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Abstract

This thesis investigates the multiple drug resistant (MDR) characteristic within 

enteric Escherichia coli (E. coli) isolates and their ability to transfer this phenotype via 

resistant-plasmid (R-plasmid) conjugation. E. coli were isolated from bovine fecal samples in 

the western Montana region. These isolates were subjected to antibiotic resistance testing, 

then sorted and stored based on general resistance to two broad-spectrum antibiotics, 

ampicillin and chlorotetracycline. All isolates underwent molecular differentiation using 

RAPD PCR, then plasmid extraction using a Qiagen Maxi kit. These results were compared 

to determine if genetically similar isolates, as determined by RAPD PCR, were more likely to 

contain a plasmid. Isolates containing a plasmid were subjected to conjugation assays to 

determine transferability of plasmids. In the conjugation assay, each MDR donor isolate was 

mated with azide-resistant strain, J53AZr.

The following hypotheses were addressed: 1) a strain of E. coli will demonstrate a 

MDR pattern with resistance to more antibiotics if a plasmid is present and 2) the ability to 

transfer the MDR characteristic to other strains lacking the plasmid is specific to the donor 

strain of E. coli and its MDR pattern designated by a plasmid.

Plasmid presence in E. coli isolates increased with level of MDR. Results also 

demonstrated plasmid conjugation between E. coli isolates was more likely to occur as level 

of MDR increased; however the conjugation assay may require larger sample size to confirm 

the trend. The RAPD PCR method should also be altered to illustrate more accurate banding 

patterns and verify molecular differences between strains containing plasmids.
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Introduction

This thesis illustrates the research conducted on the occurrence of multiple drug 

resistant (MDR) Escherichia coli (E. coli) in bovine communities and their ability to transfer 

antibiotic-resistance plasmids to other bacterial organisms. Enteric E. coli is known to be a 

prevalent cause of disease in both human and livestock populations (Pacheco et al., 1997). 

Food and water borne illness due to pathogenic E. coli can be characterized by wound 

infections, urinary tract infections, gastrointestinal illness, and diarrheal disease, a large 

threat to low resource and heavily populated communities (Walia et al., 2004).

Diarrhea-causing E. coli can be classified into six groups: enteropathogenic E. coli 

(EPEC), enteroinvasive E. coli (EIEC), enterotoxigenic E. coli (ETEC), enterohemorrhagic 

E. coli (EHEC), enteroaggregative E. coli (EAEC) and diffuse adhering E. coli (DAEC) (Fei 

et al., 2003). The more common EPEC causes diarrhea by colonizing the small intestine and 

producing either a heat-labile (LT) or heat-stable (ST) toxin (Pacheco et al., 1997). Diarrheal 

disease associated with E. coli is of particular interest to the health world as it can be fatal in 

infants (Walia et al., 2004).

A lack of water sanitation leads to the dissemination of enteric pathogens found in 

fecal pollution, such as E. coli O157:H7 (Walia et al., 2004). E. coli O157:H7 in ruminant 

intestines is the leading causal agent related to transmissible disease from direct contact to 

infected animals, fecal excretions, and consumption of polluted water and food (Vidovie and 

Korber, 2006). Studies have been conducted to differentiate between human and animal fecal 

sources as the risk of human disease transmission increases when human fecal pollution is 

present (Wiggins et al., 1996). Levels of antibiotic resistant E. coli found in fecal pollution 

have also been examined as this pervasiveness can be sourced from both human and
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livestock hosts (Shroeder et al., 2002). As in human hosts, livestock that are exposed more 

often to antibiotics are similarly hypothesized to show increased rates of microbial antibiotic 

resistance (Pestana de Castro et al., 2003). Comparisons of fecal streptococci to fecal 

coliforms, identification of bacteriophages, and matching of antibiotic-resistant bacteria to 

polluted areas are suggested methods to distinguish sources of fecal contamination (Wiggins 

et al., 1996).

The public health problems of fecal pollution and disease are compounded by 

increased antibiotic resistance (Walia et al., 2004). Resistance to quinolones, broad-spectrum 

synthetic antibiotics, has rapidly increased since the beginning of their use in clinical 

settings; in China, 50 % of E. coli strains were resistant to ciprofloxacin, a member of the 

quinolone class (Wang et al., 2003). The quinolones are synthetically derived from their 

parent nalidixic acid and were recently introduced in 1986 (Quinolones). Because quinolone 

introduction was so recent, bacterial resistance to this class of antibiotics is of great 

importance as less time for accrued resistance. Thus quinolone resistance may be used as a 

key feature in demonstrating how quickly the problem of antibiotic resistance is arising and 

spreading.

Multiple drug resistance is of greater concern and is attributed to such factors as the 

overuse of the same antibiotics and contamination control (Bartoloni et al., 2006). Research 

performed in urban settings of low resource countries, Bolivia and Peru, also revealed high 

resistance rates (Bartoloni et al., 2006). E. coli was 80% resistant to five of 11 first-line 

antibiotics tested (Bartoloni et al., 2006). These antibiotics were chosen based on their 

widespread use in human populations (Wiggins et al., 1996). At the molecular level, multiple 

antibiotic resistance stems from alterations in target enzymes (DNA gyrase and/or
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topoisomerase IV) and drug accumulation as a result of genetic mutations (Wang et al.,

2003). However, studies have shown multiple antibiotic resistance in remote areas with 

minimal or nonexistent exposure to antibiotics (Pallecchi et al., 2007) The Guarani Indians in 

the Bolivian Chaco to this date are the most isolated community found to demonstrate high 

levels of antibiotic resistance in E. coli isolates (Pallecchi et al., 2007). This data suggests 

that there is more to the ecology of antibiotic resistance than increased exposure to antibiotics 

through anthropogenic routes.

