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Abstract 

Pseudomonas aenrginosa chronic lung infection is the leading cause of 

mortality in cystic fibrosis (CF) patients. It has become evident that P. 

aeruginosa is equipped with mechanisms which allow it to survive rigorous 

antibiotic treatment regimens. Our goal was to investigate the efficacy of using 

RNA arbitrarily primed polymerase chain reaction (RAP-PCR) to detect antibiotic 

regulated genes from sputum samples. It was detenined that RAP-PCR using 

low GC primers was useful for fingerprint production frorn sputum RNA. and that 

these fingerprints showed differentially expressed products. However, use of the 

low GC primen did not yield products that could be proven to have originated 

from P. aeruginosa. Attempts to select for P. aeruginosa transcripts with high 

GC primers resulted in unacceptable levels of background products. It was 

concluded that RAP-PCR of sputum RNA does not lend itself to use with high 

GC primers, which may be necessary to clone P. aeruginosa transcripts. 
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Chapter 1 

Introduction 

1.1 Cystic fibrosis 

1.1.1 Genetic Oefect and Disease Manifestations 

Cystic fibrosis (CF) is a genetic disease that affects approximately 1 in 

2500 children bom of European descent (Boat et al., 1989). The gene 

responsible for CF has been identified and is located on chromosome 7 (Kerem 

et al., 1989; Riordan et al., 1989; Rommens et al., 1989). lt was also found that 

the most prevalent mutation, called bFso8, is a 3 bp deletion from the gene's 

coding sequenœ and is present on 68% of CF chromosomes (Kerem et al., 

1989). Based on the coding sequence of the gene, it was predicted that the 

protein product had propertÏes required for association with cell membranes and 

for the binding of nucleotides (Kerem et al., 1989; Riordan et al., 1989). The 

protein has since been named the cystic fibrosis transmembrane conductance 

regulator, or CFTR (Riordan et al.. 1989). 

The CFTR protein has been shown to be a chloride channel as it will 

facilitate the rnovement of chloride ions across artificial cell membranes (Bear et 

al., 1992). Defects in this protein will disrupt the normal transport of ions in 

epithelial cells as was predicted based on studies by Knowles et al. (1983) 

dealing with chloride and sodium transport in nasal epithelium. The defective 

step in CFTR production for most genotypes. is the processing of the protein. 



Therefore, in the majority of cases the protein is degraded before it can reach 

the cell surface (Cheng et al., 1990). Other less prevalent situations include the 

production of unstable or shortened mRNA. improperly regulated CFTR, or 

CFTR with altered ion conduction abilities welsh and Smith, 1993). 

The fact that CFTR is responsible for chloride transport provides the 

information that links together the nurnerous manifestations of the disease. An 

important feature of the disease is the thick mucous secretions that are found on 

epithelial surfaces. These secretions are a result of insuffÏcient chloride 

transport which leads to a build up of chloride within epithelial cells. An influx of 

sodium ions from the epithelial surface occun in order to balance the charge of 

the excess chloride ions. It is believed that water from the lumen is then 

absorbed by the cells to balance the salt concentrations, thereby leaving the 

mucous in the lumen very thick (Davis et al., 1996). 

Thick secretions are responsible for the blockage and impaired fundion in 

various organs of the body. Many CF patients are rendered infertile by mucous 

plugs that block ducts in the reproductive organs (Welsh and Smith, 1995; 

Steen, 1997). Digestion becomes difficult due to plugging of ducts in the liver 

and pancreas and also obstruction of the small intestine (Welsh and Smith, 

1995). However, in 78% of cases, the cause of death in CF patients is 

cardiorespiratory disease (FitzSimmons. 1993). Thick mucous accumulates in 

branchial tubes and bronchioles and cannot be removed by ciliary action (Wielsh 

and Smith. 1995). It is speculated that this allows for bacteria within the mucous 



to multiply and colonize the aiiway (Davis et al.. 1996). Infection leads to the 

recruitment of immune cells, which in an attempt to kill the bacteria. release 

chernicals which can cause further lung damage. A vicious cycle ensues where 

further tissue damage allows for more bacterial colonization causing the infiux of 

even larger nurnbers of immune cells (Govan and Deretic, 1996; Boat, 1998). 

1 .i .2 Current Treatrnents 

Treatrnent for CF generally focuses on two problems (i) the accumulation 

of viscous mucous and (ii) the damage inflicted by bacterial infection in the lungs. 

Blockage of ducts in the liver and pancreas make it necessary for most CF 

patients to be supplemented with digestive enzymes (FitzSimmons. 1993). 

Traditional treatment for clearing the lungs consists of postural drainage and 

chest percussion where the patient lies with their head downward and someone 

gently pounds on their back or chest in order to loosen the mucous so that it can 

be expelled. Manual hand held devices are also in use which can increase 

sputum mobilization (Moss, 1995). The use of inhaled DNase has become 

increasingly more common as a method of liquefying the mucous, as the release 

of DNA from dying cells during chronic infection serves to intensify the viscosity 

of the mucous (Koch and Hoiby, 1993). 

Antibiotics are also now widely used to try to control bacterial infection in 

the lungs. Most CF patients become infected with Staphylococcus aureus andlor 

Haemophilus influenza at a young age (Koch and Hoiby, 1993). These bacteria 



are generally easy to eradicate with oral antibiotics. However, approximately 80- 

90% of CF patients are colonized by Pseudomonas aeruginosa (FitzSimrnons, 

1993; Koch and Hoiby, 1993), which is difficult, if not impossible, to eradicate 

from the lung (Bryan, 1989; Baker et al., 1991; Pedenen et al., 1992). 

Tobramycin (an aminoglycoside), ceftazidime (a cephalosporin) and ciprofloxacin 

(a fluoroquinolone) are commonly used by CF patients to control damage 

inflicted by P. aeruginosa (Kucers and Bennett, 1 987). 

In response to the bacterial infection, the patient's immune system also 

inflicts damage within the lungs through the release of chernicals designed to 

attack the pathogens (Moss, 1995). Inflammation serves to restrict the flow of air 

in the lungs and is often treated with bronchodilaton and anti-infiammatory drugs 

(Davis et al., 1 996). 

Although these treatments are successful in prolonging the life of CF 

patients, ultimately the damage to the lungs becomes severe. Some patients 

may be candidates for lung transplants, however. most patients will succumb to 

the chronic lung disease initiated by the P. aeruginosa infection (FitzSimrnons, 

1993). It is encouraging that advances in treatment have increased the survival 

age from 14 years in 1969 to 28 yean in 1990 (FitzSirnmons, 1993). 

1.2 Virulence Factors of Pseudomonas aeruginosa 

P. aeruginosa is a Gram-negative rod that is commonly found in soi1 and 

water (Doudoroff and Palleroni. 1974). and has been cultured from hospital 



objects and food (Bodey et al., 1983). It is 

colonize immunocompromised and debilitated 

a nosocomial pathogen that can 

patients. including people with CF 

(Bodey et al.. 1983). A wide array of cell associated factors and exoproducts 

have been implicated in the virulence of P. aeruginosa and will be addressed. 

1.2.1 Cell Associated Factors 

1.2.1.1 Pili 

Adherence of P. aenrginosa to lung epithelial cells is an important event in 

the initiation of infection. Farinha et al. (1994) have shown that strains of P. 

aeruginosa which contain mutations in the region of the pilin gene responsible 

for cell binding are approximately IO-fold less virulent than isogenic parental 

strains in intraperitoneal infections of mice. Binding studies using human 

pneumocyte cells indicate that about 90% of P. aeruginosa adherence is due to 

the presence of pili (Chi et al.. 1991 ; Farinha et al., 1994). Further supporting 

evidence was the identification of P. aeruginosa mutants lacking pili in a screen 

of non-cytotoxic strains produced via transposon insertion mutagenesis (Kang et 

al., 1997). It is hypothesized that pili mediate initial binding of the bacterium to 

the host. Retraction of the pili may then bring the bacterium in close contact with 

the epithelial surface and allow other facton such as alginate, LPS and 

exoenzyrne S to f o m  an irreversible attachment (Hahn, 1997). 

The question still remains as to what factor is responsible for the 10% of 

binding which is not pilus mediated. Observations indicate that strains with 



mutations in rpoN lose al1 ability to bind pneumocytes (Chi et al.. 1991). The 

genes for non-pilus adhesions rnay be controlled by this alternative sigma factor. 

Simpson et al. (1992) have identified genetic loci through the use of transposon 

mutagenesis that rnay be involved in non-pilus adhesion, however, at this time 

the identity of these gene products remains unknown. The importance of these 

other factors has been questioned as rpoN knockouts were shown to be no less 

virulent than non-piliated strains (Farinha et al., 1994). 

1.2.1.2 Flagellum 

P. aeruginosa produces a single polar flagellum that is important for 

motility (Doudoroff and Palleroni, 1974). Initial studies with bumed mice 

indicated that strains lacking the ability to synthesize a flagellum were 1000-fold 

less virulent than the wildtype (Montie et al., 1982). Subsequent studies 

detennined that the important factor is the loss of motility, rather than just the 

inability to produce a fiagellum (Drake and Montie, 1988). Mutants which were 

not motile but still produced a flagellum, were much less virulent than the 

parental strain which retained its motility. It was also found that the non-motile 

mutants showed little propensity to spread from the site of infection. In contrast, 

the parental strain was found in high numben in samples of liver and blood 

(Drake and Montie, 1988). 



1.2.1.3 Lipopolysaccharide 

Lipopolysaccharide (LPS) composition can be important in the virulence of 

P. aenrginosa. Cryz et al. (1984) were able to show that a strain with low levels 

of O-polysaccharide in its LPS had a 50% lethal dose 1000-fold higher than its 

parental strain, which expressed high levels of O-polysaccharide. Low inocula of 

the parent strain resulted in colonization of the bumed mouse, however the 

same challenge with the isogenic rough strain resulted in clearance of the strain 

by the host (Cryz et al.. 1984). Similar results were obtained by Goldberg et al. 

(1995), who by knocking out LPS synthesis genes, also demonstrated that LPS 

mutants are less virulent than strains with smooth LPS. This data seerns to 

suggest that strains with a smooth LPS have an advantage over strains with 

rough LPS in the establishment of infection. 

1.2.1.4 Alginate 

Alginate is an exopolysaccharide that is commonly produced by strains of 

P. aeniginosa isolated from the CF lung (Koch and Hoiby. 1993), however its 

exact role as a virulence determinant remains to be elucidated. A knockout 

mutant of alginate biosynthesis was shown to be no less virulent than the 

wildtype in a bumed mouse (Goldberg et al., 1995). Similarly, mutants of the 

sigma factor responsible for transcription of alginate genes, were slightly more 

virulent in intraperitoneal infections of mice (Yu et al., 1996). However, an 

increase in sensitivity to hypochlorous acid, which can be generated by 



polyrnorphonuclear leukocytes, was noted in the mutant (Leam et  al., 1987; Yu 

et al., 1996), along with a decrease in survival rates in the presence of 

macrophages (Yu et ai., 1996). This data is difkult to interpret as the alternative 

sigma factor was shown to alter the expression of at least twelve as yet 

unidentified polypeptides, which rnay account for the obtained results. An 

important point to be noted is that the studies done to date used acute models of 

infection. As alginate production is generally seen during chronic infection in CF 

patients, the data may not reflect the CF situation (Koch and Hoiby, 1993). 

Interestingly, the sigma factor mutant was adually more virulent and could be 

representative of the P. aeruginosa acute infections that often occur prior to the 

onset of chronic colonization in CF patients. 

Alginate has been shown to impede phagocytosis of P. aewginosa by 

macrophages in a rnanner dependent on its viscosity (Simpson et ai., 1988). In 

addition, binding of the bacterium to injured epithelial cells is enhanced upon 

addition of alginate, while antibodies to alginate inhibit binding of mucoid strains 

(Ramphal and Pier, 1985). 

1.2.2 Exoproducts 

1.2.2.1 Exotoxin A 

Exotoxin A (ETA) is responsible for cessation of protein synthesis in 

eukaryotic cells (Iglewski and Kabat, 1975). Mutants that do not produce €TA 

are less virulent than parental strains in intraperitoneal infections in mice 



(Miyazaka et al.. 1995). Surprisingly, ETA production does not correlate with 

epithelial cell damage and dissemination from the site of infection in rsbbits 

(Kudoh et al., 1994), and €TA knockouts were actually more virulent in acute 

lung infections in guinea pigs (Blackwood et al., 1983). Infections in CF patients 

are generally chronic and the acute models of infection often used in research 

may not reflect the CF situation. 

ETA is believed to play a role in invasion as it has been shown to be 

related to decreases in the numbers of junctions between epithelial cells thereby 

allowing passage of bacteria through the epithelium (Azghani, 1996). The 

decrease in junction proteins is probably an effect of the general inhibition of 

protein synthesis. ETA mRNA (Storey et a l ,  1992) as well as the protein product 

(Jaffar-Bandjee et al., 1995) have been detected in sputa from CF patients 

indicating that it is produced in the lung and is probably of clinical importance. 

1.2.2.2 Exoenzyme S 

Exoenzyme S is an ADP-ribosyltransferase (Iglewski et al., 1978) which is 

produced in two forms by distinct genetic loci (Yahr et al.. 1996). These forms 

are the 49 kDa ExoS (encoded by exos) and the 53 kDa Ex053 (encoded by 

exoT). Mutants of ExoS are less virulent (Nicas et al., 1985) and show reduced 

levels of dissemination from the site of acute infections compared with parental 

strains (Nicas et al., 1985; Kudoh et al., 1994). Woods et al. (1 997) have shown 

that high levels of ExoS production correlates with low LDsos. Interestingly. 



strains of P. aenrginosa which were shown to be highly invasive always 

produced ExoS, while strains with little invasiveness did not produce ExoS 

(Fleiszig et al., 1997). This observation has not yet been verified with the 

appropriate mutants, but rnay be indicative of novel functions for Exos and 

Exo53. Studies by Baker et al. (1991) suggested that ExoS rnay also have 

adhesive properties. A P. aeniginosa strain deficient in pilus production was 

capable of binding to cell cultures, and this binding could be inhibited by 

antibodies directed against ExoS (Baker et al., 1991). 

1.2.2.3 Elastase, Las A Protease and Alkaline Protease 

Elastase is a protease secreted by P. aeruginosa which is capable of 

degrading elastin (Galloway, 1991), and has been detected in the sputa of CF 

patients (Jaffar-Bandjee et al., 1995). Its proteolytic activity has been implicated 

in the destruction of tight junctions in epithelial cell monolayers (Azghani, 1996). 

Mutants deficient in elastase production have much higher LDSo values than 

parental strains in acute pneumonia of guinea pigs (Blackwood et al., 1983). 

Elastase has also been implicated in the degradation of immune system proteins 

such as complement (Schultz and Miller, 1974). 

LasA protease has been cloned as a separate entity from elastase (Schad 

et al., 1987). and is capable of enhancing the elastolytic activity of elastase 25- 

fold (Peten and Galloway, 1990). It is believed that LasA interacts directly with 



elastin and modifies it so that it is more susceptible to degradation by elastase 

(Peten and Galloway, 1990). 

Alkaline protease is another proteolytic pratein that has been shown to be 

produced in the CF lung. however, its contribution to virulence has not been well 

studied (Jaffar-Bandjee et  ai., 1 995). 

