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Abstract

Acinetobacter spp, particularly A. baumannii, are implicated in a wide spectrum of

nosocomial infections, including bacteraemia, secondary meningitis, and urinary

tract infections, but their most important role seems to be as agents of nosocomial

pneumonia.

Until 1988, the new fluorinated quinolones showed very good activity against

Acinetobacter strains. However, reports of a high prevalence of fluoroquinolone

resistance among Acinetobacter isolates have appeared. Therefore, understanding the

mechanisms by which this phenomenon occurs in this pathogen is important. The

two target proteins of the quinolones are the DNA gyrase (topoisomerase II) and

topoisomerase IV. Studies with clinical isolates of A. baumannii have shown that

mutations in the gyrA and parC genes were likely to be the major mechanisms of

resistance. However, alteration in drug permeability or drug efflux could also

contribute to quinolone resistance in A. baumannii.

Initially, the purpose of this thesis is to compare the activities of the original

fluoroquinolones (e.g. ciprofloxacin) with those of novel fluoroquinolones (e.g.

moxifloxacin) against 47 A. baumannii isolates collected from five Scottish

hospitals. MICs were determined by a standard agar dilution method and had shown

that most of the new fluoroquinolones had better activity compared to ciprofloxacin.
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Nine clinical resistant isolates that exhibited decreased sensitivities to ciprofloxacin

(MIC > 4mg/L) were investigated for their mechanisms of resistance. The mutations,

in the gyrA and parC genes that might be responsible for resistance to ciprofloxacin

were examined by PCR amplification, restriction fragment length polymorphism and

sequencing. It was found that all but one isolate, for which the MIC of ciprofloxacin

was 4mg/L, showed a change at Ser 83- Leu in the GyrA subunit. The remaining

strain had a change at Gly 81-Cys in the GyrA subunit. Two strains for which the

ciprofloxacin MICs were 64mg/L showed a double change of Ser 83-Leu or Gly 78-

Cyst in Topoisomerase IV subunit C. The outer membrane profiles were also

investigated and revealed that one isolate for which the ciprofloxacin MIC was

64mg/L lacked a 33KDa band.

In vitro mutation studies, with challenges by ciprofloxacin and moxifloxacin,

showed that all resistant mutants had a mutation in the gyrA gene where Serine has

been substituted by Leucine at codon 83. However no parC mutations were found,

even within highly resistant mutants. In addition the outer membrane profiles showed

a deletion of 20 KDa band, and this might suggest that the pathway of resistance to

fluoroquinolones is different between mutants and clinical isolates.

By employing a biotin- and PCR- assisted capture method, a 500 bp of unknown

segment of gyrB gene was amplified and sequenced, to establish if this gene was a

contributory factor towards resistance
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Abreviations

A adenine

Acb Acinetobacter calcoaceticus-Acimtobacter baumannii complex

AFLP amplified fragment length polymorphism

Bp base pairs

BSAC British society for antimicrobial chemotherapy

C cytosine

CCCP carbonyl cyanid m-chlorophenyl-hydrazone

Cfu colony forming unit

Da Daltons

DNA deoxyribonucleic acid

dNTP deoxynucleoside triphosphate

EDTA ethylenediaminetetraacetic acid

G guanine

1ST isosensitest

Kb kilobase

KDa kilo Daltons

LB Lennox broth

MDR Multidrug resistance

MIC minimum inhibitory concentration

MQ MilliQ pyrogen-free water

MW molecular weight

NCCLS national committee for clinical laboratory standards

OMP outer membrane protein
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PAGE polyacrylamide gel electrophoresis

PGR polymerase chain reation

QRDR quinolone resistance determining region

RFLP restriction fragment length polymorphism

SDS sodium dodecyl sulphate ( sodium lauryl sulphate)

T thymine

TRNA transfer RNA

The standard single and three letter abbreviations are used for the amino acids.
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Chapterl: Introduction

1.1 The Concept of the Genus Acinetobacter

In 1954, microbiologists working in France, proposed the concept of the genus

Acinetobacter. These bacteria were known to be common in the environment but

attracted little attention from clinicians. A few reports of Acinetobacter infection

occurred in the medical literature and Acinetobacter spp. were considered to be

saprophytes of little clinical importance (Brisou and Prevot, 1954).

During the 1970s, the introduction of powerful new antibiotics and the increasing use

of invasive procedures (catheters, central lines, exploratory techniques, etc) in

hospital intensive care units to treat severely debilitated patients has changed this

situation, consequently the pathogenic role of Acinetobacter spp., particularly in

nosocomial infection, has been taken seriously. From the mid-1970s until today, new

patterns of resistance have emerged in this genus and have become disseminated in

most hospitals.
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1.2 History and Taxonomic Background

The genus Acinetobacter has undergone extensive taxonomic changes over many

years, and these organisms have been classified previously in various genera, the

most common being designed Bacterium anitratum (Schaub et a/., 1948), Herellea

vaginicola and Mima polymorpha (Debord, 1939), Achromobacter, alcaligenes,

Neisseria, Micrococcus calcoaceticus, Diplococcus, B5W' and Cytophaga (Juni,

1972). In 1954, Acinetobacter, as conceived originally by Brisou and Prevot (1954),

included oxidase-positive (Moraxella) and oxidase-negative strains (Piechaud, 1961;

Bovre and Henriksen, 1976), In 1961, Piechaud described strictly aerobic, oxidase-

negative, Gram-negative coccobacilli, that he considered should be classified as

either Moraxella glucidolyiica (including B5W and Bacterium anitratum) for

strains acidifying glucose, orMoraxella hvoffii (Piechaud, 1961).

It was only in 1971 that the Subcommittee on the Taxonomy ofMoraxella and Allied

Bacteria proposed that the genus Acinetobacter should include only the oxidase-

negative strains. In Bergey's Manual of Systematic Bacteriology (Juni, 1984), the

genus Acinetobacter comprised one species, A. calcoaceticus, and two varieties: var.

anitratus (formerly Herella vaginicola) and var. Avoffii (formerly Mima

polymorpha), grouped in the family Neisseriaceae. Actually, Acinetobacter are

defined as a Gram-negative cocco-bacilli, strict aerobes and do not ferment glucose,

these are non-motile oxidase negative and catalase positive (Vila, 1998).



1.3 Species Identification

Several methods were used to identify Acinetobacter to genomic level.

1.3.1 Identification by DNA-DNA Hybridisation

The present phylogenetic definition of species is based on approximately 70% or

greater DNA-DNA relatedeness of strains, and phenotypic characteristics should

agree with this definition. Studies by Tjernberg and Ursing (1989) and Nishimura el

aI (1988) provided results, which were compatible with those by Bouvet and

Grimont (1986). The genospecies of greatest interest are summarised in table 1.1.

The A. calcoaceticus-A. baumannii complex (Acb) consists of four genospecies (1,2,

3 and 13) which differ genotypically but which are phenotypically very similar. A

large number of phenotypic tests also showed that several groups were difficult to

distinguish phenotypically (Kampfer el al., 1993)



Table 1.1. Comparison of the delineation of Acinetobacter genomic species by

different laboratories

Species name Genomic species number according to
References

1 &2
References

3
References

4 & 5
A. calcoaceticus 1 1 1
A. baumannii 2 2 1

3 3 nt

ug 13 nt

A. haemolyticus 4 4 4

A.junii 5 5 nt

6 6 4
A. johnsonii 7 7 3
A. Iwoffii 8 8 2

9 8 nt

10 10 ug
11 11 ug

A. radioresistens (12)* 12 5
13 14 nt

14 nt nt

15 nt nt

16 ug nt

17 nt nt

nt 15 nt

Note: ug, ungrouped; nt, not tested; * unpublished result.
References: (1) Bouvet and Grimont (1986); (2) Bouvet and Jeanjean (1989); (3)
Tjernberg and Ursing (1989); (4) Nishimura et al. (1987); and (5) Nishimura el al.
(1988).
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1.3.2 Speciation by Commercial Identification Systems and Vitek

system

Attempts to identify the genomic species by commercial phenotypic identification

systems, including Biolog and AP120 NE, have indicated that the disciminatory

capacity of these systems is not sufficient to provide seperation within the Acb

complex (Bernards, Dijkshoom et al1995; Bernards, van der Toorn et al1996)

Therefore, identification of species by such commercial system can be considered as

only presumptive

The VITEK system has also been used to speciate Acinetobacter, and results were

not promising.

1.3.3 Other Identification Methods

Ribotyping has been found useful for differentiation of species belonging to the Acb

complex (Gerner-Smith, 1992). Another method, AFLP, which is essentially a PCR-

based high resolution DNA fingerprinting method, was also very promising (Janssen

et al., 1996). Amplified ribosomial DNA restriction analysis (ARDRA), a simple

method with a classification scheme based on the restriction patterns of 16rDNA

amplification products (Vaneechoutte et al., 1995), correlated with most DNA

groups, including those of the Acb complex. Other promising methods include

pattern analysis of PGR amplification products of the 16S-23S spacer regions

(Nowak and Kur, 1995) - a commercial, optimized, genetic method for organism

identification based up on 16S ribosomal DNA (rDNA) sequence analysis has
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become available (Tang et al., 1998) - and direct sequencing ofgyrB (Yamamoto et

al., 1999). A rapid method exists which is PCR based and relies on species specific

conserved regions of the spacer regions of tRNA (Ehrenstein et al., 1996). It has

been proven to be reliable for identification of most species although it cannot

differenciate between A. baumannii and 13 TU and A. calcoaceticus and group 3

(Ehrenstein et al., 1996). Recently, Acinetobacter isolates from species belonging to

the Acinetobacter calcoaceticus-Acinetobacter baumannii complex have been

successfully identified with monoclonal antibodies specific for O antigen of their

lipopolysaccarides (Pantophlet et al., 2002).

1.4 Typing ofAcinetobacter Strains

Typing of nosocomial pathogens to investigate their sources and mode of spread has

undergone great changes as classic determinative methods are replaced by

comparative typing methods. This trend is also apparent for strains of Acinetobacter

(Bergogne-Berezine and Towner, 1996; Dijkshoorn, 1996). Typing on the basis of a

biochemical profile obtained by the use of a commercial identification system and

antibiogram is common for primary screening of strain identity during outbreaks

(Crowe et al, 1995; Webster et a/., 1996). More sophisticated comparative methods

for strains characterisation, such as plasmid typing, cell envelope protein typing,

PCR-fingerprinting, pulsed-field gel electrophoresis (PFGE) and AFLP have all been

applied to Acinetobacters (Bergogne-Berezine and Towner, 1996; Dijkshoorn, 1996).
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1.5 Ecological Features of the Major Acinetobacter

Genomic Species

The new taxonomic scheme devised by workers at the Pasteur Institute in Paris

(Bouvet and Grimont, 1986) has resulted in the recognition of the concept that

different species of Acinetobacter may have differents habitat (Bouvet and Grimont,

1987; Tjernberg and Ursing, 1989). This association between different species and

particular habitats are outlined in table 1.2.
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Table 1.2. Ecological features of the major Acinetobacter genomic species

Species designation DNA group Major ecological and clinical features
A. calcoaceticus 1 Soil; human infection?

A. baumannii 2 Human are primary reservoirs in the
environment

Sp.3 3 Soil; clinical specimens
A. Haemolyticus 4 Activated sludge; clinical specimens and the

/sp.6 6 hospital environment

A. junii 5 Environment; clinical specimens
A. Johnsonii 7 Human skin; animals and animal products;
/A. Iwoffii 8,9 soil; activated sludge

Spp. 9, 10, 11 9,10, 11 Poorly defined
A. radioresistens 12 Cotton; soil; irradiated poultry; clinical

specimens, material in the hospital
environment

Spp. 13-17 13-17 Poorly defined

Acinetobacter were also recovered from a variety of foodstuffs including raw

vegetables in an Italian survey but A. baumannii was uncommon (Gennari and

Lombardi, 1993). In contrast work done by Berlau et al demonstrated that

vegetables may be a natural habitat of A. baumannii and may provide a route by

which these bacteria are introduced into hospitals with obvious implications for

infection control (Berlau et al., 1999).
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1.6 Clinical Importance ofAcinetobacter spp.

It is now recognised that Acinetobacter strains play a significant role in colonisation

and infection of patients admitted to hospital intensive care units (Cefai et al., 1990;

Tankovic et al., 1994), with Acinetobacter baumannii being the the most frequent

and resistant of all species to antibiotics. (Seifert et al., 1993; Vila et al., 1993).

Acinetobacter has been isolated from various types of opportunistic infection,

including septicaemia, pneumonia, endocarditis, meningitis, skin and wound sepsis,

and urinary tract infection (French et al., 1980; Bergogne-Berezine et al 1987; Ng et

al., 1989; Joly-Guillou and Bergogne-Berezine, 1992). The main sites of infection

are the lower respiratory tract and the urinary tract (Seifert et al., 1997)

Respiratory infection, nosocomial pneumonia. Nosocomial respiratory tract infection

with Acinetobacter spp. occurs frequently in hospitals, especially in the intensive

care units (ICUs) (Bergone-Berezine and Towner, 1996; Bergone-Berezin et al.,

1987). Acinetobacters represent 15.6% of the total Gram-negative bacilli involved in

nosocomial pneumonia in France (Bergogne-Berezine et al., 1987).

Urinary tract infection. Acinetobacter have been associated with 2-61% of

nosocomial UTls (Bergogne-Berezine and Towner, 1996). The large proportion of

colonised patients in a given hospital setting means that the differentiation between

colonisation and infection may not be straightforward; and this may explain the wide

range of urinary- tract infection caused by Acinetobacter spp. More over, diffent

specimens were also used in this study and this may interfere with the results found.



The distribution by site of Acinetobacter does not differ from that of other

nosocomial Gram-negative bacteria (Table 1.3).

Table 1.3. Distribution by site (percent of isolates) ofAcinetobacter infections in

different countries and study periods

Type of

specimen USA (A) France (B) Belgium (C) Germany (D)
1974-1977 1981 1991 1990- 1991 1993

Urine 27.0 32.0 21.0 27.0 8.2

Tracheo¬ 28.9 17.5 27.0 24.8 48.8

bronchial

secretions

Pus or 21.5 34.0 27.5 22.3 16.4

wound

swab

Blood 9.3 6.5 7.0 7.6 26.6

cultures

Catheters 0 7.0 15.5 0 0

others* 13.3 3.0 2.0 18.3 0

*Includes specimens from the central nervous system, intra-abdominal area,
burns, cardiovascular system, ect.
(A) Glew et al., 1977; (B) Joly-Guillou et al., 1992; (C) Struelens et al., 1993;
(D) Seifert et al., 1993

1.7 Role ofAcinetobacter In Human Disease

1.7.1 Community-Acquired Infection

Smego (1985) demonstrated that 5-10% of bacteraemia caused by Acinetobacter spp.

might be community acquired. Recently,community-acquired infeections caused by
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A. baumannii has been reported from Taiwan (Wang et al2002) and Australia

(Anstey et al., 2002).

1.7.2 Hospital-Acquired Infection

Acinetobacter spp. account for as much as 10 % of nosocomial bacteraemia recorded

in ICUs. They represent 2-5% of all isolates recovered in hospital clinical

microbiology laboratories. Infections caused by Acinetobacter spp. are caused

predominantly by A. baumannii (Seifert et al., 1997; Traub and Spohr, 1989; Vila et

al., 1993), while infections caused by other Acinetobacter spp. are relatively

infrequent. Struelens et al. (1993) reported that A. baumannii accounted for 0.3% of

endemic nosocomial infection in ICU patients, and for 1% of nosocomial

bacteraemias. Some studies show that there is a correlation between vascular

catheterisation and Acinetobacter infection ( Rolston et al., 1985).

1.8 Risk Factors for Hospital-Acquired Infection

Most infected or colonised patients were high-risk surgical patients, burn patients or

ICU patients (Cefai et al., 1990; Tankovic et al., 1994; Roberts et al., 2001). An

extended hospital stay, instrumentation at various sites, surgical procedures and

previous receipt of antibiotics ( aminoglycosides, cephalosporins and broad-spectrum

penicillins), are common risk factors for infection with Acinetobacter spp. (Ramphal

and Kluge, 1979).
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1.9 Human Carriage in Healthy Population

Taplin et a/., (1963) suggested that at least 25% of normal individuals carry

glucidolytic species of Acinetobacter on their skin, while 10% carry non-glucidolytic

species. This finding suggests that the human skin could represent an important

reservoir of infection for bum and surgical patients, and a source of contamination

for blood. Acinetobacter species have also been found occasionally in the oral cavity

and respiratory tract of healthy adults (Rosenthal and Tager, 1975).

1.10 Reservoirs ofAcinetobacter spp. in the Hospital

Environment

Extensive contamination of the environment, including air samples, was found in an

outbreak of infection with multiresistant Acinetobacter spp. (Allen and Green, 1987).

Acinetobacter spp. can survive on dry menstrua for up to 30 days (Jawad et al

1996). They have been recovered from computer keyboards (Neely et a/., 1999), bed

rails in an 1CU (Catalano et al., 1999) or from aerators of the staff room (Kappstein

et al., 2000).

1.11 Transmission of Infection

1.11.1 Airborne Spread

A possible role of airborne spread in Acinetobacter nosocomial infection was

suggested by Allen and Green (1987). The air transmission can contribute to the



spread of endemic or epidemic infection, but perhaps only when the environment is

contaminated heavily.

1.11.2 Hand Carriage

The most likely mode of transmission is staff hand carriage from contact with an

infected patient (Roberts et al., 2001). There is evidence to suggest that

Acinetobacter survives better on fingertips than other Gram-negative bacilli such as

Klebsiella aerogenes, E. coli and Pseudomonas aeruginosa (Musa et al., 1990).

1.12 Overview of antibiotic resistance problems in

Acinetobacter spp

Bergone-Berezine and Joly-Guillou (1991) reviewed the antibiotic resistance in

Acinetobacter. A general trend to decreased susceptibility of Acinetobaclers as a

function of time was demonstrated, with strains of A. baumannii usually being more

resistant than strains ofA Iwoffii

The incidence and levels of resistance to quinolones in A. baumannii was

investigated by Kljucar et al (1994). Ciprofloxacin was used at various dosages for

the treatment of secondary pneumonia. There was a trend towards an increased

incidence and level of resistance to quinolones that indicated selection pressure in

favour of quinolone-resistant strains ofA. baumannii (Table 1.4).
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Table 1.4. Incidence and level of ciprofloxacin resistance in A. baumannii

isolates from an ICU

Time period Patient infected*/ % Ciprofloxacin

Total number of patients MIC(90)

(mg/L)

October 1987-July 1988 16/46 35 0.5

December 1988-June 1989 11/22 50 1

September1989-April 1991 45/71 63 4

*Patients infected with ciprofloxacin-resistant strains ofA. baumannii.

A. baumannii are now often resistant to most available antibacterial drugs, with some

centres reporting up to 80% of strains resistant to all aminoglycosides (Figure 1.1).

Even resistance to imipenem, which was for several years the most effective drug for

treating Acinetobacter nosocomial infections, has now been described (Go et al.,

1994)
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Figure 1.1. Antimicrobial susceptibilies of A. baumannii isolates recovered from

patients with nosocomial pneumonia (data taken from Trouillet et al., 1995).
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1.13 Mortality

Mortality rates of 30-75 % have been reported for nosocomial pneumonia caused by

A. baumannii, with the highest rates reported in ventilator-dependent patients

(Bergogne-Berezine and Joly-Guillou, 1991a). It is therefore clear that the prognosis

associated with this type of infection is considerably worse than that associated with

almost all other Gram-negative or Gram-positive bacteria., with the exception of P.

aeruginosa. In the series of patients studied by Fagon el al (1989), mortality

associated with Pseudomonas or Acinetobacter pneuminia was > 75%, compared

with only 55% for pneumonia caused by other organisms.
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1.14 Treatment

The fluoroquinolones are still prescribed to treat Acinetobacter infections (Pieroni et

al., 1997). However no consensus has been reached concerning issues as basic as the

optimal antimicrobial regimen for therapy or duration of treatment. With the

emergence of carbapenem resistance it may not be possible to make a choice

(Lambert et al., 2002). Sulbactam is a viable antibiotic, it displays potent activity

against primarily class A enzymes but also has an affinity for class C B-lactamases. It

can be used on its own or in combination with another B-lactam like ampicillin, or

cefoperazone to delay the emergence of resistance.