In conjunction with the severity and widespread nature of multiple drug resistance, 

the mechanism in which the pattern is transferred poses a greater public health risk. Plasmid- 

mediated quinolone resistance was first discovered in 1998 in a Klebsiella pneumoniae 

isolate (Poirel et al., 2006). Primarily, resistant plasmids, or R-plasmids, containing the qnrA 

gene encode plasmid-mediated resistance by translating a 218 amino acid protein binding to 

topoisomerase IV preventing the binding of quinolone antibiotics (Corkill et al., 2005). The 

qnrS gene was identified in Japan showing similar results in a Shigella jlexneri isolate (Poirel 

et al., 2006). A third, qnrB gene, demonstrated plasmid-mediated resistance developing 

higher and faster fluoroquinolone resistance (Nazik et al., 2008).

Recently, low-level quinolone resistance was demonstrated to be transferred through 

plasmid conjugation (Nazik et al., 2008). This plasmid-mediated resistance against 

antimicrobial agents has ultimately strengthened and prolonged bacterial infection due to 

poor treatment efficacy (Martinez-Martinez et al., 1998). Analyses of plasmid conjugation 

conducted in Montreal, Quebec by Fortin et al., (1990) found the azide toxin, a widely 

known inhibitor of functioning electron transport chains and bacterial cell growth, to be an 

effective selective marker in recipient strains. From this method, azide toxin-resistant E. coli,
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YF201 and YF248, were successfully conjugated with known MDR strains (Fortin et al., 

1990). Wang et al., (2004) similarly determined if an R-plasmid had been co-transferred by 

mating an azide-resistant isolate and ciprofloxacin-resistant isolate forming

azide?ciprofloxacin-resistant colonies. This transconjugate was screened on a trypticase soy 

agar (TSA) azide plate and a TSA-azide/czpro/7oxac/n plate. If uniform growth occurred on 

the 'TSA-azide/ciprofloxacin plate, then plasmid co-transfer had occurred (Fortin et al.,

1990). Based on a similar experiment conducted in Shanghai, China, six of 78 strains 

confirmed with a plasmid were able to be co-transferred (Wang et al., 2003). Another study 

conducted by Kajiura et al., (2006) tested the efficiency of conjugative transfer between 

Enterococcus faecalis using a biofilm intermediate, as opposed to liquid. Their research 

concluded plasmid transfer occurred more efficiently with a solid intermediate interface as 

physical contact is required for acquiring antibiotic-resistance genes (Kajiura et al., 2006)

The identification of genetic diversity within E. coli isolates is necessary to address 

whether certain strains of a particular MDR characteristic are more likely to transfer an R- 

plasmid. In 1997, Rapid Amplification of Polymorphic DNA (RAPD) fingerprinting received 

significant attention for its sensitivity, simplicity, and low cost in differentiating E. coli 

strains at a molecular level (Pacheco et al., 1997).

Earlier methods of DNA fingerprinting include Amplified Fragment Length 

Polymorphism (AFLP) using Msel-EcoRI digestion, Ribotyping using universal probes to 

pinpoint bacterial ribosomal RNA, and BOX-PCR using single primers to target box 

elements in bacteria {Online). Multilocus Enzyme Electrophoresis (MLEE) was 

predominantly used prior to RAPD introduction. MLEE identified isolates with similar 

phenotypes showing relatively low genetic diversity (Pacheco et al., 1997).
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However, RAPD revealed phenotypically similar E. coli strains with significant 

genetic diversity thereby demonstrating a need for further determination of relatedness 

between enteropathogenic strains (Pacheco et al., 1997). Polymorphisms produced with 

RAPD analysis allow for identification of slighter genetic variations (Fei et al., 2003). 

Phylogenetic analysis using RAPD reveals if a genetically distinct isolate expressing the 

MDR pattern is more likely to transfer a plasmid throughout E. coli populations thereby 

increasing antibiotic resistance (Pallecchi et al., 2007). RAPD analysis may aid in following 

the movement of specific strains throughout E. coli populations (Vidovic and Korber, 2006). 

As plasmids may demonstrate strain-specificity, it is significant that isolate molecular 

patterns are examined as a means of correlating plasmid presence, horizontal gene transfer,

and level of MDR.

Through this research, two hypotheses will be addressed. First, a strain of E. coli will 

demonstrate higher resistance to more antibiotics if a plasmid is present and second, the 

ability to transfer this higher MDR characteristic to other strains is specific to the donor E. 

coli strain and the plasmid dictating the MDR pattern.

The first objective of this research will test the first hypothesis and involve isolation 

of MDR E. coli from bovine fecal samples collected at various sites in western Montana. 

Isolates will be genetically distinguished using RAPD PCR fingerprinting and compared to 

plasmid extraction results to determine if plasmid presence corresponds with higher 

resistance to more antibiotics. In order to investigate the second hypothesis of this research, 

conjugation experiments between MDR isolates and sodium azide-resistant E. coli will be 

performed. This second objective will aid in determining if the MDR characteristic is 

transferable to other E. coli strains, thus spreading the phenotype.
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Materials and Methods

Sampling

Table 1. Number of samples and their collection dates from nine ranches.

Location Date Collected Number of Samples 
Collected

Brown Ranch; Helena, MT May 9, 2008 20
Schlepp Ranch; Conrad, MT May 15,2008 56
Brown Ranch; Helena, MT May 31,2008 21

Hibbard Ranch; MacDonald Pass, MT June 4, 2008 105
Ox Box Ranch; Wolfcreek, MT January 11,2008 -144
Earl Stucky Ranch; Avon, MT January 12,2008 -144
Mannix Ranch; Helmville, MT January 12, 2008 -144
Hahn Ranch; Townsend, MT January 13, 2008 -144

John Heide Ranch; Boulder, MT January 14,2008 -144
C and A Ranch; Three Forks, MT January 15,2008 -144

Schlepp Ranch; Conrad, MT June 27, 2008 -144
Hahn Ranch; Townsend, MT June 30, 2008 -144

Bovine fecal samples were collected from nine ranching sites in western Montana.

