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Abstract 

The bacterial pathogen must sense and respond to a non-host versus host environment. Often, 
this is achieved via temperature regulated RNA translation. Molecularly speaking, this regulation 
has been attributed to secondary structure of mRNA controlling ribosome access to the 
ribosome-binding site.  The focus of this research project was one thermoregulated gene in the 
pathogen enterohemorrhagic Escherichia coli (EHEC).  Bioinformatic analysis predicted the 
gene pflB in EHEC would form a posttranscriptional secondary mRNA hairpin structure that 
occludes the Shine Dalgarno sequence at lower temperatures (non-host setting), but will not form 
this structure in higher temperature environments (host setting). Additional proteomic analysis 
identified a fourfold increase in PflB concentrations in host-temperature environments of 37°C, 
compared to non-host temperature environments of 25°C. pflB is predicted to encode the enzyme 
pyruvate formate-lyase, which is involved with  metabolizing mixed-acid fermentation 
intermediates such as pyruvate and phosphoenolpyruvate. However, role of this gene in relation 
to colonization of a host has not been comprehensively determined. My goal was to design a 
vector to disrupt this gene in the chromosome of an EHEC strain. Upon successful disruption of 
this gene, one could investigate any phenotypic changes in colonization abilities or other changes 
characteristic of virulence in EHEC. 

 



Introduction 

The ubiquitous bacterium must sense and respond to changes in environmental conditions in 
order for basic survival1. The bacterial pathogen must do this, and in addition must sense and 
respond to a non-host versus host environment1. Often, this is achieved via temperature regulated 
RNA translation1. Molecularly speaking, this regulation has been attributed to secondary 
structure of mRNA controlling ribosome access to the ribosome-binding site1.  These RNA 
thermometer molecules self base pair at lower temperatures which prevent access by the 
ribosome rRNA to the ribosome binding site. However, in increased temperature settings, an 
open conformation is adopted and the ribosome can bind and translate the message effectively.  
For example, the expression of PrfA, the global regulator of virulence genes in pathogen Listeria 
monocytogenes, is regulated by mechanisms including an RNA thermometer2. Another example 
includes the fourU RNA thermometer regulation of ShuA in pathogenic Shigella dysenteriae and 
homolog ChuA in pathogenic Eshericia coli; each of these genes is essential for iron uptake from 
the host, required for survival and subsequent virulence3.  

We were interested in thermoregulated genes in the pathogen enterohemorrhagic Escherichia 
coli (EHEC).  Bioinformatic analysis by fellow researchers in this research group have predicted 
the gene pflB in EHEC will form a  post transcriptional secondary mRNA hair pin structure that 
occludes the Shine Dalgarno sequence at lower temperatures, but will not form this structure in 
higher temperature environments. Additional proteomic analysis again by fellow researchers 
identified a fourfold increase in PflB concentrations in host-temperature environments of 37°C, 
compared to non-host temperature environments of 25°C (in minimal M9 media supplemented 
with glucose and PflB concentrations measured at midlog phase). pflB is predicted to encode the 
enzyme pyruvate formate-lyase, which is involved with  metabolizing mixed-acid fermentation 
intermediates such as pyruvate and phosphoenolpyruvate4. However, role of this gene in relation 
to colonization of a host has not been comprehensively determined. My goal was to design a 
vector to disrupt this gene in the chromosome of an EHEC strain previously used in this 
laboratory, as well as an isolate from a patient at the University of Arizona Medical Center. 
Upon successful disruption of this gene, one could investigate any phenotypic changes in 
colonization abilities or other changes characteristic of virulence in EHEC. 

 

 

 

 

 

 



Materials and Methods 

Strains, plasmids, gene cassettes and media. EHEC chromosomal gene sequencing data of the 
pflB region was taken from National Center for Biotechnology Information database. All strains 
used in this project had been isolated and used by fellow researchers in this laboratory prior to 
my use. Each strain genotype is given below in table one. Non-polar gene disruption (knock-out) 
vector backbone was derived from parental plasmid vector originating from studies lead by 
researchers at the University of Edinburg, referred to as pTOF245. This plasmid contains the 
following characteristics: a temperature-sensitive replication protein (repAts), preventing 
replication above 42°C; a chloramphenicol antibiotic resistance marker for selection, Cm (cat); a 
kanamycin antibiotic resistance marker also for selection, Kan (aph); and a counterselective 
marker encoding the enzyme levan sucrose (sacB) that produces a lethal product in E. coli cells 
grown in the presence of sucrose. Cells bearing this plasmid would thus be chloramphenicol and 
kanamycin resistant, and sucrose sensitive. This can be visualized in figure 1. 