1.15 The future ofAcinetobacter infection

Acinetobacter spp. are prone to persist indefinitely in the hospital environment and to

cause infections periodically when iatrogenic factors are present. First, accurate

identification is necessary to prevent inappropriate empirical treatment. Second,

newer strategies for antibiotic use should be employed to reduce selection pressure.

1.16 Background to Antibiotics

1.16.1 Prologue

Antibiotic resistance is of current concern. This concern has extended beyond those

professionally involved in the diagnosis and management of infection: the subject is

increasingly reported in the media; new surveillance systems have been established



by the WHO (World Health Organisation, 1997) and in the UK a sub-committee of

the House of Lords Science and Technology Committee has taken evidence on many

aspects of the topic of resistance to antimicrobial agents (House of Lord Selecte

Committee on Science and Technology, 1998).

Development and spread of bacterial resistance is usually attributed to overuse or

misuse of antibiotics, which have been introduced each decade for the past 60 years.

Specifically, the sulphonamides appeared in the 1930s, benzylpenicillin (penicillin

G) in the 1940s, erythromycin, the tetracyclines and chloramphenicol in the 1950s,

extended-spectrum semi-synthetic penicillins (such as ampicillin and oxacillin)

together with the first generation cephalosporins and the aminoglycosides in the early

1960s, broader spectrum penicillins and the second-generation cephalosporins in the

1970s, and the third generation cephalosporins and the quinolones in the 1980s. The

increasing levels of resistance to antimicrobial agents are leading to a dwindling

resource of treatment options for bacterial infections and this might lead to the dire

prospect of revisiting the pre-antibiotics era.

1.16.2 The Concept of Antibiotic Resistance

The earliest concept of antibiotic resistance was microbiological. Fleming in his

classic paper on penicillin (Fleming, 1929) showed clearly that there was a difference

between staphylococci and streptococci, which were sensitive, while the 'co/i-

typhoid group and Haemophilus influenzae were resistant, thus defining the

spectrum of the new agent. According to LP. Garrod, the first report of acquired
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resistance in a clinical setting came from a Royal Navy surgeon-commander, Crean,

who, in 1937, described a small number of refractory cases of gonorrhoea among a

group of patients treated, inter alia, with the newly available sulphanilamide,

Prontosil (Crean, 1937). Later when patients were treated with penicillin and

sensitivity testing methods evolved, the microbiological and clinical phenomena

were linked.

1.16.3 History of Antibiotics

From antiquity plants and minerals were rich sources of antimicrobial substances.

For example, cinchona bark was used in Peru to treat malaria, and ipecacuanha to be

of use against amoebic dysentery (Brumfitt and Hamilton-Miller, 1988). Mould

therapy was also used to treat bacterial infections (Brumfitt and Hamilton-Miller,

1988).

At the beginning of the first decade of this century, the search for potent antibacterial

substances has always been a dilemma for researchers. Ehrlich's theory was to

develop a synthetic compound that would be selective in killing bacteria without

harming the patient. Ehrlich had defined three requirements for the treatment of

infections diseases with synthetic compounds: efficacy, convenience and low toxicity

(Ehrlich, 1913). Ehrlich's work consisted of examining thousands of dyes delivered

from a German dye industry (Kasten, 1996). Three lines were produced red, blue and

yellow. The red line gave rise to predecessors of sulphonamides (Domagk, 1986), the

blue dyes produced were the alanine dyes and the yellow line gave rise to

quinolones.
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1.16.4 Historical Development of the Quinolones

A group of scientist in the laboratory of the Sterling company, while pursuing new

chemical entities based on the structure of quinine in an effort to expand the

armamentarium against malaria, discovered that derivatives of the 1,8-naphthyridine

molecule possessed antibacterial activity. By 1962, George Lesher and colleagues

had developed nalidixic acid (Lesher et al., 1962)(Figure 1.2).

This was the first clinically useful compound in the series, and by 1964 it was

available in the UK for the treatment urinary tract infections (Andriole, 1991). This

narrow clinical indication was a consequence of two factors: the poor serum and

tissue concentrations achieved after oral administration, and the limited spectrum of

activity, restricted primarily to the Enterobacteriaceae (Lesher et al., 1962; Norris

and Mandell, 1988). This first 4-quinolone also known as naphthyridine carboxvlic

acid - was succeeded by molecules with minor modifications, including compounds

such as oxolinic acid, cinoxacin, pipemidic acid and others. However, none of these

Figure 1.2. Nalidixic Acid
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compounds constituted a major advance in terms of improved antibacterial spectrum

or pharmacokinetics, and hence were still restricted largely to the treatment of

urinary tract infections. It was not until almost 20 years after the original

development of nalidixic acid that there was a significant breakthrough with this

class of agents. Koga el al., (1980) observed that improvements in absorption and

activity were achieved by making modification at positions C6 and C7 of the

pharmacore (Figure 1.3).

The addition of fluorine molecule at C6 created the fluoroquinolones. Some of these

positions should not be altered as they would interface with or reduce markedly the

basic mode of action of the daig (Domagala, 1994). These are positions 2, 3 and 4; at

position 2, a hydrogen moiety is optimal any larger molecular additions may create

a steric hindrance at the adjacent positions 3 and 4 which must be a carboxyl group

and oxygen molecule, respectively. Binding to the DNA bases occurs at these

positions, which are then made available for new hydrogen-binding partners by the

action of the enzyme, DNA gyrase. The moiety at position 6 should be small, and a

Figure 1.3. Basic fluoroquinolone formula
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fluorine atom is optimal as it confers between five- and 100-fold greater potency than

any other potential halogen moiety. The four other positions can receive a wide range

of potential substituents. Since Lesher's original report, it has been estimated that

over 10 000 analogues of nalidixic acid or the fluoroquinolones have been

synthesised (Mitscher et al1993).

1.16.4.1 Position 1:

It was realised that a cyclopropyl moiety (e.g. as seen in ciprofloxacin, Figure 1.4

and sparfloxacin Figure 1.5) at this point conferred significant activity against Gram-

negative organisms. Other substitutes include a 2, 4 difluorophenyl moiety in

trovafloxacin which are as potent as ciprofloxacin against Gram negative bacteria

(Figure 1.6)

Figure 1.5. SparfloxacinFigure 1.4. Ciprofloxacin
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Figure 1.6. Trovafloxacin

o

1.16.4.2 Position 5:

Considerable changes have been concentrated at this position in an effort to improve

the activity of the fluoroquinolone against Gram-positive bacteria. The most

advanced compounds that carry significant changes at position 5 are sparfloxacin

(Figure 1.7) and grepafloxacin (Figure 1.8), both of which carry an - NH2 moiety,

whereas grepafloxacin possess a-CH3 molecule (Domagala, 1994).

Figure 1.7. Sparfloxacin



Figure 1.8. Grepafloxacin
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1.16.4.3 Position 6:

Compound BMS-340280 shows greater potency than the newer fluoroquinolone

against Gram-negative organisms. The addition of fluorine at this position give

increased activity and greater absorption in the body. However, there has been a

recent interest in quinolones without fluorine at this position (Lawrence el al., 2001).

BMS-340280 has a difluoromethoxy substituent at position 8 (Figure 1.9)

Figure 1.9. BMS-340280
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1.16.4.4 Position 7:

The most popular heterocycles employed at position 7 are aminopyrrolidines and

piperazines. Anti-bacterial agents that contain an aminopyrrolidine moiety are

tosufloxacin (Figure 1.10), clinafloxacin (Figure 1.11). In contrast, the piperazine

substituent is found on ciprofloxacin and spartloxacin (Figure 1.12 and 1.13). The

former moiety tends to confer better activity against Gram-positive bacteria, whereas

piperazine offers improved activity against Gram-negative bacteria (Domagala,

1994). A five- or six-membered ring is the most commonly found substitutional

position C-7, for example, gemifloxacin ( Figure 1.14)

Figure 1.10. Tosufloxacin Figure 1.11. Clinafloxacin

Figure 1.12. Ciprofloxacin Figure 1.13. Sparfloxacin

OOOH
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Figure 1.14. Gemifloxacin

1.16.4.5 Position 8:

Various substituents at this position have led to marked improvements in activity,

particularly against anaerobic bacteria. The most useful groups at this position are

fluoro and chloro with a methoxy substitution as seen with moxifloxacin and

gatifloxacin conferring less activity (Figure 1.1 5 & 1.16)
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1.17 The Quinolone Generations

The Antimicrobial activity of the fluoroquinolones and naphthyridones has increased

dramatically as each generation of quinolones has been developed.

1.17.1 First-generation

The first generation agents had anti-pseudomonal activity as a result of the addition

of a piperazine substituent at position 7 of the naphthyridine core. They were used

mainly for the treatment of urinary tract infections.

1.17.2 Second-generation

The first-generation agents were replaced by the second-generation compounds, for

example ciprofloxacin, which had predominantly Gram-negative activity.

1.17.2.1 Generation Ila

The generation Ila quinolones have been available since the mid-1980s. With the

advent of ciprofloxacin, for almost the first time, serious bacterraemic Gram-

negative infection, such as pyelonephritis, prostatitis and osteomylitis, could be

treated highly effective. The main disadvantage of the Ila quinolones was their

limited activity against Gram-positive pathogens
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1.17.2.2 Generation lib

Improved Gram-positive activity was the next significant step seen with the

generation lib agents such as grepafloxacin and sparfloxacin. The occurrence of

seven cardiac deaths, possibly related to grepafloxacin, led to the withdrawal of this

drug by the manufacturer in October 1999 (Stahlmann and Schwabe, 1997). With

regard to sparfloxacin, a prolongation of the electrocardiographic QT interval,

possibly predisposing to ventricular arrhythmias, was seen ( Jaillon et a!., 1996;

Lipskye/a/., 1999)

1.17.3 Third-generation

1.17.3.1 Generation Ilia

The Ilia compounds are moxifloxacin, gatifloxacin and trovafloxacin All have

enhanced activity against S. pneumonia and have proven highly effective in the

treatment of lower respiratory tract infections (Ball et a/., 1998; Ball, 1992; Weiss et

al., 1998). Moxifloxacin was licensed in Germany in 1999 and both moxifloxacin

and gatifloxacin are now licensed and available in the USA. Recently, rare but

serious adverse reactions (liver failure, hepatic dysfunction and pancreatitis) had led

to trovafloxacin being either restricted for use in patients with life- or limbthreatning

infections (USA) or suspended from use (Europe).

1.17.3.2 Generation IXIb

The most recent advance in in vitro activity is represented by gemifloxacin, currently

the only I lib quinolone. It is the most active quinolone against S. pneumonia and has



a satisfactory adverse drug reaction profile. It has a favourable pharmacokinetic

profile that allows once-daily dosing (Allen et al., 1999).

1.18 Adverse effects

Fluoroquinolones are known to produce various side-effects in man and certain

animals species. Perhaps the most frequent side-effects are those affecting the

gastrointestinal system, such as nausea, vomiting, gastric irritation and, occasionally,

diarrhoea. Despite the transient unpleasant consequences of these effects, no specific

structure has yet been identified as their main cause and thus no quinolone has yet

been designed which is free of gastrointestinal effects. Adverse dermatological

symptoms, such as skin rash or pruritis, occur in 0.5 - 3% of patients (Ball and

Tillotson, 1995). Also effects within the central nervous system are generally some

of the more frequent adverse consequences of quinolone therapy (Ball and Tillotson,

1995). One of the earliest adverse events recognised with quinolones was

arthropathic damage in weight-bearing joints of animals, particularly canine species

(Ingham et al., 1977). These arthropathies are class effects but, fortunately, there

have been very few instances of irreversible joint damage in children treated with

quinolones (Schaad et al., 1995). All fluoroquinolones can cause a non-immunogenic

phototoxic reaction (Rubinstein, 2001). The marked consequences of a severe

phototoxic reaction have resulted in the termination of development of a series of

fluoroquinolones. Between October 1994 and 1995, two government agencies, in

Japan and France, issued warnings to doctors regarding the phototoxic potential of

sparfloxacin (Ministry of Health and Welfare Pharmaceutical Affaires Department,

1994; Bouchery, 1995).
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1.19 Conclusions

The quinolones have evolved from agents used solely for the treatment of urinary

tract infections to molecules with potent activity against a wide spectrum of

significant bacterial pathogens. Progressive modifications in molecular configuration

have resulted in improved breadth and potency of in vitro activity.

1.20 Bacterial Topoisomerases

Topoisomerases were first recognized with the discovery in 1971 by James Wang of

topoisomerase 1, an enzyme of Escherichia coli that was characterized by its ability

to remove negative superhelical twists from bacteria (Wang, 1996). There have been

extensive reviews of this class of enzymes (Wang, 1996; Luttinger, 1995). The class

is defined by the common ability of the member enzymes to alter the topological

state of DNA by the breaking and passing of DNA strand. Since the discovery of

topoisomerase I, three other topoisomerases in E. coli have been identified, and

members of this class also have been found in all bacteria in which they have been

looked for.

1.20.1 DNA Gyrase (Topoisomerase II)

DNA gyrase is found in all bacteria, and it has the property of catalysing the negative

supercoiling of DNA (Gellert et al., 1976). It consists of two proteins, A and B, of

molecular weights 97 and 90 KDa respectively, which are encoded by the gyrA and

gyrB genes of Escherichia coli\ the active enzyme is A2B2 complex. The basic

29



properties of the two units, GyrA and GyrB, of E. coli gyrase are summarized in

Table 1.5.

Table 1.5. Properties of Escherichia coli DNA gyrase (Adopted from Maxwell,

1997)

Properties GyrA subunit GyrB subunit

Gene gyrA gyrB

Molecular weight 96756 (874 amino acids) 89762 (803 amino acids)

(Da)

Major role Breakage and reunion of ATPase activity

DNA

Inhibitor Quinolones, others Quinolones? coumarins and

interactions others

The steps involved in the gyrase supercoiling reaction were revealed by mechanistic

studies (Reece and Maxwell, 1991). This process involves wrapping DNA around the

A2B2 complex (Figure 1.17), cleavage of this DNA in both strands (involving the

formation of DNA-protein covalent bonds) and passage of a segment of DNA

through this double-strand break.
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Figure 1.17. Model for DNA Binding and Wraping to Gyrase

(A) DNA gyrase binds to a segment ofDNA, then wraps two flanking DNA regions and bring them
near the amino-terminal domains of the enzyme (B).

(Adopted from Roca, 1995)

Resealing of the break results in the introduetion of two negative supercoils.

Catalytic supercoiling requires the hydrolysis of ATP, but limited supercoiling can

be achieved in the presence of the non hydrolysable ATP analogue ADPNP (5 -

adenyl-P-y-imidodiphosphate).

An important feature of DNA gyrase is its size (~400KDa), which presents potential

problems in terms of elucidating its structure. However, this problem has been

greatly simplified by the identification of domains within the gyrase proteins (Figure

1.18). This has enabled the determination of the high-resolution structure of parts of

the gyrase proteins.
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Figure 1.18. Domain structure ofEscherichia coli DNA gyrase
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indicated. Amino Acid 122 in GyrA is the active site tyrosine. Quinolone-resistance mutations map to
GyrA (83-106) and GyrB (426 and 447). Mutations at GyrB (136) confer coumarin resistance.

(Adopted from Maxwell, 1997)

The A protein (GyrA) consists of an amino-terminal domain (59-64 KDa), Which

involved in DNA breakage and reunion, and a carboxy-terminal domain (33KDa),

which is involved in DNA-protein interactions. The B protein (GyrB) consists of an

amino-terminal domain (43KDa), which contains the ATPase activity, and a

carboxy-terminal domain (47KDa), which is involved in interactions with the A

protein and DNA. Perhaps the most important development in understanding

mechanistic aspects of DNA gyrase has been the structural determination, by x-ray

crystallograghy, of the 43-KDa amino-terminal domain of GyrB complexed with

DNA (Wigley et al., 1991), which has enabled detailed study of the ATPase reaction

and its coupling to the supercoiling process. As this domain also contains the binding
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site for the coumarin drug, this structure, and that of a 24 KDa amino-terminal

subdomain of GyrB complex with novobiocin (Lewis et al., 1996), has led to a great

advance in the understanding of the action of coumarins on gyrase.

1.20.2 Topoisomerase IV

Topoisomerase IV is the most recently discovered E. coli topoisomerase. It is similar

in structure to DNA gyrase. Both enzymes are tetramers composed of pairs of two

types of subunits. The GyrA and GyrB subunits of DNA gyrase are similar in amino

acid sequence to the ParC and ParE subunits of topoisomerase IV, respectively (Kato

et al., 1992; Peng and Marians, 1993). Specifically, 36% of the amino acids of ParC

are identical to those of GyrA, and 40% of the amino acids of ParE are identical to

those of GyrB (Kato et al. 1990), Particularly conserved between GyrA and ParC is

the amino acid sequence in the amino terminus of the enzyme, a region that contains

the tyrosine residues in the active site of the enzymes. Topoisomerase IV can remove

negative and positive superhelical twists in vitro but is particularly efficient at

removing interlocked or catenated DNA circles at the expense of ATP hydrolysis

(Kato et a/., 1992; Peng and Marians, 1993). Although DNA gyrase can be shown to

have similar activity in vitro, it is a much less efficient decatenase than is

topoisomerase IV. In addition, within the bacterial cell, topoisomerase IV appears to

be the principal enzyme that resolves interlocked daughter DNA circles occurring at

the completion of a round of DNA replication, allowing segregation of daughter

chromosomes into daughter cells (Khodursky et al., 1995; Adams et al., 1992).
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1.21 Quinolone Mode of Action

It is now widely accepted that DNA gyrase and topoisomerase IV are the

intracellular targets of quinolones. The most compelling evidence in support of this

is the existence of single-point mutations in the gyrA and parC genes, which confer

high level of resistance to the quinolone drugs. For example, the occurrence of such

mutations in gyrA would naturally lead to the expectation that the quinolones bind

directly to the A subunit of gyrase. However studies by Shen and co-workers have

led to different conclusions. Their initial data showed no binding to either the gyrA

or gyrB proteins, or to the intact enzyme (A2B2), but significant binding to DNA

(Shen and Pernet, 1985). These and other data have been incorporated into a model

for the interaction of quinolones with gyrase and DNA (Shen el ai, 1989b). From

these contradictory results several drug-binding models have been suggested.

1.21.1 Cooperative Drug-DNA Binding Model

The essential feature of this model is that bound gyrase induces a binding site for the

drug in the relaxed DNA substrate in the presence of ATP (Shen el al., 1989b). DNA

gyrase acts initially by cutting both strands at four base pair staggered positions

(Morrison and Cozzarelli, 1979). The cleaved DNA strands with the protruding four-

base single-stranded segments have to be moved apart to allow the subsequent strand

passing process to occur, and this single-stranded 'DNA gate' formed during this

intermediate step would serve as an ideal drug binding site. Binding of the drug locks

the strands in place and indefinitely ties up the enzyme, preventing its turnover

(Figure 119).
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Figure 1.19. Cooperative drug binding modelling

(Diagram taken from Shen et al, 1989a)

Quinolone molecules (filled and slashed rectangles) bind to a gyrase-induced DNA

site during the intermediate gate-opening step of the DNA supercoiling process via

hydrogen bonds indicated by dotted lines) to the unpaired bases. Subunit A of the

gyrase forms covalent bonds between tyrosine-122 and the 5' -end of the DNA chain

(Horowitz and Wang, 1987); the subsequent opening of the DNA chains along the

four base pair staggered cuts results in a locally denatured bubble which is an ideal

site for the daig to bind. When relaxed DNA substrate (represented by the short

DNA segment in the diagram) is used, ATP is required for the induction of the drug

binding site.
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1.21.2 Magnesium Bridge Model

The cooperative drug-DNA binding model has been somewhat disfavoured by the

discovery that gyrase with mutations at the active-site tyrosine (Tyr 122 to Ser/Phe in

GyrA) can still bind the drugs, despite being unable to cleave DNA (Critchlow and

Maxwell, 1996). Palumbo et a/., (1993) proposed that Mg2" form a bridge between

the phosphate of the nucleic acid and the carbonyl and carboxyl groups of the

quinolone, while the C-7 and N-l quinolone substituents interact with DNA gyrase

(Figure 1.20).

