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i. Abstract

Acinetobacter baumannii is an emerging multiresistant pathogen increagikgbwn

to cause infections in the immuno-compromised p&ieCarbapenems and colistin
are considered to be the last resorts in treatofantections involving multidrug
resistant strains @& baumannii. Resistance to carbapenems is well known dueeto th
presence of intrinsic carbapenemase dbaga-s1-ike, Which may be governed by
insertion elements, or by acquired carbapenemaseisl doxa-23-iike, blaoxa-5s-iike OF

blaoxa-40-ike geENES, Most of which are frequently associatel w#ertion elements.

The acquired carbapenemases can be integratetheitiost chromosome making
the bacterium strongly resistant to a range obastics. Recent reports also suggest
that the ubiquitous and intrinsic enzymes encodetth®blaoxa-s1-ike g€NE can be

mobilized on a plasmid.

In this thesis, the prevalence of antibiotic resise was examined for 96 strains
isolated from various parts of the world. The resises to aminoglycosides,
fluoroquinolones and cephalosporins were studieéd a/imajor focus on resistance to

carbapenems.

Section 1 shows the transposition oAl and its varied influence in controlling the
blaoxa-s1-ike g€Ne and thblaapc gene. It explains how Ebal being a strong factor in

influencing antibiotic resistance genes contribtivethe plasticity of the organism



Section 2 is related with a novel insertion elenm&Abal25 controlling theblaapc
gene and as an element providing high resistanceftazidime in comparison to

ISAbal.

Section 3 analyses the multi-drug resistant prafilstrains isolated from
Cochabamba, Bolivia. Besides the classificationasbapenem resistance for the
clinical strains, the aminoglycoside resistance @ptbfloxacin mechanisms are

examined in this project

Section 4 relates with the pattern of resistancsrains isolated from the Aberdeen
Royal Infirmary. It describes two novel variantstiogé blapxa-s1-ike gene, namely
blaoxa-216 andblapgxa-217and also the acquisition of théaoxa-23-ike g€NE IN tWO

isolates from different years and deemed idenhgaheir PFGE pattern.

Section 5 describes the influence oA&825 in controlling theblapgxa-s1-ike geNe and

theblapxa-ss-iike from clinical isolates

Section 6 is related with the insertional inactiwatof theblapxa.132gene and the

carbapenem resistance caused by the activatidrebfdoxa-ss gene in isolate Ab244

Section 7 describes the influence of insertion el@sin strains having high
ciprofloxacin resistance. This project is concernth the role of efflux pump
control systenadeRS and how they influence treeleABC operon causing increased

and decreased expression of the genes.



Section 8 describes the multi drug resistant pat€B6 strains each isolated from

Europe and the United States

In conclusion, there are various factors that erfice the resistance profile of multi-
drug resistanf. baumannii isolates with insertion sequences such &ba3,

ISAba2, 1SAba3, 1SAba825, 1S1008, ISAbal25, ISAbal6 governing the expression or
providing alternate mechanisms of resistance fettter fithess of the bacterium.
Mutations in the genes identified in this studydtave a crucial role in imparting

resistance to this bacterium.
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1.0 INTRODUCTION