1.2.2.4 Phospholipase C 

P. aemginosa has two phospholipases, PLC-H with hemolytic activity and 

PLC-N that lacks hemolytic activity (Ostroff and Vasil, 1987; Ostroff et al., 1989). 

These enzymes may act as virulence factors by degrading cornponents of lung 

surfactant, as well as the membranes of eukaryotic cells (Ostroff and Vasil, 

1987). Strains deficient in PLC-H production are less virulent in the burned 

mouse mode1 than the parental strain (Ostroff et al., 1989). 

1.2.2.5 Pyochelin and Pyoverdin 

Pyoverdin and pyochelin are siderophores produced by P. aemginosa 

which are capable of scavenging iron from the environment (Meyer et a l ,  1996). 

It has been shown that pyoverdin can remove up to 20% of iron bound to 

ferritransferrin, while pyochelin is less efficient and will remove about 5% (Meyer 

et al., 1996). Pyochelin mutants are abie to grow in human serum at the same 

rate as wildtype cells, while pyoverdin mutants grow as poorly as cells lacking 

both siderophores (Ankenbauer et al., 1985). Another study was able to show 



that knockout mutants of pyoverdin are avinilent in a bumed mouse model 

unless they are supplemented with exogenous pyoverdin (Meyer et al., 1996). 

This data indicates that pyoverdin is important in virulence, and that pyochelin 

may only play a minor role during infection. This is consistent with the report that 

injected pyochelin c m  enhance virulence in an already virulent strain, but will 

only stimulate growth in an avirulent strain (Cox, 1982). 

1.3 Mechanisms of Antibiotic Resistance in Pseudomonas aeruginosa 

Attempts to control the damage inflicted by P. aeruginosa have relied 

heavily on the use of antibiotics. Treatment with antibiotics serves to slow the 

growVi of the bacteria. and has even been shown to inhibit the production of 

some extracellular virulence determinants (Hirakata et al., 1993; Sakata et al., 

1993). Unfortunately, it has become apparent that P. aeruginosa is capable of 

becorning highly resistant to many antibiotics. The resistance mechanisms 

which have been identified to date will be outlined in the following sections. 

1.3.1 Outer Membrane Permeability 

P. aeruginosa has an outer membrane with very low levels of permeability 

for hydrophilic solutes when compared to other Gram-negatîve bacteria (Angus 

et al., 1982; Yoshimura and Nikaido, 1982). The difference can be as much as 

100-fold when compared with Escherichia coli (Yoshimura and Nikaido, 1982). 



It is speculated that the reason for this dissimilarity lies in the number of open 

functional poins that are found in the outer membrane (Angus et al., 1982). 

Low outer membrane permeability is key in slowing the influx of antibiotics 

into the bacterial cell where they can exert their effects, however, it does not 

completely explain the high levels of P. aemginosa intrinsic resistance. It is 

predicted that even in P. aemginosa, periplasmic concentrations of many 

antibiotics will reach levels of half that of the external environment in thirty 

seconds or less (Nikaido, 1996). It therefore stands to reason that the intrinsic 

resistance of this organism must not rely solely on membrane imperrneability, but 

that other components which complement this barrier exist (Nikaido, 1994). 

These mechanisms include target mutation, inactivation of the antimicrobial 

agent, p-lactamase production. mechanisms of aminoglycoside adaptive 

resistance and efflux pumps. 

1.3.2 Outer Membrane Proteins 

Proteins in the outer membrane can create channels for the diffusion or 

specific transport of substances from the surrounding environment (Yoshihara 

and Nakae, 1989; Nikaido et al., 1 WI), as well as act to stabilize the membrane 

(Nicas and Hancock, 1980). Several P. aemginosa outer membrane proteins 

have been Iinked to altered susceptibility to antibiotics. 

OprH was originally identified as a protein which was responsible for 

membrane stabilization in magnesium deprived cells (Nicas and Hancock, 1980). 



Overproduction of OprH has since been implicated in resistance to gentamicin 

(Young et al., 1992) and a supenusceptibility to chloramphenicol and 

fluoroquinolones (Young and Hancock. 1992). 

OprF has been shown to be the major ponn responsible for allowing 

passage of large molecules across the outer membrane (Bellido et al.. 1992). 

Antibiotic resistant isolates are often found to be deficient in OprF (Chamberland 

et a/., 1990; Zhanel et al., 1995; Pumbwe et al., 1996). However, there is 

conflicting data on whether OprF is directly responsible for increased resistance 

or if it is merely a side effect of altered susceptibility (Chamberland et ai.. 1990; 

Zhanel et al.. 1995; Pumbwe et al., 1996). 

OprD2 acts as a porin for small sugars and some amino acids (Trias and 

Nikaido, 1990; Nikaido et al.. 1991). Quinn et al. (1986) documented that 

isolates resistant to imipenem were deficient in an outer membrane protein about 

the size of OprD2. It has since been shown that OprD2 is responsible for 

passage of imipenem across the outer membrane and that imipenem resistant 

isolates lack OprD2 (Trias and Nikaido, 1990). lshii and Nakae (1996) have 

demonstrated that carbapenerns and fiuoroquinolones have a specific interaction 

with OprD2. 

1.3.3 R Plasmids 

Antibiotic resistance genes can be carried on R plasmids which may be 

transferred from one bacterium to another. This type of resistance is not 



considered to be a major factor in the P. aeruginosa lung infections of CF 

patients (Bryan, 1989). One study has shown that only about 11% of clinical 

isolates have transferable R plasmid resistance (Kono and O'Hara, 1975). A 

more recent study indicated that only 15 out of 400 clinical isolates contained R 

plasmids, but that none of them were transferable (Campbell et al., 1997). It has 

also been established that CF patients harbor the same strain of P. aeruginosa 

for long periods of time and that there is no likely source for the acquisition of an 

R plasmid (Diver et al., 1991 ; Bingen et al., 1992; Mouton et al., 1993: Romling 

et al., 1994; Kenulyte et al., 1995). Pre-therapy isolates can be tested for 

antibiotic susceptibility, and thereby reveal the presence of any existing R 

plasmids in the clinical strain. It is commonly found that pre-therapy isolates are 

susceptible to antibiotics and that the resistance that develops during treatment 

is transient (Diver et al., 1991 ; Bingen et al., 1992) This data is consistent with 

the stable nature of R plasmid mediated resistance. 

1.3.4 Production of P-Lactamases 

P. aeruginosa may acquire p-lactamases on R plasmids as discussed, but 

more importantly, a chromosomally encoded P-lactamase has been reported 

(Lodge et al., 1990). p-lactamase activity can be induced in isolates from CF 

patients (Campbell et al., 1997) as well as be detected in sputum samples 

(Giwercman et al.. 1992). However, it is interesting to note that Chen et al. 

(1995) examined 372 clinical isolates which were resistant to p-lactams and 



found that only 67 produced detectable p-lactamase activity. The other isolates 

exhibited intrinsic resistance, which they speculated was due to lowered 

membrane peneability and active efflux. Although p-lactamases may play a 

role in the resistance of P. aeruginosa to antibiotic therapy, it may only be a 

minor one. 

1.3.5 Mutation of Targets 

Proteins which are the target of an antimicrobial agent can undergo 

mutation, allowing it to  continue to function yet altering its affinity for the agent. 

This has been demonstrated on numerous occasions in strains resistant to 

fluoroquinolones such as ciprofloxacin. In this case, the mutation occurs in the 

gene encoding the DNA gyrase A subunit (gyrA) (Chamberland et al., 1990; 

Hashmi and Smith, 1994; Kureishi et al., 1994; Fukuda et al., 1995; Yonezawa et 

al., 1995; Zhanel et al., 1995). However, mutations in gyrA are not sufficient in 

explaining the fiuoroquinolone resistance of al1 isolates. This is demonstrated by 

the lack of mutation in some strains (Kureishi et al., 1994; Yonezawa et al., 

1995), and by studies which fail to show a retum to parental levels of 

susceptibility upon complementation with wildtype gyrA (Hashmi and Smith. 

1 994; Kureis hi et al.. 1994; Fukuda et al., 1 995; Zhanel et al., 1 995). Resistance 

to nalidixic acid has also been reported to be due to mutations in gyrA (Rella and 

Haas, 1982). There is little documentation that P. aeniginosa uses mutations in 

targets other than DNA gyrase to become resistant to antibiotics. 



1.3.6 Aminoglycoside Adaptive Resistance 

Transient resistance to aminoglycosides that results from exposure to the 

antibiotic, has been tened  aminoglycoside adaptive resistance (Gilleland et al., 

1989). It is not specific for the compound to which the strain was exposed, but 

rather a cross resistance to a variety of aminoglycosides develops (Gilleland et 

al., 1989; Daikos et al., 1990). This type of resistance is believed to be mediated 

by a defect in aminoglycoside uptake, which has been shown with tobramycin 

(Pan et al., 1988; Daikos et al., 1991) and gentamicin (Daikos et al., 1990; 

Karlowsky et al., 1996). The resistance becomes evident a few hours after 

exposure to the antibiotic and disappears after a period of growth in dnig free 

medium with exact times being variable with initial dose, duration of exposure, 

and the aminoglycoside used (Parr et al., 1988; Gilleland et al., 1989; Daikos et 

al., 1990; Daikos et al., 1991 ; Barclay et al., 1992; Karlowsky et al., 1994; 

Karlowsky et ab, 1996; Xiong et al., 1997). The onset of aminoglycoside 

adaptive resistance does not correlate with changes in lipopolysaccharide or 

outer membrane proteins (Parr et al.. 1988; Karlowsky et al., 1996), but changes 

in cytoplasmic proteins. which are accompanied by a decrease in proton motive 

force, have been noted (Karlowsky et al., 1996). 

Data indicates that this type of resistance may be very important in vivo. 

Strains of P. aeruginosa isolated from infected mice (Daikos et al., 1991) or 

rabbits (Parr et al., 1988; Xiong et al., 1997) following aminoglycoside treatment 

exhibit the characteristics of aminoglycoside adaptive resistance. Therefore, it 



has been proposed that the most effective aminoglycoside treatment regirnen is 

once daily dosing. The antibiotic would have a high kill rate initially, followed by 

a period when antibiotic levels are low, thereby allowing for the phase of 

adaptive resistance to pass before the next dose (Daikos et al., 1991; Xiong et 

al., 1 997). 

1.3.7 Efflux Pumps 

To date, at least three unique multidrug efflux pumps have been identified 

in P. aeruginosa (Poole et al., 1 993; Li et al.. 1994a; Michea-Hamzehpour et al., 

1995; Kohler et al., 1997). The fint was tened mexA-mex8-oprK (Poole et al., 

1993), however it was later discovered that the third gene in the operon did not 

code for OprK but rather for OprM (Gotoh et al., 1995). To confuse the issue 

further, it has also been proven that OprK and OprJ are the same proteins 

(Poole et al., 1996a), and that the phenotypes reported by Poole et al. (1993) 

were not due to the mexA-mexBsprM operon which they doned, but rather to 

overproduction of OprJ from the mexC-mexD-oprJ (opK) operon (Li et al., 

1995). Therefore, literature published before this error was rectified will 

associate overproduction of an outer membrane protein with a phenotype for 

which it is not responsible. The following description will use the teminology 

which has been proven to match the phenotype of the strains which were 

studied, however the literature that will be referenced may contain the incorrect 

associations. 



1.3.7.1 mexA-mex8-oprM 

The efflux system encoded by the mexA-mexBoprM operon confers 

resistance to antibiotics such as tetracycline. chloramphenicol, fiuoroquinolones 

(Li et al., 1994a; Li et al., 1995), some p-lactarns (Li et al., 1994b; Li et a/., 1995) 

and trimethoprim (Kohler et ai., 1996). OprM is a 50 kDa protein, while MexA 

and MexB are 40 and 108 kDa respectively (Poole et al., 1993). MexB shows 

homology to transport proteins and is believed to reside in the cytoplasmic 

membrane where it captures drug molecules embedded in the lipid bilayer and 

pumps them out of the cell via a channel (Li et al., 1994b; Nikaido, 1994; 

Nikaido, 1996). The channel is hypothesized to consist of an accessory protein 

(MexA), found in the periplasmic space: and an outer membrane protein (OprM) 

(Li et al., 1994b; Nikaido, 1994; Nikaido, 1996). Overexpression of the operon 

leads to a phenotype similar to that of multidrug resistant strains called na18 

mutants (Masuda et ai., 1995). Experiments have shown that na18 mutations are 

responsible for OprM overexpression (Masuda and Ohya, 1992). The operon 

seems to be widely distributed as oprM was found to be present in 20 different P. 

aeniginosa serotypes, as well as Burkholdena pseudomallei and other 

Pseudomonas species (Bianco et al., 1 997). 

Efflux pump activity is dependent on proton motive force (PMF) and c m  

be inhibited by the presence of PMF uncouplen such as carbonyl cyanide m- 

chlorophenylhydrazone (CCCP) (Li et al., 1994a; Li et al., 1994b; Li et al., 1995). 



Recently, a regulator of the mexA-mex5-oprM operon, termed mexR has 

been cloned (Poole et al., 1996b). It is located upstream of the operon and is 

transcribed from a promoter that is divergent to the operon's promoter (Poole et 

al., 1996b). It is hypothesized to function as a repressor of the efflux genes 

which is also capable of negatively autoregulating its own production, however, 

this has not been proven unequivocally (Poole et al., 1996b). Experirnents by 

Gotoh et al. (1994) suggest that the operon is expressed constitutively and may 

therefore account for the high intrinsic resistance of P. aeruginosa. 

1 37 .2  mexC-mexD-oprJ 

A second efflux system. the mexC-mexPoprJ operon. has been linked to 

the efflux of a wide range of antibiotics including ciprofioxacin, nalidixic acid, 

tetracycline, and chloramphenicol (Poole et ai., 1993; Li et ai., 1995). OprJ is a 

54 kDa protein which is embedded in the outer membrane (Hosaka et al., 1995). 

MexC is a protein of 41 kDa and MexD is a 1 12 kDa protein which are analogous 

to MexA and MexB (Poole et al., 1996a). Accumulation of antibiotics such as 

norfîoxacin and chloramphenicol is much lower in strains with high levels of OprJ 

production (Poole et al., IgQ6a). 

As with the MexA-MexB-OprM pump, CCCP is capable of disnipting the 

resistance phenotype observed in OprJ overproducing strains, indicating that the 

efflux mechanism is dependent on PMF (Poole et al., lW6a). 



OprJ has been shown to be overproduced in a class of  mutants termed 

nfxS mutants (Hosaka et al., 1995; Masuda et al.. 1995). Sequencing of the 

mexC-mexD-oprJ operon revealed that the nfxB gene is located upstream of the 

operon and is transcn'bed from a divergent promoter (Poole et al., 1996a). NfxB 

is a DNA binding protein and is a negative regulator of its own expression but 

has not yet been proven to bind to the promoter region of the efflux operon 

(Shiba et al., 1995). Other evidence does argue that OprJ expression is in fact 

regulated and is in some way linked to mutations in n M  (Hosaka et al., 1995; 

Masuda et al., 1996). OprJ could not be detected in Western blots of outer 

membrane proteins of wildtype P. aemginosa strains or in antibiotic resistance 

mutants of types other than n M ,  demonstrating that it is probably newly 

synthesized in nM-type resistant strains (Hosaka et al., 1995). 