"> j | m

Figure 1.20. Mg bridge model

Single-stranded
y/DNA

(Taken from Palumbo et al., 1993)

The structure of the complex between gyrase, DNA, Mg ' and quinolones drugs is,

as yet unknown. In addition as quinolones inhibit gyrase-catalysed DNA

supercoiling, it would be logical to expect that this is the cause of their bactericidal
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action. However, several studies support the idea that the lethal event results from the

formation of a cleavable complex between gyrase and quinolones on DNA

(Maxwell, 1992). Such a mode of action is supported by experiments in vitro, which

show that the gyrase-drug complex on DNA can block the passage of RNA

polymerases (Willmott., et al 1994). If an active-site tyrosine mutant is used in such

an experiment, blocking no longer occurs DNA (Critchlow and Maxwell, 1996),

implying that DNA cleavage is essential for blocking. Experiments with gyrase and

other topoisomerases suggest that inhibition of DNA replication, rather than

transcription, may be the lethal events ( Willmott et al., 1994; Thomson et al., 1990).

1.22 Mechanisms ofQuinolone Resistance

Development of resistance usually follows the introduction of a new drug. This

phenomenon was also seen with quinolones. Since an understanding of the

mechanisms of quinolones resistance may lead to measures for the prevention of

resistance development. Two basic mechanisms of quinolones resistance can be

distinguished. These include (i) alterations of the molecular targets of quinolone

action- DNA gyrase and topoisomerase IV - and (ii) mechanisms reducing the drug

accumulation in the cells.

1.22.1Alterations of The Target

1.22.1.1 DNA Gyrase subunit A

Alterations in the GyrA subunit that cause resistance to quinolones have been most

extensively studied in E. coli and have been increasingly evaluated in quinolone-
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resistant clinical isolates in many other species as well (Cambau and Gutmann,

1993). Quinolone-resistance mutations in GyrA have all been localized to the amino

terminus between amino acids 67 and 106, with the most common sites being

alteration at position 83 and 87 (E. coli numbering). Dual mutations in gyrA have

been found in some clinical isolates, generally those with higher levels of resistance

(Truong et al., 1995; Heisig, 1993). Resistance caused by alterations in GyrA

correlates reduced binding of quinolone to the resistant mutant enzyme- DNA

complex (Yoshida et al., 1993).

1.22.1.2 DNA Gyrase subunit B

Alteration in GyrB also cause quinolone resistance, but only two mutations, at

position 426 and 447, have been identified in E. coli (Yoshida el al., 1991a;

Nakamura el al., 1989). A third mutation at position 463 in GyrB has also been noted

in a resistant isolate of Slamonella typhimurium (Gensberg et al., 1995)

1.22.1.3 Topoisomerase IV

Quinolone-resistance mutations have now been found in highly conserved regions of

parC (Khodursky et al., 1995) and parE (Breines et al., 1997) that are homologous

to those region in gyrA and gyrB respectively, in which quinolone-resistance

mutations occur. In both cases parC and parE mutations contribute to quinolone

resistance but only in the presence of gyrA mutations; parC and parE mutations

cause no resistance in strains with wild-type DNA gyrase.
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1.22.2 Mechanisms Reducing the Drug Accumulation in the cells

Quinolones have to pass the bacterial cell wall to reach their intracellular targets

(DNA gyrase and topoisomerase II). This includes the passage of one membrane in

the case ofGram-positive organisms or two membranes in Gram-negative organisms.

Hooper et al., (1989) demonstrated that the permeability of the Gram-negative cell

wall for quinolones is increased by 50% after removal of the outer membrane,

indicating the barrier function of the outer membrane for quinolone penetration.

Depending on their hydrophobicity quinolones prefer to pass the outer membrane

either directly through the lipid bilayer (nalidixic acid) or through water filled protein

pores, the porins (hydrophilic compounds such as ciprofloxacin, ofloxacin) (Hirai

Aoyama, and Irikura, 1986). Additionally, several studies indicate the presence of an

energy-dependent efflux system in the cytoplasmic membrane of several species

such as E. coli, S. aureus, and Proteus vulgaris (Cohen et al., 1988., Yoshida et al.,

1991b; Ishii etal., 1991).

1.22.2.1 Reduced Accumulation of Quinolones Due to Impaired Permeability of

the Outer Membrane

In E. coli the two major porins are OMP F and OMP C (Nikaido and Rosenberg

1983). Loss of either porin by inactivation of the respective structural gene results in

50% reduction of the accumulation of hydrophilic quinolones in the case of OMP F

porins, but has no effect in the case of OMP C (Chapman et al., 1989). Thus, in E.

coli OMP F porins are the major gate for the entry of hydrophilic quinolones, while

the penetration of hydrophobic compounds is less affected by omp F mutations.
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Since OMP F is an unspecific porin, several unrelated daigs such as tetracycline,

Chloramphenicol and some (3 lactams can also use this porin as site of entry into the

cell. Consequently, loss of OMP F porins causes parallel resistance to all these

compounds (Cohen et al., 1988; Chapman et a/., 1989). Alterations of the quinolone

permeabilities in other species of Enterobacteriaceae are associated with alterations

in the outer membrane profile in the 30-55 KD range (Piddock et al., 1991; Sanders

eta/., 1984).

1.22.2.2 Reduced Accumulation of Quinolones Due to Increased Efflux out of

the Cell

Active efflux processes have been known to cause drug resistance in Gram-negative

bacteria, through the pioneering studies of Levy on Tet-mediated tetracycline

resistance (Levy, 1992). However, multidrug efflux pumps differ from the Tet-type

pumps by their wider specificity. Among Gram-negative bacteria two types

multidrug efflux pumps have been reported. In the first type, represented by the

EmrE (MvrC) pump of E. coli, a member of the Smr family, the drugs appear to be

exported into the periplasmic space. The disruption of the emrE gene causes

hvpersusceptibility to lipophilic cations such as tetraphenyl-phosphorium and

ethidium bromide (Lewis, 1994).
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The overproduction of EmrE protein through the introduction of multicopy plasmids

containing the gene makes E. coli slightly more resistant to tetracycline,

erythromycin, and sulfadizine (Yerushalmi et al., 1995). The pumps of Smr type,

however, are not known to make significant contributions to clinically relevant

resistance among Gram-negative bacteria. The second type of multidrug transporters

are constructed in a totally different manner. They contain at least three subunits: a

transporter protein located in the cytoplasmic membrane, an outer membrane

channel, and a periplasmic "linker" protein that connects the two (Nikaido, 1994,

Nikaido, 1996; Lewis, 1994) (figure 1.21).

Figure 1.21. Hypothetical structure of the multicomponent multidrug efflux

pumps

Amphipt-iillc
drug

Outer
membrane

Periplasm

Cytoplasmic
membrane

(Taken from Nikaido, 1998)

The outer membrane (OM) channel is assumed to be apposed directly on top of the

efflux transporter protein, the association supported by the periplasmic accessory

protein (a linker protein of the major facilator protein [MFP] family). Amphiphilic

drugs (with the lipophilic portion shown as empty rectangle) diffuse into the
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periplasm and are then captured while inserted into the outer leaflet, or they further

diffuse into the cytoplasm and are captured in this case when it partitions into the

inner leaflet of the bilayer (Nikaido, 1996). Because these pumps can excrete drug

molecules directly into the medium, and because the re-entry of the drugs is slowed

down by the outer membrane barrier, they can produce significant resistance levels in

Gram-negative bacteria. The transporters in the assembly of this type are energized

by proton-motive force.

1.22.3 Other Mechanisms of Resistance

1.22.3.1 Plasmid-encoded Quinolone resistance

In 1990, Patrice Courvalin asked whether the lack of plasmid-mediated quinolone

was a real or an apparent absence (Courvalin, 1990). The lack of plasmid-encoded

quinolone resistance could be sustained by the fact that mutations in chromosomal

genes can produce a quinolone-resistant phenotype. However, quinolones tend to

eliminate plasmids (Weisser and Wiedemann, 1986), so acquisition of a quinolone-

resistant determinant might be beneficial for the plasmid it self. A natural

transferable plasmid encoding resistance to quinolones by an unknown mechanism

has now been reported and whether or not this type of transferable determinant could

speed the development and spread of resistance to these valuable antimicrobial

agents remains to be established (Martinez-Martinez et al., 1998).
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1.22.3.2 Non-antibiotic Selection of Quinolone Resistance

Low-level quinolone resistance might be selected by compounds as diverse as dyes,

(Zeller et al., 1997) detergents, (Ma et al., 1994), antiseptics (Paulsen and Skurray,

1993), bile salts, (Thanassi et al., 1997) or pine oil (Moken et al., 1997). Some of

these compounds are of common use in medical practice, and some of them are

present in the environment. As an example, an environment isolates of heavy-metal-

accumulating bacteria posses metal-inducible MDR systems capable of inducing

quinolone-resistant phenotype (Hernandez el al., 1998). Since MDR genes are

ubiquitously distributed, and the MDR is easily selectable by non-antibiotic

compounds, we must be aware that quinolone-resistant bacteria can be selected in the

environment without antibiotic-selective pressure.

1.23 Fluoroquinolones Resistance in A. baumannii

The two target proteins of the quinolones are the DNA gyrase and topoisomerase IV.

The role which mutations in the gyrA and parC genes play in the acquisition of

resistance to quinolones was studied by Vila et al (1995, 1997). In these studies, 21

clinical isolates of A. baumannii resistant to ciprofloxacin (MIC between 2 and

1024mg/L) collected from three Spanish hospitals were studied. The nucleotide

sequence of a fragment of the gyrA and parC genes containing the the quinolone

resistance determining region (QRDR) was analysed by PCR and DNA sequencing.

The nucleotide sequence of thses fragments showed 71 and 72% homology with

respect to the same region of the gyrA and parC
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genes from Escherichia coli. Different mutations were found within the QRDR

region with Ser-83 the most frequently mutated aminio acid. With regard to parC

gene several mutations were also found with Ser-80 the most frequently mutated

amino acid (Table 1.6). Through out these studies no mutation, which was not

simultaneously accompanied by a mutation in the gyrA gene, was found in parC,

suggesting that topoisomerase IV acts as a secondary target protein for quinolones.

Table 1.6. Amino acid substitutions in DNA gyrase and topoisomerase IV which

generate resistance to quinolones in Acinetobacter baumannii clinical isolates

Number MIC (mg/L)* Amino acid substitutions0
of Cip Nal GyrA ParC
strains
5 0.125-1 2-8 - -

1 1 8 13>oo>>0 -

5 4-16 64-256 Ser-83... Val -

1 64 >1024 Ser-83... Val Glu-84...Lys
8 32-128 >1024 Ser-83... Val Ser-80... Leu
1 64 >1024 Ser-83... Val/Ala.. ..Pro Ser-80... Leu

°Position of amino acidequivalent to that described in Escherichia coli.
*Cip = ciprofloxacin; Nal = nalidixic acid

The mutations in gyrB andparE genes are not frequently related to the acquisition of

resistance to quinolones in clinical isolates of E. coli (Yoshida el al., 1991a; Everett

et al., 1996). Although this has not been studied in A. baumannii, on extrapolating

the results found in E. coli, the mutations in these genes probably do not play an

important role in the acquisition of resistance to quinolones in this organism. Another

mechanism of resistance to quinolones is a decreased in the accumulation of the

quinolone, both by decrease in permeability and by an increase in the active efflux of
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the antibiotic. It has been shown that intrinsic resistance to different antibiotics may

be attributed to the presence of few small-sized porins in the outer membrane of

Acinetobacter calcaoceticus (Sato and Nakae, 1991). In addition, it has been

demonstrated that the mexAB-oprM operon, which encodes an active efflux system

related to the excretion of pioverdin, contributes to the intrinsec resistance of P.

aeruginosa to tetracyclines, chloramphenicol and fluoroquinolones (Li et a/., 1994).

In Acinetobactex spp similar a system to that described in P. aeruginosa probably

contribute to the intrinsic resistance of this microorganism.
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1.24 Aims of this thesis

I) Investigate the fluoroquinolones sensitivity in clinical isolates of A. baumannii

from five Scottish hospitals.

II) Compare the potency of old and new fluoroquinolones against Acinetobacter

bauamnnii by agar dilution MIC

III) Investigate mechanisms of resistance of fluoroquinolone resistance in clinical

and laboratory generated mutants ofA. baumannii to ciprofloxacin and moxifloxacin

IV) Sequencing the whole gyrA and gyrB genes using different molecular techniques
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Chapter 2: Materials and methods

2.1 Bacterial Isolates

Forty-seven isolates of Acinetobcicter baumannii were received from 5 Scottish

hospitals: 20 from the Department of Medical Microbiology, Aberdeen Royal

Infirmary; 4 from Raigmore Hospital, Inverness; 4 from the Department of Medical

Microbiology Ninewells Hospital and Medical School, Dundee; 13 from the

Department of Clinical Microbiolgy Western General Hospital, Edinburgh and 6

from the Bacteriology Laboratory, Royal Infirmary of Edinburgh (Appendix I).

2.2 Storage of Isolates

Isolates were inoculated onto MacConkey Agar (Oxoid) plates and incubated

overnight at 37°C. An isolated colony was used to inoculate 900pl of nutrient broth

(Oxoid) which was incubated overnight at 37°C. Glycerol (Oxoid) was added to

each tube to give a final concentration of 10% (v/v). Strains were stored at -70°C

and were always subcultured from the stock and not passaged to ensure that they

were the A. baumannii stated.

2. 3 Identification of Isolates

Isolates were identified by the API 20NE system (bioMerieux, Marcy-l'Etoile,

France) according to the manufacturer's instructions.



2.4 Materials

2.4.1 Antimicrobial Agents

Antimicrobial agents were supplied as sterile powders from the manufactures listed

below in Table 2.1. They were weighed aseptically and diluted to the required

concentration with the appropriate solvent (BSAC, 1991). Drugs were stored as dry

powders in darkness at 4°C. The concentration range for testing the MIC of each

antibiotic was 0.004 - 128mg/L.

2.4.2 Chemicals, Buffers and Enzymes

All chemicals were purchased from Sigma-Aldrich Company Ltd (Poole, UK) unless

otherwise stated and solutions made up with sterilised distilled water. Saline was

made up with 0.85% (w/v) NaCl and sterilised before use. Promega supplied all PCR

reagents and restriction enzymes unless otherwise stated.
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Table 2.1. Antimicrobial agents and their solvents

Antimicrobial Agent Solvent Manufacturer / Supplier

Ciprofloxacin Sterilised distilled water Bayer AG, Germany

Gatifloxacin Sterilised distilled water Grtinethal, Germany

Gemifloxacin Sterilised distilled water Smithkline Beecham

Imipenem Phosphate buffer Merck Sharp & Dohme

Levofloxacin Sterilised distilled water Hoechst Marion

Roussel, France

Moxifloxacin Sterilised distilled water Bayer AG, Germany

+ 1M NaOH

Norfloxacin Sterilised distilled water Sigma, UK

+ 1M NaOH

Ofloxacin Sterilised distilled water Sigma, UK

+ 1M NaOH

Sparfloxacin Sterilised distilled water Rhone- Pouleuc Rorer,

+ 1M NaOH France

Tetracycline Sterilised distilled water Sigma, UK

Trovafloxacin Sterilised distilled water Pfizer, UK
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2.4.3 Media

The following media all from Oxoid were reconstituted and sterilised by autoclaving

at 121°C at 15 pounds/ square inch for 15 minutes to destroy all vegetative cells and

spores. MacConkey agar. Nutrient Broth No 2 (NB), Isosensitest agar (1ST),

Isosensitest Broth, Lennox L Broth (LB) broth (Gibco BRL R" Life Technologies,

Ltd.. Paisley, UK)

2.5.1 Antimicrobial Susceptibility Testing (MIC)

MICs were determined for 47 clinical isolates of A. baumannii, and one reference

strain, A. baumannii ATCC 19606. Strains with MICs greater than the breakpoints

determined by the Working Party of the British Society for Antimicrobial

Chemotherapy (BSAC, 1991) were deemed resistant to the antimicrobial concerned

Antimicrobial susceptibility testing was performed on Iso-sensitest (1ST) agar

following the British Society for Antimicrobial Chemotherapy (BSAC, 1991)

guidelines. Minimum inhibitory concentrations (MICs) of antibiotics were

determined by agar double dilutions of the antimicrobial agent. Antibiotic stock

solutions were freshly prepared, and agar was cooled to 50°C before mixing with

antibiotic on plates. Bacterial strains to be tested were inoculated into nutrient broth

and incubated overnight in an orbital shaker (Gallenkamp) at 37°C. One hundred

fold dilutions of overnight cultures were made in sterile saline solution [0.85%

NaCl], to give an inoculum size of approximately 106 colony forming units (cfu) per

spot. Diluted culture was inoculated onto plates with a Denley multi-point inoculator
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(Denley, Billinghurst, Surrey). After drying, inoculated plates were incubated at

37°C for > 16 hours. The MIC of the antibiotic was defined as the lowest

concentration of antibiotic to inhibit all visible growth. The technique was validated

bv type strains of Pseudomonas aeruginosa (NCTC 10662), Escherichia coli (NCTC

10418), Staphylococcus aureus (NCTC 6571) and A. haumanni ATCC 19606.

2.5.2 Minimum Inhibitory Concentration with CCCP

(Carbonylcyanide -Chloro-phenylhydrazone) and

Reserpine

To investigate the possible role of active efflux, the proton-pump inhibitors CCCP

and reserpine were disolved in 70% ethanol and acetic acid respectively; then

suspended in 1ST agar at a concentration of lOmg/L and 30 mg/L respectively. The

MICs were determined for ciprofloxacin as described above. A control plate with no

antibiotic was also set up to ensure unimpaired growth of isolates in the presence of

CCCP or reserpine.
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2.6 Pulsed Field Gel Electrophoresis

2.6.1 Preparation of Inoculum

Sterile universals each containing 10ml of sterile LB containing 0.5% Yeast extract

were inoculated with a colony of each strain from a MacConkey plate which had

been inoculated overnight at 37°C. The broths were incubated overnight at 37°C in a

shaking incubator (140 oscillation min"1, Gallenkamp 1NA305) to ensure adequate

aeration. Cells were harvested by centrifugation (30 min, 3000rpnr, SorvallR RT Plus)

and suspended in 2ml of SE buffer (lOOmM NaCl, 25mM EDTA, pH 7.5). Aliquots

(lml) were aseptically removed and placed in a 1cm path length cuvette. The

absorbance of these samples was observed at 590nm using a Perkin-Elmer Lambda 2

spectrophotometer. The inoculum was standardised by diluting with SE buffer to

give an optical density of 1.

2.6.2 Preparation of Chromosomal DNA

A 0.5ml volume of standardised bacterial suspension was mixed with 0.5ml of low

Melt preparation Grade Agarose (Bio-Rad) and poured into plug moulds. The plugs,

allowed to set at 4°C, were transferred into sterile bijoux. They were incubated at

56°C overnight in Lysis buffer (15mM N-lauroylsarcosyl, 25mM EDTA, pH 9.5 and

Proteinase K, 10% v/v) in a water bath (Grant). This step was repeated three days in

a row with fresh lysis buffer. Plugs were washed three times in TE buffer (lOmM

Tris, lOmM EDTA, pH 7.5) and stored at 4° C until required.



2.6.3 Restriction Digestion ofDNA

Plugs were placed in sterile micro centrifuge tubes containing 90pl of MilliQ water

and lOpl of 10X buffer A. They were stored at 4°C for 30minutes. Buffer A and

MilliQ water was replaced with 86gl of MilliQ water, 10pl of 10X buffer A and 4pl

of APctl and incubated for overnight at 37°C in a water bath (Julabot) Restriction

was stopped by adding lOOgl of TE buffer. Plugs were stored at 4°C until required.

