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Abstract
Though known to be a member of various regulons, any putative -35 and -10 sequences the nfsB gene have solely been identified on the basis of consensus sequences. In an attempt to further characterize the nfsB gene regulatory sequences, two methods were used; RT-PCR and Primer extension coupled with a sequencing reaction. The results from the RT-PCR allowed for the narrowing down of the location of the 5’ end of the nfsB transcript since only the F3, RO1 and RO4 forward primer gave PCR products. As for the Primer extension reaction, the results though each method support each others results, were unclear as to where the promoter resided.
Introduction

In previous experiments the two nitroreductase genes, nfsA and nfsB, were identified and cloned and their gene products, NfsA and NfsB were biochemically characterized (5). The next step in gene characterization would be to examine the regulation of the gene (2). Both the nfsA and nfsB genes from E.coli have been shown to be members of the soxRS as well as mar/sox/rob regulon (1). The regulatory sequences of the nfsA gene have recently been identified (1). What is know so far is about the nfsB that the nfsB promoter is classified as Class II, because the cis-recognition Marbox 2 element, for the MarA regulatory protein, overlaps the -35 hexamer with a forward orientation, similar to nfsA except that its marboxes are upstream of the -35 recognition site (1).
The intent of this experiment is to Characterize the nfsB gene by identifying its regulatory sequences, specifically the putative marbox promoter sequences, by mapping the 5’ end of the nfsB transcript using RT-PCR and Primer extension (2). 
Materials and Methods
4.1 Isolation of total RNA. Frozen E. coli cells were provided for the RNA extraction. The cells were grown to an OD giving less than 109 cells per mL and then pelleted and resuspended in TE. This suspension was frozen in liquid Nitrogen and stored at 20ºC. Once thawed, 4 μL of lysozyme (10 mg/mL) was added to the cells and the suspension was left for 5 min. 350 μL of RLT (patented component of Qiagen RNeasy containing β-mercaptoethanol and guanidinium thiocynate) buffer was added followed by vigorous vortexing. After insoluble material formed, the suspension was spun down for 2 min at 8000 RPM and the supernatant was transferred to a clean tube. 250 μL was then added and mixed in by gentle pipetting. The supernatant and any precipitates was poured into the RNeasy column packaged with a 2 mL microfuge tube which was then centrifuged for 15 sec at 8000 RPM, after which the flow-through was discarded. 500 μL of RPE buffer (buffered ethanol) was transferred to the column, followed by a 2 min 8000 RPM spin and flow-through discarding. After centrifuge spinning for 1 min at 8000 RPM to completely dry the column, it was transferred to a special RNase free tube supplied with the kit. Then 50 μL of DEPC treated dH2O was added column followed by a 1 min spin to collect the RNA. 
Quantifying nucleic acid by spectrophotometry. 100 fold dilution was made of the RNA with dH2O and then transferred to the Ultra spec, which was set to 260 nm and zeroed with dH2O, to read the OD. The quantity of RNA was calculated using the following equation: conc. of RNA (μg/μL) = 33 μg/mL x OD x 0.5 mL/5μL. The RNA was then stored at -20ºC for subsequent use.

RT-PCR. DNase treatment. 2 μL of RT-PCR buffer and 1 μL of DNase (10 unit/ μL) was added to a microfuge tube containing 7 μL of the RNA which was then incubated for 1 hour at 37ºC. After heat inactivating the enzyme for 10 min at 70ºC the tube was quick spinned and put on ice. cDNA synthesis. The 5 μL of treated RNA was combined with 1 μL of RT-rev primer (20 pmol/ μL) in a sterile microfuge tube and then heated for 5 min at 70ºC and then quick chilled on ice. After 5 min on ice, 2 μL of 5X reaction buffer ( 250 mM Tris-HCL, pH 8.3, 250 mM KCl, 250 mM MgCl2, 50mM dithiothreotol (DTT)), 1 μL of dNTP (10mM) and 0.5 μL of Ribonuclease inhibitor ( 20 units/ μL) was added followed by 5 min of incubation at 37ºC. 0.5 μL of M-MuLV was added and incubated for 60 min at 42ºC followed by 10 min of 70ºC heating and finally storage at -20ºC. PCR Reaction. Two sub-mixes, A and B were prepared. Sub-mix A consisted of PCR buffer (2 mM Tris-HCl (pH 9) 10 mM KCl, 1% Triton-X), 3.9 mM MgCl2, Taq polymerase (0.17 units/ μL) and PCR dH2O for a final volume of 100.5 μL and then kept on ice. Sub-mix B consisted of dNTPs (0.4 mM each), RT-rev primer (1.3 pmol/ μL) and dH2O for a final volume of 90 μL. 30 μL of Sub-mix B was transferred to 3 respective microtubes to which 3 μL of either cDNA, genomic DNA and DNase treated RNA were added to a respective tube and then mixed and quick-spinned. Sets of 3 PCR tubes were filled with 9 μL from their respective sub-mix B template suspensions to which each triplicate set was added 1 μL from one of either F3, RO5 or RO7 forward primers (see Figures 2 and 4 ). 9 μL of sub-mix A was added to each PCR tube. The PCR consisted of 1 cycle of 1 min at 94ºC; 30 cycles of: 30 sec at 94ºC, 30 sec at 56ºC and 30 sec at 72ºC; 1 cycle of 5 min at 72ºC; and then hold overnight at 4ºC. Agarose gel. 5 μL of loading buffer (30% glycerol, 5 mM EDTA (pH 8.0), 0,025% bromophenol blue, 0.025% xylene cyanol) was added to each reaction. One PCR tube was prepared with 5 μL loading buffer and 2μL of a 1Kb ladder standard DNA. The 10 μL (except for the 7 μL  1Kb ladder) samples were run on an 1.5% agarose gel buffered with 1 x SB  (10 mM NaOH, 40mM H3BO3, pH 8.5) and run at 200 volts until the tracking dye was 3cm from the end of the gel. The gel was then stained in EtBr for 5 min and destained in dH2O then the gel was photographed.