A peculiar feature of nfxs mutants was that the levels of antibiotic 

resistance were not always consistent between the mutants (Masuda et al., 

1996). The mutants were divided into types A and B based on their antibiotic 

susceptibility patterns (Masuda et al., 1996). Type A and B mutants were both 

resistant to ofioxacin, erythromycin and some cephems, however, type B 

mutants were additionally resistant to tetracycline, chloramphenicol but were 

more susceptible to aminoglycosides and certain p-iactams (Masuda et al., 

1996). Analysis of these mutant types demonstrated that type B mutants 

produced higher levels of OprJ than type A mutants (Masuda et  al., 1996). The 

phenotypic differences are preserved when the nfxS gene from mutants in each 



category is moved to another strain (Masuda et al., 1996). It is believed that 

mutations in different regions of n M  may affect the ability of the protein product 

to bind DNA, thereby altering the levels of OprJ expression (Masuda et al., 

1 996). 

1.3.7.3 mexE-mexF-oprN 

A third effiux system. mexÇ-mexF-opdV, has recently been identified 

(Kohler et a/., 1997). Overproducing strains are similar to nhiC mutants (Fukuda 

et ai., 1995; Masuda et ai., 1995) having increased resistance to quinolones, 

imipenem and chloramphenicol (Kohler et al., 1997). Analogous to the other 

efflux operons, mexE codes for a 45 kDa membrane fusion protein, MexF is a 

116 kDa transporter and OprN is a 51 kDa outer membrane protein (Kohler et al., 

1997). The efflux systern is also sensitive to CCCP and is regulated by a gene 

located upstream of the operon (Kohler et al., 1997). The regulator in this case 

is transcribed in the same direction as the operon and is believed to function as 

an activator as its expression is sufficient to induce OprN overexpression (Kohler 

et ab, 1997). It was also demonstrated that induction of the effiux system 

resulted in lower levels of pyocyanin in the culture supernatant (Kohler et al., 

1997). It is speculated that a precursor of pyocyanin is a substrate for the effiux 

system, however it is not clear what advantage this irnparts to the bacterial cell 

(Kohler et al., 1997). 



Sornething to be noted about the efflux systems of P. aenrginosa, is the 

lack of an explanation for their wide substrate specificity. To date, the natural 

substrates for the pumps have not been elucidated, making it difficult to 

speculate about the characteristics which allow a compound to be transported by 

the efflux systems. 

1.4 RNA Arbitrarily Primed Polymerase Chain Reaction 

Arbitrarily primed polymerase chain reaction (AP-PCR) of RNA bas been 

described as a means of identifying tissue-specific or strain-specific differences 

in gene expression in mice (Welsh et al., 1992). The protocol was adapted for 

use on bacterial RNA and was temed RNA arbitrarily primed polyrnerase chain 

reaction (RAP-PCR) (Wong and McClelland, 1994). The primer chosen for the 

technique is not designed to amplify any one particular gene product and is 

therefore termed arbitrary. Primers that are commonly chosen are those that are 

used for sequencing (Welsh and McClelland, 1992; Wong and McClelland, 

1994). RNA can be isolated from cells grown under different conditions to 

examine the effects of environment on gene expression. Reverse transcriptase 

is used to make cDNA from the RNA using the arbitrary primer (Fig. 1). Only 

transcripts that contain a primer binding site will be made into a cDNA copy. The 

mix is then used in a PCR reaction with the same arbitrary primer. A first low 

stringency cycle allows a second strand of cDNA to be synthesized (Fig. 1). 

Only first strand cDNA which contains a second primer binding site in the 



Figure 1. Diagrammatic representation of the production of double 

stnnded cDNA suitable for ?CR frorn an RNA transcript. Black boxes 

indicate the arbitrary primer. Light grey boxes depict complimentary primer 

binding sites. Open boxes represent the mRNA transcript. Dark grey regions 

show the cDNA. The arbitrary primer will bind to any complimentary sites in the 

mRNA transcripts. Reverse transcriptase is then used to rnake a cDNA which is 

complimentary to the mRNA. After denaturing the RNADNA hybrid, any cDNA 

containing a second primer binding site in the correct orientation will serve as a 

template for second strand DNA synthesis using a heat stable DNA polymerase. 

The DNA is then suitable for use in high stnngency PCR reactions. 



Reverse transcriptase and 
dNTPs 

c cDNA 

DNA polymerase and 
dNTPs 

Double stranded 
cDNA 



opposite orientation to the first will have a second strand cDNA produced. Once 

there is a double stranded cDNA product, the ?CR will proceed as if the starting 

template were dsDNA. The following cycles will be of higher stringency than the 

first. Fingerprints produced from the PCR will usually be composed of ten or 

more bands (Wong and McClelland, 1994). and comparison of fingerprints 

between growth conditions may yield differentially expressed products. The 

technique allows for the use of numerous primers on the same RNA sarnples in 

order to generate large numbers of fingerprints for comparison. 

RAP-PCR has been used successfully to clone a peroxide induced gene 

from Salmonella typhimurium (Wong and McClelland, 1994). RNA was extracted 

from S. typhhunum grown either in the presence or absence of hydrogen 

peroxide. Fingerprinting of the RNA was done with a sequencing primer and a 

product was cloned that was only found in the fingerprints of RNA isolated from 

cells grown in the presence of hydrogen peroxide. Northem blotting confirmed 

the differential expression of the cloned product. 

1 .S Project Objectives 

The goal of the project was to develop a protocol based on RAP-PCR that 

would be capable of identifying differentially expressed P. aeruginosa genes in 

sputum samples. The advantage of using such a technique lies in its ability to 

utilize RNA which was transcribed in vivo. RNA can be extracted from sputum 

samples without the need to grow the bacteria in the lab. Once the technique 



has been optimized for use with sputurn RNA. fingerprints could be produced in 

order to identify genes that are differentially expressed between samples. 

Sputum samples would be collected before a patient began a course of antibiotic 

treatment with a second sample being collected a few days into the treatment 

regimen. We hypothesized that genes important in allowing P. aeruginosa to 

survive during tirnes of antibiotic stress would be subject to altered levels of 

expression during periods of antibiotic treatment. 



Chapter 2 

Materials and Methods 

All reagents listed in the following chapter were purchased from BDH Inc. 

unless otherwise specified. 

2.1 Strains, Plasmids and Sputum Samples 

Escherichia coli strain JM109 was used for al1 plasmid manipulations. 

RNA from P. aeruginosa strain PA1 03 transforrned with plasmid pDF191.8-202 

(Frank et al.. 1989) was used for amplification of exotoxin A (ETA) transcripts. 

Plasmid pDF 191.8-202 is based on plasmid pUC19 and contains a 1.9 kb insert 

containing the regAB operon which is responsible for the regulation of ETA 

production. Strain PA01 RNA was used for amplification of elastase sequence. 

RNA samples from clinical isolates 6106 and 4384 were used as controls on slot 

blots. All PCR products were cloned into the T-tail plasmid pCRll (Invitrogen). 

The elastase structural gene. found on plasmid pRB1803 (Bever and Iglewski, 

1988). was used for PCR reactions and probe isolation. 

RNA samples from 2 sets of sputum samples were used for RAP-PCR 

analysis. Both sputum sets came from adult CF patients who were chronically 

colonized with P. aeruginosa. Samples 242 and 237 were from the same 

patient, with sample 242 being collected before a period o f  antibiotic treatment 

while 237 was collected during the treatment period. The second sputum set 



consisted of the before treatrnent sample. 352, and the sample taken during 

treatment, 354. RNA extracted from several other sputum samples was also 

probed on slot blots. 

Strains were stored in 15% glycerol and maintained at -70°C. Sputum 

samples were frozen at -70°C immediately upon arriva1 in the laboratory. 

2.2 Media 

2.2.1 Liquid Media 

Strains were routinely grown in L broth which contains 10 g of NaCI, 10 g 

of tryptone (Difco Laboratories), and 5 g of yeast extract (Gibco BRL) per litre. 

Ampicillin (Sigma Chemical Co.) was used at a concentration of 100 pglmL when 

required for plasmid maintenance in E. coli. 

Mueller-Hinton broth (Difco Laboratories) was prepared as directed by the 

manufacturer. Erythromycin (Sigma Chemical Co.) was used at concentration of 

5 pg/rnL in Mueller-Hinton broth for analysis of elastase production in PAOI. 

Strain PA103 transfonned with plasmid pDF191.8-202 (Frank et al.. 

1989). was grown in trypticase soy broth dialysate, chelated (TSBDC) in the 

presence of 400 pglmL of carbenicillin (Sigma Chernical Co.) for plasmid 

maintenance. TSBDC was prepared by mixing 30 g of TSB (BBL Microbiology 

Systems) in 90 mL of water with 5 g of Chelex resin (Bio-Rad Laboratories) for 6 

houn. The mixture was placed in dialysis tubing (Spectra Medical Industry. Inc.) 

and dialyzed against 1 L of water for 16 hours at 4OC. The tubing and its 



contents were discarded and the remaining media was autoclaved. Pnor to use. 

the media was supplemented with 20 mL of 2.5 M monosodium glutamate 

(Sigma Chemical Co.) and 20 mL of 50% glycerol. 

2.2.2 Solid Media 

Strains were routinely grown on L plates that were prepared by adding 15 

glL of agar (Gibco BRL) to L broth with antibiotics being included when required. 

Strains containing the pCRll plasmid (Invitrogen) were plated in the presence of 

10 pl of a 1 M IPTG (Gibco BRL) solution and 40 PL of a 20 mglmL solution of X- 

g al (Gibco 6 RL) dissolved in dimethylformamide. 

2.3 DNA Methodology 

2.3.1 Plasmid Isolation 

Plasmids were isolated using an alkaline lysis method. Bacteria from 1.5 

mL of overnight culture were pelleted (13,000 rpm for 5 minutes) and 

resuspended in 100 PL of glucose buffer (50 mM glucose, 10 mM EDTA and 25 

mM Tris-CI, pH 8.0). The cells were then lysed by the addition of 200 pL of lytic 

mix (0.1 M NaOH and 1% SDS). After five minutes on ice. 150 pL of a pH 4.8 

solution of 3 M potassium and 5 M acetate was added. Following another 5 

minute incubation on ice, the cellular debris was pelleted by centrifuging at 

13,000 rpm for 5 minutes. The supernatant was transferred to a fresh tube and 

was then extracted with an equal volume of chloroform:isoamyl alcohol (24: 1 ). 



Two volumes of absolute ethanol were mixed with the supematant and the 

plasmid was allowed to precipitate for 5 minutes at room temperature. Following 

a 5 minute centrifugation at 13,000 rpm, the plasrnid pellet was rinsed with 70% 

ethanol, and then resuspended in 50 pL of water containing 1 PL of RNase 

(Gibco BRL) dissolved at a concentration of 10 mg/mL. 

2.3.2 Transformation of Plasrnids 

Plasmids were transfomed into JM109 by incubating 200 pL of competent 

cells with 500 ng of plasmid on  ice for 30 minutes. The mix was then heat 

shocked at 42OC for 45 seconds and incubated on ice for 2 minutes. One mL of 

L broth was added to the cells and they were allowed to recover in a shaking 

incubator at 37OC for 1 hour. The cells were then plated on the appropriate 

media. 

JM1O9 cells were made competent in the following manner; 500 PL of an 

ovemight culture was inoculated into 50 mL of fresh L broth, and the secondary 

culture was grown at 32OC with shaking until it reached an ODsoo of 0.5. The 

cells were chilled on ice for 2 houn and then centrifuged at 5,000 rpm for 10 

minutes. The pellet was resuspended in an equal volume of trituration buffer 

(100 mM CaCI2, 70 mM MgCI2, and 40 mM sodium acetate, pH 5.5) and 

incubated on ice for 45 minutes. The cells were again centrifuged with the pellet 

being resuspended in 5 mL of trituration buffer. For use at a later time, 1.1 mL of 



80% glycerol was added to the cells which were then frozen using dry ice and 

stored at -70°C. 

2.3.3 Isolation of Plasmids for Sequencing 

Plasmids were prepared for sequencing by using a modified alkaline lysis 

procedure. Three mL of overnight culture was pelleted (13,000 rpm for 5 

minutes) and resuspended in 200 pl of GTE buffer (50 mM glucose, 25 mM Tris- 

HCI, and 10 mM EDTA, pH 8.0). Cells were lysed with 300 p l  of 0.2 N NaOH 

and 1% SDS while incubating on ice for 5 minutes. The solution was neutralized 

with 300 PL of 3.0 M potassium acetate (pH 4.8) and incubated for another 5 

minutes on ice. Cellular debris was removed by centrifugation at 13,000 rpm for 

5 minutes. The supernatant was placed at 37OC for 2 houn following the 

addition of 3 pL of a 10 mg/mL stock of RNase (Gibco BRL). Next, the mix was 

subjected to 2 rounds of chloroform extraction to remove contaminating proteins. 

The DNA was precipitated with an equal volume of isopropanol and the plasmid 

was pelleted by centrifuging at 13.000 rpm for 10 minutes. Two 500 PL volumes 

of 70% ethanol were used to wash the pellet pnor to being resuspended in 32 pL 

of water. The DNA was precipitated a second time with the addition of 8 pL of 4 

M NaCl and 40 PL of 13% palyethylene glycol (PEG) (Sigma Chemical Co.). The 

sample was left on ice for 1 hour and then centrifuged for 15 minutes at 13,000 

rprn in a 4OC centrifuge. The pellet was washed of excess salt with 500 PL of 



701 ethanol and finally resuspended in 10 pl of water. Agarose gel 

electrophoresis was used to detemine the purity and quantity of plasrnid DNA. 

2.3.3.1 Sequencing 

All sequencing reactions were camed out by the University of Calgary 

Core DNA Services using the dideoxy chain termination method (Sanger et al, 

1977). lnserts in the pCRll plasmid (Invitrogen) were sequenced using a T7 

promoter primer (University of Calgary Core DNA Services). 

2.3.4 Chromosomal DNA Isolation 

Chromosomal DNA was extracted from 5 mL of overnight culture which 

was pelleted by centrifuging for 10 minutes at 5,000 rpm. The pellet was 

resuspended in 1.5 mL of proteinase K solution (50 mM NaCI, 2% SDS, and 400 

pg of proteinase K (Gibco BRL)) and incubated at 42OC for 1 hour. Next, 250 PL 

of 5 M NaCI, and 200 pL of CTAB solution (10% hexadecyltrimethyl ammonium 

bromide in 0.7 M NaCI) were added and the sample was incubated for 30 

minutes at 65'C. The mix was phenol:chloroform:isoamyl alcohol (25:24:1) 

extracted 3 times. Phenol for DNA isolations was buffered with 0.1 M Tris, pH 

8.0. The first extraction was perfomed on a rocker for 16 hours, while the 

second and third extractions were rocked for 1 hour each. A final extraction with 

chloroform:isoamyl alcohol (24:l) was perfomed prior to precipitation with a 5% 

volume of 5 M NaCl and 2 volumes 100% ethanol, The chromosomal DNA was 



pelleted by centrifugation at 13.000 rpm for 30 minutes. The DNA was washed 

with 1 mL of 70% ethanol and resuspended in 100 pL of water. RNA was 

removed by the addition of 2 pL of a 10 mg/mL stock of RNase (Gibco BRL). 

2.3.5 Restriction Digests 

Digests were carried out using approximately 1 pg of DNA, 1 p l  of 

enzyme and the appropriate volume of buffer as recommended by the enzyme 

manufacturer. Final digestion volumes ranged from 10 to 100 p l  Incubations 

took place at 37OC for 1 hour with plasmid DNA, and overnight for chromosomal 

DNA. Enzymes were purchase from Gibco BRL. 