2.6.4 Analysis of DNA
%/

Electrophoresis of chromosomal DNA was performed in 1.2% Certified Pulsed Field

Gel agarose (Bio-rad) in 0.5X TBE buffer (44.5mM Tris, 44.5mM boric acid, ImM

EDTA) using a contour-clamped homogenous electric field (CHEF-DRII; Bio-Rad

Laboratories). The gel ran for 24 hours at 200v (6v/cm) at 14°C. Initial pulse time

was 5 seconds and final pulse time was 20 seconds. A Lambda Ladder PFG Marker

(New England Biolabs) was used as a control marker for each gel. Gels were stained

with ethidium bromid (lpg /ml) for 15minutes then destained twice for 30minutes in

TBE buffer. DNA bands were visualised under ultra violet at 320nm. Gels were

photographed using a Polaroid camera with settings F4.5 B30 for 1 minute with an

orange filter then photographed and saved in the computer for data analysis.
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2.6.5. Interpretation of Bands

The DNA restriction fragments were compared by eyes, and interpreted by the

criteria described by Tenover and colleagues (Tenover et a!., 1995). Using these

criteria, isolates are deemed to be indistinguishable if they have identical PFGE

patterns. Isolates differing by up to three bands are considered closely related; with

four to six bands difference suggesting isolates are "possibly related". Isolates are

considered unrelated if they differ by seven or more bands.

2.7. Polymerase Chain Reaction

2.7.1 Polymerase Chain Reactions Used to Amplify gyrA, parC and

gyrB Genes

The gyrA, parC and gyrB genes were amplified by the polymerase chain reaction

(Techne-Genius, Techne-Cyclogene or Helena Biosciences-Phoenix) and the

protocol used was a modification of that used by Vila et al (1995). All PCRs were

standard reaction of lOOpl reaction volume. DNA from each strain was obtained by

emulsing one colony from an overnight MacConkey plate in 25 pi sterilised

deionised water in a microcentrifuge tube and boiled for 10 minutes. One negative

control was included in each PCR run; where DNA was replaced by an equal amount

of sterilised deionised water. The components of PCR amplification is summarised in

Table 2.2.
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Table 2.2. Component of PCR amplification

Component Stock concentration Final gyrA parC gyrB

concentration Volume/pl Volume /pi Volume /pi

Primer A lOpmole/gl lOpmole/pl 0.5 1 1

Primer B lOpmole/ml lOpmole/pl 0.5 1 1

*4mM d NTP's 4mM 200pM 5 5 5

10X Taq buffer - - 10 10 10

25 mMMgCl 2 2.5mM 50mM 5 5 5

Deionised water - - 72 71 71

(MilliQ water)

Taq polymerase 1 Unit/pl 2 Units 2 2 2

Chromosomal DNA - - 5 5 5

*4mM dNTP stock solution:
ImM dATP, ImM dCTP, ImM dGTP, ImM dTTP in lOmM Tris-Cl (pH 7.5)

The primers used for the amplification of the quinolones resistance determining

region (QRDR) of gyrA were the same used by Vila el al., (1995) and were supplied

high-pressure liquid chromatography (HPLC) purified by Oswel DNA Services

(Southhampton, UK). However the primers used for parC and gyrB were designed

with primer3 Input software http://www-genome.wi.mit.edu/cgi-bin/primer/primer3

www.cgi.
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The oligonucleotide sequencing were as followed:

GyrA Forward primer

Reverse primer

Par C Forward primer

Reverse primer

GyrB Forward primer

Reverse primer

5 'AAATCTGCCCGTGTCGTTGGT 3'

GCCATACCTACGGCGATACC

AAAAATCAGCGCGTACAGTG

CGAGAGTTTGGCTTCGGTAT

TGGTCAAATCCATGAGCAAG

CCAGGCAAACCTGCAATATC

Amplification was carried out at the temperature profiles shown in Table 2.3.

Table 2.3. PCR conditions for gyrA and parC

Segment Temperature Time No. Cycle Function

gyrA parC gyrB gyrA,parC and gyrA, parC and gyrA, parC and

gyrB gyrB gyrB

1 94°C 94°C 94°C lmin 30 Denaturation

2 62°C 60°C 62°C lmin 30 Primer annealing

3 72°C 72°C 72°C lmin 30 DNA extension

4 72°C 72°C 72°C 5min 1 Final extension
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Products sizes are detailed in Table 2.4.

Table 2.4. Expected product sizes for PCR

PCR reaction Expected product size

GyrA 343 bp

ParC 197 bp

GyrB 800 bp

2.7.2 Polymerase Chain Reactions for gyrA Amplification Outside

the QRDR

All PCRs were standard reaction of 50pl reaction volume. Two reverse primers were

selected from the conserved amino acids motifs of E. coli and P. aeruginosa,

however the forward primer was the same as in section 2.7.1. The primers are as

follows:

Forward Primer: 5' AAATCTGCCCGTGTCGTTGGT 3'

Reverse primer 1: GCTCTTCACGGATCACTTCC

Reverse primer 2: TACCTTTCCCGCCACGAC
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The conditions used for the amplification are summarised in Table 2.5.

Table 2.5. PCR conditions for gyrA amplification outside the QRDR

Segment Temperature Time No. Cycle Function

1 94°C 5 minute 1 Denaturation

2 94°C 1 minute 30 Denaturation

3 55°C 1 minute 30 Primer annealing

4 72°C 1 minute 30 DNA extension

5 72°C 5 minute 1 Final extension

Products sizes are detailed in Table 2.6.

Table 2.6. Expected product sizes for PCR

Forward primers Expected product size

Primer 1 1304 bp

Primer 2 1507 bp
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2.8.1 PCR-based Biotin-capture Method

All PCRs were standard reaction of 50pl reaction volume containing lOmM Tris-

HC1 (pH 8.3), 50 mM KC1, 1.5 mM MgCl2, 0.01% (wt/vol) gelatine, 0.2 mM

deoxynucleotide triphosphates, 25 pmol of biotinylated specific primer (BPD1 or

BPU1) and 75 pmol of the random primer AP2 (first PCR) or 25 pmol of each primer

PD2 or PU2 and SP1 (second PCR) and 1.2 U of Taq DNA polymerase (Sorensen et

a!., 1993). 35 cycles of PCR were done with denaturation at 94°C for 30seconds,

annealing at 60°C for 30 seconds, and extension at 72°C for 5 minutes. The specific

primers BPD1 and BPL'1 were biotinylated at their 5' end, while primer SP1

corresponds to the 5' end of the flanking primer AP2 .

The sequence of the primers used is as follows:

BPD1 5 ' AGCGGTAGAGCAAGCAATGA 3'

BPU1 CCGGTATTATCCGTTTCACC

PD2 ACAAAGAGTTCTCTGCTTAC

BU2 AATCACACGCAATGGATATT

AP2 GGGAATTCGATGGAGTTCATAACCCNNTGGACCGC

SP1 GGGAATTCGATGGAGTTCATAACCC
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2.8.2 Dynabead-streptavidin Purification

After the 1st PCR purification, the amplified biotinylated fragments were isolated by

mixing 40pl of the PCR reaction with 40pl of 200 pg prewashed buffer (lOmM Tris-

HC1 pH 7.5, ImM EDTA, 2.0 M NaCl) Following incubation for 15 minutes at room

temperature and washing in IX B&W buffer, the Dynabead-bound DNA fragments

were denaturated in Bpl of 0.1 M NaOH for lOminutes. A magnet stand (Dynal MPC

R) was used to sediment the beads in the tubes during supernatant removal and

washing procedures. The supernatant, containing the non-biotinylated strands, was

neutralised with 4gl of 0.2M HC1 and lpl of 1 M Tris-HCl pH 8.0, then the volume

was adjusted with water to 30pl of which 2pl was used as a template in the 2nd PCR

2.9 Analysis of Amplified DNA

A lOpl volume of the amplified product was mixed with 2pl loading dye. The

amplified products were resolved aside with a lOObp DNA ladder (Promega, UK) in

1.5% agarose gel by Horizontal Gel electrophoresis (Mini-SubR Cell GT) in TAE

buffer at lOOv for 20 minutes. The gel was stained with Ethidium bromide (5pg/l) for

15 minutes then viewed under ultraviolet transillumination (UVP) at 320nm and

photographed using Polaroid camera (IB1, Quick shooter, Model QSP, Hood #14).
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2.10 Purification and Quantification of PCR Products

PCR products were purified using a QIA quick PCR purification Kit (QIAGEN Ltd )

according to the manufacturer's instructions. The DNA was quantified by comparing

the brightness of the sample bands with \IHindIII (Promega), a standard molecular

known to have 500pg/ml.

2.11 Interpretated Sequencing

PCR primers were used as sequencing primers at a concentration of 3.2 pmol per

reaction and 90ng of required product for sequencing were sent to the Department of

Haematology in the Royal Infirmary of Edinburgh

2.12 Analysis ofgyrA, parC and gyrB sequencing

The gyrA parC and gyrB sequencing were analysed by the Blast online search

facility http://www.ncbi. nhn.nih.gov/cgi-bin/BLAST/nph-blasGjfornvT) to the

quinolone susceptible parent strain sequence in the database.
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2.13 Restriction Fragments Length Polymorphism with

Hinfl ofMutant and Clinical Isolates

Restriction of the gyrA and pcirC products was performed using Hinfl (Promega,

UK). The digestion mixture consisted of 1 pi of Hinfl enzyme (lOU/pl) in lOmM

Tris-HCl (pH 7.5), 60mM NaCb, 7mM MgCf? and 0.1 mg bovine serum albumin per

litre in 50/pl volume. A total of 20pl of PGR product was added to 2pl of buffer and

Ipl ofHinjl enzyme. Digestion proceeded for 5h at 37°C in water bath (Julabot) and

the products were run on a 1.5% agarose gel as described above.

2.14 Production of Fluoroquinolone Resistant Mutant

Isolates

A sensitive strain of A. baumannii ATCC 19606 was sat up using ciprofloxacin and

moxifloxacin. One colony was suspended in 5ml 1ST broth and incubated at 37°C

overnight. Ciprofloxacin and moxifloxacin plates with 1ST were made at

concentration specific to the MIC at 1, IV2, 2, 2Vz, 3, 31/2 and 4 times the MIC.

Aliquotes of 0,1 ml were spread onto MacConkey agar to obtain pure colonies prior

to storage at -70°C in 10% glycerol.
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2.15 Analysis of Outer Membrane Proteins of A.

baumannii

2.15.1 Preparation of the Outer Membrane Proteins (OMP)

Cells were grown in LB broth with constant shaking at 37°C. Log cultures of one

litre harvested by centrifugation (GS3 rotor, Sorvall R RC- 5B, Dupont) at 8000rpm

for 15minutes and at 4°C. The pellet was washed twice with phosphate buffer saline

(PBS) and centrifuged as above. The washed cells were resuspended in 3ml of PBS

and placed in ice before bursting the cells by ultrasonication (MSE Soniprep 150) at

10pm for 10 x 30 seconds with 1 minute cooling intervals. Sarcosyl was added to a

final concentration to 1% to solubilise the cytoplasmic membrane. The lysate was

then centrifuged (HI000 B rotor, Sorvall R RT 6000 D) at 300 rpm for 15 minute at

4°C to remove unbroken cells. The supernatant was centrifuged (SM-24 rotor,

Sorvall R RC-JB) at lOOOOOx g for 45 minutes at 4°C. The pellet containing the cell

envelope was treated with 1% Sarcosyl for 30 min at 25°C to solubilise the inner

membrane and centrifuged for 45 min at 100 000 x g. The pellet was then washed

once with 2ml of phosphate buffer and resuspended in the same buffer. Finally, the

concentration of total outer membrane was measured and adjusted to lmg/L using

BSA as standard and analysed by SDS-polycrylamide gel electrophoresis (SDS-

PAGE).
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2.15.2 SDS- PAGE

Prior to electrophoresis, samples were mixed with an equal volume of SDS loading

buffer comprising 10% (v/v) glycerol, 0.005% bromophenol blue, 2% (w/v) SDS and

5% 13-mercaptoethanol in 0.25 M Tris-HCl (pH 6.8). The samples were boiled for 5

minutes at 100°C and after cooling a 25pl of each sample was loaded onto 12% Tris-

HCl SDS polyacrylamide gel and sodium dodecyl sulphate-polyacrylamide gel

electrophoresis (SDS-PAGE) was carried out in the running buffer consisted of 0.025

M Tris-HCl, 0.19 M Glycine and 0.1% SDS. The gel was run at 100mA for lh then

at 60mA for 3 hours. After electrophoresis, the gel was removed and stained

overnight with coomassie blue R-250 staining solution (Sigma, UK), then destained

in distilled water before being photographed.

2.16.1 Amplification of Flanking Sequences by Inverse PGR

The technique used was described by Ochman el al., (1990) and the steps involved

were as follows.

2.16.2 Preparation of Genomic DNA

Genomic DNA was extracted from bacterial cells by a rapid extraction method

(Woodford and Johnson, 1998). A single colony was inoculated into 10ml of LB

broth and grown overnight at 37°C in incubator. A 1.5ml volume of the culture was



spun in a microcentrifuge (Centrifuge 5415D) for a period of 30seconds at 10000

rpm. The broth was discarded and the cell pellet resuspended in 0.2 ml of TE buffer

(lOmM Tris-HCl, pH 8.0, lMm Na2 EDTA) then a 0.45 ml volume of GSE

(Guanidium-EDTA-Sarcosyl, 5M guanidium thiocyanate, lOOmM EDTA, 0.5% v/v

sarcosyl) lysing solution was added and mixed by inversion. The tubes were left at

room temperature till lysis had occurred. 0.25ml of cold 7.5 M ammonium acetate

was added and samples were stored on ice for lOminutes. 0.25ml of chloroform:

isoamyl alcohol was added and after centrifugation the supernatant was collected into

a fresh centrifuge tube. 0.54 X volume of cold isopropanol was added and after

gently mixed until DNA threads were visible. DNA was washed twice in 70%

ethanol then dried at room temperature. The DNA pellet was resuspended in 0.2ml of

TE buffer.

2.16.3 Genomic DNA Digestion

A range of enzymes was used to digest the chromosomal DNA (BamI, Hindlll,

Ecorl, PvII and HindiI) All these enzymes were chosen because they do not cut

within the gyrB gene. Reaction restrictions were set to a total volume of lOOpl. 40 pi

volume of genomic DNA (contains 2pg DNA) was digested by 5 Units of enzyme.

10 X reaction buffer was added. Finally the appropriate amount of water was added

to a final volume of lOOul. The reaction was incubated at 37°C overnight.
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2.16.4 Circularization

Sample was extracted once with phenol and once with chloroform to inactivate and

remove restriction endonucleases. The aqueous phase was saved, one-tenth volume

of cold 2.5M ammonium acetate was added, and the DNA was then precipitated with

2 volumes of ethanol and collected by centrifugation. The DNA pellet was washed

twice with 70% ethanol and dried. DNA fragments were ligated at 4°C overnight

using T4 DNA ligase according to the manufacturer instructions (Table 2.7).

Table 2.7. Components of circularization reaction

Component Volume/pl

DNA 4

T4 DNA ligase 1

Ligase 10 X buffer 5

Nuclease-free water 24

2.16.5 Polymerase Chain Reaction

Circularized DNA molecules were precipitated by the addition of salts and ethanol

and resuspended in lOpl of nuclease-free water. The primers used for the

amplification of the unknown flanking region were synthesized in opposite

orientation to that for normal PCR because they have been inverted.
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The oligonucleotides employed were as follows:

GyrB 5 'CACGCCGTAAGAGTGCATTA 3'

TTTCACCAATCACAGCAAT

Amplification was carried out at the temperature profiles Table 2.8

Table 2.8. PCR conditions for the inverse PCR

Segment Temperature Time No. Cycle Function

1 94°C lmin 30 Denaturation

2 62°C lmin 30 Primer annealing

3 72°C lmin 30 DNA extension

4 72°C 5min 1 Final extension
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Chapter 3: Results - Mechanisms of Resistance

3.1 Introduction

The incidence of nosocomial infections caused by Acinetohacter bauamannii has

been steadily rising in recent years (Bergogne-Berezine et al., 1987; Siegman-lgra el

al., 1993; Tilley and Roberts., 1994). Several outbreaks of nosocomial infections

caused by multiply resistant strains of Acitielobacter spp. have been documented

(Beck-Sague el al., 1990; Cefai el al., 1990; Marcos el al., 1994). Until 1988, the

new fluorinated quinolones presented very good activity against Acinetobacter

strains (Bergogne-Berezine and Joly-Guillou, 1985; King and Phillips, 1986).

However, resistance to these antibiotics rapidly emerged in clinical isolates (Acar el

a!., 1993; Traub and Spohr, 1989; Vila el al., 1993). The emergence of

fluoroquinolone resistance is of particular concern, given that relatively few

antimicrobial agents are effective against A. baumannii.

In several bacteria, mutations conferring quinolone resistance have been found in

gyrA, gyrB and parC genes. In Escherichia coli, several mutations have been

identified in the gyrA gene (Cambu et al., 1993; Heisig et al., 1993; Vila et al.,

1994). Of this mutation, mutations at Ser-83 and Asp-87 have been found with a

higher frequency in quinolone-resistant E. coli clinical isolates than in susceptible

isolates (Vila et al., 1994). Specific mutations in the gyrB gene also seem to be

associated with quinolone resistance (Yoshida et al., 1991a). The parC gene



encoding for the A subunit of topoisomerase IV of E.coli is a target for quinolones

and mutations at residues Ser-80 and Glu-84 contributed to decreased

fluoroquinolones susceptibility (Vila et al., 1996).

Alterations in drug permeation can also play a role in rendering bacteria quinolone

resistant. In E. coli, this phenomenon has been associated with mutations leading to

decreasing amounts of the outer membrane protein OmpF (Cohen et a/., 1989; Hirai

et al., 1986; Hooper et al., 1992). Finally, alterations of fluoroquinolone efflux at the

inner membrane should also be considered as factor (Cohen et al., 1988).

The aim of this study therefore, was to ascertain the activity of nine fluoroquinolone

agents and imipenem against A. baumannii collected from five Scottish hospitals. In

addition, the aim was to investigate the molecular bases of quinolone resistance in

this species.

3.2 Characterisation of Strains

Forty-seven A. baumannii strains were collected from five Scottish hospitals and

their identities were checked using the API 20NE.
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3.2.1 Phenotypic Characterisation of A. baumannii by

Means ofAPI 20NE System

Species identification by the API 20NE system indicated that all isolates were

identified as A. baumannii and A. calcoaceticus. It is difficult to distinguish between

these two strains and the need for genotypic methods to differentiate between them is

essential, results are shown in Table 1. The API profile for each individual isolate is

shown in Appendix I. The forty-seven A. baumannii isolates displayed one of the

eleven profiles showed in Table 3.1. This suggests that there is considerable variation

between the strains of the same species
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Table 3.1. Identification ofAcinetobacter strains by the API 20NE database

No. of Strains Genomic Species API Profile

2 A.baumannii/A.calcoaceticus 0041071

1 A.baumanni i/A. calcoaceticus 0040053

5 A.baumannii/A.calcoaceticus 0001073

2 A.baumannii/A.calcoaceticus 0043473

8 A.baumanni i/A.calcoaceticus 0041073

1 A.baumannii/A.calcoaceticus 0041053

18 A.baumannii/A.calcoaceticus 0040071

1 A.baumannii/A.calcoaceticus 0040073

1 A.baumannii/A.calcoaceticus 0051473

4 A.baumannii/A.calcoaceticus 0001071

4 A.baumannii/A.calcoaceticus 0041473

3.2.2 Antimicrobial Susceptibility Testing

The antimicrobial susceptibility testing ofA. baumannii isolates was determined for

nine quinolones and full results are shown in Appendix II. Imipenem MICs were also

determined and the MIC for each isolate is given in Appendix III. Resistant and

susceptible strains were distinguished by the use of an in vitro break point antibiotic

concentration assay. Breakpoint values were taken from the BSAC guidelines unless

otherwise indicated and are as follows: Gemifloxacin, 0.5mg/L (Wise and Andrews,
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1999), moxifloxacin, lmg/L (Andrews et al., 1999), sparfloxacin, 2mg/L,

trovafloxacin, 2mg/L, norfloxacin, 8mg/L (Pascual et al., 1997), gatifloxacin, 2mg/L

levofloxacin (4mg/L) (Heinemann et al., 2000), ciprofloxacin (4mg/L), ofloxacin

(8mg/L) and imipenem (4mg/L). Using these breakpoint values, 9 isolates (20%)

were resistant to ciprofloxacin and gatifloxacin. Five isolates (10%) were resistant to

sparfloxacin, ofloxacin and levofloxacin and six isolates (12%) were resistant to

trovafloxacin and moxifloxacin. Eighteen isolates (38%) were resistant to

norfloxacin and seven isolates (14%) were resistant to gemifloxacin. The MIC50 and

MIC90 ofA baumannii to quinolones are shown in Table 3.2 with the range ofMICs

observed for each antibiotic. These data shows that the MIC50S for all the

fluoroquinolones tested are below breakpoint levels.
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Table 3.2. MIC ranges, MIC50 and MIC90 values of quinolones and imipenem

QUINOLONE RANGE MIC50 MIC90

Ciprofloxacin 0.12-64 0.25 8

Trovafloxacin 0.016-8 0.016 0.5

Moxifloxacin 0.016-8 0.06 2

Gemifloxacin 0.008-4 0.03 0.5

Ofloxacin 0.12-32 0.25 4

Norfloxacin 4 >128 4 >128

Gatifloxacin 0.25-16 0.25 4

Sparfloxacin 0.016-8 0.016 1

Levofloxacin 0.12-8 0.12 2

Imipenem 0.03-0.5 0.06 0.12

The MIC90 showed clearly that gemifloxacin and trovafloxacin were the most potent

quinolones (MICyo=0.5mg/L). They were 4-fold more potent than ciprofloxacin.