1.1 The genug\cinetobacter

1.1.1An historical perspective

The genud\cinetobactehas a complex history, and only recently it hasobee
possible to distinguish various species withindbaus. Phylogenetic classification
places the genuicinetobactein the group ofsammaproteobacteriaf the
ProteobacterialJuni, 2005). The history of the genisinetobactebegins in 1911
when the Dutch microbiologist Beijerinck isolatecha&ro-organism from soil by
enrichment in calcium acetate containing minimatimen (Beijerinck, 1911). This
organism was named Bficrococcus calco-aceticu®Qver the following decades
similar organisms were described and assignedfereint genera and species, e.g;
Achromobacter anitratu@Brisou, 1953),Achromobacter mucosi{Mannheim and
Stenzel, 1962)Alcaligenes haemolysaifslenriksen, 1973Bacterium anitratum
(Schaub and Hauber, 1948)iplococcus mucosuson Lingelsheim, 1908};erellea
vaginicola(DeBord, 1942)Mima polymorphgDeBord, 1939)Moraxella Iwoffi
(Audureau, 19400\eisseria winogradskylLemoigneet al, 1952). The genus
Acinetobactefgreek- akinetos, i.e nonmotile) was proposed hgdsrand Prévot in
1954 to separate the non-motile micro-organisnm fitee motile ones within the
genusAchromobacterBaumanret al (1968) published a comprehensive survey and
concluded that the species listed above belong#tktproposedcinetobactegenus.
They also concluded that further phenotypic clésaiion of various species was not
possible (Baumanet al, 1968). By the end of 1980 the namesalcoaceticugor
strains producing acids from sugars &dwoffii for non acid- producing strains were

approved (Skermaet al, 1980)



1.1.2Taxonomic classification dAcinetobactespecies

The genugicinetobactehas been revised extensively since 1986. It cormpo$ 33
different species of which 22 are named (Tabledljkg¢hoornet al, 2007, Nemeet
al., 2009, Nemeet al, 2011) and further 28 groups have been identifié@ genus
Acinetobacteras currently defined, comprises of Gram-negastré;tly aerobic,
non-fermenting, non-fastidious, non-motile, catalpssitive, oxidase-negative
bacteria with DNA G+C content of 39% to 47% (reveslby Pelegt al, 2008). It
was proposed in 1991 that the members of the g&éaingtobacteshould be
classified in the new famililoraxellaceaewithin the ordelGammaproteobacterja
which includes the geneMoraxella AcinetobacterPsychrobacteand other related
organisms (Rossaet al, 1991). TwelveéAcinetobactegenospecies were delineated
on the basis of DNA-DNA hybridization (Bouvet andr@ont, 1986). Further work
done by Bouvet and Jeanjean, Tjernberg and UramdyNishimuraet aladded to the
description of furtheAcinetobactegenomic species (Bouvet and Jeanjean., 1989,
Tjernberg and Ursing, 1989, and Nishimetaal, 1988).A. calcoaceticusA.
baumannij Acinetobactegenomic species 3, adgtinetobactegenomic species 13
TU are very closely related, it is very difficudt tistinguish them from each other by
phenotypic characteristics and these species faad to as thé. calcoaceticus- A.
baumanniicomplex (Grener-Smidt, 1992, Grener-Snatal, 1991). Further studies

are essential to assess the relatedness of splgésrs in more detail.



Table 1. Classification of the genus Acinetobacter
(Dijkshoorn et al., 2007, Nemec et al., 2009, Nemec et al., 2010, Nemec et al., 2011)

Named species

Genomic species

Source

Acinetobacter calcoaceticus

1

Soil and humans (including clinical specimens)

Acinetobacter baumannii 2 Humans (including clinical specimens), soil, meat
and vegetables
Acinetobacter haemolyticus Humans (including clinical specimens)
Acinetobacter junii Humans (including clinical specimens)
Acinetobacter johnsonii Humans (including clinical specimens) and animals
Acinetobacter Iwoffii 8,9 Humans (including clinical specimens) and animals
Acinetobacter radioresistens 12 Humans (including clinical specimens), soil and
cotton
Acinetobacter ursingii Humans (including clinical specimens)
Acinetobacter schindleri Humans (including clinical specimens)
Acinetobacter parvus Humans (including clinical specimens) and animals
Acinetobacter baylyi Activated sludge and soil
Acinetobacter bouvetii Activated sludge
Acinetobacter towneri Activated sludge
Acinetobacter tandoii Activated sludge
Acinetobacter grimontii Activated sludge
Acinetobacter tjernbergiae Activated sludge
Acinetobacter gerneri Activated sludge
Acinetobacter venetianus Sea water
Acinetobacter pittii 3 Humans (including clinical specimens), soil and
vegetables
Acinetobacter nosocomialis 13TU Humans (including clinical specimens)
6 Humans (including clinical specimens)
Acinetobacter bereziniae 10 Humans (including clinical specimens), soil and
vegetables
Acinetobacter guillouiae 11 Humans (including clinical specimens) and animals
13BJ, 14TU Humans (including clinical specimens)
14BJ Humans (including clinical specimens)
15BJ Humans (including clinical specimens)
16 Humans (including clinical specimens) and
vegetables
17 Humans (including clinical specimens) and soil
15TU Humans (including clinical specimens) and animals