Ranch owners were questioned if their livestock had been previously exposed to antibiotics 

and the ranches were chosen based on their location and knowledge of antibiotic treatment. 

Fecal samples known to be excreted within a few hours were collected with Puritan sterile 

swabs and mixed in 0.9% sterile saline solution test tubes. The tubes were placed on ice 

during transport to the lab and stored at 4°C for no more than 24 hours prior to spread 

plating.

Growth and isolation of colonies

Samples were allowed to equilibrate to room temperature prior to mixing by vortex 

for two minutes. From each sample, 0.2 mL was pipeted onto three different plates: 

McConkey medium with 100 mg/L ampicillin, McConkey medium with 50mg/L
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chlorotetracycline, and McConkey medium using the Disk Diffusion Method (EMD; Tortora 

et al., 2001). Inoculated plates were incubated overnight at 35°C.

Presence of resistant E. coli was, presumed if positive pink colonies formed on plates 

containing antibiotics. If individual colonies were not isolated, they were streaked for 

isolation on McConkey’s agar. In 2007, a second test, the Indole test on SIM media, was 

required to confirm positive E. coli growth (Becton, Dickinson Co, USA). In 2008, RAPID 

E. coli 2 agar media was used as the second test to verify E. coli. RAPID E. coli 2 agar 

detects two enzymatic activities of P-D-Glucoronidase (P GLUC) and P-D-Galactosidase (P 

GAL) (Bio-Rad). The formation of pink or violet colonies after overnight incubation at 35°C 

indicated the presence of both P GLUC and P GAL enzymes in E. coli coliforms (Bio-Rad).

The Disk Diffusion Method required samples to be grown on McConkey’s agar with 

evenly spaced concentrated antibiotic disk filters. Larger formed inhibition zones of bacterial 

growth indicated greater sensitivity to that antibiotic (Tortora et al., 2001). If a colony grew 

within the established breakpoint diameter (see Table 2), the strain was considered positive 

for resistance against that antibiotic. The antibiotics used were ciprofloxaxin, kanamycin, 

erythromycin, sulfamethoxazole, chloramphenicol, gentamicin, ampicillin, and

chlorotetracycline (Becton, Dickinson Co, USA).

Table 2. Breakpoint diameters for Disk Diffusion Method (Madigan et al., 2003; CDS*)

Antibiotic C30 TE30 GM10* K30 S10 AM10 E15 CIP5
Breakpoint
Diameter
(mm)

12 14 12 13 11 11 13 14

An E. coli culture collection library of ampicillin and a second library of 

chlorotetracycline resistant bacteria on nutrient agar (EMD Chemical) slants were
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established to preserve specimens for further analysis. Ampicillin and chlorotetracycline 

were chosen based on widespread use in livestock feed to treat bacterial infection (Walia et 

al., 2004).

Molecular Analysis via RAPD PCR

Random Amplification of Polymorphic DNA (RAPD) testing was used to determine 

genetically distinct and related strains; this process followed the methods of Pacheco et al., 

(1997). E. coli cultures grown overnight in nutrient broth (EMD Chemical) were diluted 1:10 

in sterile water and heated at 90°C for ten minutes. Lysate was then used in RAPD PCR 

using the following reactants: decamer primer 1252 (5’-GCGGAAATAG-3’), 1254 (5’- 

CCGCAGCCAA-3’), or 1290 (5’-GTGGATGCGA-3’), Tris-HCl buffer, KC1, MgCl2, 

deoxynucleoside triphosphate (dNTP), and Taq polymerase (Pacheco et al., 1997). PCR was 

performed in a Bio-Rad MyCycler (Bio-Rad Laboratories Ltd.). PCR fragments were 

separated on 0.9% agarose gels stained with ethidium bromide. Electrophoresis was 

performed in Tris-acetate-EDTA (TAE) buffer for 45 minutes (Pacheco et al., 1997). Bands 

were illuminated using UV light and photographed using a Gel Logic 1500 Imaging System 

with Kodak Molecular Imaging software.

Nutrient broth (EMD Chemical), instead of Luria broth, was used to grow specimens 

overnight as dictated by Pacheco et al. (1997). The 1254 primer was predominantly used, as 

the 1252 and 1290 primers produced too few banding patterns. A pre-made Master Mix of 

PCR reactants containing blue and yellow dye and magnesium to increase sample density, 

was used in 2007 and part of 2008 (Promega Co, USA). In 2008, a second RAPD PCR 

reactant mixture was used containing 200 pM of dNTP, 0.05 M of buffer, 0.2-1.0 pM of 

primer, 0.05-1.0 pg of lysate, 0.50 pL of Taq polymerase, and 14.25 pL of water (Pacheco et
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al., 1997). Both the pre-made Master Mix and reactant mixture did not produce the 

complexity of banding patterns expected where some bands were indistinct and preferential 

amplification of a 500 bp fragment was observed in most PCR reactions.

Plasmid Extraction

Samples underwent plasmid extraction using a Qiagen Maxi kit (Martinez-Martinez 

et al., 1998). E. coli from the ampicillin library were grown overnight in 5 mL of nutrient 

broth (EMD Chemical) with 0.5 pL of 100 mg/L ampicillin and samples from the 

chlorotetracycline library were grown in 5 mL of nutrient broth with 5 pL of 50 mg/L 

chlorotetracycline. Bacterial lysate was then centrifuged, impurities were removed by a 

medium-salt wash, and plasmids selectively bound to an anion-exchange tip were eluted in 

50 pi of high-salt buffer {Sample).

Conjugation Assay

E. coli isolates containing plasmids were tested for the ability to transfer a plasmid by 

a conjugation assay. The conjugation assay followed the protocol of Wang et al. (2004). 