Sparfloxacin was 3-fold more potent than ciprofloxacin (Table 3.2). All the

fluoroquinolones with the exception of ciprofloxacin and norfloxacin had MIC90S <

8mg/L. No correlation was observed between imipenem and fluoroquinolone

resistance. All isolates (100%) exhibit MIC50 and MIC90 below the recommended

breakpoint (4mg/L) against imipenem and the results are summarised in Figure 3.1.
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Figure 3.1. Graphical representation of MIC50 and MIC90 values for quinolones

and imipenem

MIC50 & MIC90

OMIC50

■MIC90

100

10

ANTIBIOTIC

3.3 Analysis ofAcinetobacter baumannii Isolates with

Decreased Ciprofloxacin Sensitivity

From the 47 clinical isolates of A. baumannii, 9 were identified as resistant to

ciprofloxacin (MIC> 4mg/L). These isolates were subject to further investigation to

elucidate mechanisms of ciprofloxacin resistance.



PCR amplification of the QRDR of the gyrA and parC genes was performed with

primers designed from conserved amino acid sequence motifs identified in several

diverse gyrA and parC genes (Section 2.7.1). PCR products were subsequently

digested with Hinfl. Amplification of the QRDR of the gyrA and parC genes yielded

PCR products of 343bp and 197 bp respectively (Figure 3.2 and Figure 3.3).

Figure 3.2. Agarose gel electrophoresis of gyrA PCR products of resistant
clinical isolates ofA baumannii

12 11 TO 9 8 7 6 5 4 3 2 1

343 bp
500 bp

100 bp

Lane 1: 100 bp ladder, Lane 2: Negative control (No DNA), Lane 3: ATCC 19606, Lane 4: 8, Lane 5:

9, Lane 6: 52, Lane 7: 55, Lane 8: 60, Lane 9: 71, LanelO: 72, Lanel 1: 78, Lanel2: 85
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Figure 3.3. Agarose gel electrophoresis of parC PCR products of resistant
clinical isolates ofA. baumannii

12 11 10 9 8 7 6 5 4 3 2 1

Lane 1: lOObp ladder, Lane 2: Negative control (No DNA), Lane 3: ATCC 19606, Lane 4: 8, Lane 5:

9, Lane 6: 52, Lane 7: 55, Lane 8: 60, Lane 9: 71, LanelO: 72, Lanell: 78, Lanel2: 85

Hinf I restriction of the PCR products ofgyrA from isolates 8 (MIC= 4mg/L) and A.

baumannii type ATCC 19606 yielded DNA fragments of 291 and 52 bp (Figure

3.4), indicating that the Hinfl site was intact. The expected 52 bp piece of DNA was

not visualised with ethidium bromide staining. For the rest of isolates the restriction

failed to produce restriction fragments, indicating the loss of the Hinfl site at the

codon for amino acids Asp- Ser 82-83, and suggesting that mutation at codon Ser83

had occured (Figure 3.4)
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Figure 3.4. Hinf I restriction of PCR-amplified gyrA of resistant A. baumannii
clinical isolates

12 11 10 9 8 7 6 5 4 3 2 1

343 bp

291 bp

500 bp

100 bp

Lane 1: 100 bp ladder, Lane 2: ATCC 19606 not restricted, Lane 3: ATCC 19606 restricted, Lane 4:

8, Lane 5: 9, Lane 6: 52, Lane 7: 55, Lane 8: 60, Lane 9: 71, Lane 10: 72, Lanel 1: 78, Lanel2: 85

Hinf I restriction of PCR products ofparC produced two DNA fragments of 144 bp

and 53 bp respectively in all isolates (Figure 3.5), indicating that the HinfI restriction

site at the codon for amino acids Asp-Ser 79-80 was intact, and suggesting the

absence ofmutation at codon Ser 80.
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Figure 3.5. Hinf I restriction of PCR-amplified parC resistant A. baumannii
clinical isolates

12 11 10 9 8 76 5 43 21

197 bp

500 bp

144 bp
100 bp

53 bp

8Lane 1:100 bp ladder, Lane 2: ATCC 19606 not restricted, Lane 3: ATCC 19606 restricted, Lane 4:

8 Lane 5: 9, Lane 6: 52, Lane 7: 55, Lane 8: 60, Lane 9: 71, Lane 10: 72, Lanell: 78, Lanel2: 85

Sequencing of PCR product of gyrA from A. baumannii ATCC 19606 is shown in

Figure 3.6. Partial DNA sequences, including that encoding the Ser-83 regions, were

compared between ciprofloxacin-resistant isolates and the sensitive srain. This

comparison confirmed the presence of a change at Ser-83 to Leu in all isolates (C

—»T transversion from codon TCA) but isolate 8 conserved this site and had a

mutation at codon 81 where glycine was substituted by cysteine (G -a T transversion

from codon GGT) Figure 3.7

78



Figure 3.6. QRDR fragment of ATCC 19606 gyrA

*
aaatctgcccgtgtcgttggtgacgtaatcggtaaatatcacccgcntggtgactcagct
ksarvvgdvigkyhpxgdsa

gtttatgaaaccattgttcgtatggctcaagactttagcttacgttatttattggttgat
vyet ivrmaqdfslryllvd

ggtcagggtaacttcggttcgatcgatggcgatagcgccgcggcaatgcgttataccgaa

gqgnfgs i dgdsaaamryte

gtccgtatgactaagctggcacatgagcttcttgcagattaggaaaaagacacagttgac
vrmtklahellad-ekdtvd

tgggaagataactacgacggttcggaacgtatccctgaagtacttccgacacgtgttcca
wednydgseri pevlptrvp

aacttgttaatcaacggtgctgcgggtatcgccgtaggtatcgccgtaggtatggc
nllingaagiavgiavgm

* The black arrow indicates the Ser-83 site
* Red nucleotide: Forward primer
* Blue nucleotide: reverse primer
♦Letters under the nucleotide sequence show the deduced protein sequence
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Figure 3.7. Comparison of partial DNA sequences(containing the Ser-83 region)

of ciprofloxacin-resistant clinical isolates and the ATCC 19606 gyrA gene

Isolate MIC(mg/L)

RC AAA

Lys
TAT

Tyr
CAC

His
CCG
Pro

CAT

His

81
GGT

Gly
GAC

Asp

83
TCA

Ser

GCT

Ala
GTT

Val

TAT

Tyr
GAA

Glu
ACC

Thr

ATT

He
1

8 AAA

Lys
TAT

Tyr
CAC
His

CCG
Pro

CAT
His

TGT

Cys
GAC

Asp
TCA

Ser
GCT
Ala

GTT
Val

TAT

Tyr
GAA
Glu

ACC
Thr

ATT

lie
4

9 AAA

Lys
TAT

Tyr
CAC
His

CCG
Pro

CAT

His
GGT

Gly
GAC

Asp
TTA

Leu

GCT

Ala
GTT
Val

TAT

Tyr
GAA

Glu
ACC
Thr

ATT

lie

64

52 AAA

Lys
TAT

Tyr
CAC

His
CCG

Pro

CAT

His
GGT

Gly
GAC

Asp
TTA

Leu

GCT
Ala

GTT
Val

TAT

Tyr
GAA
Glu

ACC

Thr
ATT

lie
8

55 AAA

Lys
TAT

Tyr
CAC
His

CCG

Pro

CAT

His
GGT

Gly
GAC

Asp
TTA

Leu

GCT
Ala

GTT
Val

TAT

Tyr
GAA

Glu
ACC

Thr

ATT

lie

32

60 AAA

Lys
TAT

Tyr
CAC

His
CCG
Pro

CAT
His

GGT

Gly
GAC

Asp
TTA

Leu

GCT
Ala

GTT
Val

TAT

Tyr
GAA

Glu
ACC

Thr
ATT

lie

64

71 AAA

Lys
TAT

Tyr
CAC
His

CCG
Pro

CAT

His
GGT

Gly
GAC

Asp
TTA
Leu

GCT

Ala
GTT
Val

TAT

Tyr
GAA
Glu

ACC
Thr

ATT

lie
32

72 AAA

Lys
TAT

Tyr
CAC

His
CCG

Pro

CAT

His
GGT

Gly
GAC

Asp
TTA

Leu

GCT
Ala

GTT
Val

TAT

Tyr
GAA
Glu

ACC
Thr

ATT

lie

32

78 AAA

Lys
TAT

Tyr
CAC

His
CCG
Pro

CAT
His

GGT

Gly
GAC

Asp
TTA

Leu

GCT
Ala

GTT
Val

TAT

Tyr
GAA

Glu
ACC

Thr
ATT

lie

8

85 AAA

Lys
TAT

Tyr
CAC
His

CCG
Pro

CAT

His
GGT

Gly
GAC

Asp
TTA

Leu

GCT

Ala
GTT

Val
TAT

Tyr
GAA

Glu
ACC

Thr
ATT

lie

4

♦Mutations at Ser-83 and Gly-81 in ciprofloxacin-resistant isolates are indicated in bold. The deduced
amino acid sequences are given below each nucleotide sequence. RC: Reference control, A.
baumannii ATCC 19606.
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Sequencing of PCR product ofparC from A. baumannii ATCC 19606 is shown in

Figure 3.8. Partial DNA sequences, encoding the Ser-80 regions, were compared

between ciprofloxacin-resistant isolates and the wild-type. This comparison showed

the conservation of Ser-80 site in all isolates. However, sequencing of the products

from isolate 60 (MIC= 64mg/L), which had retained the Hinfl restriction site, but

had a mutation where Glutamic acid (GAA) at position 84 had mutated to Lycine

(AAA) Analysis of the sequence of isolate 9 (MIC=64mg/'L) showed a mutation

where Glycine (GGT) at position 78 had mutated to Cysteine (TGT) (Figure 3.9).

Figure 3.8. QRDR fragment of A. baumannii ATCC 19606 parC gene

AGCGAGCTAGGCTTAAAAAGCAGTGGCAAGCCAAAAAAATCAGCGCGTACAGTGGGTGAT

SELGLKSSGKPKKSARTVGD

GTACTTGGTAAATACCACCCACATGGTGACTCGGCATGTTATGAAGCCATGGTCTTAATG

VLGKYHPHGDSACYEAMVLM

GCTCAGCCATTTAGTTACCGCTATCCTTTAATTGAAGGTCAGGGGAACTGGGGTTCACCT

AQPFSYRYPLIEGQGNWGSP

GATGACCCTAAATCTTTTGCTGCGATGCGTTATACCGAAGCCAAACTCTCG

DDPKS FAAMRYTEAKLS

♦The black arrow indicates the Ser-80 site
* Red nucleotide: Forward primer
♦Blue nucleotide: backward primer
♦Letters under the nucleotide sequence show the deduced protein sequence
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Figure 3.9. Comparison of partial DNA sequences (containing the Ser-80

region) of ciprofloxacin-resistant clinical isolates and A. baumannii ATCC

19606parC gene

Isolate MIC(mg/L)

78 80 84
RC CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 1

His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

8 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 4
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

9 CAC CCA CAT TGT GAC TCG GCA TGT TAT GAA GCC 64
His Pro His Cys Asp Ser Ala Cys Tyr Glu Ala

52 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 8
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

55 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 32
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

60 CAC CCA CAT GGT GAC TCG GCA TGT TAT AAA GCC 64
His Pro His Gly Asp Ser Ala Cys Tyr Lys Ala

71 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 32
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

72 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 32
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

78 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 8
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

85 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC 4
His Pro His Gly Asp Ser Ala Cys Tyr Glu Ala

♦Mutations at Gly-78 and Glu-84 in ciprofloxacin-resistant isolates were indicated in bold. The
deduced amino acid sequences are given below each nucleotide sequence. RC: Reference control, A.
baumannii ATCC19606.
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3.4 Outer Membrane Protein Analysis of Resistant

Clinical Isolates

The outer membrane profiles of resistant isolate 8 (MIC= 4mg/L), 52 (MIC= 8mg/L),

55 (MIC= 32mg/L), 60 (MIC= 64mg/L) and 72 (MIC= 32mg/L) were compared to

that of a ciprofloxacin-susceptible strain. All isolates produced a limited number of

major OMPs with molecular sizes between 33 and 46 KDa, together with various

other minor protein components (Figure 3.10). Comparison of the OMPs profiles

revealed that similar pattern were observed in all but isolate 60, which lacked the

33KDa band.

Figure 3.10. SDS-PAGE profile of outer membrane proteins from ciprofloxacin

sensitive and-resistance isolates ofA. baumannii.

Lane 1, molecular weight marker; Lane 2, control strain; Lane 3, strain 8; Lane 4,
strain 52; Lane 5, strain 55; Lane 6, strain 60; lane 7, strain 72, the arrow
indicates the absence of the 33 KDa protein
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3.5 MIC Determination ofCiprofloxacin in the Presence

of lOmg/L ofCCCP and 30mg/L ofReserpine

None of the 9 resistant clinical isolates tested had reduced susceptibility to

ciprofloxacin when lOmg/L of CCCP and 30mg/L of reserpine were added. The

efficacy of ciprofloxacin did not appear to be affected by the efflux pump inhibitors

CCCP and reserpine as no reduction in MIC was observed (Table 3.3).

Table 3.3. MICs of resistant clinical isolate to ciprofloxacin challenged with

lOmg/L ofCCCP and 30mg/L of reserpine

Isolate Cip Cip

CCCP+ CCCP- RES+ RES-

8 4 4 4 4

9 64 64 64 64

52 8 8 8 8

55 32 32 32 32

60 64 64 64 64

71 32 32 32 32

72 32 32 32 32

78 8 8 8 8

85 4 4 4 4

*CCCP+, Plates containing CCCP; CCCP-, Plates without CCCP; Cip, Ciprofloxacin; RES+, Plates

containing reserpine; RES-, Plates without reserpine

84



3.6 Concluding Remarks

The results drawn from this work resemble those found for other bacteria. Mutations

in gyrA and parC were associated with high levels of resistance in A. baumannii.

However one interesting finding is the association of more than one mechanism of

resistance, mutation in gyrA, parC, and reduction in drug permeability.

No parC mutations were found without the simultaneous presence of a mutation in

the gyrA gene which suggests that DNA topoisomerase IV could be the secondary

target for quinolones in this species. In addition, these mutations and a reduction in

drug permeability did not explain the levels of resistance observed in all isolates.

Some of the newer fluoroquinolones (moxifloxacin and gemifloxacin) were more

active compared to the old quinolones and could be used to treat severe infections

caused by A. baumannii
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Chapter 4: Results - In vitro Mechanism of Resistance

4.1 Introduction

The aim of this work was to investigate the mechanisms of resistance in vitro and to

ascertain the activity of five quinolones against ciprofloxacin and moxifloxacin-

selected mutants. Sensitivity to imipenem and chloramphenicol was also tested to see

if there was any correlation between quinolone resistance and resistance to other

classes of antibiotics.

4.2 Mutation Study

Ciprofloxacin and moxifloxacin mutants of A. baumannii strain ATCC19606 were

selected by spreading lOOpl of culture onto plates containing concentrations of

ciprofloxacin and moxifloxacin increasing by small increments above the MIC of the

parent. Mutants to be investigated were selected from the plate containing the highest

antibiotic concentration.
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4.2.1 Ciprofloxacin and Moxifloxacin Selected Quinolone Resistant

Mutants

One random chosen colony was isolated from the plate containing the highest

antibiotic concentration and subcultured onto a fresh McConkey agar to establish

purity then designated with a culture collection number according to the antibiotic

used for selection.

4.2.2 Ciprofloxacin Mutants

4.2.3 First-step Ciprofloxacin-Selected Mutants (CI)

Strain ATCC 19606 exhibited an MIC of lmg/L to ciprofloxacin; this isolate was

challenged with concentrations of 1, 2, 3 and 3.5 mg/L respectively. Mutants (CI)

selected from the plate containing the highest ciprofloxacin concentration which was

3.5 mg/L showed an increase in resistance to ciprofloxacin, with MTCs of about

8mg/L equivalent to about 8-fold decrease in sensitivity compared to the parent

strain (Table 4.1).

4.2.4 Second-Step Ciprofloxacin-Selected Mutants (C2)

The parent first-step ciprofloxacin-selected mutants (CI) were challenged with

ciprofloxacin concentration of 8,10 and 12 mg/L respectively. The selected mutants
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(C2) from the plate containing the highest ciprofloxacin concentration, which was

12m/L showed an increase in resistance to ciprofloxacin, with MICs of 32 mg/L

equivalent to about 4-fold decrease in sensitivity compared to parent strain (Table

4.1).

4.2.5 Third-Step Ciprofloxacin-Selected Mutants (C3)

The parent second-step ciprofloxacin-selected mutants (C2) were challenged with

ciprofloxacin concentration of 16 and 32 respectively. The selected mutants (C3)

from the plate containing 32mg/L showed an increase in resistance to ciprofloxacin,

with MICs of 64 mg/L equivalent to about 2-fold decrease in sensitivity compared to

parent strain (Table 4.1).

4.2.6 Forth-Step Ciprofloxacin-Selected Mutants (C4)

The third-step ciprofloxacin-selected mutants (C3) were challenged with a

ciprofloxacin concentration of 64 mg/L. The selected mutants (C4) showed an

increase in resistance to ciprofloxacin, with MICs of I28mg/L equivalent to about 2-

fold decrease in sensitivity compared to parent strain (Table 4.1).
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Table 4.1. MIC of ciprofloxacin-selected mutants

Parent Strains Mutants MICs (mg/L) Highest Concentration

Selection(mg/L)
A.baumannii ATCC CI 8 3.5

19606 (MIC=lmg/L)
CI C2 32 12

C2 C3 64 32

C3 C4 128 64

4.2.7 Moxifloxacin Mutants

4.2.8 First-step Moxifloxacin-Selected Mutants (Ml)

The parent strain, A. baumannii ATCC 19606, exhibited an MIC of 0.12 mg/L to

moxifloxacin, this isolate was challenged with concentrations of 0.12, 0.18, 0.24, 0.3

and 0.42 mg/L. Mutants were chosen from the plate containing growth and had the

highest moxifloxacin concentration that was 0.42 mg/L. The first-step moxifloxacin

selected mutants (Ml) with an MIC of lmg/L showed an increase in resistance to

moxifloxacin, with MICs about of 8-fold higher than the parent strain (Table 4.2).
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4.2.9 Second-step Moxifloxacin-Selected Mutants (M2)

The parent first-step moxifloxacin-selected mutants (Ml) were challenged with

moxifloxacin concentrations of 1, 2 and 2.5 mg/L. The selected mutants (M2) from

the plate containing 2.5mg/L of moxifloxacin showed an increase in resistance to

moxifloxacin, with MICs 4mg/L equivalent to about 4-fold decrease in sensitivity

compared to parent strain (Table 4.2).

4.2.10 Third-step Moxifloxacin-Selected Mutants (M3)

The parent second-step moxifloxacin-selected mutants (M2) were challenged with

moxifloxacin concentrations of 8 mg/L. The selected mutants (M3) showed an

increase in resistance to moxifloxacin, with MICs of 8mg/L equivalent to about 2-

fold decrease in sensitivity compared to parent strain (Table 4.2).