2.3.6 Agarose Gel Electrophoresis 

Gels were made from 1 X TAE (4.84 g of Tris-base, 1.14 mL of glacial 

acetic acid. and 0.675 g of EDTA per litre) using agarose (Gibco BRL) at a 

concentration of 0.7%. DNA samples were rnixed with 1/10 volume of tracking 

dye (0.25% bromophenol blue (Sigma Chemical Co.), 0.25% xylene cyanol FF 

(Sigma Chemical Co.), and 30% glycerol in water) and were electrophoresed at 

100 volts in a Minnie or Max Horizontal Agarose Submarine Unit (Hoefer 

Scientific Instruments). The size and concentration of DNA samples were 

determined by including a 1.0 kb DNA ladder (Gibco BRL) on al1 gels. DNA was 

visualized using ethidium bromide staining, and images were printed using a 

computerized gel documentation system (UVP Inc.). 



2.3.7 Southern Blotting 

2.3.7.1 Membrane Preparation 

An agarose gel containing the digested and electrophoresed 

chromosomal DNA was imrnersed in 0.25 N HCI for I O  minutes at room 

temperature. After rinsing the gel with water, it was soaked in 1 .O M NaCl and 

0.5 M NaOH twice for 15 minutes each. The gel was then neutralized by 

immersion in 0.5 M Tris, pH 7.4, and 1.5 M NaCl twice for 15 minutes each. 

Blotting was performed by piacing the gel face down on a paper wick (Whatman 

3 mm Chromatography paper, Whatman International, Ltd.). The ends of the 

ivick were placed in a chamber of 20X SSC (175.3 g of NaCl and 88.2 g of 

sodium citrate, pH 7.0, per litre of water). Nytran membrane (Schleicher and 

Schuell) was rinsed with water followed by 10X SSC prior to being placed on top 

of the gel. Two pieces of Whatman paper were placed over the membrane. The 

first was soaked in 20X SSC while the second piece of paper was placed on dry. 

Next, a stack of paper towel was added to the top and the entire blot was 

covered with plastic wrap and left ovemight. The next day, the membrane was 

rinsed with 5X SSC at 60°C for 5 minutes. Finally, the DNA was fixed to the 

membrane by baking at 80°C for 2 hours in a vacuum oven (Johns Scientific). 

2.3.7.2 Probe Preparation 

Probes were prepared by first digesting and electrophoresing plasmid 

DNA. The band of DNA to be used as the probe was then cut from the gel with 



the aid of a UV light box. The probe was purified from the agarose using a Gene 

Clean II Kit (Bio 101 Inc.). Briefly, the agarose gel slice was dissolved in 2 

volumes of Nal at S O C .  Ten PL of glassmilk (Bio 101 Inc.) was added. and the 

mix was incubated for 15 minutes at room temperature. The glassmilk with 

bound DNA was pelleted (13.000 rpm for 30 seconds) and washed 3 times with 

NEW wash solution (Bio 101 Inc.). After the final wash, the glassmilk pellet was 

resuspended in 10 pl of water and the DNA was eluted from the glassmilk by 

incubating at 5 5 ' ~  for 2 minutes. The glassmilk was again pelleted and the 

supernatant, which now contained the DNA, was removed. The probe was then 

analysed for purity and quantity using agarose gel electrophoresis. 

2.3.7.3 Probe Labeling and Purification 

The probe was labeled with 3 2 ~ - d ~ ~ ~  (NEN-Dupont) using an 

oligolabelling kit (Pharmacia). Probe DNA was diluted to a volume of 34 PL and 

denatured by boiling for 5 minutes. After cooling on ice, 10 pL of reagent mix 

(Pharmacia). 5 pL of 3 2 ~ - d ~ ~ ~  (NEN-Dupont), and 1 pL of Klenow (Pharmacia), 

were added to the DNA and incubated at 37OC for 30 minutes. The probe was 

purified from excess isotope using a NENSORB 20 cartridge (NEN-Dupont). 

The cartridge was equilibrated with 2 mL of methanol followed by 2 mL of 

Reagent A (0.1 M Tris-HCI, 10 mM triethylamine, and 1 mM EDTA. pH 7.7). The 

probe was diluted with 150 pL of Reagent A and loaded ont0 the column. Three 

mL of Reagent A was used to wash the probe retained in the cartridge. The 



probe was then eluted using 50% ethanol with the first 10 drops of solution being 

col lected. 

2.3.7.4 Prehybridization, Hybridiution and Washing 

Prehybridization was carried out at 42OC for 2 hours in a solution 

consisting of 6X SSC, 10X Denhardt's solution (1 g of Ficoll (Sigma Chemical 

Co.), 1 g of polyvinylpyrrolidone (Sigma Chemical Co.) and 1 g of bovine serum 

albumin (Sigma Chemical Co.) per litre), 1% SDS, and 500 pg of denatured 

salmon sperm DNA (Sigma Chemical Co.). Overnight hybridization was also at 

42OC in a solution of 6X SSC, 1% SDS. 50% formamide (Gibco BRL) and 500 pg 

of denatured salmon sperm DNA (Sigma Chemical Co.). Formamide was 

prepared by adding 5 g of AG501 -X8 resin (Bio-Rad Laboratories) to 100 mL of 

formamide and stirring at room temperature for 30 minutes. The solution was 

filtered twice through Whatman No. 1 filters (Whatman International, Ltd.) and 

stored at 4OC. Salmon sperm DNA was resuspended in water to a concentration 

of 10 mg/rnL and passed three times through an 18 gauge needle. The DNA 

mixture was boiled for 10 minutes. aliquoted. and stored at -20°C. 

The labeled probe was added to the hybridization solution after it had 

been denatured by boiling for 5 minutes. The hybridization solution was 

removed the following day, and excess probe was washed from the membrane. 

The first and second washes were carried out at room ternperature for 15 

minutes with 6X SSC and 0.1% SDS. Washes 3 and 4 were performed for 15 



minutes at 37OC in I X  SSC and 0.5% SDS. The final wash was in 0.1X SSC and 

1 % SDS at 65OC for 30 minutes. 

2.3.7.5 Autoradiography 

The membrane was exposed to Kodak XAR-5 Scientific lmaging Film at 

-70°C in an X-ray cassette for 1-2 hours. 

2.3.8 Slot Blotting of DNA 

Chromosomal DNA was denatured with 0.1 volume of 3.0 M NaOH and 

incubation at 60°C for 1 hour. The samples were diluted with an equal volume of 

6X SSC, and were blotted using the Manifold II dot blot system (Schleicher and 

Schuell). The wells were rinsed with 400 pl of 6X SSC and the denatured 

samples were loaded onto a piece of Nytran membrane (Schleicher and Schuell) 

which had been rinsed with water and then 6X SSC. The wells were washed a 

second time, and the DNA was fixed to the membrane by baking under vacuum. 

The prehybridization. hybridization, washes, and probe removal were 

performed as described for slot blotting of RNA (see 2.4.4.2 - 2.4.4.4). 



2.4 RNA Methodology 

2.4.1 Isolation of Total Cellular RNA from Bacterial Culture 

2.4.1.1 Growth Conditions 

Strain PA103 (pDF191.8-202) (Frank et al.. 1989) was grown in TSBDC 

in an acid washed flask. The following morning the strain was subcultured to an 

0D540 of 0.02 into either 10 mL of TSBDC or 10 mL of TSBDC supplemented 

with 25 pL of FeC13. 

Strain PA01 was grown overnight in Mueller-Hinton broth (Difco 

Laboratories) and then subcultured to an ODSO of 0.02 in 10 mL of Mueller- 

Hinton broth or 10 mL of Mueller-Hinton broth with 5 pg/mL erythromycin (Sigma 

Chernical Co.). 

2.4.1.2 RNA Extraction 

RNA extractions were perforrned using the hot phenol method (Frank and 

Iglewski, 1988). All manipulations were carried out in glassware baked at 250°C 

for a minimum of 4 hours, and with solutions made with DEP treated water to 

eliminate any contaminating RNases. Cultures were nomally grown to an ODS4* 

of 4.0, and a 6.25 mL aliquot was used for RNA extraction. Following 

centrifugation at 8,000 rpm for 5 minutes, the cell pellet was resuspended in 5 

mL of basic extraction buffer (10 mM sodium acetate, pH 4.8, 0.15 M sucrose. 

0.1 mg/mL heparin, and 0.01% DEP). Cells were lysed by the addition of 100 pL 

of a 20% SDS solution and immediate incubation at 65OC. Five mL of 65OC 



phenol (previously buffered with 10mM sodium acetate, pH 4.8) was added to 

the mix and incubated for another 5 minutes. The sample was then cooled in an 

ice bath for 5 minutes. The aqueous phase was removed following a 10 minute 

centrifugation at 10,000 rpm. A second hot phenol extraction was perfomed. 

followed by a 5 minute chloroform extracüon in an ice bath. Addition of 2 

volumes of 100% ethanol and 10% 2.5 M sodium acetate was used to precipitate 

the RNA from the aqueous phase with ovemight incubation at -20°C. The RNA 

was spun into a pellet by centrifuging for 30 minutes at 10,000 rpm, and the 

sample was then dissolved in 400 PL of 0.1 M Tris, pH 7.4, 50 mM NaCI, 10 mM 

EDTA, 0.2% SDS, and 200 pglmL of proteinase K (Gibco BRL). A 1 hour 

incubation at 37OC allows for the degradation of any protein contained in the 

sample. A hot phenol extraction was performed, followed by a chloroform 

extraction on ice. The RNA was precipitated again, using absolute ethanol and 

sodium acetate at -20°C ovemight. The pellet was collected by centrifugation for 

30 minutes at 10.000 rpm and resuspended in 400 pl of 10 mM Tris. pH 7.6. 10 

mM magnesium acetate, 5 mM DTT with 80 U of RNasin (Promega) and 4 pg of 

DNase (Wotthington Biochemicals). The sample was incubated for 30 minutes 

at 37OC to rernove any DNA contamination and was then extracted with 

phenol:chloroform and then chlorofonn, both at room temperature. A final 

ethanol precipitation was performed at -20°C ovemight. Following a final 30 

minute spin at 13,000 rpm, the RNA pellet was resuspended in 50 pL of DEP 

water. Purity and concentration were assessed by measuring the A260 and 



of the sample. The ratio of A26d A280 must be less than 1.8 for a pure RNA 

sample. The quantity of RNA in the sample was calculated by assuming a 

concentration of 40 pg of RNA per Azso unit. 

2.4.2 RNA Isolation from Sputum Samples 

Sputum samples were collected from CF patients suffering from chronic 

P. aeruginosa infections. Samples were treated with Sputoiysin (Calbiochem- 

Behring) in order to decrease their viscosity. Sputolysin was diluted 1 :5 in water, 

and then added to the sputum in an equal volume. The mixture was vortexed for 

30 seconds and incubated at room temperature for 15 minutes. F ive mL of the 

sample was spun at 8,000 rpm for 5 minutes to pellet the bacteria. The RNA 

was then extracted from the pellet as described above for a pellet from a lab 

culture. 

2.4.3 Glyoxal Gels for RNA 

RNA samples were run on 1.2% agarose gels made with 0.01 M 

NaH2P04, pH 7.0. which was also used as a ninning buffer. Sampies were 

prepared by combining 2 PL of 0.1 M NaH2P04, pH 7.0. 3 pL of deionized 

glyoxal, 10 pL of DMSO, and 10 pg of RNA. Glyoxal was deionized by mixing 

100 mL with 5 g of AG501-X8 resin (Bo-Rad Laboratories), and stirring at room 

temperature for 30 minutes. The glyoxal was then aliquoted and stored at -70°C. 

The RNA samples were heated to 60°C for 15 minutes. Twelve pL of loading 



buffer (50% glycerol, 10 mM NaH2P04, pH 7.0, and 0.4% bromophenol blue 

(Sigma Chernical Co.)) was added to denatured samples which were then run on 

a gel at 100 volts. An RNA ladder (Gibco BRL) was nin on al1 gels. Samples 

were visualized by ethidium bromide staining, and pictures were printed using a 

gel documentation systern (UVP Inc.). 

2.4.4 Slot Blotüng of RNA 

Slot blots were perfomed using a Manifold II slot blot system (Schleicher 

and Schuell). Ten - 20 pg of RNA was dissolved in 100 pL of DEP water. Three 

hundred pL of a 1 :1 mix of 37% fonnaldehyde and 10X SSC (1 75.3 g NaCI, 88.2 

g sodium citrate per litre, pH 7.0) was then added and the samples were 

incubated at 67OC for 15 minutes. The apparatus was assembled with Nytran 

nylon membrane (Schleicher and Schuell) and the wells were washed with 400 

pL of 10X SSC. Next, the samples were loaded into the wells which were then 

rewashed with another aliquot of 10X SSC. The RNA was fixed to the 

membrane by baking at 80°C for 2 houn. 

2.4.4.1 Probe Preparation, Labeling and Purification 

DNA probes were manipulated as was described for Southem blotting. 



2.4.4.2 Prehybridization, Hybridization, and Washing 

Prehybridization of slot blots took place for 2 hours at 4 2 ' ~  in a 10 mL 

solution of 50% deionized forrnamide (Gibco BRL), 5X Denhardt's solution, 200 

pg/mL denatured salmon sperm DNA (Sigma Chemical Co.), 0.5% SDS and 5X 

SSPE. Hybridization was performed by removing the prehybridization solution 

and replacing it with fresh solution containing the 3 2 ~  labeled probe which had 

been boiled for 5 minutes. The membrane was incubated in hybridization buffer 

at 42OC overnight. The blots were then subjected to several washes. The first 2 

washes were conducted for 15 minutes each at room temperature in 6X SSPE 

and 1% SDS. The 2 subsequent washes were in 0.1X SSPE, and 1% SDS, 

however, the first was at 37% while the second was incubated at 6S°C. 

2.4.4.3 Autoradiography 

Slot blots were exposed to Reflections Film (Dupont) in a Reflections X- 

ray cassette (Dupont) for 36 houn, or to a Fuji irnaging plate (Fuji Photo Film 

Co., Ltd.) for 4 hours. The imaging plate was read by a Bio lmaging Analyzer 

(Fuji Photo Film Co., Ltd.). 

2.4.4.4 Probe Removal 

Following hybridization, probes were removed from the Nytran membrane 

allowing the samples to be re-probed. This was accomplished by washing the 

membrane at 65OC in 50 mL of formamide, 33 m l  of 20X SSPE, and 17 mL of 



DEP water for 30 minutes. The membrane was rinsed in 10 mL of 20X SSPE 

and 90 mL of DEP water and then stored at -70°C in plastic wrap. 

2.5 PCR Methodology 

2.5.1 PCR of DNA 

2.5.1.1 Plasmids 

Lower reagent mix was made using 70 pL of water, 12.5 pL of 10X UlTma 

buffer (Perkin Elmer), 25 pL of 25 mM (Perkin Elmer), 8 pL of 10 mM 

dNTPç (Perkin Elmer), and 5 pL of 20 pM primer. Each PCR tube was 

aliquoted 25 pl of lower reagent rnix. An AmpliWax PCR Gem 100 (Perkin 

Elmer) was placed just above the lower rnix. The tube was heated to 80°C for 5 

minutes and then cooled to 25OC. This allowed the wax to melt. fom a seal 

over the lower mix and then solidify. Next, 15 pl of the upper reagent rnix (50.2 

PL of water, 13 PL of 10X UlTina buffer and 1 pL of 3 2 ~ - d ~ ~ ~ )  was layered on 

top of the wax. Finally, 10 pL of plasrnid DNA, which had been diluted 1/100 in 

water, was added to the upper layer followed by 0.75 pL of UlTma DNA 

Polymerase (Perkin Elmer). All manipulations were perforrned in a biohood 

(Microzone Corp.) with plugged pipette tips (Rainin Instruments Co.). Thirty 

PCR cycles were run with a melting temperature of 98OC, an annealing 

temperature of 60°C, and an extension temperature of 72OC with each step 

lasting 1 minute. 