Transconjugates were grown, without shaking, in nutrient broth and plated onto trypticase 

soy agar (TSA) plates with a sterile Whatcom GF/A glass microfiber filter intermediate 

(Wang et al., 2003). All E. coli isolates containing a plasmid were plated onto both a 100 

mg/L ampicillin/mg/L TSA-azide and a 50 mg/L chlorotetracycline/\W} mg/L TSA- 

azide plate. All donor specimens were initially tested against TSA-azide plates to determine 

pre-existing azide-resistance. Five hundred pL of donor strain was mated with 500 pL of 

recipient strain, J53 AZr (Wang et al., 2003). Plates were incubated overnight at 35°C. If 

growth occurred on plates within the boundaries of the microfiber filter intermediate then 

conjugation was deemed successful.
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Results

Growth and Isolation of Colonies

After plating fecal samples on McConkey’s with ampicillin, chlorotetracycline, and 

the Disk Diffusion Method, 125 isolates resistant to ampicillin and 165 to chlorotetracycline 

were organized into E. coli culture collection libraries. However, due to an inconsistency in 

antibiotic concentration, agar formation, or bacteria degeneration, some library strains were 

unable to be transferred for further testing. The Disk Diffusion Method on McConkey’s agar 

(Fig. 1) screened isolates for their susceptibility level against different antibiotics. Using this 

method, as well as initial screening against ampicillin and chlorotetracycline, Fig. 2 shows 

the greatest numbers of isolates from both libraries were resistant to four or five antibiotics.

Fig. 1. An E. coli isolate screened on McConkey’s agar using the Disk Diffusion Method.
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Fig. 2. Number of isolates within the ampicillin and chlorotetracycline E. coli culture 
collection libraries and the corresponding level of MDR.
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Molecular Analysis via RAPD PCR

RAPD PCR analysis was used to genetically differentiate E. coli strains of varying 

MDR amounts. RAPD analysis using 1252,1254, and 1290 primers used by Pallecchi et al. 

(2007) yielded unexpected banding patterns with too few bands limiting the ability to 

effectively differentiate strains. In 2008, Master Mix reactants were altered to the reactants 

used by Pacheco et al. (1997) in an attempt to better identify at least one polymorphic band

difference.

PCR was conducted with strains exhibiting resistance against five to eight antibiotics. 

Banding patterns observed by gel electrophoresis of RAPD PCR products were used to 

determine RAPD types. Isolates with the same RAPD banding pattern were grouped as a 

RAPD type and considered genetically similar.

Gel A analyzed E. coli isolates from the ampicillin library that were resistant to 

eight, seven and six antibiotics (Fig. 3a). Among these isolates four different RAPD types 

were identified based on banding patterns using the 1290 primer (RAPD type Al was 

identified in lanes 7, 8,11 and 18; type A2 in lanes 5,19 and 26; type A3 in lane 9; type A4 

in lanes 3,4,6,10,12,20, 21,22,23,24,25 and 27).

Gel B analyzed E. coli isolates from the ampicillin library that were resistant to five 

antibiotics (Fig. 3b). Among these isolates five different RAPD types were identified based 

on banding patterns using the 1254 primer (RAPD type BI was identified in lane 13; type B2 

in lane 4; type B3 in lanes 10, 12,17, 19, 20 and 23; type B4 in lanes 11, 24, 26, 27 and 28; 

type B5 in lanes 2, 3, 5, 6, 7, 8, 9,18,21, 22 and 25).

Gel C analyzed E. coli isolates from the chlorotetracycline library that were resistant 

to six and five antibiotics (Fig. 3c). Among these isolates four different RAPD types were
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identified based on banding patterns using the 1254 primer (RAPD type Cl was identified in 

lanes 3,4,10,11,12,22 and 27; type C2 in lane 5; type C3 in lanes 13 and 14; type C4 in 

lanes 6, 18 and 19).

RAPD PCR molecular banding similarities found within each set of E. coli isolates 

were compared with plasmid extraction results. Within gel A, one isolate contained a plasmid 

in RAPD type Al, one isolate in type A2, and three isolates in type A4. Three isolates 

containing plasmids from gel A showed similar banding patterns implicating they may be 

genetically similar. Within gel B, one isolate contained a plasmid in RAPD type B3, one in 

type B4, and six in type B5. Six isolates containing plasmids from gel B showed similar 

banding patterns implicating they may be genetically similar. Within gel C, one isolate 

contained a plasmid in RAPD type Cl and one in type C3. None of these isolates containing 

plasmids showed genetic similarity; however, five isolates containing plasmids from gel C 

lacked banding patterns and require a second RAPD PCR analysis. Table 3 summarizes 

results from the RAPD PCR analysis and identification of genetically similar isolates 

containing plasmids.
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Fig. 3. RAPD PCR banding patterns of E. coli MDR strains with antibiotic resistance levels 
of five to eight. All gels contain 10 pL of molecular weight ladder control in the first lane 
and 5 pL of RAPD PCR samples. Circled lanes indicate the presence of a plasmid within that 
E. coli isolate, a) Gel A (a negative image is used of the actual gel to better depict bands) 
uses the 1290 primer and contains isolates from the ampicillin library with MDR against six 
to eight different antibiotics, b) Gel B uses the 1254 primer and contains isolates from the 
ampicillin library with MDR against five antibiotics, c) Gel C uses the 1254 primer and 
contains isolates from the chlorotetracycline library with MDR against six and five 
antibiotics.
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Table 3. Summary of RAPD PCR results in gels A, B, and C.