4.2.11 Forth-step Moxifloxacin-Selected Mutants (M4)

The third-step moxifloxacin-selected mutants (M3) were challenged with

moxifloxacin concentration of 8 and 12 mg/L. The selected mutants (M4) from the

plate containing 12mg/L showed an increase in resistance to moxifloxacin, with

MICs of 16 mg/L equivalent to about 2-fold decrease in sensitivity compared to

parent strain (Table 4.2).
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4.2.12 Fifth-step Moxifloxacin-Selected Mutants (M5)

The forth-step moxifloxacin-selected mutants M4 were challenged with

moxifloxacin concentration of 16 and 24mg/L. The selected mutants (M5) from the

plate containing 24mg/L of moxifloxacin showed an increase in resistance to

moxifloxacin, with MICs of 32mg/L equivalent to 2-fold decrease in sensitivity

compared to parent strain (Table 4 2).

4.2.13 Sixth-step Moxifloxacin-Selected Mutants (M6)

The fifth-step moxifloxacin-selected mutants M5 were challenged with moxifloxacin

concentration of 40mg/L. The selected mutants (M6) showed an increase in

resistance to moxifloxacin, with MICs of 64mg/L equivalent to 2-fold decrease in

sensitivity compared to parent strain (Table 4.2).
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Table 4.2. MIC of moxifloxacin-selected mutants

Parent Strains Mutants MICs (mg/L) Highest concentration
selection (mg/L)

A.baumannii ATCC Ml 1 0.42

19606 (MIC= 0.42mg/L)
Ml M2 4 2.5

M2 M3 8 8

M3 M4 16 12

M4 M5 32 24

M5 M6 64 40

4.3 Antimicrobial Susceptibilities of Resistant Mutants

The antimicrobial spectrum of the second-generation fluoroquinolones includes most

Gram-negative organisms and ciprofloxacin is the most widely used agent within this

category. More recently, newer fluoroquinolones have been synthesized and these

include levofloxacin, gemifloxacin, moxifloxacin and gatifloxacin.

The sensitivities of ciprofloxacin and moxifloxacin resistant mutants to the five other

quinolones, as well as imipenem and tetracycline, were established. MICs were

determined by the agar doubling dilution method (Table 4.3).
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Table 4.3. Results ofMICs determination for ciprofloxacin and moxifloxacin-

selected mutants (mg/L)

ID CIP MOX GAT LEV SPAR GEM GREP IMI TET

CI 8 2 4 2 1 1 0.5 0.12 0.25
C2 32 4 8 8 2 4 4 0.12 0.25

C3 64 4 8 16 4 8 8 0.12 2

C4 128 16 16 16 16 16 32 0.12 2
Ml 8 1 1 1 0.25 0.5 0.5 0.12 2

M2 16 4 4 4 4 4 8 0.12 2

M3 32 8 8 8 8 8 8 0.12 2

M4 64 16 16 16 16 16 16 0.12 4

M5 >256 32 32 32 16 32 32 0.12 4

M6 >256 64 64 64 32 64 64 0.12 4

19606 1 0.5 0.5 0.25 0.06 0.008 0.06 0.06 2

GAT: Gatifloxacin, LEV: Levofloxacin, SPAR: Sparfloxacin, GEM: Gemifloxacin,
GREP: Grepafloxacin, IMI: Imipenem, TET: Tetracycline

Ciprofloxacin-selected mutants were more sensitive to the quinolones tested, with

greater variability in their sensitivities compared to moxifloxacin-selected mutants

(Table 6). All resistant mutants were sensitive to imipenem and tetracycline Table 6.

4.4 Mutants Typing by PFGE or API 20NE

4.4.1 Moxifloxacin Mutants

PFGE was used to confirm that the moxifloxacin mutants strains were truly derived

from the parent strain A. baumcinniii ATCC 19606. The interpretation of results was

performed according to the criteria described by Tenover et al., (1995). The

comparison of patterns from fragments by PFGE showed idendical restriction

patterns (PFGE type: A) in all mutants compared to the wild-type strain (Figure 4.1).

All isolates produced clear restriction fragments of which nine bands from each lane
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could be read. However, the bands were too thick due the amount ofDNA digested.

Moreover, extra faint bands were seen, but were not clear, and were not included in

the analysis of the gel.

Figure 4.1. PFGE typing of moxifloxacin mutants

1000 kb
824 kb
776 kb

727 kb

679 kb

630 k

582 bb

Lane 1: Lambda Ladder PFG marker, Lane 2: A. baumannii ATCC 19606, Lane 3: Ml, Lane 4: M
2, Lane 5: M 3, Lane 6: M 4, Lane 7: M 5, Lane 8: M6

4.4.2 Ciprofloxacin Mutants

The identities of ciprofloxacin mutants were checked by API 20NE and all isolates

were identified as A. baumannii

12345678
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4.5 Genetic Analysis of the QRDR ofCiprofloxacin and

Moxifloxacin Mutants

All mutants were used for further investigation by PCR amplification and DNA

sequencing of the QRDRs of the gyrA and parC genes. Amplification of the gyrA

and parC yielded PCR products of 343bp and 197bp respectively (Figures 4.2 and

4.3).

Figure 4.2. Agarose gel electrophoresis of gyrA PCR products of ciprofloxacin
and moxifloxacin-selected mutants

12 11 10 9 8 7 6 5 4 3 2 1

343bp
500 bp

100 bp

Lane 1: lOObp ladder, Lane 2: Negative control (no DNA), Lane 3: CI, Lane 4: C2, Lane 5: C3, Lane
6: C4, Lane 7: Ml, Lane 8: M2, Lane 9: M3, LanelO: M4, Lanell: M5, Lanel2: M6
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Figure 4.3. Agarose gel electrophoresis of parC PCR products of ciprofloxacin
and moxifloxacin-selected mutants

12 11 10 9 8 7 6 5 4 3 2 1

197

Lane 1: lOObp ladder, Lane 2: Negative control (no DNA), Lane 3: CI, Lane 4: C2, Lane 5: C3, Lane
6: C4, Lane 7: Ml, Lane 8: M2, Lane 9: M3, LanelO: M4, Lanel 1: M5, Lanel2: M6

Hinfl restriction of the PCR products of gyrA showed that none of the mutants were

digested indicating that the Hinf 1 site was lost for these isolates (Table 7). With

regard to parC all products were digested and produced two fragments of 144 bp and

53 bp indicating that the Hinf I site was present (Table 4.4). In these PCRs only

negative controls were used. Although gyrA and parC restrictions experiments were

not problomatic, the use of positive controls would have been useful for better

analysis of the results.

500 bp

100 bp
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Table 4.4. Hinf I restriction ofgyrA and parC QRDRs of high-level

ciprofloxacin and moxifloxacin mutants

Isolate Ciprofloxacin (mg/L) GyrA ParC

CI 8 +

C2 32 +

C3 64 +

C4 128 +

Ml 1 +

M2 4 + -

M3 8 +

M4 16 +

M5 32 +

M6 64 +

+ =Mutation present, - = mutation not present

Sequencing of gyrA from ciprofloxacin and moxifloxacin mutants confirmed the

presence of a change at Ser-83 to Leu (C —»T transversion from codon TCA) in all

mutants (Table 8 & Figure 14), however sequencing ofparC showed no mutations

and codon TCA was conserved in all isolates (Table 4.5 & Figure 4.4).
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Table 4.5. Mutations in the QRDRs ofgyrA and parC genes of ciprofloxacin and

moxifloxacin-selected mutants

Isolate Mutation Mutation MIC (mg/L)
in gyrA in parC

CI Ser83-leu No mutation 8

C2 Ser83-leu No mutation 16
C3 Ser83-leu No mutation 32
C4 Ser83-leu No mutation 128
Ml Ser83-leu No mutation 1
M2 Ser83-leu No mutation 4

M3 Ser83-leu No mutation 8
M4 Ser83-leu No mutation 16
M5 Ser83-leu No mutation 32
M6 Ser83-leu No mutation 64

Figure 4.4. Alignment of the gyrA gene of mutants

RC AAA TAT CAC CCG CAT GGT GAC TCA GCT GTT TAT GAA ACC ATT

CI AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

C2 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

C3 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

C4 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

Ml AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

M2 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

M3 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

M4 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

M5 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

M6 AAA TAT CAC CCG CAT GGT GAC TTA GCT GTT TAT GAA ACC ATT

#Ser-83 mutation is shown in red
*RC: Reference control, A. baumannii ATCC 19606
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Figure 4.5. Alignment of the parC gene ofmutants

RC CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

CI CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

C2 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

C3 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

(-1 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

Ml CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

M2 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

M3 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

M4 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

M5 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

M6 CAC CCA CAT GGT GAC TCG GCA TGT TAT GAA GCC

*Codon-80 is shown in bold
*RC: Reference control A. baumanmi ATCC 19606

4.6 Outer Membrane Protein Analysis of Resistant

Mutants

The outer membrane proteins ofCI (MIC= 8mg/L), C 2 (M1C= 32mg/L), C3 (MIC=

64mg/L), C4 (MlC=128mg/L), Ml (M1C= lmg/L) and M4 (MIC^ 16mg/L) were

investigated by SDS-page. Their OMP profiles were compared to the Acinetobacter

ATCC 19606. The major band of 40kDa was conserved in all mutants, however there

was a deletion of 20 KDa band compared to the ATCC 19606 (Figure 4.6).
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Figure 4.6. SDS-PAGE profile of outer membrane proteins from mutants and

ciprofloxacin sensitive isolate

KDa 1 2 34 56789 10

Lanel, Molecular weight marker; Lane 2, 3 and 4, control strain; Lane 5, CI; Lane 6, C2; Lane 7, C3;
Lane 8, C4; Lane 9, Ml; Lane 10, M4

4.7 Outer Membrane Protein Analysis of A. baumannii

ATCC 19606 Challenged with 1 and 2mg/L of

Ciprofloxacin

A. baumannii ATCC 19606 isolates were challenged with increased ciprofloxacin

concentrations ranging from 1 to 4mg/L. The OMPs of isolates recovered at a

concentration of 1 and 2mg/L were analysed by SDS-page and compared to those of

A. baumannii ciprofloxacin free (Figure 4.7). The OMP patterns of all isolates were

the same as A. baumannii with no ciprofloxacin added.
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Figure 4.7. SDS-PAGE profile of outer membrane proteins A. baumannii ATCC

19606 challenged with 1 and 2mg/L of ciprofloxacin respectively

Lanel, Molecular weight marker; Lane 2, Control strain; Lane 3, Al; Lane 4, A2; Al; A. baumannii
19606 challenged with lmg/L of ciprofloxacin, A2; A. baumannii ATCC 19606 challenged with
2mg/L of ciprofloxacin

4.8 Concluding Remarks

The mechanism of fluoroquinolone resistance in resistant clinical isolates of A.

baumannii is mediated by mutations in gyrA and parC. However, it is unlikely that

this is the case for laboratory mutants because the parC mutation was never found

alongside gyrA mutation even at high level of resistance.
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In vitro there were apparent differences in the outer membrane protein profiles of

susceptible and mutant isolates and these changes suggest that reduction in drug

permeability is a second mechanism of resistance in mutants. However this reduction

did not explain the levels of resistance observed in all mutants and the presence of

efflux pump mechanism should be considered.
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Chapter 5: Results - Quinolone Resistance - Sequencing

5.1 Introduction

Many studies have been carried out with quinolone-resistant Gram-negative bacteria

and most of the work focused on mutations within the QRDR regions of the DNA

topoisomerases II and IV.

The aim of the work below was to develop a simple method to sequence the whole of

the gyt'A and gyrB genes of A. baumannii ATCC19606 and compare them to gyrA

and gyrB of resistant isolates to facilitate screening for mutations outside the QRDR

boundaries. A simple technique was used for gyrA and two alternative techniques

were tested for sequencing the gyrB gene.

5.2 Methods for Sequencing gyrA and gyrB Genes of A.
baumannii ATCC 19606

Primers selected from conserved amino acid sequence motifs of E. coli and P.

aeruginosa were used for gyrA amplification. PCR-based biotin-capture and inverse

PGR were used for gyrB amplification.
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5.3 Use of primers Selected From the Conserved Regions

of E. coli and P. aeruginosa for GyrA amplification ofA.

baumannii ATCC 19606

A segment of 2760 bp was selected from the whole gyrA gene of E. coli and two

reverse primers were selected from the conserved amino acid sequence motifs of E.

coli and P. aeruginosa using primer3 Input software htt://www-

genome.wi.mit.edu/cgi-bin/primer/primer3jwww.cgi. The forward primer used was

the same as in section 2.7.1 (Figure 5.1)
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Figure 5.1. 2760 bp segment ofgyrA gene ofE. coli

1 TAATGCGGTG CAGCGGTTTG AACTCACCTT CCAGATCCCA CCAGCGGGAG GCGACGGCTT

61 CAAATTTAGC GATCTCTTCG TGGTCTACGT TATGGTTTAC CGGCGATTTT TCGGCATTCA

121 TTGGCACTTC TACTCCGTAA TTGGCAAGAC AAACGAGTAT ATCAGGCATT GGATGTGAAT

181 AAAGCGTATA GGTTTACCTC AAACTGCGCG GCTGTGTTAT AATTTGCGAC CTTTGAATCC

241 GGGATACAGT AGAGGGATAG CGGTTAGATG AGCGACCTTG CGAGAGAAAT TACACCGGTC

301 AACATTGAGG AAGAGCTGAA GAGCTCCTAT CTGGATTATG CGATGTCGGT CATTGTTGGC

361 CGTGCGCTGC CAGATGTCCG AGATGGCCTG AAGCCGGTAC ACCGTCGCGT ACTTTACGCC

421 ATGAACGTAC TAGGCAATGA CTGGAACAAA GCCTATAAA AAATCTGCCC GTGTCGTTGGT

481 GACGTAATCG GTAAATACCA TCCCCATGGI GACTCGGCGG TCTATGACAC GATCGTCCGC

541 ATGGCGCAGC CATTCTCGCT GCGTTATATG CTGGTAGACG GTCAGGGTAA CTTCGGTTCT

601 ATCGACGGCG ACTCTGCGGC GGCAATGCGT TATACGGAAA TCCGTCTGGC GAAAATTGCC

661 CATGAACTGA TGGCCGATCT CGAAAAAGAG ACGGTCGATT TCGTTGATAA CTATGACGGC

721 ACGGAAAAAA TTCCGGACGT CATGCCAACC AAAATTCCTA ACCTGCTGGT GAACGGTTCT

781 TCCGGTATCG CCGTAGGTAT GGCAACCAAC ATCCCGCCGC ACAACCTGAC GGAAGTCATC

841 AACGGTTGTC TGGCGTATAT TGATGATGAA GACATCAGCA TTGAAGGGCT GATGGAACAC

901 ATCCCGGAGC CGGACTTCCC GACGGCGGCA ATCATTAACG GTCGTCGCGG TATTGAAGAA

961 GCTTACCGTA CCGGTCGCGG CAAGGTGTAT ATCCGCGCTC GCGCAGAAGT GGAAGTTGAC

1021 GCCAAAACCG GTCGTGAAAC CATTATCGTC CACGAAATTC CGTATCAGGT AAACAAAGCG

1081 CGCCTGATCG AGAAGATTGC GGAACTGGTA AAAGAAAAAC GCGTGGAAGG CATCAGCGCG

1141 CTGCGTGACG AGTCTGACAA AGACGGTATG CGCATCGTGA TTGAAGTGAA ACGCGATGCG

1201 GTCGGTGAAG TTGTGCTCAA CAACCTCTAC TCCCAGACCC AGTTGCAGGT TTCTTTCGGT

1261 ATCAACATGG TGGCATTGCA CCATGGTCAG CCGAAGATCA TGAACCTGAA AGACATCATC

1321 GCGGCGTTTG TTCGTCACCG CCGTGAAGTG GTGACCCGTC GTACTATTTT CGAACTGCGT

1381 AAAGCTCGCG ATCGTGCTCA TATCCTTGAA GCATTAGCCG TGGCGCTGGC GAACATCGAC

1441 CCGATCATCG AACTGATCCG TCATGCGCCG ACGCCTGCAG AAGCGAAAAC TGCGCTGGTT

1501 GCTAATCCGT GGCAGCTGGG CAACGTTGCC GCGATGCTCG AACGTGCTGG CGACGATGCT

1561 GCGCGTCCGG AATGGCTGGA GCCAGAGTTC GGCGTGCGTG ATGGTCTGTA CTACCTGACC

1621 GAACAGCAAG CTCAGGCGAT TCTGGATCTG CGTTTGCAGA AACTGACCGG TCTTGAGCAC

1681 GAAAAACTGC TCGACGAATA CAAAGAGCTG CTGGATCAGA TCGCGGAACT GTGCGTATTA

1741 CTTGGTAGCG CCGATCGTCT GATGGAAGTG ATCCGTGAAG

RP2

AGCTGGAGCT GGTTCGTGAA

1801 CAGTTCGGTG ACAAACGTCG TACTGAAATC ACCGCCAACA GCGCAGACAT CAACCTGGAA

1861 GATCTGATCA CCCAGGAAGA TGTGGTCGTG ACGCTCTCTC ACCAGGGCTA CGTTAAGTAT

1921 CAGCCGCTTT CTGAATACGA AGCGCAGCGT CGTGGCGGGA AAGGTAAATC TGCCGCACGT

RPl

+ Red nucleotide: Forward primer
* Blue nucleotides: Conserved regions between E. coli and P. aeruginosa
* Underlined nucleotides: Reverse primers used to amplify segments of 1304 bp and 1507 bp
respectively

* Bold Black codon: Serine 83 site
* RPl: Reverse primer 1
* RP2: Reverse primer 2

Primers were put into Blast software http://www.ncbi.nlm.nih.gov/blast/Blast.cgi
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to check their identity and they were specific for E. coli and other bacteria (Figure

5.2 and 5.3).

Figure 5.2. Blast result for reverse primer 1

Sequences producing significant alignments:

giI 12516565|gb|AE005455.1|AE005455 Escherichia coli 0157:H7

gi11788555|gb|AE000312.1IAE000312 Escherichia coli K12

giI 9655740|gb|AE004205.1|AE004205 Vibrio cholerae chromosom

giI 41637|emb|Y00544 .11ECGYRAAM Escherichia coli gyrA, pufX

giI 13362333|dbj|AP002560.1|AP0025 60 Escherichia coli 0157:H

giI 1799572|dbj|D90854.1|D90854 E.coli genomic DNA, Kohara c

giI 41641|emb|X57174.1|ECGYRAD E.coli gyrA gene for DNA gyra

gi|41635|emb|X06373.1|ECGYRA1 E. coli gyrA gene for DNA gyr

giI 41633|emb|X06744.1|ECGYRA E. coli gyrA gene for DNA gyra

giI 1212 6|emb|X58136.11CHPPRBC P.pungens chloroplast rbcL ge
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Figure 5.3. Blast result for reverse primer 2

Sequences producing significant alignments:

gi I 12 516565 | gb | AE0054 55 .11AE005455 Escherichia coli 0157-.H7...

giI 1788555|gb|AE000312.11AE000312 Escherichia coli K12

giI 41637|emb|Y00544.11ECGYRAAM Escherichia coli gyrA, pufX ...

giI 13362333|dbjIAP002560.11AP002560 Escherichia coli 0157:H...

giI 1799572|dbj|D90854.11D90854 E.coli genomic DNA, Kohara c...

giI 41641|emb|X57174.11ECGYRAD E.coli gyrA gene for DNA gyra...

giI 41635|emb(X06373.11ECGYRA1 E. coli gyrA gene for DNA gyr...

giI 41633|emb|X06744.1iECGYRA E. coli gyrA gene for DNA gyra...

giI 18656147|embIAJ430550.11BCA430550 Brassica carinata tran...

giI 18656146|emb|AJ430549.11BCA430549 Brassica carinata tran...

giI 18656145|embIAJ430548.11BNA430548 Brassica napus transpo...

giI 13235085|emb|AL034346.311HS668J24 Human DNA sequence fro...

gi I 2218054 | gb | U32375 .11 AVU32375 Agrobacterium vitis plasmid...