2.5.1.2 DNA Eluted from Fingerprints 

PCR reactions were carried out as described for PCR of plasmids except 

that the template was either 10 pL of the eluted DNA, or 10 pL of a 1/10 

dilution. 

2.5.2 PCR of RNA 

2.5.2.1 RT-PCR 

cDNA was prepared by diluting RNA so that a 10 pL aliquot would contain 

the desired amount of  RNA (usually 140 ng). Samples were heated to 75OC for 

3 minutes and cooled on ice. Next. 7.5 pL of 10 mM dNTPs, 1 PL of 20 pM 

specific primer, 1 PL of Moloney Murine Leukemia Virus Reverse Transcriptase 

(MMLV-RT) 10X buffer (Stratagene), and 1 PL of MMLV-RT (Stratagene) were 

added. The sample was incubated at 37OC for 1 hour. To complete the lower 

reagent mix, 1 PL of UlTma 10X buffer (Perkin Elmer). 4 pL of 25 mM MgCI2, 1 

pL of specific forward primer and 1 yL of specific reverse primer were added. 

An Ampliwax PCR Gem 100 (Perkin Elmer) was melted over the lower 

reagents. The upper reagent mix consisted of 5 PL of UlTma 10X buffer, 17 pL 

of water. and 0.75 pL of WTma DNA Polymerase. The PCR proceeded through 

a low stringency cycle of 98OC rnelting, 40°C annealing. and 72OC extension for 

1 minute each. The 30 cycles which followed had an increased annealing 

temperature of 60°C. 



2.5.2.2 RAP-PCR 

RNA samples were diluted so that a 15 pL aliquot would contain 1 pg of 

RNA for the production of cDNA. The aliquot was heated ta 75OC for 3 minutes 

and then cooled on ice. After the addition of 1 pL of 20 FM primer, 1 pL of 10 

rnM dNTPs (Perkin Elmer), 2 pL of MMLV-RT 10X buffer (Stratagene), and 1 pL 

of MMLV-RT (Stratagene). the sample was incubated at 42OC for 1 hour. The 

mix was diluted with 80 pL of DEP water and stored at -70°C. The primer used 

for the production of cDNA, was the same as that employed in the PCR 

reaction. 

The lower reagent mix was made with 70 pL of water, 12.5 pL of 10X 

UlTma buffer, 25 PL of 25 mM MgC12, 8 pL of 10 mM dNTPs, and 5 p l  of 20 pM 

arbitrary primer. Twenty-five PL of this rnix was used in each PCR reaction. An 

Ampliwax PCR Gem 100 was used to cover the mix. The upper layer consisted 

of 50.2 PL of water. 13 pL of 10X UlTma buffer. and 1 pL of 3 2 ~ - d ~ ~ ~  (NEN- 

Dupont). Fifteen pL of the upper reagent was placed on top of the wax, followed 

by 10 pL of cDNA ternplate, and 0.75 PL of UlTma DNA Polymerase (Perkin 

Elmer). The PCR was run as descrîbed for the RT-?CR except that there were 

35 high stringency cycles instead of 30. 

2.5.3 Visualization of PCR Products 

PCR reactions that did not utilize 3 2 ~ - d ~ ~ ~ ,  were run on agarose gels as 

described under DNA methodology. 



Acrylamide gel electrophoresis was used for reactions that included 

isotope. RAP-PCR products were run on sequencing gels made from 37.8 g of 

urea, 9 m l  of 10X TBE (163.5 g of Tris base, 27.8 g of boric acid, and 9.3 g of 

EDTA per litre), 13.5 mL of 30% acrylamide (29.2 g of acrylamide (Gibco BRL) 

and 0.8 g of N'N'-bis-methylene-acrylamide (Bio-Rad Laboratories) per 100 mL) 

and water to a final volume of 75 mL. The mixture was heated until the urea had 

completely dissolved. The volume was brought up to 90 mL with water and 750 

PL of a 10% ammonium persulfate (Bio-Rad Laboratories) solution, and 20 PL of 

TEMED (Bio-Rad Laboratories) were added. The gel was allowed to polymerize 

ovemight Prior to loading the PCR samples, the gel was run for 1 hour at 1200 

volts. Twelve PL of PCR reaction was mixed with 18 pl of stop solution (95% 

formamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xylene cyanol 

FF) (United States Biochernical Corp.). Approximately 20 pl of sample was 

loaded per well. The gel was electrophoresed at 1200 volts in 1X TB€ until the 

xylene cyanol FF in the stop solution was about 3 cm from the bottorn of the gel. 

Urea was removed from the gel by soaking in fixer (75 mL of glacial acetic acid. 

300 mL of methanol and 1125 mL of water) for 20 minutes. The gel was either 

exposed to Kodak XAR-5 Scientific lmaging Film at room temperature white still 

wet, or alternatively, was dried in a gel dryer (Bio-Rad Laboratofles) for 2 hours 

and exposed at -70°C. 

PCR reactions that did not involve fingerprint production but used isotope 

were run on a 20 cm acrylamide gel. These gels were prepared from 6 mL of 



1 OX TBE, 44 mL of water, 10 mL of 30% acrylamide solution, 450 pL of 10% 

ammonium persulfate and 45 PL of TEMED. After 30 minutes of polymerization. 

the gel was loaded with 15 PL samples mixed with 5 pL of DNA loading dye (see 

agarose gel electrophoresis). Electrophoresis took place in 1X TBE at 200 volts 

until the xylene cyanol was about 3 cm from the bottom of the gel. These gels 

were also either dried or autoradiographed while wet. 

2.5.4 Isolation and Reamplification of Fingerprint Bands 

Bands from the fingerprints could be cut from the gel by aligning the film 

over the gel and using a scalpel to remove the area containing the band of 

interest. The gel piece was placed into 75 pL of elution buffer (0.5 M ammonium 

acetate and 1 mM EDTA), and incubated at 37OC ovemight. The supernatant 

was then precipitated using 2 volumes of absolute ethanol and a 10 minute 

incubation at -70°C. After centrifuging for 5 minutes at 13.000 rpm, the pellet 

was resuspended in 100 PL of TE (10 mM Tris-HCI and 1 mM EDTA, pH 8.0). 

The DNA was precipitated a second time via the addition of 10 pL of 3.0 M 

sodium acetate, 2 volumes of absolute ethanol and another 10 minute incubation 

at -70°C. Following centrifugation, the pellet was rinsed with 70% ethanol and 

resuspended in 1 1 pl of water. 

PCR of the eluted DNA was performed as described in section 2.5.5.2 

and the products were run on a gel as was also described (see 2.5.3). 



2.5.5 Cloning of PCR Products 

Products obtained from the reamplification of eluted bands were cloned 

into the T-tail vector pCRll (Invitrogen). Two pL of plasmid was incubated with 1 

pl of 10X ligase buffer (Invitrogen), 5 PL of water, 1 PL of PCR readion, and 1 

pL of T4 DNA ligase (Invitrogen) at 15OC ovemight. The ligation mix was 

transformed into competent JM109 in the same manner as plasmid DNA (see 

2.3.2). 

Colonies were screened for the presence of insert by digestion and 

agarose gel electrophoresis of plasmid preparations from selected colonies. 

2.5.6 PCR Primers 

The prirners used throughout this work are listed in Table 1. 



Table 9. Primers used in PCR Reactions 

Primer 
EF 
ER 

KR12 
KF30 

Ml3 

PCR Reaction Sequence (5' to 3') 
ACATCGCCCAACTGGTCTACAA 

AAGTGCTCACACCTGAACTTTAGACC 
GCTCGAGCGCGGCACATAGAC 
TGCTGGAGCGCAACTATCCCA 

KS 
KF2 
KR4 

14306O 

RT-PCR of elastase 
RT-?CR of elastase 

RT-PCR of exotoxin A 
RT-PCR of exotoxin A 

RAP-PCR of sputum RNA 
RAP-PCR of sputurn and lab 

RNA 
PCR of ~lasmid DNA 

GCTATGACCATGATTACG 

RAP-PCR of s~utum RNA 

Length (bp) 
22 
26 
21 
21 

CGAGGTCGACGGTATCG 
TGGAGGAGCGCGGCTATGTGT 
GGCCAGCCGAGAATGGTCTCC 

GGTTGGGTGAGAATTGC 

RAP-PCR of sputum RNA 
RAP-PCR of sputum RNA 
RAP-PCR of s~utum RNA 

%GC 
50 
46 
67 
57 

1 

* Tm is the estimated melting temperature calculated as 4OC for a G or C and Z°C for a T or A. 

18 

17 
21 
21 
17 

O taken from Kersulyte el al. (1 995) 

44 

65 
62 
67 
53 



Chapter 3 

Devalopment of the RAP-PCR Protocol 

The project objective was to develop a protocol for RAP-PCR which could 

be used with sputum sample RNA. We were able to obtain sputum samples 

from patients immediately prior to a course of antibiotic treatrnent and a second 

sample during the treatment period. RAP-PCR fingerprints of both samples 

would allow differences in gene expression to be detected, and the subsequent 

cloning of differentially expressed fingerprint bands. These products would then 

be used in slot blots, Southem hybridizations. and sequence analyses. 

3.1 RT-PCR of RNA lsolated frorn Lab Cultures 

3.1.1 Amplification of Exotoxin A mRNA 

RNA was isolated from cultures that were expected to contain either high 

levels of exotoxin A (ETA) transcript, or very low levels of transcript. Therefore 

P. aenrginosa strain PA103 transformed with pDF191.8-202 (Frank et al., 1989) 

was grown for RNA extractions. The plasmid contains a 1.9 kb open reading 

frame encoding the regAB operon which plays an important role in the regulation 

of ETA production (Frank and Iglewski, 1988). When iron is readily available in 

the media, expression of the operon is low and ETA production is down- 

regulated (Hindahl et al., 1987). However, if iron is limited, the operon is highly 



expressed, and so is ETA (Hindahl et ab, 1987). Therefore. RNA was extracted 

from cultures grown in low and high iron media. 

Primers were available in the lab for amplification of a 354 bp region of 

the ETA enzymatic domain. The reverse primer KR12 was used for the 

production of cDNA from 140 ng of RNA for each PCR reaction. Both the 

fonnrard primer, KF10, and KR12 were used for the amplification of €TA 

transcripts from the RNA samples. 

The 354 bp product is identifiable in PCR reactions using the high and low 

iron RNA samples (Fig. 2). The control reaction, which substituted water for 

cDNA mix, did not show a similar 354 bp product. This data indicated that RT- 

PCR was capable of amplifying specific transcripts from P. aeruginosa RNA 

samples. It was also demonstrated that small amounts of RNA template were 

sufficient for the production of cDNA and the subsequent PCR reaction. 

3.1.2 Amplification of Elastase mRNA 

Following successful amplification of €TA sequence from RNA samples, it 

was decided that the production of elastase would be examined next. Since our 

goal was to look at the differences induced in mRNA expression with exposure of 

bactena to antibiotics. we wanted to produce such an effect with a laboratory 

grown strain. It has been shown that the production of elastase can be shut 

down when cells are grown in the presence of low levels (4 8 pgfmL) of 



Figure 2. RT-PCR of RNA samples from PA103 (pDFl91.8-202) using 

primers specific for a 354 bp region of the exotoxin A catalytic domain. 

cDNA was prepared from 140 ng of RNA sample that had been extracted from 

strain PA103 (pDFi91.8-202) (Frank et ab, 1989) grown in either low (Fe-) or 

high (Fe+) iron media. Samples were run on a 1.2% agarose gel in order to 

separate the small products from the excess nucleotides. Lane M is the 1 kb 

DNA ladder (Gibco BRL). The sire of the marker bands in bp, from top to 

bottom are: 12,216, IA,W8, 10,180, 9,162, 8,144, 7,126, 6.108, 5.090, 4.072. 

3,054, 2,036, 1,636. 1,018, 506, 396, 344, 298, 220, 201, 154, 134, and 75. 

Lane 1 contains the results of low iron RNA amplification while the high iron RNA 

results are in lane 2. Lane 3 is the control reaction which did not have any 

template added to the reactïon mix. The ETA product is running alongside the 

344 bp band of the DNA ladder. 



506 bp marker 

ETA product 



erythromycin (Sakata et al., 1993). Furthemore, at this concentration, the 

growth of the cells is not significantly inhibited. 

Strain PA01 was grown in the presence or absence of 5 pg/mL of 

erythromycin prior to RNA extraction. Primers were designed to specifically 

amplify elastase transcripts from the RNA samples. The ER primer was used 

both for cDNA production, and as the reverse primer for the RT-?CR reaction. A 

second primer, EF, served as the forward primer for the transcript amplification. 

It was predicted that the primers would yield a product of 1172 bp. However, 

numerous attempts to amplify the sequence did not result in any PCR products 

(data not shown). To test the possibility that the primes were defective, a PCR 

reaction was run using plasmid pRB1803 (Bever and Iglewski. 1988), which 

contains the gene encoding elastase. The PCR of the plasmid DNA resulted in 

the production of the expected 11 72 bp product (data not shown). This result 

verifies the ability of the primers to amplify elastase sequence. Therefore, it is 

not known why the elastase transcript could not be amplified from the RNA 

samples. It is possible that the elastase mRNA or cDNA contains secondary 

structure which inhibits primer binding and interferes with amplification. 

3.2 RAP-?CR of RNA lsolated fiom Lab Cultures 

3.2.1 PA1 03 (pDF191.8-202) RNA as femplate 

An Ml3 reverse sequencing primer was chosen for use as an arbitrary 

primer in RAP-PCR. The high iron RNA sample used in the amplification of ETA 



sequence was used as a ternplate because it had provided positive results when 

used for RT-PCR. The arbitrary primer was used to make cDNA in reactions 

containing 60 to 180 ng of RNA. Subsequent RAP-PCR resulted in the 

production of a strong band, about 330 bp in sire, for al1 RNA concentrations 

(Fig. 3). It was apparent that the Ml3 reverse sequencing primer was suitable 

for amplification of P. aeruginosa sequence in a RAP-PCR reaction. However, 

only 1 produd was visible compared with the 10 or more bands that were 

expected. As a result, it was deemed necessary to use 3 2 ~ - d ~ ~ ~  in the PCR 

reactions so that we could detect PCR products with greater sensitivity. 

3.2.2 RAP-PCR of PA01 RNA Samples 

3.2.2.1 Fingerprint Production 

The Ml3 reverse sequencing primer was again used for RAP-PCR, 

however, this time the template was the PA01 RNA samples which had been 

isolated for the amplification of elastase transcripts. As well, 3 2 ~ - d ~ ~ ~  was 

included in the reaction to detenine if more PCR products could be detected 

than was previously seen in unlabeled reactions. 