The kanamycin resistance gene used in this parental plasmid construct was cloned such that 
mutations deriving from its insertion into a chromosome would have polar, downstream genetic 
effects. This was not ideal for the single gene knock out strategy used in this project, so a 
different kanamycin cassette was used to preserve expression of downstream genes. This was 
obtained from a partner research group (Kinnik, et. al). pTOF24 also contains a variety of 
restriction enzyme sites, of which BamH1 and PstI were used for this research project. These 
digest regions of the plasmid backbone flanking the original kanamycin cassette (generating the 
polar effects) and were utilized to remove this gene from the vector. Prior to manipulation of the 
parental pTOF24 kanamycin cassette, the plasmid was tested for its temperature sensitivity and 
selective and counterselective properties, which were confirmed.  

All strains were grown in Luria-Bertani (LB) medium (Miller; Difco tryptone, 1%; Beta Lab 
yeast extract, 0.5%; NaCl, 1%) with appropriate selection and growth temperatures. Kanamycin 
and chloramphenicol were at concentrations of 60 and 34 mg/ml, respectively. For 
counterselection, sucrose was added to a final concentration of 5%.  

 

 

 

 

 

 

 



Figure 1: Parental Plasmid Knock-Out Vector, pTOF24 

 

Table 1: Relevant Genotypes of Bacterial Strains Used  

Strain Genotype or Characteristics DNA Fragment  Method of Isolation 
VK246 EHEC bearing pTOF24 

plasmid 
pTOF24 parent vector Plasmid Midi-Prep, 

spin column 
VK020 EHEC O157Δstx Chromosome generated 

N and C fragments 
Total genomic DNA, 
spin column 

VK156 EPEC ΔespZ bearing EAF 
plasmid 

Chromosomal 
Integrated Kanamycin 
Cassette 

Total genomic DNA, 
spin column 

 

Cloning and DNA Manipulation. The knock out strategy was formulated using constructs to be 
compatible with In-Fusion protocols (ClonTech). In-Fusion uses a strategy of complementary 
base pair overlaps to ligate DNA molecules. Usually, these ligations are performed using two 
total DNA molecules, vector and insert. However, this project modified the original protocol to 
ligate four DNA molecules in order to construct the knock-out vector.  

Purified plasmid DNA of pTOF24 was digested with BamH1 and PstI to remove the undesired 
kanamycin cassette, and used as the linear vector backbone in the In-Fusion reaction. Gene 



sequences immediately upstream and downstream of pflB, referred to as the “N-Terminal” and 
“C-Terminal” DNA molecules respectively, were amplified from EHEC chromosomal DNA, and 
served as two additional molecules to be used in the In-Fusion reaction. The final DNA molecule 
in the In-Fusion ligation was the kanamycin cassette generating non-polar gene effects upon 
insertion, and this was amplified from an E. coli strain, as mentioned above, originating from 
research collaborators (Kinnick, et. al). PCR primer design and amplification of the DNA 
molecules for the knock-out vector was performed in order to generate these complementary 
base pair overlaps in each of the four DNA molecule fragments used.  Each DNA molecule was 
amplified with primers to ultimately contain end sequences compatible with the two other 
molecules to be ligated with, such that the final construct would be circularized plasmid 
consisting of: vector backbone, N-Terminal, kanamycin cassette, and C-Terminal. In-Fusion 
reaction was then performed to ligate these DNA molecules. The construct can be visualized 
below in figure 2.  

Figure 2: In-Fusion Reaction Method 

      

N terminal, C terminal and kanamycin cassette DNA fragments were obtained via chromosomal 
DNA spin column isolation and purification protocols (Qiagen). These DNA fragments were 
amplified using the primers as described in table 2 with PCR utilizing Phusion polymerase to 
avoid unwanted additions of nucleotides at the ends of the DNA molecule fragments and 
according to the PCR parameters described in table 3, with 30 total cycles.  