Primers RP1 or RP2 were used alongside the forward primer (Section 2.7.1) to

amplify the 1304 bp and 1507 bp fragments of the gyrA gene. These primers were not

specific and several bands with the wrong sizes were seen on a gel (Figure 5.4).
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Figure 5.4. PCR amplification ofgyrA with reverse primers

.... ^ L5kb

Lane 1: lOObp ladder; Lane 2: No DNA; Lane 3: 343bp gyrA, Lane 4: Product amplified with onward
primer & RP1; Lane 5: Product amplified with onward primer & RP2
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Results

5.4GyrBsequencingusingaPCR-basedbiotin-capturemethod ThemethodusedforgyrBsequencingissummarisedinthediagrambellow IsolationofunknownflankingDNAofgyrBbyasimpletwo-step polymerasechainreactionsmethod
AP2:Degenerativeflankingprimer SP1:Nestedprimer BPD1:Downstreamspecificprimer1 PD2:Downstreamnestedprimer2 BPU1:Upstreamspecificprimer1 PU2:Upstreamnestedprimer2

SP1

PD2

BPD1

AP2

Upstreamsequence

Downstreamsequence
□

PU2BPU1

Immobilisationon streptavidin-coatedparamagneticbeads
1 1

PCRamplificationusing biotinylatedBPD1orBPU1with AP2

BPD1/BPU1 ==-□

Streptaptavidin-coated paramagneticbeads

PCRamplificationusing BD2orPU2withSP1

AP2

NaOHElution

SP1

PU2

J

PD2

Diagrammaticrepresentationofthesemi-randomPCRchromosomemethodusedtoobtainupstreamanddownstreamDNAflankingtheknowngyrB sequence.Biotinylatedgyr8-specificprimers,BPDlorBPUlwereusedalongsidearbitraryprimersAP2. Thebiotinylatedproductswereimmobilisedusingsterptavidin-coatedparamagneticbeadsandDNAelutedusingNaOH.Secondarynested PCRswereperformedwithSP1andPD2orPU2.Theresultingproductswereanalysedbygelelectrophoresispriorto sequencing
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Amplification of the known gyrB gene ofA. baumannii wild type ATCC 19606

yielded an 800 bp PCR product (Figure 5.5).

Figure 5.5. Agarose gel electrophoresis of gyrB PCR products of A. baumannii

wild type 19606

4 3 2 1

800 bp

1.5 Kb

800 bp

< 500 bp

^ 100 bp

Lane 1: 100 bp ladder; Lane 2: Negative control (No DNA); Lane 3 and 4: A. baumannii ATCC
19606

Biotinylated gyrff-specific downstream primer BPDl was used alongside a

degenerative primer AP2 in a PCR on genomic DNA. This resulted in amplification

of a lot of unspecific fragments and generated weak smearing (Figure 5.6)
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Figure 5.6. Agarose gel electrophoresis of gyrB PCR products with BPD1 and

AP2

4 3 2 1

100 bp

500 bp

1.5 Kb

Lane 1: 100 bp ladder; Lane 2: Negative control (No DNA); Lane 3 and 4: Amplified unspecific

biotinylated products

After the first PCR with BPD1 and AP2, The biotinylated fragments were isolated

with streptavidine-coated paramagnetic beads. The purified fragments were used as a

template in the second PCR with PD2 and SP1, and resulted in bands with different

sizes when analysed on agarose gel (Figure 5.7)
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Figure 5.7. Agarose gel electrophoresis of purified gyrB PCR products

A band of 500bp was cut from the gel and sequenced (Figure 5.8)
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Figure 5.8. 500 bp segment of GyrB sequenced

gaagggntcggtcataataataattttatggtaaccggagcttgtcagggttatattntt

EGXGHNNNFMVTGACQGYIX

cacggccaataccacagncaagtgctgtaattaatgtncctacttcctgactagagatna

HGQYHXQVL-LMXLLPD-RX

ttttgtnaaagcgcgcacgctcaacgttcaggatcttaccttttaaaggtagaatancct

FCXSAHAQRSGSYLLKVEXP

gcattttacggttncggncttgttnggcactaccacccgctgagtcaccctcgacatgat

AFYGXXLVXHYHPLSH PRHD

acaattnagaaagcgctgggtgtttttctgacaatcagccaattnaccaggnaannctgc

TIXKALGVFLTI SQXTRXXC

aatatctaatgcactcttacggcgtgtcatttcacgcgctttacgtgcagtatcangtgc

NI-CTLTACHFTRFTCSIXC

tcgtgcagcatcaataatcttgcctgcaattgattatgcngcttgtggattctcaagtat

SCS INNLACN-LCXLWILKY

gtaagcngagaactcttcgtaatttnatattnaaantatnttantttnntatgtatgaan

VSXELFVIXYXXYXXXXCMX

atcnattacttattttntctatatcnan

IXYLFXLYXX
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Blast software confirmed the identity of the sequence and the fragment belonged to

A. baumaimii (Figure 5.9)

Figure 5.9. Sequence analysis of gyrli product using BLAST software

Sequences producing significant alignments:

AB008684.1|AB008684 Acinetobacter baumannii

D73413.1iACCGYRB02 Acinetobacter baumannii

ABO0 8686.1|AB008686 Acinetobacter sp. DNA

AB008685.1|AB008685 Acinetobacter calcoaceti

AB008699.11AB008699 Acinetobacter baumannii

AB008700.1|AB008700 Acinetobacter baumannii

D73414.1|ACCGYRB03 Acinetobacter sp. gene

AB008697.11AB008697 Acinetobacter sp. DNA

The sequence was then aligned with the known gyrB sequence (Figure 5.10) using

Blast 2 sequences software http://www,ncbi.nlm.nih.uov/blast/b!2seq/b!2,html to

deduce the newly sequenced fragment (Figure 5.10 and 5.11)
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Figure 5.10. A.baumannii DNA for DNA gyrase subunit B, partial cds

1 GATAATAGCTATAAAGTTTCAGGTGGCTTACACGGCGTAGGTGTTTCTGTTGTTAACGCA 60

61 CTTTCAAGTAAATTGCATCTAACAATTTACCGTGCTGGTCAAATCCATGAGCAAGAATAT 120
»»»»»»»>»»

121 CATCATGGTGATCCGCAATATCCATTGCGTGTGATTGGTGAAACGGATAATACCGGAACA 180

181 ACTGTACGTTTTTGGCCAAGTGCAGAAACATTCAGTCAAACCATTTTTAATGTTGAAATT 240

241 CTAGCACGCCGTTTACGTGAGCTTTCTTTCTTGAATGCTGGTGTACGTATCGTTTTACGT 300

301 GATGAACGTATTAACCTTGAGCATGTGTATGACTATGAAGGCGGTTTATCTGAGTTTGTA 360

361 AAATACATCAACGAAGGTAAAAACCATCTCAACGAAATCTTCCATTTCACAGCTGATGCT 420

421 GACAACGGTATTGCTGTAGAAGTTGCATTGCAATGGAACGATAGTTACCAAGAAAATGTT 480

481 CGCTGTTTCACAAACAACATTCCACAAAAAGATGGTGGTACGCACTTAGCAGGTTTCCGC 540

541 GCAGCTTTAACACGTGGCTTAAACCAGTATCTGGAAAATGAAAATATTCTCAAGAAAGAA 600

601 AAAGTGAATGTGACTGGTGATGATGCGCGTGAAGGTTTAACAGCGATTATTTCTGTTAAG 660

661 GTTCCTGATCCAAAATTCTCGTCTCAGACAAAAGAAAAATTGGTATCAAGTGAGGTAAAA 720

721 CCAGCGGTAGAGCAAGCAATGAACAAAGAGTTCTCTGCTTACTTACTTGAGAATCCACAA 780

781 GCTGCAAAATCAATTGCAGGCAAGATTATTGATGCTGCACGCGCACGTGATGCTGCACGT 840

841 AAAGCACGTGAAATGACACGCCGTAAGAGTGCATTAGATATTGCAGGTTTGCCTGGTAAA 900

901 TTGGCTGAT 909

♦Blue nucleotide: Forward primer used to amplify the 800 bp fragment ofgyrB
*Red nucleotide: Reverse primer used to amplify the 800 bp fragment ofgyrB
*Bold nucleotide: Forward primer used to amplify the unknown downstream segment
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Figure 5.11. The known gyrB sequence versus the new sequenced fragment

Query: 746 aagagttctctgcttacttacttgagaatccacaagctgcaaaatcaattgcaggcaaqa
I I I I I II IiI I I II I I I I I I I I I I I I I I I I I I I I I III I I I I I I I I I I I I I I I I I I

Sbjct: 4 37 aagagttctcngcttacatacttgagaatccacaagcngcataatcaattgcaggcaaga

Query: 806 ttattgatgctgcacgcgcacgtgatgctgcacgtaaagcacgtgaaatgacacgccgta
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I II I I I I I

Sbjct: 377 ttattgatgctgcacgagcacntgatactgcacgtaaagcgcgtgaaatgacacgccgta

Query: 866 agagtgcattagatattgcaggtttgcctggtaaattggctgat
I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I

Sbjct: 317 agagtgcattagatattgcagnnttncctggtnaattggctgat

Identities = 152/164 (92%). The two DNA segment were 92% identical.

Figure 5.12. 273 bp of unknown gyrB oligonucleotide sequenced

GAAGGGNTCGGTCATAATAATAATTTTATGGTAACCGGAGCTTGTCAGGGTTATATTNTTCAC

GGCCAATACCACAGNCAAGTGCTGTAATTAATGTNCCTAC HCCTGACTAGAGATNATTTTGT

NAAAGCGCGCACGCTCAACCTTCAGGATCTTACCTTTTAAAGGTAGAATANCCTGCATTTTAC

GGTTNCGGNCTTGTTNGGCACTACCACCCGCTGAGTCACCCTCGACATGATACAATTNAGAAA

GCGCTGGGTGTTTTTCTGACA
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5.5 The Use of inverse PCR for GyrB sequencing

Different enzymes were used to digest chromosomal DNA of the wild type A.

baumannii ATCC 19606. The restriction profile of all enzymes gave smearing along

the gel (Figure 5.13)

Figure 5.13. Chromosomal DNA digestion ofA. baumannii ATCC 19606

6 5 4 3 4 1

10 kb

lkb

^ 250 bp

Lane 1: 1 Kb DNA Ladder; Lane 2: BamI; Lane 3: HiincII, Lane 4: Hindlll, Lane 5: Ecorl, Lane 6:

PvII

After ligation and linearisation, PCR was performed with primers synthesized in

opposite orientation to that for normal PCR. The PCR showed an amplification of an

850bp fragment (Figure 5.14)
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Figure 5.14. GyrB amplification with inverse primers

4 3 2

850 bp

800 bp

1.5Kb

500 bo

100 bp

Lane 1: 1 Kb DNA ladder; Lane 2: Negative control (No DNA); Lane 3: 800 bp gyrB product; Lane 4:
Amplified product by inverse PCR

5.6 Concluding Remarks

The strategies and methodologies for gene isolation have significantly improved by

recently developed recombinant DNA techniques. These strategies are cumbersome

and timeconsuming, and a great need exists for straightforward methods that allow

gene sequence determination of regions adjacent to a known locus. We have shown

that selection of primers from conserved regions from related bacteria, E. coli and P.

aeruginosa, and inverse PCR to sequence the whole gyrA gene was difficult.

However, chromosomal sequencing of a segment of gyrB gene using PCR-based

biotin-capture method was successful.
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Chapter 6: Discussion

Forty-seven clinical isolates of A. baumannii were collected from five Scottish

hospitals. The majority of the A. baumannii isolates were isolated in the ITU (70%),

which is in agreement with the findings of other studies that have reported A.

baumannii as the most prevalent species implicated in outbreaks occurring in

intensive care units (Bergone-Berezine and Towner, 1996). Six percent of A.

baumannii were isolated from blood cultures and this also correlates with the work of

Smego who found that the most common species causing significant bacteraemia

was A. haumannii (Smego, 1985). Although the number of isolates studied was

small, these findings suggested that A. baumannii is the most common species

isolated from the ITU.

Diagnostic laboratoties identification systems are often preferred in clinical

microbiology because of their simplicity and provision of rapid results. One system,

probably the most widely used, is the API 20NE system Bernards et al., (1996)

investigated the ability of the API 20NE system to identify genomic species

according to the recent taxonomy. A total of 130 strains of Acinetobacter spp.,

belonging to 18 different genomic species, were used. All strains had been identified

previously to the genomic species level by DNA-DNA hybridisation. In their study,

they concluded that the reproducibility of the API 20NE system is acceptable but

that the capacity of the system to identify Acinetobacter genomic species according

to the current nomenclature is limited. The tests provided in the API gallery are

insufficient to differentiate all the species. In particular, unequivocal identification of
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the clinically relevant strains of the Acinetobacter calcoaceticus-Acinetobacter

baumannii complex is not possible.

The API 20NE system was used to verify the identity of the isolated to the genus

level, and its database version V5.1 was used to analyse the results. All isolates were

identified as A. baumannii and A. calcoaceticus and this agreed with other studies,

which showed that the API 20NE system is excellent method for identification the

genus (Dijshkoorn, 1996). In addition, this system showed that there were 11

possible profiles and this indicated variation between strains of the same species

Quinolones generally had good activity against Acinetobacter strains (Bergone-

Berezine and Joly-Guillou, 1985; King and Phillips, 1986), however resistance to

these agents particularly ciprofloxacin, which has been widely used, has increasingly

been reported (Berlau et al., 1999; Horrevots et al., 1997; Bergogne-Berezine, 1996).

Moreover, quinolone resistance has become very high in some European countries.

The proportion of isolates resistant to ciprofloxacin was 73% in France, 94% in

Germany and 30% in Spain (Dijkshoorn, 1996). Further, Pascual et al., (1997),

reported that resistance levels to ciprofloxacin, trovafloxacin, norfloxacin, ofloxacin

and sparfloxacin were 93,3%, 56.7%, 93.3%, 93.3% and 66% respectively in

multidrug-resistant A. baumannii (breakpoints: > 2mg/L for ciprofloxacin,

sparfloxacin and trovafloxacin > 4mg/L for ofloxacin; > 8mg/L for norfloxacin). In

this study, a breakpoint of > 4mg/L was used for ciprofloxacin, and I reported a

resistance level of 20%. Although the same breakpoints were used in this study for

trovafloxacin, norfloxacin, and sparfloxacin the resistance rate were 10% for
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trovafloxacin and sparfloxacin and 38% for norfloxacin. Although the number of

isolates studied was small, these results suggest that resistance to both the newer and

the older fluoroquinolones were considerably lower in Scotland. Ciprofloxacin and

ofloxacin still preserve their potency against A. baumannii. Interestingly, in the

present work, norfloxacin resistance is not high in Scotland (38%) compared with the

Pascual et al., findings (1997) where the range ofMICs for the isolates, was different

from one fluoroquinolones to another suggesting there might be variation in the level

of resistance to different fluoroquionolones; however this is likely just to be an

artefact of the breakpoints.

In this work, it has been shown that almost all of the fluoroquinolones showed

greater in vitro acitivity against A. baumannii isolates. Although they were

considerably more active than ciprofloxacin in terms of MIC50S and MICgos, there

were only minor differences regarding the percentage of strains susceptible at the

respective breakpoints. For example, among the nine strains resistant to ciprofloxacin

(MIC >4mg/L), only two strains were susceptible to gemifloxacin (MIC < 0.5mg/L).

This is similar to previously published data, (Heinemann., et al., 2000). However,

these were at variance with previous published work on the new fluoroquinolones,

noted that most of these compounds were approximately 1-4 fold less active than we

observed against A. baumannii (Marques et al., 1997). They also found that

gemifloxacin to be less active against A. baumannii (MICgo = 16mg/L), whereas we

found the MICgo to be 0.5mg/L. The most likely explanation of this difference is

strain selection, and such differences do result in strains from different areas of the

world (O' Brien and the International Survey of Antibiotic Resistance Group, 1986).
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Moreover, dilutional tests are likely to continue to be the predominant methods used

for the foreseeable future, these still lack international agreement with regard to

methodology and, more particularly, agreed breakpoints to distinguish susceptible

from resistant strains, BSAC and NCCLS have different breakpoints (Finch, 1998)

and this may also explain the differences in this study and some of the previously

published work. Furthermore, most studies reporting data of antimicrobial drug

susceptibilities of A. baumannii did not consider the high epidemicity of these

bacteria at many institutions. Their results were probably biased by the inclusion of

isolates that were obtained from different patients but were nevertheless clonally

related (Pascual et al., 1997; Seifert et al., 1993). If outbreak-related strains were

compared to sporadic strains, A. baumannii outbreak strains were significantly more

resistant to fluoroquinolones agents than sporadic strains (Bello et al., 1997; Ruiltz et

al., 1999).

As far as trovafloxacin is concerned, with MIC90 = 0.5mg/L, it is rapidly absorbed

after oral administration in healthy volunteers with a mean time to peak serum

concentration of approximately lh (Tengo et al., 1995). Other pharmacokinetic

features of trovafloxacin are its elimination half-time and superior penetration of

pulmonary tissue compared to ciprofloxacin, and hence its suitability for use in the

treatment of respiratory tract infections (Mann et al., 1995). However, rare but

serious adverse reactions (lever failure, hepatic dysfunction and pancreatitis) have

led to trovafloxacin being either restricted for use (in the USA) or suspended from

use (Europe). Sparfloxacin has also been abandoned because of significant
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phototoxicity and potential for serious cardiac dysrhythmias (Jaillon et al., 1996;

Lipsky et al., 1999).

With regard to gemifloxacin (MIC90 = 0.5mg/L) it has a satisfactory adverse drug

reaction profile. It has a favourable pharmacokinetic profile that allows one-daily

dosing (Allen et al., 1999) and its pharmacokinetic/pharmacodynamic profiles

suggest that it will be clinically effective in the treatment of respiratory tract

infections.

Using the breakpoints listed above the rank order of activity as determined by their

MICs at which 90% of the isolates tested were inhibited (MIC90S) was as follows:

gemifloxacin = trovafloxacin > sparfloxacin > moxifloxacin = levofloxacin >

gatifloxacin = ofloxacin > ciprofloxacin > norfloxacin. The order of activity changes

if we apply different breakpoints. This shows that the potency of an antibiotic can

vary according to the how the data is viewed. It also suggests that breakpoint values

should be reviewed for infections caused by Acinetobacter Spp.

Imipenem, was introduced into clinical practice in the United States in 1985. It is a

valuable antibiotic for the treatment of A. baumanniii infections (Karlowsky et al.,

2002). However, several reports demonstrated an increase in resistance to this drug

(Fass et al., 1995; Clark, 1996). When first introduced neither imipenem nor

quinolones demonstrated cross-resistance with other antibiotic classes. There was,

however, a high degree of cross-resistance among the quinolones (Fass, 1983; Chow

et al., 1989) in the present study and it has been shown that cross-resistance does also

123



occur irrespective of the fluoroquinolone tested. There had been concerns that

quinolone-imipenem multi-resistance was emerging (Fukuda et al., 1990; Radberg et

al., 1990; Aubert et al., 1992). Our results indicate that the sensitivity to

fluoroquinolones does not impair sensitivity to imipenem, as all strains were

sensitive to this drug (< 4mg/L). Therefore, this antibiotic still one of the best options

to treat A. baumanniii infections, at least in Scotland.

In conclusion the novel fluoroquinolones demonstrated superior activity against A.

baumannii compared to ciprofloxacin. In the light of the limited therapeutic options

for the treatment of infections caused by this organism, the new fluoroquinolones

still retain the potential to be used in this purpose efficiently.

Fluoroquinolone resistance in A. baumannii has been associated with mutations in

the gyrA and parC genes (Vila et al., 1995, 1997). It has been found that the amino

acid residues most frequently mutated in the gyrA gene in clinical isolates of E. coli

and S. aureus were Ser-83 and Ser-84 ( Vila et al., 1994; Yoshida et al., 1990). Only

the mutation at codon Ser-83 was found in this study. In this mutation, a change at

codon serine-83 to leucine leads to resistance to ciprofloxacin. Serine is an amino

acid containing hydroxyl group in the side chain, so it is often involved in the active

site of enzymes by forming hydrogen bonds. Leucine does not contain this bonding

feature since the side chain is a hydrocarbon, which does not form bonds as easily. A

loss of the serine, forming hydrogen bonds, could therefore explain resistance to

ciprofloxacin. Vila et al., (1995, 1997) found that only 2 isolates of the 21 clinical

isolates analysed, had Gly-81 and Ala-84 residues changes and had suggested that



these mutations contribute little, if at all, to ciprofloxacin resistance. In contrast, we

found changes at codon 81 were glycine had been substituted by cysteine without

mutation at codon Ser-83. This mutation has already been described in E. coli (Vila

et al., 1994) but never in A. baumannii. The residue ASP-87, an important amino

acid in the acquisition of a high level of resistance to ciprofloxacin in E. coli (Vila et

al., 1994), is changed in A. baumannii by glutamic acid, the same as in S. aureus

(Wang et al., 1993). However, no mutations affecting this amino acid have been

found in any of clinical isolates analysed.