‘Between 1 and 3’

Humans (clinical specimens)

‘Close to 13TU’

Humans (clinical specimens)




1.1.3Importance ofAcinetobactesspecies

Acinetobacter baumanniias emerged as one of the most troublesome paih dge
health care institutions globally (reviewed by Bedeal, 2008). It has a very high
incidence in most hospitals and the misuse of bepattrum antibiotics has led to an
increase in multi-drug resistance of this bacteridfso the natural resistance of
Acinetobactespp. to severdl-lactam antibiotics has caused an increase in its
resistance profile (Amyes and Young, 1996)baumannistrains resistant to all
known antibiotics have now been reported, signgyansentinel event that should be
acted on promptly by the international health car@munity (reviewed by Peleg

al., 2008). Acting in synergy with this emerging stance profile is the uncanny
ability of A. baumannito survive for prolonged periods, thus potent@iis ability

to spread. The organism mostly targets the vulhefaispitalized patients who are
critically ill with breaches in skin integrity aradrway protection (reviewed by Peleg
et al, 2008). The most common infection caused bydhgsinism is hospital-
acquired pneumonia (Gleet al, 1977). Although, recent reports suggest thearit
also cause central nervous system and skin andisafe infections (reviewed by

Peleget al, 2008).

1.1.4Identification and typing aAcinetobactespecies

Acinetobacters may be identified presumptively aan&negative, catalase-positive,
oxidase-negative, nonmotile and nonfermenting coacili (reviewed by Pelegt

al., 2008). The scheme proposed by Bouvet and Griindt®87 included growth at
37, 41 and 44°C; production of acid from glucosdatine hydrolysis; and
assimilation of 14 different carbon sources (Bowed Grimont, 1987). This system

correctly identified 13@\cinetobactespp (95.6%) to the species level (Seitdral.,



1997). Since this method of identification is labas it is far from being suitable for
routine laboratory microbiology testing in the laBpecies identification of
acinetobacters for laboratory diagnostic purposesiirently done by systems such as
API 20NE, VITEK 2, Phoenix, and MicroScan WalkAwdayese phenotypic systems
can be problematic. The four species belongind. tcalcoaceticus- baumannii
complex can only be distinguished by molecular oesh Table 2 describes the
genotypic methods available fAcinetobactespecies identification (Seifert and

Dijkshoorn, 2008)

Table 2. Genotypic methods for Acinetobacter species identification
(Seifert and Dijkshoorn, 2008)

Method

Target structure

AFLP™ analysis

Whole genome

tRNA spacer fingerprinting

tRNA spacer

PCR-RFLP

16S rDNA sequence (in ADRA analysis)

recA

16-23S spacer rDNA

Ribotyping

rDNA and adjacent regions

Hybridization with oligonucleotide probe

16-23S spacer rDNA

DNA sequence analysis

16S rDNA

16-23S spacer rDNA

gyrB

recA

rpoB

efp

Amplified rDNA restriction analysis (ADRA) and anifeéd fragment length
polymorphism (AFLP) are currently the most widetgepted and validated reference
methods for species identification of acinetobacteith a large library of profiles
available for both reference and clinical strameviewed by Pelegt al., 2008).