Kan 
cassette 

N- terminal C-terminal 

EHEC chromosome  

 

pflB 

pTOF24, BamHI, PstI digested 

Key: N terminal and C terminal indicate the 5’ and 3’ ends, 
respectively, of the gene to be disrupted. Arrows indicate 
primer biding and amplification patterns. Extraneous genes 
present in the EHEC chromosome and on the pTOF24 
backbone are not shown for simplicity. 



Table 2: Primers Used in DNA Fragment Amplification PCR 

Primer Sequence 
N-outside PflB TCTCGGTACCCGACCCGAGTTACGGGCCTATAAGC 
N-inside PflB AGTTAGTCACCCGGGCATTCTGCCAGTCACCTTTG 
C-inside PflB ATAATGACCCGGGCTCTGACCATCCGTGTATCTG 
C-outisde PflB CCGCTCTAGAGGATCGAATACCTTTCACGCGTTCC 
Kan-forward CCCGGGTGACTAACTAGGAG 
Kan-reverse AGCCCGGGTCATTATTCCCTC 
 

Table 3: PCR Parameters 

Cycle Step Temperature Time (minutes) 
Initial Denaturing 98°C 2:00 
Cycle Denaturing 98°C 0:15 
Cycle Primer Annealing 64°C 0:15 
Cycle Extension 72°C 1:00 
Final Extension 72°C 7:00 
 

Parental pTOF24 plasmid DNA was obtained using plasmid midi-prep isolation and purification 
spin columns (Qiagen). This circularized plasmid was digested with BamH1 and PstI restriction 
enzymes using fast digest method (Thermo) and was purified using gel purification or enzyme 
clean up spin columns (Qiagen). In-Fusion protocol was followed as described by manufacturer 
(ClonTech), with slight modifications made in ratios of DNA fragment molarities added in order 
to obtain relatively equimolar fragment concentrations. In-Fusion reaction parameters are 
presented in table 4, with a 15 minute incubation at 50°C. 

Table 4: Infusion Reaction Parameters 

Reaction Component Volume (µL) 
Water 1 
NpflB Fragment 0.55 
CpflB Fragment 0.9 
Kanamycin Cassette Fragment 0.55 
pTOF24 backbone 5 
In-Fusion 5X Reaction Buffer and Enzyme Mix 2 
 

Transformations. Transformations were performed in chemically competent E. coli DH5α 
(Invitrogen; VWR). 2.5µL of In-Fusion reaction mixture was added to competent cells, and 
transformation protocol described by the manufacturer was followed. Recovery of transformants 
prior to selection was done in the SOC medium provided by the manufacturer.  



PCR and Gel Electrophoreses result confirmations. Colony PCR screens of suspected 
transformant colonies were performed amplifying the kanamycin cassette region of the knock-
out vector, using the same primers defined above. DNA template for this reaction was the 
isolated chromosomal DNA bearing the kanamycin cassette originally (strain VK156, table 1), 
and the same PCR parameters that were used when amplifying original DNA fragments (table 3) 
were used in this confirmation.  

All gel electrophoreses procedures were performed on 1% agarose gels stained with ethidium 
bromide and treated with 100 volts for one hour. DNA ladder used in each gel was QuantiMarker 
1kb (GeneMate).  

In order to preserve suspect transformants while performing screens, monoclonal populations 
were frozen in 10% glycerol LB solution and stored at -80°C.  

Results 

As described above, pTOF24 backbone was double digested with BamHI and PstI to remove the 
polar disruption generating-kanamycin cassette (1,240bp). The remaining backbone without the 
kanamycin cassette is 5,657bp, and this was subsequently gel purified. DNA concentration of 
this backbone was similarly quantified via gel electrophoresis, visualized in figure 3. 

