9.  
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Figure 10. A schematic representation of the 5’ RACE process to obtain 5’ UTR for the OMPs with 
unknown transcription starts. A, Total RNA is collected. B, Half the RNA sample is TAP treated, removing 
the alpha and beta phosphate groups of the primary mRNA transcripts. C, An RNA adaptor is ligated to the 
TAP treated primary transcripts and the processed transcripts. D, A cDNA library is synthesized of the 
RNA. E, The cDNA library used as template is amplified with primers specific to the OMP of interest. F, 
PCR product from the TAP and non TAP treated samples on the gel distinguishes the primary and 
secondary transcript..  
 
DNA Sequencing 
DNA to be sequenced was purified with Qiaquick PCR purification kit according to the 
manufacturers suggested protocol (QIAgen) and sent to the Uppsala Genome Center, 
Rudbeck Laboratory for sequencing. The sequence results were compared to the 
published E. coli sRNA sequences obtained from Ecocyc database (Keseler et al. 2005) 
using the sequence alignment editor Bioedit (Hall 2007).  
 
Preparation of Chemically Competent Cells 
10 mL of MC4100 cell culture was collected at an OD600 of 0.5 to 0.7 and pelleted by 
centrifugation at 1000g for 10 minutes at 4°C. The cells were washed twice, each time 
with 5 mL of 0.1 M CaCl2 and pelleted as before. After the washes the cells were 
suspended in 200 µL of 10% glycerol, 0.1 M CaCl2. Aliquots of 40 µL were prepared and 
stored at -70°C.  
 
Transformations 
Plasmids identified with the correct sRNA sequence were purified from 7 mL of 
overnight culture with Nucleospin’s Plasmid DNA Purification Kit. Chemically 
competent cells from MC4100 strain of E. coli were transformed as before with 20-40 ng 
of each purified OMP target plasmid.  
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Chemically competent cells were prepared from each OMP-transformed MC4100 E. coli 
strain. 30-400 ng of purified sRNA gene plasmid (or pJV300 control) was used to 
transform the chemically competent OMP-MC4100 strains. The doubly transformed cells 
were selected by overnight incubation at 37°C on LB plates containing 30 µg/mL of 
chloramphenicol and 50 µg/mL of ampicillin.  
 
Microscopy 
An overnight culture was prepared for each double transformant containing the pJV300 
control vector. 3 µL of culture was placed on a glass slide coated with 1% agarose in H2O 
and viewed at 100x magnification with a fluorescent microscope (Zeiss). Images were 
captured using Axiovision release 4.6.  
 
Western Blots 
Cell lysates were prepared from each sRNA-OMP transformed MC4100 cells. A 2 mL 
sample of each culture was collected at OD600 0.5-0.6 by 5 minute of centrifugation at 
13000g at room temperature. The cells were resuspended in 100 µL of 1x lysis/loading 
buffer (0.313 M Tris-HCl pH 6.8, 10% SDS 0.05% bromophenol blue, 50% glycerol) and 
boiled for 5 minutes at 95°C.  
 
10 µL of cell lysates were loaded on a 10% SDS-polyacrylamide resolving gel (10% 
acrylamide 37.1:1, 0.39 M Tris HCl pH 8.8, 0.1% SDS, 0.1% ammonium persulfate, 
0.04% tetramethylethylenediamine (TEMED)) with a 5% stacking gel (5% acrylamide 
37.1:1, 126 mM Tris HCl pH 6.8, 0.1% SDS, 0.1% ammonium persulfate, 0.1% 
TEMED) and run for approximately 30 minutes at 80 volts through the stacking gel and 
for approximately 60 minutes at 140 volts through the resolving gel in 1x running buffer 
(25 mM Tris Base, 0.25 M glycine, 0.1% SDS, pH adjusted to pH 7 with HCl) The 
proteins were transferred to Millipore Immodilon-P transfer membrane, pore size 0.45 
µm prepared by according to the manufacturers suggestion. The membrane was placed in 
a transfer “sandwich” layered as follows: porous pad, 3 pieces of Whatman filter paper, 
10% SDS-PAGE gel, nitrocellulose membrane, 3 pieces of Whatman filter paper and a 
porous pad. The transfer of the proteins in a Biorad Mini Trans-Blot cell occurred 
overnight at 4°C in transfer buffer (25 mM glycine, 192 mM Tris Base, 10% Methanol) 
at 20 volts with the last hour of transfer at 80 volts.  
 
After the transfer, unspecific sites on the nitrocellulose membrane were blocked in 10% 
milk (powdered, Semper Mjölk) in 1x phosphate buffered saline (PBS [137 mM NaCl, 
2.7 mM KCl, 4.3 mM Na2HPO4, 1.47 mM KH2PO4])-Tween 20 buffer (0.1M PBS, 
0.5% Tween 20, pH 7.2) at room temperature rocking for 1 hour in enough volume to 
cover the membrane.  
 
The nitrocellulose membrane was cut separating the 30 kiloDalton OMP::Gfp region and 
the 60 kiloDalton GroEL control protein region. All exposures and washes were 
performed in enough volume to cover the membrane while rocking at room temperature. 
The OMP::Gfp portion was exposed to mouse anti-GFP antibody (Roche) in a 1:2000 
dilution in 3% bovine serum albumin (BSA), 1x PBS-Tween 20 buffer for one hour then 
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washed two times, 15 minutes each wash, in 1x PBS-Tween 20 buffer. The OMP::Gfp 
membrane portion was then exposed to rabbit anti mouse-IgG antibody coupled to Horse 
Radish Peroxidase (HRP) (DAKO) in a 1:20000 dilution of 3% BSA, 1x PBS-Tween 20 
buffer solution for 1 hour. The GroEL membrane portion was exposed to anti-GroEL 
antibody coupled to HRP (a gift from Jorg Vogel, Max Plank Institute, Germany) in a 
1:20000 dilution in 3% BSA, 1x PBS-Tween 20 buffer for approximately 2 hours and 30 
minutes. The membrane portions were washed in 1x PBS-Tween 20 buffer 6 times for 8 
minutes each wash then exposed to 2 mL of enhanced chemiluminesence (ECL) reagent 
mix (Applied Biosciences). The ECL reagent contains substrate that reacts with HRP that 
results in the emission of light. The membranes were exposed to autoradiography film 
(Kodak) for long enough period to allow clear signal detection of the OMP::Gfp and 
GroEL.  
 
ImageJ Analysis  
The public domain imaging software ImageJ (Rasband 2007) was used to score the signal 
intensity on the Western blot films. For each OMP gene tested, the gfp fusion expression 
was standardized to the highest groEL expression. The relative regulation was determined 
by dividing the standardized OMP::Gfp score of each sRNA by the OMP::Gfp control 
score.  
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