Gel RAPD
Types

RAPD Type Gel Lanes Lane Isolates 
Containing Plasmid

Genetically Similar 
Isolates Containing 

Plasmids
A Al 7, 8, 11, 18 18

(1290) A2 5, 19, 26 19
A3 9
A4 3,4,6,10,12,20,21, 20,21,24 yes

22,23,24,25,27
B BI 13

(1254) B2 4
B3 10,12,17,19, 20, 23 12
B4 11,24,26,27,28 26
B5 2, 3,5,6, 7, 8,9,18, 2,5,6, 7, 8,9 yes

21,22,25
C Cl 3,4,10, 11,12,22,27

(1254) C2 5
C3 13,14 13
C4 6,18,19
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Plasmid Extraction

To address the first objective, plasmid extraction was performed to detect if increased 

plasmid presence corresponded with greater MDR pattern. The pGREEN plasmid control 

was used for comparison on 0.9% agarose gels stained with ethidium bromide (Carolina 

Biological). Of the 104 ampicillin library samples tested, 12 contained plasmids, and of the 

153 chlorotetracycline library samples, 40 contained plasmids (Fig. 4). Overall, plasmid 

presence increased with higher levels of antibiotic resistance patterns in isolates (Fig. 5).

Fig. 4. A negative image showing gel electrophoresis of plasmid extractions. The first circled 
lane shows the pGREEN control with a double banding pattern; the second circled lane 
shows plasmid extraction results from an E. coli isolate also with the double banding pattern 
indicating presence of a plasmid.
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Fig. 5. Percentage of isolates containing plasmids within the ampicillin and
chlorotetracycline E. coli culture collection libraries and their corresponding level of MDR.
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Conjugation Assay

To address the second objective, 52 donor E. coli isolates known to contain plasmids 

were mated with an azide-resistant recipient strain (J53AZr) to determine plasmid 

transferability (Fig. 6). However, only 51 E. coli isolates were used as chlorotetracycline 

library isolate #157 pre-tested azide-resistant. If a transconjugate colony grew on an 

antibiotic-azide plate then plasmid conjugation from donor to recipient isolate was inferred. 

The conjugation assay resulted in nine of 51 E. coli isolates mated on a chlorotetracycline- 

azide plate resulted in transconjugate colonies. Only one isolate mated on ampicillin-xzife 

plates resulted in growth. These results can be further defined: five of ten E. coli isolates 

resistant to six antibiotics (from the chlorotetracycline library) transmitted a plasmid to 

recipient J53AZr. One of 15 isolates resistant to five antibiotics (from the chlorotetracycline 

library) transmitted a plasmid to recipient J53AZr. Two of seven isolates resistant to five 

antibiotics (from the ampicillin library) transmitted a plasmid to recipient J53AZr. Two of 

eleven isolates resistant to four antibiotics (from the chlorotetracycline library) transmitted a 

plasmid to recipient J53AZr. Percentage of MDR E. coli isolates that demonstrated 

transmissible plasmids in both the ampicillin and chlorotetracycline libraries are found in 

Figure 7.
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Fig. 6. Image demonstrating positive results after conjugation between MDR donor E. coli 
strain and azide-resistant recipient (J53AZr).
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Fig. 7. Percentage of E. coli isolates with plasmids capable of plasmid transfer to recipient 
J53AZr in relation to number of antibiotics within a specific MDR pattern.
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Discussion

The first objective of this research was to determine if high levels of multiple drug 

resistance in E. coli isolated from bovine feces correlated with plasmid presence. The second 

objective was to determine if high levels of multiple drug resistance correspond with 

increased transmissibility of plasmids between E. coli isolates.

Molecular Differentiation via RAPD PCR

RAPD PCR analysis was used to group molecularly similar E. coli strains and 

compare these established RAPD types with plasmid presence; this relationship could allow 

further understanding of the dissemination of the MDR characteristic within a host 

population as well as plasmid-transfer mechanism. Three RAPD PCR assays of isolates 

resistant to five to eight antibiotics from the ampicillin and chlorotetracycline libraries were 

conducted. Only the 1254 and 1290 primers were used in the RAPD PCR analysis and 

resulted in too few bands to conclusively group E. coli strains. Therefore we could not 

conclusively link plasmid presence or absence to a specific strain of E. coli. Within the 

established RAPD types based on similar banding patterns, if one E. coli isolate contained a 

plasmid then other isolates within the RAPD type were considered more likely to contain a 

plasmid as well.

Thirteen different RAPD types of genetically distinct isolates resulted from the 

RAPD PCR assay. Within these RAPD types, two RAPD types (A4 and B5) included nine 

isolates containing plasmids showing similar banding patterns. However some E. coli isolates 

that contained plasmids did not produce a banding pattern and may require a second RAPD 

PCR analysis. From this information we may discern that isolates genetically similar to
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RAPD types A4 and B5 have a higher likelihood of containing a plasmid than isolates that 

are genetically similar to other RAPD types determined in the RAPD PCR assay.

Greater molecular definition of the RAPD types is required to conclusively determine 

if a specific MDR E. coli strain is more or less likely to contain a plasmid. Figure 8 shows 

preferred RAPD PCR banding profiles from Pacheco et al., (1997). The study conducted by 

Pallecchi et al. (2007) formed 44 different groups from 113 isolates; all banding pattern 

groups differed by at least one band. The basic methods of this research followed those of 

Pacheco et al. (1997), however some methods deviated. Initially, PCR reactants consisted of 

a pre-made Master Mix (Promega Co, USA). Use of Master Mix mixture may have caused 

irregular results with a different tracking dye, insufficient amounts of DNA polymerase, type 

of fluorescence used, improper isolate dilutions, or reactant contamination. If RAPD PCR 

methods and banding patterns were corrected, more precise grouping patterns in comparison 

with plasmid extraction results could be established.
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primer 1290 primer 1252

1 2 3 4 5 6 1 234 5

primer 1254

1 2 3 4 5 5

Fig. 8. RAPD profiles of ETEC strains (Pacheco et al., 1997).