As depicted in Figure 4, the labeled reactions contained up to 4 bands per 

fingerprint, and differences between the growth conditions could be seen. The 

fingerprint from PA01 grown in the absence of erythromycin, included 2 bands 

which were not present in the culture grown with erythrornycin. These bands 



Figure 3. Agarose gel of RAP-PCR products obtained from various 

concentrations of PA103 (pDF191.8-202) RNA using the Ml3 reverse 

sequencing primer. A 'i kb DNA ladder (Gibco BRL) was run in lane M (see 

Figure 2 for description). A RT-PCR using 140 ng of RNA and €TA specific 

primers was run as a positive control and can be seen in lane C. Lanes 1 

through 4 are RAP-PCR products derived from 60. 100, 140. and 180 ng of RNA 

respectively. Lane 5 did not contain any template and sewed as the negative 

control. The 354 bp ETA product and the 330 bp arbitrary product are indicated. 

The samples were run on a 1.2% agarose gel to allow effective separation of the 

small products. 



ETA product - 
arbitrary product - 



Figure 4. Autondiograph of fingerprints produced by RAP-PCR of PA01 

RNA samples. Samples consisting of 140 ng of RNA were subjected to RAP- 

PCR. The reactions were run on an acrylamide gel and autoradiographed. Lane 

N was the negative control reaction and did not contain any ternplate. A positive 

wntrol reaction, a RAP-PCR of PA103 (pDF191.8-202) high iron RNA, was nin 

in lane C. Lane 1 was the fingerprint produced from the RNA of PA01 grown in 

the presence of 5 pglmL of erythromycin. The fingerprint of the RNA extracted 

from the culture grown in the absence of antibiotic is shown in lane 2. Bands 

which were cut from the gel for reamplification are indicated as A, B, and C. 





were also absent in the control reaction which used PA103 (pDF191.8-202) 

(Frank et al., 1989) high iron RNA as template. The use of 3 2 ~ - d ~ ~ ~  in the 

RAP-PCR reactions was important in increasing the sensitivity of fingerprint 

detection. This improvement was key in allowing us to detect differences 

between fingerprints produced from dissimilar RNA samples. 

3.2.2.2 Isolation of Fingerprint Bands 

Once we had shown that we could produce fingerprints from lab RNA 

samples, we wanted to confirrn that bands of interest could be isolated away 

from other bands in the fingerprints This step is very important to ensure that 

selected products can be cloned for further analysis. The bands labeled A, B. 

and C in Figure 4 were cut from the gel and eluted for a second round of 

amplification. The products of this second amplification were separated on an 

acrylamide gel and autoradiographed. The film clearly shows that the PCR 

products c m  be eluted and reamplified (Fig. 5). Although there is some 

contaminating products originating from lower molecular weight bands, the 

predominant product is the one that was cut from the gel. 

Results obtained using RAP-PCR of PA01 RNA supported the hypothesis 

that we could produce fingerprints that varied with growth conditions, and that 

fingerprint bands could be isolated for cloning. 



Figure 5. ?CR products of the reamplification of bands A, B and C (from 

Fig. 4) visualized by autoradiography. PCR reactions were Rin on the DNA 

eluted from the bands which were cut from the gel shown in Figure 4. The 

samples were electrophoresed on a 5% acrylamide gel and autoradiographed. 

The negative control, which did not include any template, is shown in lane N. 

Lanes 1, 2, and 3 are the amplification products of bands A. B, and C 

respective1 y. 





3.3 RAP-PCR of Sputum RNA using a M l  3 Primer 

3.3.1 Sputum Samples 242 and 237 

The first sputum samples to be tested for use in RAP-PCR were obtained 

from an adult male CF patient who was suffering from moderate lung disease 

and was chronicaliy infected with P. aenrginosa. Sample 242 was collected on 

January 1, 1995, at which time the patient was not receiving any antibiotic 

treatment. A second sample, 237, was given by the patient on January 16, 1995 

during a period of therapy consisting of inhaled tobramycin. RNA was extracted 

from both samples and used for RAP-PCR to determine if differences could be 

detected in the fingerprints produced from each treatment condition. 

3.3.1.1 Fingerprint Production 

As for previous reactions, 140 ng of RNA sample was used for the 

production of cDNA and subsequent RAP-PCR with the M l3  reverse sequencing 

primer. Autoradiographs of the reactions show that fingerprints were produced 

from the sputurn RNA samples, and that differences between the samples exist 

(Fig. 6). At this time, we felt that it was important to demonstrate that there was 

consistency in the production of fingerprints, and that the banding patterns were 

not simply random artifacts. A second set of RAP-PCR reactions were run at a 

later time for compatison with the original results. Samples from the second trial 

(Fig. 6, panel B) were very similar to the initial fingerprints (Fig. 6, panel A), 



Figure 6. RA?-PCR fingerprints produced from sputum RNA samples. 

Fingerprints were produced by the amplification of cDNA made from 140 ng of 

sputum RNA using the Ml3 reverse sequencing primer. Panel A shows the 

fingerprints produced from the first RAP-PCR reaction. In panel B are the results 

from a reaction run at a later date, using the same reaction conditions. Lane N. 

in both panels, is the negative control. Fingerprints from sputum sample 242 are 

shown in lane l , while those from 237 are in lane 2 for both films. Bands labeled 

A, B, and C are believed to be conserved between both sets of reactions and 

were cut from the gel for rearnplification. 





however, the banding patterns were very complex making it difficult to detennine 

if it was an exact duplication. The high similarity of the fingerprints led us to 

believe that the results were reproducible, and were not artifacts of the PCR 

reaction. 

3.3.1.2 Isolation of Fingerprint Bands 

Once fingerprints had been sucœssfully produced from sputum RNA 

samples, the next step was to isolate selected bands for cloning. Three bands 

were chosen and are labeled A, B, and C in Figure 6. The bands were cut from 

the gel, eluted and reamplified so that the selected bands would be the major 

product in the reaction used for cloning. Following reamplification, the PCR 

reactions were run on an acrylamide gel in order to see whether the PCR 

reaction had been successful. and to detenine the intensity of the amplified 

product. This was important as the next step in the procedure was to ligate the 

product into a plasmid. To set up the ligation, the concentration of PCR product 

had to be estimated from the film. 

Reamplification of bands A, B, and C was successful and the 

concentration of product was strong as shown from the 45 minute film exposure 

(Fig. 7). It should also be noted that the bands are located, relative to each 

other, as they were in the original fingerprints. That is, band A is the highest, 

band B is the lowest, and band C is located between bands A and B. There is 



Figure 7. PCR products from an amplification of eluted fingerprint bands 

run on an acrylamide gel and autoradiographed. Bands A, B, and C cut from 

the 242 and 237 sputum sample fingerprints were eluted and precipitated. The 

DNA was then amplified using the Ml3 reverse sequencing primer which was 

also used to produce the fingerprints from which the bands were rernoved. A 

negative control was run in lane N of the acrylamide gel. Lanes 1, 2, and 3 

contain the products of the reamplification of bands A, B, and C respectively. 
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very little contamination from other bands seen in the autoradiograph, which 

should increase the probability of cloning the desired band from the reaction. 

3.3.1.3 Cloning and Screening PCR Products 

The products derived from the reamplification of band C (Fig. 7) which 

had been cut from the fingerprint of sputum sample 242, were ligated into a T-tail 

vector called pCRll (Invitrogen). This plasmid allows for the blue-white selection 

of colonies so that those containing insert were easily identifiable. Various 

restriction enzyme sites surround the location of insertion, and facilitate the 

screening of plasrnid DNA. The enzyme. EcoRI, has cut sequences located on 

either side of the cloned inserts. For this reason, plasmids isolated following the 

ligation readion were cut with this enzyme to release the PCR product insert with 

only an additional 14 bases of vedor sequence. 

Of the numerous colonies produced from the ligation of band C into 

pCRII, 24 white colonies were chosen for screening. The plasmid DNA was 

isolated and digested. Agarose gel electrophoresis of the digests showed that 

there were 5 different sites of insert (Fig. 8) as well as 3 clones which did not 

contain an insert. The inserts ranged in size from 200 to 550 bp, however, there 

were 3 sires that predominated. Eleven of the 24 clones contained an insert of 

about 500 bp (Fig. 8, lanes2, 4, 10. 11. 14, 15, 16, 18. 20, 21, and 24). The 

second most common insert was one of 300 bp which was seen in 6 of the 24 



Figure 8. Analysis of insert size by EcoRl digestion of 24 clones derived 

from the Iigation of a reamplified fingerprint band with pCRll (Invitrogen) 

vector. Twenty-four clones, which were believed to contain insert because of 

their white color in the presence of X-gal, were chosen for screening. Plasmid 

DNA was isolated and digested with EcoRl subsequent ta agarose gel 

electrophoresis. The vector is teleased as a linear 3.9 kb DNA fragment along 

with a linear insert. Lane M is a 1 kb DNA ladder (see Figure 2 for description). 

Samples isolated from the selected clones are labeled 1-24. Plasmids chosen 

for further investigation, pCR242-12, pCR242-13, and pCR242-15, are shown in 

lanes 12, 1 3, and 1 5 respectively. 





plasrnids (Fig. 8, lanes 6, 9, 13, 17, 19, and 22). The third group consisted of 4 

clones which al1 had a 550 bp insert (Fig. 8, lanes 5, 8, 12, and 23). One clone 

from each of the 3 predominant groups was chosen for further examination. The 

clones were named pCR242-15 (500 bp insert), pCR242-12 (550 bp insert), and 

pCR242-13 (300 bp insert) and are shown in lanes 15, 12, and 13 respectively 

(Fig. 8). 

Ligation of the reamplified fingerprint bands and subsequent screening 

showed that a small number of predominant products could be identified. Of the 

clones that were screened, 46% contained a 500 bp product. Since this product 

was identified twiœ as often as the next most common sized insert, it was 

speculated that the 500 bp insert would correspond to the fingerprint band. 

3.3.1.4 Amplification of pCRll lnserts 

Plasmids pCR242-12, pCR242-13, and pCR242-15 were used as 

template in PCR reactions using the M l  3 reverse sequencing primer, in order to 

confirm (i) that the inserts indude the expected Ml3 primer binding site and (ii) 

that the sires of the amplified inserts are comparable to the PCR product used 

for cloning. Amplification of the plasmid DNA was expected to yield 2 PCR 

products for each plasmid. One of the products will be derived from the plasmid 

insert alone, however, the pCRll (Invitrogen) vector also contains an M l  3 

reverse sequencing primer binding site located 71 bp upstream of the insert. 



Therefore, a second product, derived from the insert plus 71 bp of plasmid 

sequence, is also expected to be generated. 

Indeed, amplification of the plasmids generated the expected PCR 

products (Fig. 9). Two distinct products were not seen for pCR242-15, although, 

the strong intensity of the band on the film led us to believe that the 2 products 

were coinigrating on the gel. Also included on the gel, was an aliquot of the 

reamplified fingerprint band that was used for ligation with the pCRll (Invitrogen) 

vector. Reactions using pCR242-12 and pCR242-15 as ternplate, yielded 

products which ran at positions similar to the product which was used in the 

ligation. The products amplified from plasmid pCR242-13 were smaller than the 

reamplified fingerprint band. and are not likely the same products. 

3.3.1.5 Slot Blot Analysis using Cloned lnsert as Probe 

A membrane was prepared that contained numerous samples of RNA 

extracted from lab cultures, as well as RNA from sputum samples 242 and 237. 

A 10 pg aliquot of tRNA was utilized as a negative control. RNA samples from 2 

clinical isolates, 61 O6 (an alginate overproducing strain) and 4384 (a 

hypertoxigenic strain), were included on the membrane. Samples of RNA from 

lab strains PA01 (grown in the presence or absence of 5 pg/mL of 

erythromycin), and PA103 (pDF W I  .8-202) (grown in high and low iron media) 

were also blotted. Along with the RNA samples, 2 chromosomal DNA samples 

from strains 4384 and PA103, were added to the membrane. 



Figure 9. ProducQ obtained from the ?CR of pCR242-12, pCR242-13, and 

pCR242-15 plasmid DNA using the W 3 reverse sequencing primer. Lane N 

is the negative control which had water added in place of the aliquot of plasrnid 

DNA. Lane 1 contains the reamplified fingerprint band (previously shown in lane 

3 of Figure 7) which was ligated into pCRll vector (Invitrogen). PCR products 

amplified from plasmid pCR242-12, pCR242-13, and pCR242-15 DNA are 

shown in lanes 2, 3, and 4 respectively. 





The membrane was first hybridized with a BamHl interna1 ETA probe. 

Although the signal was weak, it was evident that the ETA probe had hybridized 

with al1 the RNA samples with the exception of the tRNA, the sputum RNA, and 

the high iron PA103 (pDF191.8-202) samples (data not shown). This was 

expected for al1 but the sputum RNA. It was somewhat surprising that ETA was 

not detected in the sputum RNA, as ETA is often expressed in the lung 

environment (Storey et al., 1992). However, Storey et al. (1 992) showed that 

although it is common to detect ETA transcripts in sputum RNA. it is also absent 

from some samples. The ETA probe did hybridize strongly with the P. 

aeruginosa chromosomal DNA samples. 

Next. the membrane was probed with the insert from plasmid pCR242-15. 

This probe did not hybridize with any of the samples on the membrane (data not 

shown). The next probe to be tried was the insert from plasmid pCR242-12. 

This 550 bp probe showed weak hybridization with al1 the RNA samples except 

the tRNA and sputum 242 (Fig. 10). A signal was detected for PA103 

chromosomal DNA, however, it was dificult to discern if there was a reaction 

with 4384 chromosomal DNA (Fig. 10). The reaction with P. aeruginosa RNA 

and DNA samples seemed to indicate that the insert contained in pCR242-12 

was of P. aeBrginosa ongin. 



Figure 10. Slot Mot  using the pCR242-12 insert as a probe on a membrane 

with RNA and DNA samples. Slot 1 contains the tRNA negative control. RNA 

from clinical strains, 6106 and 4384, are in slots 2 and 3 respectively. Strain 

PA01 RNA, which was isolated from 2 different cultures, is shown in dots 4 and 

6. RNA from PA01 grown in the presence of erythromycin at 5pglmL is in slot 5. 

The RNA from sputum samples 242 and 237 are in slots 7 and 8 respectively. 

Slots 9 and 11 contain RNA isolated from PA1 03 (pDF191.8-202) grown in low 

iron, on 2 separate occasions. Similarly, dots 10 and 12 contain RNA samples 

from the same strain, but grown in high iron media. Strain 4384 chromosomal 

DNA is shown in dot  13, while genomic DNA from strain PA103 was placed in 

dot 14. The image was generated by a 4 hour exposure to a Fuji imaging plate 

(Fuji Photo Film Co., Ltd.). 





3.3.1.6 Sequence of Cloned Inserts 

The inserts in plasmids pCR242-12, pCR242-13, and pCR242-15 were 

sequenced for cornparison with available sequence data. A Blast search 

(Altschul et al., 1990) through NCB! did not identify any homologous sequence in 

the data bank. Likewise, a search of the database from the Pseudomonas 

Genome Projed did not reveal any matching sequence. Analysb using GCG. 

showed that al1 3 inserk had a GC content of about 50%. Although these 

findings do not rule out the possibility that the cloned products are of P. 

aeruginosa origin. it does indicate that the sequence does not have 

characteristics typical of DNA from this species. 