The gyrA mutations do not explain why isolates with same mutation have different

MICs of ciprofloxacin. This variation in MICs could be explained by mutation in

parC gene. In E. coli, topoisomerase IV is a target of quinolones (Khodursky et al.,

1995) and mutation at residues Ser-80 and Glu-84 of parC contribute to decreased

fluoroquinolones susceptibility (Vila et al., 1996; Heisig, 1996). The same residues

were found in A. baumannii (Vila et al., 1995, 1997). In the present study, we

observed the same changes in residue Glu-84 but Ser-80 residues were not present.

However, a new mutation, which has not been described in A. baumannii but was

found in E. coli, where glycine was substituted by cysteine at postion 78. These

results showed that a double mutation in gyrA and parC genes is needed to acquire a

high level of resistance to ciprofloxacin and this similar to previously published data

(Vila et al., 1995, 1997). In contrast, in E. coli a double mutation affecting Ser-83 of

gyrA and Ser-80 of parC leads only to a moderate level of resistance to

ciprofloxacin, whereas three or four mutations in both gyrA and parC genes are

required to obtain high-level of resistance (Vila et al., 1996; Heisig, 1996). This
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difference is probably because of the intrinsic resistance of A. baumannii to

quinolones (Sato and Nakae., 1991). Sato and Nakae, (1991) showed that the

intrinsic antibiotic resistance of A. baumannii may be attributed to the presence of a

small number of small porins, presenting even lower permeability than P.

aeryginosa. Furthermore, the outer membrane of P. aeruginosa is 10-100-fold less

permeable to antibiotics than E. coli outer membrane. Therefore, since E. coli

accumulate more quinolones than A. baumannii, three or four mutations in both gyrA

and parC genes are necessary to obtain a high-level of resistance, whereas in A.

baumannii, two mutations are sufficient to obtain high-level of resistance.

It is also possible that other mutations at other locations of the gyrA, parC, or in

other genes may also contribute to the modulation of the MIC level. For example

changes in the gyrB contribute to reduce fluoroquinolone susceptibility in E. coli

(Yoshida et al., 1991a). Vila (1998), noted that the gyrB mutations are not important

in A. bauammii. Seemingly parE mutation are unlikely to be involved in resistance as

they have not been found to contribute to resistance in gram-negative bacteria (Vila,

1998).

Hirai et al., (1986) found that there is correlation between the decreased

insusceptibility to quinolones and reduction in the amount of the OMP F in E. coli.

Also in P. aeruginosa decreased expression of porin D2 is associated with

fluoroquinolone and carbapenem resistance (Masuda et al., 1995;

Micheahamzehpour et al., 1991). In this work, we found that mutations in both gyrA

and parC genes along with a deletion of 33kDa protein band were responsible for
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high-level of resistance to ciprofloxacin. This is the first time that two mechanisms

of resistance have been described in A. baumannii. In contrary, Moreau et al.,

(1996), showed that there were no apparent differences in the OMP of susceptible

and resistant isolate to ciprofloxacin, and only mutation in gyrA gene was responsible

for resistance to ciprofloxacin.

Reduced expression of a 33-36KDa outer membrane protein was associated with

imipenem resistance among A. baumannii (Clark, 1996). Here we found that all

isolates were susceptible to imipenem and, therefore, the loss of the 33KDa protein

could be specific to fluoroquinolone rather than imipenem.

Another mechanism of resistance to quinolones, different from alteration in target

genes, is by an increase in the active efflux of the antibiotic. This mechanism has not

been studied in depth in A. bauamannii (Vila, 1998). In this study, the MICs of

ciprofloxacin were analysed in the presence and absence of efflux pumps inhibitors,

CCCP or reserpine in nine clinicaly resistant isolates to ciprofloxacin. CCCP has

been used widely to study E. coli efflux pumps (Piddock et al., 1999; Cho et al.,

2001); however reserpine was used among gram-positive organisms (Kaatz and Seo,

1997). Recently it has been shown that reserpine also activity inhibits an active

efflux system in gram-negative bacteria, Bacteroides frag\Y\s (Miyamae et al., 1998;

Peterson et al., 1999). Vila et al., (2002) found that two-fold decrease in the MIC50

of ciprofloxacin was observed when it was determined in the presence of 25mg/L of

reserpine. However, there were some isolates that did not show any decrease in

sensitivity. In contrast, our results showed that all resistant isolates did not exhibit
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reserpine nor CCCP potentiated increase in sensitivity with ciprofloxacin. The exact

mechanisms of action of reserpine or CCCP remain unknown and no evidence is

available to attribute the effect of reserpine over A. baumannii to reserpine, inhibited

efflux pumps. Moreover, the concentration of CCCP should be optimised to detect

the efflux pumps system in quinolone system in E. coli (Cho et al., 2001) and this is

likely to be the same for resistance isolates.

In conclusion although alterations in drug permeability or drug efflux could also

contribute to the level of quinolone resistance in A. baumannii, these results suggest

that gyrA is the primary target and parC is the secondary target. Blockage of these

efflux pumps, by efflux inhibitors ,would increase the potencies of the new

fluoroquinolone and therefore their combination can be used as a potential treatment

for A. baumannii infections.

The A. baumannii GyrA and ParC protein carried conserved Asp-Ser residues at

position equivalent to 82 and 83 for gyrA, and 79 and 80 for parC for E. coli

respectively. These codons form the Hinf I restriction site, which is lost when a

change of Ser-83 in gyrA or Ser-80 in parC to leucine takes place. Therefore, the

presence or absence of gyrA or parC mutations at codon 83 or 80 can be determined

by the digestion of the PCR products with Hinf I, and it may be used for rapid

screening of a large number of clinical isolates (Vila et al., 1995, 1997). However,

the restriction of PCR products do not exclude the presence of a mutation outwith

Ser-83 or Ser-80 restrciction sites. As an example, isolate 8 had an MIC of

ciprofloxacin of 4mg/L. The digestion of the PCR product with Hinf I did restrict



indicating that the Hinf I restriction site at the codon for amino acids Asp-Ser 82-83

was intact. However, the sequencing ofPCR product showed a mutation at codon 81,

which was responsible for ciprofloxacin resistance.

Quinolone resistance in A. baumannii clinical isolates involves mutations within the

gyrA and parC gene loci (Vila et al., 1995, 1997). Similar findings were observed in

most gram-negative bacteria (Yoshida et al., 1990; Lee and Lee, 1998). Mutations in

these two target proteins are considered to be the most important mechanism of

quinolone resistance. In addition, in gram-negative bacteria, gyrA is the primary

target, however parC is the secondary target.

Several studies have shown that target mutations are dependent up on the selecting

agents. For example, in gram-positive bacteria, if ciprofloxacin was used to select S.

pneumoniae, parC mutation appears before gyrA mutation (Pan et al., 1996).

However, if clinafloxacin was used, a gyrA mutation was selected first (Pan and

Fisher, 1998). However, in E. coli gyrA mutations are found before parC mutations

when norfloxacin and levofloxacin were used respectively. (Tavio et al., 1999). We

found that ciprofloxacin and moxifloxacin selected gyrA as the only target as no par

C mutations were found even with high-level of resistance. This is different from the

clinical situation were both mutations in the gyrA and parC genes were found. This

might be explained that other mechanism (s) are involved in resistance without the

interference ofparC.

Hooper et al., (1986) reported that a norfloxacin-resistant mutant obtained by serial

passage on a agar plate with an increasing norfloxacin concentration showed



alteration in the DNA gyrA subunit and the ompF outer membrane porin protein.

Permeability changes were also found in K. pneumoniae (Chevalier et al., 2000). The

same findings were observed in the present work, both ciprofloxacin and

moxifloxacin mutants exhibited a deletion of a 20 KDa band compared to the

sensitive strain. These changes in the outer membrane along with gyrA mutation did

not explain the differential in MICs in isolates with different MICs.

gyrB and parE mutations may play a role, as in clinical isolates, in fluoroquinolone

resistance (Kaatz and Seo, 1997; Nagai et al., 2000). However, their contribution to

resistance is rare.

Active efflux has been described in laboratory mutants with E. coli (Kem et al.,

2000). An accumulation assay would be beneficial to evaluate the amount of

ciprofloxacin and moxifloxacin accumulated within the cell to establish the presence

of active efflux pumps.

The challenge of a sensitive strain with 1 and 2mg/L of ciprofloxacin to see whether

this will trigger any variation in the OMP profile, suggesting that permeability barrier

is the first mechanism of resistance before gyrA mutation. No changes were found

and this supports the view that alterations in gene targets occur before alteration in

permeability barrier.

In some studies, multiple-antibiotic-resstant (Mar) mutants of E. coli were selected

on low levels of tetracycline (Cohen et al., 1989). Quinolones can simultaneously
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select for mutants that are resistant to other class of antibiotics, called Mar mutants.

At least three mutational alterations have been observed in the laboratory to cause

Mar mutations in P. aeruginosa. These are nalB, njScB, and nfxC mutants; all of

which cause changes in regulatory genes that leads to over expression of efflux

pumps (Masuda et al., 1995; Ma et al., 1994). Mutants in nalB leading to resistance

to quinolones, tetracycline and chloramphenicol (Masuda et al., 1995). Mutants in

nfxC result in cross-resistant quinolones, tetracycline, chloramphenicol and

imipenem (Masuda et al., 1995). In the present study, the non-fluoroquinolones

(imipenem and tetracycline) MICs did not change considerably and this suggest that

ciprofloxacin and moxifloxacin did not select resistance to imipenem or tetracycline.

In conclusion ciprofloxacin and moxifloxacin challenge institutes changes in the

gyrA gene regardless of the selecting agent. In addition, there was no parC mutation

suggesting that permeability barrier was likely to be the second mechanism of

resistance after gyrA mutation in laboratory mutants. These findings highlight that in

vitro mutational study did not mirror the clinical situation. Indeed there there are

very few studies in bacteria where it has been shown (Gill, 2001)

Vila et al., (1995) found that the nucleotide sequence of a fragment of the A.

baumannii gyrA gene including the quinolone resistant-determining region exhibits

about 71% identity with the same region in the gyrA gene of E. coli and 69% identity

with that of P. aeruginosa. When compared with their GyrA sequences, the derived

amino acid sequence of the A. baumannii GyrA protein showed 82% identity with

that of E. coli and 83% with that of P. aeruginisa. There is a conservation of the
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QRDR of the gyrA gene of A. baumannii and other bacteria, particularly, E. coli and

P. aeruginosa (Vila et al., 1995). The whole gyrA genes of these organisms have

already been sequenced and consequently, primers were selected to amplify gyrA .

This approach was not successful and primers chosen were sufficiently not specific

to A. baumannii gyrA gene. One explanation is that only the conserved region within

the QRDR of these organisms is conserved in A. baumannii.

Chromosomal sequencing using PCR-based biotin-capture method has been used in

K. pneumoniae to isolate the complete gene for the outer membrane protein (Nguyen

et al., 1998). We managed to use this technique successfully, unfortunately the size

of the fragment amplified was not big enough to carry on comparison between

sensitive and resistant bacteria However, this procedure can be used in small-scale

chromosome walking.

Triglia et al., (1988) used inverse PCR to amplify a gene from P. falciparum. We ued

this technnique successfully to amplify a segment from gyrB gene. However this

procedure comprises difficult steps such as, ligation and circularization. In addition,

this procedure is not reliable and its consistency is questionable.
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Conclusions

The new fluoroquinolones exhibited better activity compared to ciprofloxacin. They

showed good activities againt A. baumannii and may have a role to play in treating

severe infections caused by this organism.

The mutations that play the most imoprtant role in the acquisition of resistance are

gyrA and parC genes, with gyrA as a primary target and parC as a secondary target.

New mutations have been found in gyrA and parC genes responsible for

ciprofloxacin resistance. In addition, this is the first time that two mechanisms of

resistance have been found in A. baumannii that involved mutations in gene targets

(gyrA and parC) and alteration in the outer membrane protein.

The mechanisms of resistance to fluoroquinolone is different between clinical

isolates and laboratory mutants. Mutation in gyrA is present in all mutants, however

parC mutation was absent in those mutants generated in the laboratory.
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Appendices

AppendixI.IsolatesdetailsandAPI20NEprofilesofA.baumanniiisolates ISOLATEID
SOURCE

DATEOFISOLATION
SITEOFINFECTION
WARD

APIPROFILE

1

Inverness

11.06.98

vaginalswab

outpatient

0041071

2

Inverness

13.06.98

urinarytract

outpatient

0040053

3

Inverness

16.06.98

urinarytract

outpatient

0001073

4

Inverness

17.06.98

cystongroin

A+E

0043473

8

Dundee

unavaible

unavaible

unavaible

0001073

9

Dundee

unavaible

unavaible

unavaible

0041073

52

Dundee

unavaible

unavaible

unavaible

0040153

60

Dundee

unavaible

unavaible

unavaible

0041473

11

RIE

05.05.98

Bloodculture

W25

0041073

22

RIE

02.07.97

Bloodculture

W25

0041073

23

RIE

25.06.97

Bloodculture

CW10A

0040071

29

RIE

03.10.97

Bloodculture

W15

0001073

30

RIE

29.09.97

Bloodculture

unavaible

0040073

31

RIE

29.09.97

Bloodculture

unavaible

0001073

55

Western

08.0198

Sputum

ITU

0041071

56

Western

08.0198

Sputum

ITU

0041473

71

Western

21.01.98

Sputum

ITU

0041073

72

Western

21.01.98

Sputum

ITU

0041073

74

Western

05.01.98

Sputum

ITU

0041473

75

Western

15.12.97

Sputum

ITU

0051473

76

Western

15.12.97

Sputum

ITU

0043473

78

Western

06.12.97

Sputum

ITU

0041073

79

Western

27.11.97

Sputum

ITU

0041473

80

Western

28.10.97

Sputum

ITU

0001071

82

Western

10.09.97

Sputum

ITU

0001071

83

Western

08.09.97

Sputum

ITU

0001073

85

Western

24.04.97

Sputum

ITU

0041073

RIE,RoyalInfirmaryofEdinburgh ITU,IntensiveThoracicUnit
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Appendices

AppendixIcontinued. ISOLATEID
SOURCE

DATEOFISOLATION
SITEOFINFECTION
WARD

APIPROFILE

32

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

33

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

34

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

35

Aberdeen

17.04-18.04.98

Sputum

ITU

0001071

36

Aberdeen

17.04-18.04.98

Sputum

ITU

0001071

37

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

38

Aberdeen

17.04-18.04.98

Sputum

ITU

0040071

39

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

40

Aberdeen

17.04-18.06.98

Sputum

ITU

0040071

41
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AppendixII.MICvaluesoffluoroquinolonesagainstclinicalisolatesofA.baumannii ISOLATECIPTROSPAMOXNOR 1

0.5

0.03

0.03

0.03

8

2

0.25

0.03

0.016

0.12

4

3

0.5

0.03

0.016

0.03

8

4

0.25

0.03

0.03

0.03

4

8

4

1

0.5

1

>128

9

64

4

4

8

>128

52

8

0.5

1

2

64

60

64

8

4

8

>128

11

0.25

0.03

0.016

0.12

4

22

0.25

0.03

0.016

0.06

4

23

0.25

0.03

0.016

0.03

4

29

0.5

0.016

0.016

0.12

8

30

1

0.03

0.03

0.03

16

31

0.5

0.016

0.03

0.03

8

55

32

4

4

4

>128

56

0.25

0.06

0.03

0.03

4

71

32

2

8

4

>128

72

32

2

4

2

>128

74

2

0.25

0.25

0.25

16

75

0.25

0.03

0.016

0.03

4

76

1

0.03

0.06

0.06

8

78

8

0.5

0.5

0.25

32

79

0.25

0.06

0.03

0.06

4

80

0.12

0.016

0.016

0.03

4
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CEP

TRO

SPA

MOX

NOR

82

1

0.06

0.06

0.12

8

83

0.5

0.03

0.016

0.03

8

85

4

2

0.25

0.25

32

32

0.25

0.016

0.016

0.06

4

33

0.25

0.016

0.03

0.06

4

34

0.25

0.03

0.03

0.06

4

35

0.25

0.016

0.016

0.12

4

36

0.25

0.016

0.016

0.03

4

37

0.25

0.03

0.016

0.03

4

38

0.25

0.016

0.016

0.016

4

39

0.25

0.016

0.016

0.06

4

40

0.25

0.016

0.016

0.06

4

41

0.5

0.016

0.016

0.12

4

42

0.25

0.016

0.03

0.12

4

43

0.25

0.016

0.016

0.12

4

44

0.5

0.016

0.03

0.016

8

45

0.25

0.016

0.016

0.06

4

46

0.5

0.016

0.016

0.06

8

47

0.25

0.016

0.016

0.06

4

48

0.25

0.06

0.016

0.03

4

49

0.25

0.016

0.016

0.06

4

50

0.25

0.016

0.03

0.12

4

51

0.25

0.016

0.03

0.06

4

EC

0.03

0.016

0.08

0.016

0.12

SA

0.25

0.03

0.06

0.03

0.5

PA

0.25

0.25

0.25

0.5

1

AB19606

1

0.06

0.06

0.12

4
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OFL

LEV

GAT

GEM

1

0.5

0.12

0.25

0.06

2

0.25

0.12

0.25

0.03

3

0.25

0.12

0.25

0.03

4

0.5

0.25

0.5

0.06

8

4

2

2

0.5

9

32

8

16

2

52

4

2

4

0.25

60

8

4

8

4

11

0.12

0.12

0.25

0.016

22

0.25

0.25

0.25

0.016

23

0.25

0.12

0.5

0.06

29

0.25

0.12

0.25

0.06

30

0.25

0.12

0.25

0.03

31

0.5

0.25

0.25

0.03

55

8

8

4

2

56

0.5

0.25

0.5

0.06

71

16

8

8

4

72

16

8

8

4

74

1

1

1

0.25

75

0.12

0.25

0.25

0.016

76

0.5

0.25

0.5

0.03

78

4

2

2

0.25

79

0.5

0.5

0.5

0.25

80

0.12

0.12

0.5

0.016

82

0.5

0.25

0.5

0.06

83

0.25

0.25

0.5

0.03
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GAT

GEM

85

4

2

2

0.5

32

0.25

0.25

0.25

0.03

33

0.25

0.25

0.25

0.03

34

0.25

0.12

0.25

0.016

35

0.25

0.12

0.25

0.016

36

0.25

0.12

0.25

0.06

37

0.25

0.12

0.25

0.016

38

0.25

0.12

0.25

0.008

39

0.25

0.25

0.25

0.016

40

0.25

0.12

0.25

0.016

41

0.5

0.25

0.25

0.03

42

0.5

0.12

0.25

0.016

43

0.5

0.12

0.5

0.016

44

0.25

0.12

0.25

0.016

45

0.25

0.12

0.25

0.016

46

0.5

0.12

0.25

0.016

47

0.25

0.12

0.25

0.016

48

0.25

0.25

0.25

0.016

49

0.25

0.12

0.25

0.016

50

0.25

0.12

0.25

0.016

51

0.25

0.12

1

0.016

EC

0.06

0.06

0.25

0.016

SA

0.25

0.25

0.25

0.12

PA

1

0.5

1

0.25

AB19606

0.5

0.25

0.5

0.008
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0.06

EC

0.12

SA

0.008

PA

1

1

0.06

2

0.06

3

0.06

4

0.12

8

0.06

9

0.12

52

0.12

60

0.06

11

0.06

22

0.06

23

0.06

29

0.06

30

0.06

31

0.06

55

0.25

56

0.12

71

0.5

72

0.25

74

0.06

75

0.06

76

0.12
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0.06

79

0.12

80

0.03

82

0.03

83

0.03

85

0.06

32

0.06

33

0.06

34

0.06

35

0.12

36

0.12

37

0.12

38

0.12

39

0.06

40

0.12

41

0.06

42

0.12

43

0.06

44

0.06

45

0.12

46

0.06

47

0.12

48

0.12

49

0.12

50

0.12

51

0.12
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