Plasmid Extraction

The first objective was to determine if the level of MDR in E. coli isolates 

corresponded with the presence of a plasmid. There was significant evidence correlating 

increased MDR phenotype with plasmid presence in the chlorotetracycline library: 15.38% 

of isolates resistant to two antibiotics contained plasmids in comparison to 35.71% isolates 

resistant to six antibiotics contained plasmids. Within the group of isolates resistant to seven 

and eight antibiotics, no isolates contained a plasmid however the sample size was too small 

to include in the trend. There were also too few isolates with plasmids to make a generalized 

trend of the relationship between number of isolates containing plasmids and level of MDR 

in the ampicillin library. Only isolates resistant to five and six antibiotics contained plasmids 

within the ampicillin library; small numbers indicate these MDR phenotypes may have 

resulted from host chromosome mutation. If host chromosome mutation did occur it would
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be pertinent to investigate antibiotic resistance due to recombination, transposable elements 

or vector insertions containing antibiotic resistant genes. Another cause of MDR results 

within the ampicillin library may be due to low-level plasmid production that went 

undetected by the Qiagen Maxi kit.

Other studies conducted further analysis of the extracted plasmids to track their 

movement and presence in E. coli isolates. One study used PCR to detect the presence of the 

qnrA gene in the extracted plasmids (Corkill et al., 2005). Wang et al., (2003) detected six of 

78 E. coli isolates with plasmids containing the qnr gene. Later, Wang et al., (2004) detected 

eight of 72 isolates with the qnr gene in K. pneumoniae plasmids; however, the qnr probe 

was not detected in any of the 38 E. coli isolates. Size measurements were also conducted on 

plasmids containing the qnr gene and compared with pMG252, the first plasmid identified 

containing qnr (Wang et al., 2003). Such analyses as qnr probing and plasmid size 

measurement in the present study would allow for more accurate characterization and linkage 

to specific resistance genes to provide a stronger test of the first hypothesis.

Conjugation Assay

The conjugation assay showed an increase in plasmid transmissibility in relation to 

increase in MDR characteristic within the chlorotetracycline library (Fig. 7). However, a 

larger sample size used in the conjugation assay demonstrating greater plasmid 

transmissibility might produce stronger evidence to verify this trend. A lack of isolates 

containing plasmids and the ability to co-transfer plasmids within the ampicillin library may 

further affirm the MDR characteristic resulted from a series of chromosomal mutations rather 

than plasmid-mediated. Further analysis of transconjugates is necessary to confirm these 

results. Plasmid extraction, antibiotic screening dictated by the donor MDR phenotype,
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plasmid DNA sequencing of both the donor and recipient, size determination and antibiotic 

resistance gene assays are possible secondary tests to confirm plasmid conjugation. These 

results of transconjugate analysis would also provide further insight of plasmid-based 

resistance genes found in E. coli within western Montana cattle populations.

Successful transconjugate studies may be used as reference for future transconjugate 

analysis. In one plasmid conjugation study, five of six donor K. pneumoniae strains 

transferred resistance to recipient strains (Wang et al., 2003). Eighty-three to 100% of these 

transconjugate colonies showed reduced susceptibility to ciprofloxacin as in their 

corresponding donor strains (Wang et al., 2003). Recipient plasmids also demonstrated 

hybridization of the qnr probe and DNA sequencing confirmed this gene presence (Wang et 

al., 2003). Thus use of antibiotic screening, multiple drug resistant gene probe hybridization 

and DNA sequencing was able to indicate successful plasmid conjugation.

Another study conducted by Dimitrov et al., (2005) tracked the movement of a 3.2-kb 

plasmid corresponding with ceftriaxone and cefotaxime resistance in Salmonella enterica 

serotypes. Conjugation of this R-plasmid was confirmed by testing transconjugate resistance 

to ceftriaxone and cefotaxime as well as loss of the 3.2-kb plasmid in the donor strain 

(Dimitrov et al., 2005). Thus plasmid size tracking was able to detect successful plasmid 

conjugation between S. enterica isolates (Dimitrov et al., 2005).

The majority of research has analyzed the transfer of R-plasmids with specific 

antibiotic susceptibility, as opposed to resistance to multiple drugs. Most studies accept the 

conclusion that isolates susceptible to many antibiotics are found in areas of intensive use 

(Son et al., 1996). Resistance against multiple antibiotics is usually inferred to be 

accumulated by plasmid presence and antibiotic exposure (Son et al., 1996). For example,
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resistance to ciprofloxacin or nalidixic acid increased 100 times in E. coli J53 when plasmid 

pMG252 was present as opposed to without (Martinez-Martinez et al., 1998). Increased 

plasmid-mediated antibiotic resistance may also imply that horizontal transfer will also 

increase resistance to many antibiotics within a bacterial population. One study showed low 

initial levels of quinolone resistance from a transferable plasmid facilitated higher resistance 

after conjugation (Martinez-Martinez et al., 1998). The accumulation of high levels of 

antibiotic-resistance ultimately depends on temporal plasmid stability under environmental 

pressures.
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Conclusion

In this study, the methods of spreading antibiotic resistance via transmissible 

plasmids in enteric E. coli populations isolated from western Montana cattle were explored. 

Plasmid extraction results revealed the number of E. coli isolates containing plasmids 

increased with level of multiple drug resistance. When these results were compared with 

RAPD PCR profiles of isolates, two RAPD types correlated with plasmid presence thus 

concluding genetically similar isolates to these RAPD types are more likely to contain 

plasmids. However RAPD PCR methods require further adjustment to affirm molecular

relatedness between isolates.

Conjugation assay results revealed plasmid conjugation occurs more readily with 

increasing level of MDR. However larger sample size of low and high level MDR isolates 

would better confirm this trend. Fewer isolates resistant to ampicillin were able to transfer 

plasmid-mediated resistance demonstrating this phenotype may be due to a host-chromosome 

mutation rather than plasmid based.