3.3.2 Sputum Samples 352 and 354 

Due to the fact that our supplies of RNA from sputum samples 242 and 

237 were limited, we decided that we would use the protocol that had been 

optimized on these samples. to analyze RNA extracted from a second set of 

sputum samples. The second samples were collected from an adult male CF 

patient who had moderate lung disease and was chronically coionized with P. 

aeruginosa. Sputum sample 352 was collected on December 11, 1996, at which 

time the patient was not receiving any antimicrobial agents. The second sample, 

354, was collected on December 20, 1996 during a period of antibiotic therapy. 



3.3.2.1 Fingerprint Production 

Fingerprints were produced using the Ml3 reverse sequencing primer as 

was done for RNA from sputurn samples 242 and 237. To examine the 

consistency of the fingerprints, a sequencing gel was run which contained 

fingerprints produced from the 354 sputum RNA on 2 separate occasions, as 

well as reactions petformed at the same time, but set up in 2 different PCR 

tubes. The results show that the fingerprints produced from al1 reactions are 

highly similar (Fig. 11). This confirms the results obtained with the fingerprinting 

of RNA from sputum samples 242 and 237. 

Two bands were chosen from the fingerprints for reamplification and 

cloning in an attempt to prove that the fingerprint bands are representative of 

RNA transcribed by P. aeruginosa in the CF lung environment. These bands are 

marked M and B in figure 11. 

3.3.2.2 Isolation and Cloning of Fingerprint Bands 

Bands M and 6 were cut from the fingerprints, eluted, and reamplified. 

The reamplification reaction did not include any 3 2 ~ - d ~ ~ ~ ,  as we chose to run 

the products on  an agarose gel and visualire them using ethidium bromide 

staining. This was done in order to make it easier to estimate the concentration 

of PCR product obtained from the reamplification. It is useful to know the 

approximate DNA concentration when setting up the ligation reaction with the 



Figure II. Fingerprints produced h m  the RNA extracted from sputum 

simple 354. Lane 1 shows a RAP-?CR run on 354 RNA using the M l  3 reverse 

sequencing primer. Lanes 2 and 3 are the fingerprints produced from identical 

reactions run 19 days after the readion seen in lane 1. The fingerprints shown 

in lanes 2 and 3 were produced at the same time in the thennocycler. but the 

reaction components were prepared separately. Bands in the unlabeled lanes 

were due to overfiow of the samples from the neighboring lanes. The bands 

labeled M and B were cut from the gel for reamplification and cloning. 





pCRll (Invitrogen) vector. Agarose gel electrophoresis has the advantage of the 

availability of DNA markers with known concentrations. 

Two reamplification reactions were perfonned for each eluted band. Each 

of the reactions resulted in the production of intense products ranging in size 

from about 300 bp to 600 bp (Fig. 12). Both band M and 0 yielded 2 major PCR 

products which are similar in size. The products of band M rearnplification were 

used for cloning into pCRll T-tail plasrnid (Invitrogen). 

Screening of 12 clones from the ligation, revealed a predorninant product 

of about 500 bp which was seen in 5 of the plasrnids isolated (data not shown). 

One of these clones was selected for further examination and was called 

pCR354-Ml. Four of the remaining plasmids did not have any insert. 2 had a 

200 bp insert, and 1 had a 300 bp insert. 

3.3.2.3 Slot Blot using Cloned lnsert as Probe 

A dot blot membrane was prepared for hybridization with the pCR354-Ml 

insert. The membrane contained RNA from 7 different sputum samples, 

including 352 and 354, as well as PA103 (pDF191.8-202) high and low iron RNA. 

Chromosomal DNA from strain PA103 and the E. coli strain JM109 were also 

included. The membrane was first probed with the ETA interna1 BamHl fragment 

(data not shown). The ETA probe hybridized strongly to PA103 chromosomal 

DNA. It also reacted with PA1 O3 (pDF 191.8-202) low iron RNA and several of 

the sputum RNA samples. including 354. 



Figure 12. Agarose gel of the products obtained from reamplification of 

bands M and 8 which were isolated from the fingerprint of sputum sample 

354. Lane M contains the 1 .O kb DNA ladder (Gibco BRL) (see Figure 2 for 

description). Lanes 1 and 2 are the products of the PCR using band M (see 

Figure 11) as ternplate. The reamplification products of band B (see Figure 11) 

are shown in lanes 3 and 4. A negative control, which did not include ternplate. 

is shown in lane N. 





Next. the membrane was probed with the insert from plasmid pCR354- 

M1. The probe was able to hybridize to the RNA from sputurn sample 354 and 

also to some of the other sputum RNA samples (Fig. 13). However, it did not 

react with the 352 sputum RNA sample. This was encouraging as the insert had 

been cloned from a fingerprint of 354 RNA. Surprisingly, the insert only weakly 

hybridized with PA1 O3 chromosomal DNA, and had a strong signal with JM109 

chromosornal DNA. These results made it unclear as to the source of the 

fragment which had been cloned. 

3.3.2.4 Southern Blot Analysis 

In order to resolve the contradictory data obtained from the dot blot 

experirnents, Southem blots were perfomed. Genomic DNA was isolated from 

P. aeruginosa lab strains PA1 03 and PAK, and the E. coli lab strain JM109. 

DNA from a clinical isolate, 354-2, which had been obtained from the 354 

sputum sample was also included. The final sample was chromosomal DNA 

which had been extracted from a mixed culture initiated by inoculation with 100 

pL of 354 sputum. Ail DNA samples were digested with EcoRI. electrophoresed, 

and blotted. 

The 2 membranes with identical samples were probed, one with the 

pCR35eM1 insert, and the other with an elastase probe. The elastase probe 

was a Stul fragment of about 700 bp, cut from the coding region of lasB in 

plasmid pRB1803 (Bever and Iglewski, 1988). The elastase probe was used as 



Figure 13. Slot blot of RNA and DNA samples using the pCR354M1 insert 

as the probe. Slots 1, 2, 3, 6, and 7 contained 10 pg of RNA from sputum 

samples 258, 264, 346, 310, and 347 respectively. RNA from sputum samples 

352 and 354 were loaded in slots 4 and 8. Low iron culture RNA from PA103 

(pDF191.8-202) is in slot 5, while high iron culture RNA is in slot 9. 

Chromosomal DNA samples from E. coli strain JM IO9 and P. aeruginosa strain 

PA103 are in dots 10 and 11. Results shown are from 68 hours of exposure to 

film. 





a positive control as it should hybridize to a 8 kb EcoRl fragment. The 

autoradiograph in Figure 14 shows that the elastase probe did hybridize to the 

DNA of strains PA103 and PAK. It also reacted strongly with the mixed genomic 

DNA extracted from the sputum 354 culture. It did not hybridize with strain 

JM 109, as expected, or with the clinical isolate 354-2. 

However, when the same samples were probed with the insert from 

pCR354M1, no hybridization was seen with any of the samples (Fig. 14). From 

this experiment, we were unable to determine the source of the DNA fragment 

contained in pCR354-Ml. 

3.3.2.5 Sequence of Cloned lnsert 

The sequence of the insert in plasmid pCR354-Ml was obtained and 

analyzed. A Blast search (Altschul et al., 1990) of the NCBl database, or the 

database of the Pseudomonas Genome Project, did not yield any known 

homologous sequence. As with the products cloned from sputum 242, GCG 

analysis showed that the insert had a GC content close to 50%. 

3.4 RAP-PCR of Sputum RNA using High GC Primers 

The use of the Ml3 revene sequencing primer led to the successful 

production of fingerprints from sputum RNA, and the ability to clone out the 

fingerprint products. Extensive experimentation seemed to indicate that the M l  3 

reverse sequencing primer was not effective for the cloning of transcripts 



Figure 14. Southem Mot of genomic DNA using an elastase probe as weli 

as the insert ftorn pCR354-Ml. Chrornosomal DNA was isolated from the P. 

aeruginosa lab strains PA1 03 and PAK, and the E. coli lab strain JM109. Also 

included, was genomic DNA from a clinical isolate, 354-2, from the 354 sputum 

sample, and a mixed genomic isolation obtained from a culture inoculated with 

an aliquot of 354 sputum. Five PL of chromosomal DNA was digested with 

EcoRI, electrophoresed and blotted. Panel A shows the membrane probed with 

the intemal lasB probe, while panel B is the results of the probing with the 

pCR354-Ml insert. Both panels are labeled with lane M as the 1 kb DNA ladder, 

lanes 1-5 are JM109, PA103, PAK. 354-2, and the mixed genomic sample, 

respective1 y. 





originating from P. aemginosa. To improve the probability of cloning P. 

aemginosa sequence, we decided to increase the GC content of the arbitrary 

primer to more closely approximate the 67% GC content of P. aemginosa DNA 

(Doudoroff and Palleroni, 1974). 

3.4.1 Fingerprint Production 

Primers such as KF10, KS, KF2, KR4, and 14306 which had GC contents 

ranging from 53% to 67% (see Table l), were used in RAP-PCR reactions. 

However, none of the primen tested gave clear fingerprint patterns. The use of 

these primen resulted in the production of bands which resembled a ladder for 

al1 reactions including the negative control. The results for primer KR4 are 

shown in Figure 15. Production of such a banding pattern seemed to indicate 

that the primen were binding each other, thereby yielding products which were 

simply multiples of the primer sequence. Attempts to haît this reaction included 

modifications to the annealing temperature and changes in the concentration of 

PCR reagents. 

3.4.2 lncreased Annealing Temperatures 

The annealing temperature was increased from 60°C to 65OC for the KR4 

primer in order to inhibit primers from binding each other (data not shown). The 

increase in temperature did not seem to improve the results of the RAP-PCR 



Figure 15. Autoradiognph of the RAP-?CR products obtained using primer 

KR4 and cDNA produced from the RNA of sputum samples 352 and 354. 

RAP-PCR was performed as described for the Ml3 reverse sequencing primer 

and the reactions were electrophoresed on a sequencing gel. Lane N is the 

negative control which lacked ternplate. Reactions using RNA from sputum 

sample 352 are shown in lanes 1 and 2. Lanes 3 and 4 contain the products 

from amplification of cDNA made from sputum sample 354 RNA. Unlabeled 

lanes contain background due to overfiow of the samples from the adjacent 

lanes* 





reaction. Next, the annealing temperature was increased another 7OC to 72OC 

and the RAP-PCR was run again using primer KR4. Unfortunately, this increase 

also failed to improve the banding pattern seen in al1 reactions including the 

negative control (Fig. 16). 

3.4.3 Modifications to Reagent Concentrations 

Concentrations of MgC12 and dNTPs were varied to see if these changes 

could decrease the amount of artifactual banding within the fingerprints. The 

RAP-PCR protocol which had been successful with the Ml3 reverse sequencing 

primer used MgCI2 at a concentration of 2.72 mM and dNTPs at 0.34 mM. A 

series of reactions was nin with the 14306 primer. MgClz concentrations were 

varied from 2.06 mM to 3.39 mM, and dNTPs were used at either 0.24 mM or 

0.34 mM. The annealing temperature was returned to 60°C. As shown in Figure 

17, alterations in MgCI2 and dNTP concentration did not affect the type of results 

obtained from the RAP-PCR reactions. 



Figure 16. RAP-?CR products obtained from 352 and 354 sputum RNA 

using primer KR4 with a primer annealing temperature of 72OC. Samples 

were prepared as with the M l 3  reverse sequencing primer, however, the 

annealing temperature was increased to 72OC for the high stringency cycles of 

the RAP-PCR program. Lane N is the negative control, lane 1 contains the 

products from sputum 354 RNA, and lane 2 shows the products from sputum 

352 RNA. Products seen in the unlabeled lanes are due to overfiow of the 

samples loaded in the adjacent wells. 





Figure 17. RAP-PCR products obtained from sputum sample 354 RNA 

using primer 14306 and a range of MgC12 and dNTP concentrations. 

Reactions in even nurnbered lanes and lane N had a dNTP concentration of 0.24 

mM. Those in odd numbered lanes contained 0.34 mM dNTP levels. Mg& was 

at a concentration of 3.39 rnM in lane Nt 2.06 mM in lanes 1 and 2, 2.39 mM in 

lanes 3 and 4, 3.06 mM in lanes 5 and 6, and 3.39 mM in lanes 7 and 8. All 

lanes with the exception of lane N had cDNA made from the RNA extracted from 

sputum sample 354 as template. Lane N was a negative control which had no 

template added. Background products seen in the unlabeled lanes are due to 

sample overflow. The image was generated using a Fuji imaging plate (Fuji 

Photo Film Co., Ltci.). 





Chapter 4 

Discussion 

The ability of P. aeruginosa to survive aggressive antibiotic treatment 

regimens is an important consideration in the treatment of lung infection of CF 

patients. Little is known about the mechanisms used by P. aemginosa to avoid 

the lethal effects of antimicrobial agents in vivo. Our objective was to investigate 

the potential for using RAP-PCR as a technique for examining P. aemginosa 

gene expression in the CF lung. Fingerprints produced by RAP-PCR using RNA 

extracted frorn the bacteria in a sputum sample can be compared. Sputum 

samples collected before and during periods of antibiotic therapy, should contain 

differences in their fingerprints which are related to exposure to antibioücs. 

4.1 Successful Cloning of Fingerprint Bands 

The development of the RAP-PCR protocol was accomplished through a 

series of experiments beginning with RT-PCR. This approach allowed us to 

modify the technique one variable at a time until we could successfully clone 

fingerprint products. The advantages of RT-PCR over RAP-PCR include access 

to ample quantities of intact template, choie of specific primers with predictable 

product sizes, control of the culture environment, and minimal chances for 

contamination of RNA samples with unwanted template molecules. 



Use of RT-PCR on RNA from lab cultures allowed the optimization of 

cDNA production. It was proven that 140 ng of RNA sample was sufficient to 

yield enough cDNA for successful PCR amplification (Fig. 2). The appropriate 

cycling conditions for amplification of P. aeruginosa sequence was also 

determined. A melting temperature of 98OC was required compared to the usual 

range of 94-97 OC. This may be due to the high GC content of the P. aeruginosa 

template making it more ciifficuit to melt. It was important in these first 

experiments that specific primers were chosen as it allowed success to be 

measured by the appearance of a specific product. 

Once the appropriate parameters had been resolved for successful RT- 

PCR, the next step was to replace the specific prirners in the reaction with an 

arbitrary primer. The primer that was chosen was a 18 bp M13 reverse 

sequencing primer, which had a GC content of 44% and an estimated melting 

temperature of 52'C. We were able to produce fingerprints from RNA samples 

extracted from lab cultures using this primer with few changes to the protocol 

(Fig. 4). It was also shown that bands from the fingerprints could be isolated 

from the majority of other products in the fingerprints for use in subsequent 

Iigation reactions (Fig. 5). 

The largest modification to the protocol was the replacement of cDNA 

from lab culture RNA samples, with template derived from RNA extracted from 

sputum samples. The RNA isolated from sputum samples is of poor quality 

compared to RNA from lab cultures. often being highly degraded. The majority 



of transcripts in the sputum RNA sarnples are expected to be from P. aeruginosa 

due to the high nurnben of P. aeruginosa CFUlmL in sputum. However, there is 

always the possibility that some of the transcripts are from other strains such as 

the normal flora of the respiratory tract, other opportunistic pathogens, or even 

transcripts from the epithelial or immune cells of the patient. 