Primer Extension. End labelling primer. 1.8 μL (9 pmol) of the extension primer was transferred to a sterile PCR tube to which 1 μL of 10X T4 polynucleotide kinase buffer, 2 μL of γ33P-ATP and 1 μL of diluted T4 polynucleotide kinase was added followed gentle mixing with a pipette tip. The tube was incubated for 1 hour at 37ºC then heated to 70ºC for 10 min followed by storage at -20ºC. Primer extension (cDNA synthesis). 5 μL of RNA was transferred to a sterile microfuge tube to which 1 μL (4.5 pmol/ μL ) of Prx primer was added and the tube was incubated for 5 min at 70ºC and then quick chilled. 0.5 μL of RNase inhibitor (Boehringer), 1 μL dNTP (10 mM) and 2 μL  of 5X M-MuLV buffer ( 250 mM Tris-HCL, pH 8.3, 10 mM KCl, 250 mM MgCl2, 50mM DTT) was added followed by 5 min of 37ºC incubation. 0.5 μL of M-MuLV reverse transcriptase was then added followed by 1 hour of incubation at 42ºC. 3 μL of sequencing gel loaded next to reaction ladder prepared with same primer.

Sanger dideoxy chain termination sequencing. 4 tubes labelled A, G, T and C were filled with 2.5 μL of their corresponding termination reaction. Annealing rxn. To a microfuge tube, 1 μL of primer (10-20 pmol) with 7 μL DNA (1-5 μg) was added after which the tube was placed in a boiling bath for 5 min. The tube was directly added to an ice slurry. Labelling rxn. Ice cold solutions of 2 μL sequenase buffer, 1 μL of DTT, 2 μL of dideoxy NTPs was added to the DNA. The A, G, T and C termination tubes were prewarmed for 5 min at 37ºC, during which 0.5 μL α-35S-thio-dATP was added to the annealed DNA. 2 μL diluted sequenase enzyme was added followed immediately by tap mixing and a quick spin. Termination rxn. 3.2 μL of the labelling reaction (?) was added to each of the A, G, T and C termination tubes, followed by pipette mixing 3 times and then incubation for 5 min at 37ºC after which 3 μL of loading buffer was added. The tube was tap mixed, spun down and stored at -20ºC. running the sequencing gel. The gel was run at 60 watts for 30 min with 1X TBE buffer (89 mM Tris, 89 mM Boric acid, 2.5 mM EDTA, pH8.3). The samples were denatured for 3-5 min at 90º, during which the gel power pack was turned off and any urea was flushed from the well 3 times. The samples were loaded and the gel was run at 60 watts for 2 hrs. After drying and covering the gel was autoradiographed overnight.
Results