The implications of these results can be translated to the current conditions of the 

cattle populations in western Montana and human populations as well. While we realize 

multiple drug resistance may naturally arise in the absence of antibiotic use, we recognize 

potentially harmful bacteria have the opportunity to accumulate resistance and spread this 

characteristic via plasmid conjugation. More importantly, our current overuse of antibiotics 

in the public health community is more likely the culprit and will eventually force us to 

reduce our dependence on antibiotics and encourage new solutions to fight bacterial disease.

-27-



Literature Cited

Bartoloni, A., L. Pallecchi, M. Benedetti, C. Fernandez, Y. Vallejos and E. Guzman. 2006. 
Multidrug-resistant comensal Escherichia coli in children, Peru and Bolivia. 
Emerging Infectious Diseases. 12: 907-913.

CDS Susceptibility Test. CDS. Available from: <http://web.med.unsw.edu.au/cdstest/>. [7 
October 2008].

Corkill, J. E., J. J. Anson and C. A. Hart. 2005. High prevalence of the plasmid-mediated
quinolone resistance determinant qnr A in multidrug-resistant enterobacteriaceae from 
blood cultures in Liverpool, UK. The Journal of Antimicrobial Chemotherapy. 56: 
1115-1117.

Dimitrov, T. S., E. E. Udo, T. Verghese, M. Emara and A. Al-Saleh. 2005. Plasmid-mediated 
high-level ceftriaxone resistance in a Salmonella enterica serotype typhimurium 
isolate. Medical Principles and Practice. 15: 145-148.

Fei, W. K., S. Radu, C. Y. Kqueen, P. G. Benjamin, C. M. Wong and V. Ling. 2003.
Antibiotic resistance, plasmid profile and RAPD-PCR analysis of enteropathogenic 
Escherichia coli (EPEC) clinical isolates. Southeast Asian J Trop Med Public Health. 
34: 620-626.

Fortin, Y., P. Phoenix and G. R. Drapeau. 1990. Mutations conferring resistance to azide in 
Escherichia coli occur primarily in the secA gene. Journal of Bacteriology. 172: 
6607-6610.

Kajiura, T., H. Wada, K. Ito, Y. Anzai, and F. Kato. 2006. Conjugative plasmid transfer in 
the biofilm formed by Enterococcus faecalis. Journal of Health Science.52: 358-367.

Madigan, M. T., J. M. Martinko, J. Parker. 2003. Brock Biology of Microorganisms. New 
Jersey: 10: 815.

Martinez-Martinez, L., A. Pascual, and G. A. Jacoby. 1998. Quinolone resistance from a 
transferable plasmid. Lancet. 351: 797-800.

Nazik, H., B. Ongen and N. Kuvat. 2008. Investigation of plasmid-mediated quinolone
resistance among isolates obtained in a Turkish intensive care unit. Japanese Journal 
of Infectious Diseases. 61: 310-312.

Online Bioinformatics Tools: AFLP. Chang Bioscience. Available from:
<http://www.changbioscience.com/primo/pcr/eAFLP.htm>. [8 October 2008].

-28-

http://web.med.unsw.edu.au/cdstest/
http://www.changbioscience.com/primo/pcr/eAFLP.htm


Pacheco, A. B., B. E. Guth, K. C. Soares, L. Nishimura, D. F. Almeida, and L. C. Ferreira. 
1997. Random amplification of polymorphic DNA reveals serotype-specific clonal 
clusters among enterotoxigenic Escherichia coli strains isolated from humans. 
Journal of Clinical Microbiology. 35: 1521-1525.

Pallecchi, L., C. Lucchetti, A. Bartoloni, F. Bartalesi, A. Mantella, and H. Gamboa. 2007. 
Population structure and resistance genes in antibiotic-resistant bacteria from a 
remote community with minimal antibiotic exposure. Antimicrobial Agents and 
Chemotherapy. 51: 1179-1184.

Pestano de Castro, A. F., B. Guerra, L. Leomil, L. Aidar-Ugrinovitch and L. Beutin. 2003. 
Multidrug-resistant shiga-toxin-producing Escherichia coli 0118:H16 in Latin 
America. Emerging Infectious Diseases. 9: 1027-1028.

Poirel, L., J. D. Pitout, L. Calvo, J. Rodriguez-Martinez, D. Church, and P. Nordmann. 2006. 
In vivo selection of fluoroquinolone-resistant Escherichia coli isolates expressing 
plasmid-mediated quinolone resistance and expanded-spectrum P-lactamase. 
Antimicrobial Agents and Chemotherapy. 50: 1525-1527.

Quinolones and the Clinical Laboratory. CDC: Department of Health and Human Services. 
Available from: <http://www.cdc.gov/ncidod/dhqp/ar_lab_quinlolones.html> [6 April 
2009].

RAPID ’ E. coli 2 Medium. Bio-Rad Laboratories. Available from: <http://www.bio- 
rad.com/B2B/BioRad/> [9 October 2008].

Sample and Assay Technologies: Qiagen Plasmid Maxi Kit. Qiagen. Available from:
<http://wwwl .qiagen.com/products/catalog.aspx?productlineid=l 000227&r=l 728&S 
howlnfo=l>. [9 October 2008].

Shroeder, C. M., C. Zhao, C. DebRoy, J. Torcolini, S. Zhao, D. G. White. 2002.
Antimicrobial resistance of Escherichia coli 0157 isolated from humans, cattle, 
swine, and food. Applied Environmental Microbiology. 68: 576-581.

Son, R., G. Rusul, and M. I. A. Karim. 1997. Conjugal transfer of plasmids and antibiotic 
resistance among Escherichia coli isolated from animals in a rural area in Sarawak 
(Malaysia). Journal of Applied Microbiology. 82: 240-244.