Fingerprints were successfully generated from sputum sample RNA 

obtained from 2 different patients (Fig. 6, Fig. 11). The results seemed to be 

reproducible between sets of fingerprints generated at different times. From 

these fingerprints, 2 bands were cloned into the pCRll vector (Invitrogen), 

yielding 4 plasmids with different sized inserts for further examination. Plamids 

pCR242-12, pCR242-13 and pCR242-15 were derived from ligation of band C 

(Fig. 6) into the T-tail vector and contained inserts of 550, 300, and 500 bp 

respectively (Fig. 8). Plasmid pCR354-Ml was obtained from the ligation of 

fingerprint product M from sputum sample 354 (Fig. 11) into the pCRll 

(Invitrogen) vector DNA. The insert in pCR354-Ml is about 500 bp in size. 

4.2 Origin of Cloned Products 

The inserts from plasmids pCR242-12, pCR242-15, and pCR354-M 1 were 

used for slot blot analysis (Fig. 10, Fig. 13). All probes were capable of 

hybridizing to P. aenrginosa RNA and DNA samples, however, the readion was 

often weak. The insert from pCR354-Ml was also shown to hybridize to E. coli 

strain JM109 chromosomal DNA (Fig. 13). A Southern blot was performed using 



pCR354-Ml insert to detenine if either P. aeruginosa or E. coli were the source 

of the cloned DNA fragment (Fig. 14). The probe did not hybridize to sequence 

from E. coli strain JM109, or a variety of P. aeruginosa strains, including a 

clinical isolate from sputum sample 354. Interestingly. the pCR354-Ml insert did 

not react with a mixed chromosomal sample obtained from the inoculation of an 

aliquot of 354 sputum into L broth. It was speculated that this sample would 

contain DNA from al1 organisms. including normal flora, that were present in the 

sputum sample. This lack of hybridization indicates that the source of the DNA 

insert was not present in this mixed culture. Possible reasons for this include 

that the strain which produced the transcript was selected against during growth 

in lab culture, or that the transcripts may have been from cells of the patient. It is 

now believed that the hybridization seen in the slot blots was not specific and 

that it was only visible because of the long exposure times. A similar effect was 

observed when the Southem blot using pCR354-M'l insert was exposed to film 

for a long period of time. After 52 hours of exposure, non-specific background 

was noted along the length of the lane with JM109 DNA. This may be due to 

impurities in the sample which allow low levels of non-specific binding, only 

visible with extended exposure times. 

Sequence data is in agreement with the Southem blot results. indicating 

that the inserts of ail 4 plasmids do not share homology with any known genes, 

including those of P. aeruginosa. Fumer circurnstantial evidence lies in the fact 

that the GC content of the inserts was found to be around 50%, which is not 



characteristic of P. aeruginosa DNA which is generally around 67% GC 

(Duodoroff and Palleroni, 1 974). 

4.3 Use of High GC Primers 

A variety of high GC primers were chosen for use in RAP-PCR, with the 

intent of selecting high GC transcripts from the sputum RNA samples. 

Unfortunately, the high GC prirners gave large amounts of background products, 

making it difficult to discriminate between the background and the fingerprint 

bands (Fig. 15). These background bands are believed to be a result of primers 

binding each other and creating a ladder of bands, which are simply multiples of 

the primer sequence. The consistent spacing between background bands 

seems to indicate that each band varies in size by a set amount, probably the 

length of the primer. The appearance of the ladder-like background was also 

seen in the negative control lanes, further implicating difficulties with the primers. 

Contamination is not suficient to explain these results, as every effort was made 

to ensure that no extraneous template was being added to the reactions. This 

included replacing al1 reagents, the use of plugged tips, UV sterikation of 

working space, and the use of a biohood for preparation of cDNA and PCR 

reactions. 

Two variables were altered in an attempt to inhibit the primers from 

binding each other. First, we increased the annealing temperature of the RAP- 

PCR reaction. Annealing temperatures of 6 5 ' ~  and 72OC (Fig. 16) did not 



abolish the background products. Next we altered the reaction conditions by 

changing the concentrations of MgClz and dNTPs. MgCI2 concentrations were 

varied from 2.06 mM to 3.39 mM, while dNTPs were used at concentrations of 

either 0.24 mM or 0.34 mM. None of the combinations of MgCl* and dNTP 

concentrations used improved the background in the RAP-PCR reactions (Fig. 

17). Therefore, it is believed that high GC primers are not suitable for use in the 

RAP-PCR protocol as it was developed. 

4.4 Problems Associated with RAP-PCR 

A variety of difficulties have been associated with the RAP-PCR of RNA 

extracted from sputum samples. The condition of RNA isolated from sputum 

samples is poor, often being highly degraded. It is not possible to visualize even 

large quantities (20 pg) of the RNA sample on a glyoxal gel due to substantial 

amounts of degradation. This limits the number of intact template molecules 

within the sample which have 2 complete primer binding sites. This factor rnay 

have an effect on the consistency of fingerprints between RAP-PCR reactions. 

The damaged RNA may not be as stable as intact RNA when stored at -70°C, 

thereby causing each aliquot to be slightly more degraded than the previous one. 

Another problem lies in the purity of the RNA sample. RNA extracted 

from sputum samples has a high probability of being contaminated with 

transcripts from organisms other than P. aemginosa. Sputa samples may 

contain bacteria, such as normal flora or other opportunistic pathogens, and 



transcripts from the cells of the patient. It is believed that the vast majority of 

transcripts in the sputum RNA samples would be of P. aemginosa origin due to 

the high numben of CFUImL of P. aemginosa in sputum during chronic 

infections. However, the choice of primer rnay bias the set of transcripts which 

are amplified during RAP-PCR. Low GC primers rnay effedively select against 

the bulk of P. aeruginosa mRNA. This is believed to be the reason that the 

products cloned using the Ml3 reverse sequencing primer could not be shown to 

have orig inated from P. aeruginosa. 

This leads to the third major difficulty incurred. The high GC content of 

the target sequence was difficult to select for, as high GC primers resulted in 

unacceptable levels of background in the reactions. The dilemma which resulted 

was that low GC primers did not yield P. aenrginosa products, and that high GC 

primers gave unmanageable levels of background bands. 

The conclusions drawn from these results were that RAP-PCR with low 

GC primers can be used on sputum RNA samples for successful fingerprint 

production. However, if the target transcripts are not also low in GC content, 

then the protocol is of little use. It is difficult to assess the value of the technique, 

even with the low GC primer, as the identity of the cloned products has not been 

establis hed. 



4.5 Data from the Literature 

Wong and McCLelland (1994) successfully used RAP-PCR to clone 

peroxide induced genes from S. typhimurium, however, they had the advantage 

of working with high quality RNA samples extracted from pure cultures. To date. 

RAP-PCR on P. aenrginosa RNA samples has not been documented. AP-PCR 

has been used for the typing of P. aeruginosa isolates, but again. DNA from pure 

cultures was utilized (Bingen et al., 1 993; Kersulyte et al., 1 995). 

Recently, Tyler et al. (1997) criticized the reliability of strain typing using 

PCR techniques, as factors including reagent concentrations, sample extraction 

protocols, thermocycler model. and the batch of heat stable DNA polymerase 

can affect the outcome of the readions. Interestingly, this study showed that 

background patterns were often seen in negative control blanks. which was 

speculated to be due to template contamination of the DNA polymerase 

preparation (Tyler et ab, 1997). This is not likely the same as the background 

noted in Our work. as the background we noted was a ladder of bands. The 

contamination noted in the article was due to bands of random sizes (Tyler et al., 

1997). Other problems which have been discussed in the literature include 

variability between well positions in thermocyclers (Linz et ab. 1990), production 

of non-specific products due to excess cycling (Bell and DeMarini, 1991), and 

artifactual variations in fingerprints due to MgC12 concentrations (Ellsworth et al., 

1993; Park and Kohel, 1994). These articles indicate the great sensitivity of AP- 

PCR to slight changes in reaction conditions. 



We have attempted to minimize the variability in the RAP-?CR reactions 

that we have run, however, it is difficult to control factors such as differences 

behnreen primer and enzyme batches. quality and size of sputum samples 

collected, and variations in thenocycler runs. All of these factors can lead to 

artifactual variation in fingerprint production. 

4.6 Alternative Methods for Identification of Antibiotic Regulated Genes 

RAP-PCR was chosen to identify antibiotic regulated genes because it 

had the advantage of looking at what genes were being transcribed in the CF 

lung environment. Alternative approaches that look at in vivo and in vitro gene 

expression will be suggested. 

4.6.1 In Vivo Gene Expression 

Antibiotic regulated genes could be identified using a rnodified in vivo 

expression technology (IVET) system in an animal rnodel. Wang et al. (1996b) 

have developed a technique which uses an adenine requirîng mutant, PAK-ARP, 

of P. aemginosa strain PAK-SR. A suicide plasmid was constructed which 

contains the genes to complement the adenine requirernent, along with an 

upstream Bglll site. The chromosome of strain PAK was partially digested with 

Sau3A, and fragments ranging in size from 1 to 8 kb were ligated into the 0gnI 

site. The pool of plasmids generated by the ligation reaction were electroporated 

into strain PAK-AR2. Recombination of the cloned chromosomal fragment with 



the chromosome leads to the integration of the genes required for adenine 

biosynthesis. 

A sub-lethal dose of this chromosomal cointegrate bank was injected into 

neutropenic mice. It was demonstrated that the adenine requiring strain, PAK- 

AR2, was not virulent in this model of infection. Therefore. it was speculated that 

after 24 hours of infection, the abundance of bacteria collected from the livers of 

the mice would be those that had promoten, expressed within the mice, ligated 

upstream of the adenine biosynthesis genes. To differentiate between 

constitutive promoten and those induced within the site of infection, the bacteria 

isolated from the mouse liven were plated on minimal media containing limiting 

amounts of adenine. Colonies that grew to large diameters were those with 

constitutive promoters, and those that grew to small diameters contained 

promoters that were believed to be induced during infection. Using this method, 

Wang et a/. (1996b) were able to isolate 15 genes with homologies in GenBank, 

including the P. aeruginosa pyochelin receptor, and nurnerous sequences with 

no homologies. 

A second related system has been developed to detect genes which are 

repressed in vivo (Lory et al., 1996). The PAK strain used for this scenario 

contains the genes required for adenine synthesis under the control of a tac 

promoter. The vector used for the cloning of chromosomal fragments has the 

laci gene, which is responsible for repressing the tac promoter, downstream of 

the cloning site. Only strains which have their cloned chromosomal promoter 



repressed during infection will produce the adenine biosynthesis genes. thereby 

allowing them to colonize the mouse. This system has yet to be tested, but 

shows potential based o n  the results of the search for in vivo induced genes. 

Both systems discussed. look mainly at the expression of genes in the 

mouse which are required for virulence. To look at genes involved in antibiotic 

resistance, the mice would need to be treated with doses of antibiotics during the 

infection perîod. Bacteria with promoters induced (or repressed) by antibiotics 

could be enriched in the mouse model. Again. bacteria collected from the 

mouse livers would be plated on minimal media with limiting amounts of adenine. 

The small colonies could be screened further by plating on minimal media with 

limiting concentrations of adenine along with sub-inhibitory concentrations of the 

antibiotic used to treat the mice. If the antibiotic is capable of regulating the 

promoter controlling the purine biosynthesis genes, the colonies should grow to a 

diameter larger than those with promoten controlled by other environmental 

signals. 

While the P. aeniginosa IVET system is useful for identifying genes of in 

vivo importance. it does not look at the expression of these genes within the CF 

lung. Slot blot analysis of RNA from sputum samples could generate data about 

the expression of these genes. It would be of interest to perform slot blots of 

sputum RNA using some already identified antibiotic resistance genes, such as 

those of the efflux operons, to see if they are expressed in a clinical situation. 

Slot blot analysis would also yield information on the expression patterns of 



these genes in vivo. For instance, whether they are induced dumg treatment or 

if they are constitutively expressed. Information about the dynamic expression of 

antibiotic resistance genes in the CF lung would allow physicians to choose the 

best antibiotic dosing schedules for their patients. 

4.6.2 in V h  Gene Expression 

The cointegrate banks developed for the IVET system. as described 

above, can also be used for in vitro experiments. Genes have already been 

identified that are induced by the presence of mucin in laboratory cultures (Lory 

et al.. 1996; Wang et al.. IgQ6a). The cointegrate banks could be grown in the 

presence of low doses of antibiotics. and limiting concentrations of adenine, in 

the lab rather than be injected into the mouse model. This type of experiment 

allows greater control over the variables of the culture condition. but lacks the 

advantage of determining the importance of genes in vivo. 

Another approach is the use of transposon mutagenesis. A transposon 

with a promoter out. such as transposon B61 constructed by Simon et al. (1989). 

could be used to overexpress chromosomal genes. The B61 transposon 

contains a gentimicin resistance cassette as well as a tac promoter which reads 

out of the transposon. Transposon mutants would be plated with IPTG to induce 

the promoter in the presence of antibiotic concentrations lethal to the parent 

strain. The IPTG would induce the overexpression of downstream genes, and if 

these genes are related to antibiotic resistance. allow the bacteria to survive in 



the presence of the antibiotic. lnduced overexpression of antibiotic resistance 

genes would mimic the situation of multidrug resistance strains where the genes 

encoding efflux pumps become highly expressed. 

A second transposon which could be used for mutagenesis would be one 

that uses a promoter probe such as the green fluorescent protein (GFP). Two 

such transposons have been generated by Burlage et al. (1996) and Suarez et 

al. (1997). These transposons contain a prornoterless gene which codes for the 

production of a green fluorescent protein derived from the jellyfish Aequorea 

victoria. A bank of transposon mutants would be grown in the presence of sub- 

inhibitory concentrations of antibiotic. The cells would then be sorted using a 

fluorescence activated ceIl sorter (FACS). Bacteria with levels of fluorescence 

above that of the parent strain would be cultured again, but this time without any 

antibiotic in the media. Another FACS analysis would retain all cells with no 

fluorescence. indicating that the promoter that was active in the presence of 

antibiotics is now inactive in the absence of antibiotics. These cells would be 

grown again with antibiotic and sorted. Following this last sort. the bacterial 

population would be examined as to the identity of the promoters controllhg the 

GFP gene. 

Another strategy which uses a promoterless GFP gene, is the cloning of 

chromosomal fragments into a multiple cloning site upstrearn of the GFP gene 

on a plasmid. The bacteria would be screened in a manner similar to that 

described for the GFP transposon mutants. This method has been used 



successfully to clone acid inducible promoten from S. typhimurium (Valdivia and 

Falkow, 1996). The advantage to this method compared with transposon 

insertion mutagenesis using GFP, is that genes on the chromosome of the 

screened bacteria do not need to be intempted. This may be especially 

important for screening with antibiotics as the bacteria will retain al1 the genes 

required for high levels of intrinsic resistance allowing the bacteria to sunive the 

selection process. Cells which have key antibiotic resistance genes intemipted 

with a transposon may not be able to survive the low dose of antibiotics needed 

to induce the promoter controlling the GFP coding sequence. 

4.7 Conclusions 

Use of RAP-PCR on sputum sample RNA did not lead to the identification 

of P. aeruginosa antibiotic regulated genes. However, fingerprints were 

produced that revealed differences between treatment conditions. The main 

dificulty encountered was background banding obtained with the use of high GC 

primers, which we felt were necessary for the amplification of P. aenrginosa 

sequenœ. Several other in vivo and Ni vitro approaches have been suggested 

which could be used in place of RAP-PCR. Based on the technical dificulties 

associated with RAP-PCR. it is concluded that one of the suggested alternative 

techniques would be a more efficient and reliable method for isolating antibiotic 

regulated genes from P. aenrginosa. 
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