Concentration of RNA (μg/μL) = 33 μg/mL x OD x 0.5 mL/5μL

   = 33 μg/mL x 0.074 x 0.5 mL/5μL

   = 0.24 μg/μL
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Fig 1. Agarose gel electrophoresis of RT-PCR DNA. Lane order: (1) F3 primed Dnase treated RNA (negative control) (10 μL), (2) RO5 negative control, (3) RO7 negative control, (4) 1Kb ladder (7 μL), (5) F3 primed cDNA, (6) RO5 cDNA, (7) RO7 cDNA, (8) F3 primed E. coli gDNA (positive control), (9) RO5 gDNA, (10) RO7 gDNA.
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Fig 2. Primers used in RT-PCR and their respective primer site locations on genomic E.coli DNA.
Table 1. RT-PCR results.
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	cDNA
	DNase treated RNA
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Fig 3. Sanger dideoxy chain termination Sequencing and Primer extension gel. The red box incidcates the larger extension product primed by PrxB1. The two green boxes indicate the same sequences and their shift in position between the different primer groups, PrxB1 on the left (groups 9, 7, 3 and 1) and PrxB2 on the right (8, 6 and 2). The pink box indicates the PrxB2 extension product. The yellow box indicates a product of another mRNA.
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Fig 4. DNA sequence of the nfsB upstream region (including ybdJ), its coding region (in bold) as well as primer complimentary sequences, their location and orientation (2).
In the gel electrophoresis of the RT-PCR products (Figure 1.), we obtained bands of sizes around 400bp in lanes 5 and 8 coresponding only the forward F3 primer. Another band was produced in lane 8 which was beyond the 1Kb ladder range.
The sequence I obtained by reading the nucleotide sequence on the gel bottom to top (Figure 2.) was as follows in Figure 5.
5’AGGCGACAGAAATGATATCCATAAAGACTCCATGTGAAAGCAATTTTGCGTGCCAGCAGATTACAAGGTTCAACGGAGAAATGGTAAACGAGAAAATCGCTATAGATCGCTGCTGACCTTCGTGCA 3’
Fig 5. The sequence obtained via Sanger dideoxy chain termination sequencing (fig 3) using PrxB2 as primer.
Discussion


Unfortunately it really isn’t clear from the results above where the putative promoter is, each 5’ mapping technique will be described and scrutinized for any possible procedural modifications to clarify the results. However, I am quite pleased that the both methods used did support each other quite well. Looking at Figure 5, the sequence obtained from the Sanger dideoxy chain termination reaction (Figure 3), contains the F3 forward primer sequence (TGATATCCA), -10 (AGATTA) and -35 (ATGGTAA) sequences of the putative promoter are also present. As for nucleotide “G” of the 5’ end of the transcript (Figure 5) that the sequencing showed comigrated with the primer extension cDNA sets the +1 Site in accordance to what the -10 and -35 promoters indicate in Figure 4.
The principle of RT-PCR is basically converting RNA (from E.coli) ezymatically to a single stranded complementary DNA template. Using a oligodeoxynucleatide (RT-rev) reverse antisense primer is hybridized to the mRNAS and is then extended using a RNA dependent DNA polymerase (M-MuLV reverse transcriptase) to create a cDNA copy that can be amplified by PCR. Due to the nature of the experiment, the forward primer F3 was designed to our particular nfsB gene to be used in gene specific priming, the synthesis of the second strand is primed with the forward sense primer. Amplification of cDNA then continues in the presence of both forward and reverse primers (2). The obvious limitation is that RT-PCR can only localize the 5’end to a small region, though it is simple to use because it doesn’t require the addition of radioisotopes or a sequencing reaction (2).
Positive and negative controls that were included in this experiment should definitely be there to provide a means to measure the overall efficiency of the reverse transcriptase and amplification, and to provide some indication of the quality of the RNA preparation. Negative controls are generated by omitting essential components of the RT stage of RT-PCR, in this experiment we used DNase treated RNA as our negative control template. Positive controls require standards that can be transcribed in cDNA and amplified in parallel with authentic target sequence, in this experiment we used genomic DNA from E.coli as our positive control template (3).
If there was a strong transcription start site, one would expect that the M-MuLV would bind more readily to the site. If that was the case I would expect to see bigger PCR products produced by F3. I wouldn’t expect products from RO5 and RO7 because they are not complenmentary with any sequence on the nfsB mRNA transcript (Table 1.).
Unfortunately the Moloney strain of Murine is prone to error because it lacks an editing 3’-5’ exonuclease (3). Also because of its Km values, which in the millimolar range, for their dNTP substrate, it is essential to include a high concentration of dNTP’s in the reaction to ensure complete transcription of template RNA’s (3). Because M-MuLV reaches its maximum activity at 37ºC could also be a disadvantage if the RNA template has a high degree of secondary structure. The Murine enzyme also has a weak RNase H activitiy that can digest the RNA portion of the RNA-DNA hybridization and cleave the template near the 3’ terminus of the growing cDNA strand if the reverse transcriptase M-MuLV pauses during synthesis (see Figure 1) (3). Commericially available variants of murine, lacking the RNase H activity and can synthesize cDNA at higher temperatures (up to 50ºC), such as Superscript from Life Technologies or Stratascript from Stratagene, could be used to avoid this possible source of false conclusions.
In this experiement we used the RT-rev primer to generate cDNA was also used as the antisense primer in PCR amplification stage of the RT-PCR. However, specificity of the amplification could be improved by using an antisense primer that binds to an upstream sequence of the target mRNA transcript (3).