Tortora, Gerard J., B. R. Funke, and C. L. Case, 2001, ‘Disk diffusion method or kirby- 
bauer test,’ in Microbiology, An Introduction, 7th ed, Benjamin Cummings. 567.

Vidovic, S. and D. R. Korber. 2006. Prevalence of Escherichia coli 0157 in Saskatchewan 
cattle: characterization of isolates by using random amplified polymorphic DNA 
PCR, antibiotic resistance profiles, and pathogenicity determinants. Applied and 
Environmental Microbiology, 'll-. 4347-4355.

-29-

http://www.cdc.gov/ncidod/dhqp/ar_lab_quinlolones.html
http://www.bio-rad.com/B2B/BioRad/
http://www.bio-rad.com/B2B/BioRad/
http://wwwl_.qiagen.com/products/catalog.aspx%3Fproductlineid%3Dl_000227%26r%3Dl_728%26Showlnfo%3Dl
http://wwwl_.qiagen.com/products/catalog.aspx%3Fproductlineid%3Dl_000227%26r%3Dl_728%26Showlnfo%3Dl


Walia, S. K., A. Kaiser, M. Parkash and G. R. Chaudhry. 2004. Self-transmissible antibiotic 
resistance to ampicillin, streptomycin, and tetracyclin found in Escherichia coli 
isolates from contaminated drinking water. Journal of Environmental Science and 
Health. A39: 651-662.

Wang, M., J. H. Tran, G. A. Jacoby, Y. Zhang, F. Wang, and D. C. Hooper. 2003. Plasmid 
mediated quinolone resistance in clinical isolates of Escherichia coli from Shanghai, 
China. Antimicrobial Agents and Chemotherapy. 47: 2242-2248.

Wang, M., D. F. Sahm, G. A. Jacoby and D. C. Hooper. 2004. Emerging plasmid-mediated 
quinolone resistance associated with the qnr gene in Klebsiella pneumoniae clinical 
isolates in the United States. Antimicrobial Agents and Chemotherapy. 48: 1295- 
1299.

Wiggins, B. A. 1996. Discriminant analysis of antibiotic resistance patterns in fecal
streptococci, a method to differentiate human and animal sources of fecal pollution in 
natural waters. Applied Environmental Microbiology. 62: 3997-4002.

-30-



Appendix

Table 1. Frequency of multiple antibiotic resistance patterns and number of E. coli isolates 
within the ampicillin library.

Number of Antibiotics Number of Isolates Antibiotic Resistance Pattern

One None None

Two 14 Am Gm

Am Tc

Three 17 Am Cp Tc

Am Em Cp

Am Gm Tc

- Am Km Tc

Four 29 Am Em Gm Tc

Am Sf Em Gm

Am Km Em Gm

Am Sf Em Tc

Am Km Em Tc

Am Km Gm Tc

Five 24 Am Sf Em Gm Tc

Am Km Em Gm Tc

Am Em Cm Gm Tc

Am Km Sf Em Gm

Six 15 Am Km Sf Em Gm Tc

Seven 2 Am Km Sf Em Cm Gm Tc
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3

Am Km Sf Em Cp Gm Tc

Am Km Sf Em Cp Cm Gm TcEight

Total 104

Ampicillin (Am), Kanamycin (Km), Sulfamethoxazole (Sf), Erythromycin (Em), 
Ciprofloxaxin (Cp), Chloramphenicol (Cm), Gentamicin (Gm), Chlorotetracycline (Tc)
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Table 2. Frequency of multiple antibiotic resistance patterns and number of E. coli isolates 
within the chlorotetracycline library.

Number of Antibiotics Number of Isolates Antibiotic Resistance Pattern

One None None

Two 13 Tc Em

Three 14 Tc Sf Em

Tc Em Gm

Tc Am Em

Tc Am Sf

Four 48 TcSfEmGm

Tc Am Sf Em

Tc Km Sf Em

TcSfEmCm

Tc Am Em Gm

Tc Am Em Cm

Tc Am Sf Gm

Tc Km Sf Gm

Five 50 Tc Am Sf Em Gm

TcKmSfEmGm

TcSfEmGm Cm

Six 28 Tc Km Am Sf Em Gm

Tc Am Sf Em Gm Cm

Seven 2 Tc Km Am Sf Em Gm Cm
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Eight None None

Total 153

Ampicillin (Am), Kanamycin (Km), Sulfamethoxazole (Sf), Erythromycin (Em), 
Ciprofloxaxin (Cp), Chloramphenicol (Cm), Gentamicin (Gm), Chlorotetracycline (Tc)
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Fig. 1. Plasmids extraction results of all E. coli isolates within both ampicillin and 
chlorotetracycline libraries; gels are organized based on level of MDR. a) Gel (negative 
image) contains molecular weight ladder in second lane, pGREEN control in the fourth lane, 
and half of the second set from the ampicillin library containing MDR against five different 
antibiotics, b) Gel contains half of the third set from the chlorotetracycline library with MDR 
against seven, six, and five different antibiotics, c) This gel shows the second half of the third 
set from the chlorotetracycline library with MDR against five different antibiotics, d) Gel 
(negative image) shows isolates resistant to five antibiotics from the chlorotetracycline 
library, e) Gel (negative image) shows first half of isolates resistant to two antibiotics in 
ampicillin and chlorotetracycline libraries, f) Gel (negative image) shows second half of 
isolates resistant to three antibiotics in chlorotetracycline and ampicillin libraries, g) Gel 
(negative image) shows isolates resistant to three antibiotics in the ampicillin library, h) Gel 
(negative image) shows first half of isolates resistant to four antibiotics in chlorotetracycline 
library, i) Gel (negative image) shows second half of isolates resistant to four antibiotics in 
chlorotetracycline library, j) Gel (negative image) shows isolates resistant to four antibiotics 
within the ampicillin library.
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