Figure 3: Gel Electrophoresis of linearized pTOF24 backbone for In-Fusion Reaction 

 

 

PCR generated N terminal, C terminal, and Kanamycin cassette fragments were amplified 
according to parameters described in table 3 and quantified via gel electrophoresis and image J 
software. Figure 4 depicts this quantification.  
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Figure 4: Gel Electrophoresis of DNA Fragments for In-Fusion Reaction 

 

The first In-Fusion reaction (table 4) and subsequent transformation did not generate successful 
transformants bearing knock-out vector. Despite contributing no potential transformants, a 
portion of the remaining In-Fusion reaction mixture was visualized via gel electrophoresis. One 
band was about 3,000 base pairs in length, corresponding to a DNA molecule fragment ligating 
the N fragment, kanamycin cassette and C fragment (2,919bp). This fragment was excised from 
the gel and purified using spin column isolation and purification procedures (Qiagen).  

A subsequent In-Fusion reaction was performed ligating this 3 piece DNA fragment insert with 
the original pTOF24 linearized backbone, with the only modifications in reaction parameters 
resulting from changes in DNA concentrations added (about 50ng of DNA per fragment: 1.34µL 
pTOF24 backbone and 2µL of N-Kan-C fragment; 4.66µL water; 2μL of In-Fusion 5X Reaction 
Buffer and Enzyme Mix). The same transformation parameters were followed. This attempt 
generated six suspect transformant colonies. Difficulty in generating a confirmatory positive 
control result in the initial transformant colony screen lead to freezing these suspect 
transformants to preserve potential knock-out vector while optimizing the positive control.  
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Discussion and Future Directions 

The In-Fusion ligation reaction used in this research project offered an alternative approach to 
traditional ligation procedures. This method attempted to reduce the ligation procedures required 
from conventional cloning of one DNA fragment at a time into the knock-out vector (for a total 
minimum of three ligations in this construct design in order to add the four molecules) to one 
ligation reaction. While this ambitious technique did not yield a knock-out vector the first 
ligation attempt, a three piece fragment was made. This was largely dependent on optimizing 
initial DNA molecule concentrations to be ligated using In-Fusion; largest possible DNA 
concentrations should be utilized in the reaction mixture, with as close as equimolar ratios added 
as possible. The three piece fragment cloned into the desired knock-out vector construct can be 
visualized below, in figure 5. 

Figure 5: Generated Three Piece Fragment in Relation to Target Vector Construct 

 

Future directions include confirming if suspect transformants do in fact bear the knock-out 
vector. One way this can be done is using a PCR approach that utilizes primers that bind inside 
the kanamycin cassette and on the pTOF24 backbone. Upon isolating the plasmid DNA from 
transformants as template for the PCR reaction, and amplifying using PCR with aforementioned 
primers, this amplified DNA fragment can confirm the presence of the non-polar kanamycin 
cassette in the knock-out vector, its orientation, and the presence or absence of the flanking N-
terminal and C-terminal regions. 



Another method to confirm the presence of the knock-out vector could be using a restriction 
fragment length polymorphism (RFLP) strategy that utilizes restriction enzymes to digest the 
fragments ligated together in In-Fusion in a confirmatory method. Again, isolating plasmid DNA 
from the suspected transformants would be required prior to RFLP analysis. Additionally, one 
would need to identify a different restriction enzyme target site for each fragment (present inside 
the Kanamycin cassette, the N-terminal fragment, and the C-terminal fragment) that is also 
present in the original pTOF24 backbone without insert. In this manner, digesting the knock-out 
vector with the desired construction, in three separate restriction enzyme reactions, would yield 
two DNA fragments in each case. Using these same three enzymes, in three separate digestions, 
digestion of the original parental pTOF24 vector would yield only one fragment in each case 
(linearized pTOF24).  

If any or all of these suspect transformant strains do in fact bear the knock-out vector, the project 
could continue with the disruption of pflB in EHEC. Introducing this vector into the EHEC strain 
of interest would require a transformation procedure (electroporation, conjugation, etc.). 
Subsequent utilization of the characteristics of the knock-out vector through a series of selection 
and counterselection procedures to ensure homologous recombination of the kanamycin cassette 
into the chromosome could effectively disrupt pflB. Subsequent challenge of this knock-out 
strain in a relevant animal model, in comparison to wild type, could offer insight on the role pflB 
plays in intial colonization, disease progression, and pathogenicity in EHEC. 
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