Poor yields of results of false negatives could be due to inefficient cDNA synthesis or ineffective PCR amplification parameters of the PCR. For the former, Sambrook suggests checking the integrity of the RNA preparation by electrophoresis through a gel containing formaldehyde. Also test for possible inhibitors that may be present in the preparation of RNA by mixing varying amounts of the prep with a control and compare the yields of cDNA. If the heat inactivation step was insufficient any contaminants in the murine enzyme which could lead to a decreased efficiency of the PCR amplification reaction can be removed by purifying the cDNA strand produced in RT by extraction with phenol and chloroform followed by ethanol precipitation. Other parameters such as the amount of MgCl2 that the reverse transcriptase needs or the ratio of primer to template could be altered (3). Sambrook suggests a way to investigate the latter by setting up a series of reactions using different amounts of cDNA template and after finding the optimum concentration other parameters of PCR could be played around with such as the Mg2+ concentration, altering annealing temperatures can be optimized systematically (3). Remember too that perhaps we could be getting false positives due to carrying over of DNA from a previous amplification and contaminating the current one (4).

Personally I’m confident with the results that Group six obtained, since we only got RT-PCR products from only the F3 primer (Figure 1.). Looking at Figure 4 and Figure 5, it would make sense that only F3 would have complementarty sequences downstream of the start site, while RO1, RO4, RO5 and RO7 have theirs upstream and wouldn’t anneal and not have a PCR product (2). However there were PCR products for RO1, RO4 and RO5 in the other groups.
The principle behind Primer extension begins with a preparation of mRNA is first hybridized with excess single stranded oligodeoxynucleotide primer (PrxB2), radiolabelled at its 5’ terminus and complementary to the target RNA. The primer is then extended using a reverse transcription enzyme (M-MuLV) and the resulting cDNA is equal in length to the distance between the 5’ end of the primer and the 5’ terminus of the RNA.

Running a DNA Sanger dideoxy chain termination sequencing reaction using the same PrxB2 extension primer, and by reading the size of the primer extension product against the ladder, the 5’ end of the target nfsB mRNA can be mapped to a particular base pair (3).
The reason for using two primers, that hybridize to regions of mRNA separated by a known distance, is that primer extension results that differ in size by an amount equivalent to the distance between the two primers provides a confirmation of the results.
From the results that we got in Figure 3, shows both primer extension products differed by 16 nucleotides from each other.
In our experiment we generated two classes of extension products, full length cDNA and reverse transcripts that are one or two bases shorter or are much larger. These could be the result of sequence heterogeneity at the 5’ end of the mRNA’s resulting from more than one transcription start site. Alternatively shorter products may result from premature termination of the extension reaction. The larger products observed in this experiment are probable the products of other mRNA’s ( Figure 3).
Sambrook states that the presence of larger than ten fold excess over target mRNA quantities of primers may also result in non-specific binding and the appearance of artificial bands (3). Sambrook suggests carrying out pilot reactions using a constant amount of RNA with different amounts of primer. The annealing temperature can also affect the quality of the primer extension results, again Sambrook suggests finding the optimal priming temperature in preliminary experiments. Also the primers themselves can be purified through Sep-Pak chromatography and by gel electrophoresis (3).
In addition to the firefly enzyme luciferase employed by Barbosa et al. another approach to identifying promoters and/or +1 sites would be to use the CAT assay. CAT refers to the bacterial enzyme, chloramphenicol acetyl-transferase, which is of course confers resistance to the antibiotic chloramphenicol. The enzyme works by transferring an acetyl group from acetyl-coenzyme A to chloramphenicol which inactivates the ability of the antibiotic to bind and inhibit prokaryotic ribosomes. For this experiment we could place our E.coli putative promoter region upstream of the coding region of the CAT gene and resulting plasmid could be transfected into the E.coli cells. After allowing expression over a period of time, CAT activity is measured using one of the assays of the CAT protocol. A linear relationship should arise between the amount of CAT activity and the level of transcription of the transfected construct. By making mutations in the putative promoter DNA fragment and assaying the ability of the mutant constructs to direct the synthesis of CAT activity after transfection, it is thereby possible to define the regulatory sequences in the DNA (3).
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