ADRA is similar to the PCR-RFLP methods. The 168lAsequence is amplified

and separated by agarose electrophoresis aftestidigevith five different restriction



enzymes each. The combined patterns generatedhgifive enzymes are then
compared to a library of profiles of strains oflalown species (Seifert and
Dijkshoorn, 2008). The ADRA combined with phenotypharacterization, i.e.,
consensus identification can compensate for thigdirons of each of the two
approaches (Nemest al, 2000). AFLP analysis is a high resolution whgd@omic
fingerprinting method by which restriction fragmeiatre selectively amplified (Ve
al., 1995). A simplified protocol as compared to dhiginal procedure was set up at
Leiden University Medical Center (LUMC). In thisquedureEcoR andMsd are
used for restriction and the DNA is ligated to aéapin a single step, after which
selective amplification is achieved with an Mse+@ner and a Cy-5 labeled Eco-A
primer. Amplified fragments are separated electooetically on a sequencing
machine and the banding patterns are analyzedusteclanalysis with dedicated

software.

More recent developments include the identificabbA. baumanniby detection of

the blapxa-s1-iike INtrinsic to this species (Browet al, 2005, Turtoret al, 2006b).

1.1.5Natural habitat oAcinetobactespecies
Acinetobactespecies are generally isolated from environmemtaptes such as soil

and sludge, vegetables or from clinical human sam(@lable 1).

Many members of the genus are generally considerbd environmental organisms
as they are ubiquitously present in the environnir@viewed by Pelegt al, 2008).
This holds true for the genéginetobacteras they can be recovered from virtually

all samples obtained from soil or surface wategraghrichment (Baumann, 1968) but



not all species of the genAsinetobactehave their natural habitat in the

environment.

Acinetobacters are part of the human skin florarrepidemiological survey
performed to investigate the colonization of hurekim and mucous membranes with
Acinetobacteispecies, up to 43% of non-hospitalized individuetted positive
(Seifertet al, 1997). The most frequently isolated species Weleoffii (58%),A.
johnsonii(20%),A. junii (10%), andA. pittii (previosuly genomospecies 3) (6%). In a
similar study, a carrier rate of 44% was foundealthy volunteers, witl. Iwoffii
(61%),Acinetobactegenomic species 15BJ (129%), radioresisten$8%), and
Acinetobactepittii (5%) being the most prevalent species (Beelaal, 1999). In
patients hospitalized on a regular ward, the cgeriate with these species was even
higher, at 75% (Seifedt al, 1997). The faecal carriage Afinetobactemwas 25%
among healthy individuals, witA. johnsoniiandAcinetobactegenomic species 11
predominantly present (Dijkshooet al.,, 2005). A total of 226 samples were

examined.

In a study of the microbial communities from théreme environments of six
Andean lakes, a total of five different acinetolastwere isolated, one of which was
A. johnsonii(Ordonezet al, 2009). Members of the speciescalcoaceticubave

been isolated from the soil surrounding plant r@otd have been shown to promote
plant growthin vitro (Peixet al, 2009).A. baylyi another organism isolated from the
soil, has been shown to be able to acquire plank BiMough horizontal gene transfer

or by conjugation (Pontiroktal., 2009). AnA. baumanniisolate from petroleum-



contaminated desert soil in Kuwait has been sharetable to degrade crude oll

(Obuekweet al, 2009).

A. baumanniithe most important nosocom#atinetobactesspp, was found only
rarely on human skin and in human faeces,Aidetobacter nosocomialuld not
be detected at all (Seifeat al, 1997; Berlatet al, 1999; Dijkshoorret al, 2005).

A. baumanniwas occasionally found as aetiological agentafiacted animals
(Franceyet al, 2000; Vaneechout&t al, 2000).A. baumanniwas recovered from
22% of body lice sampled from homeless people @@&and Raoult, 2004). It has
been speculated that this finding might result fidmically silent bacteraemia in this
group; the clinical implication of this observatjdrowever, is not yet clear. In Hong
Kong, 51% of local vegetables were found to be ammated with acinetobacters,
the majority of which werd. pittii (75%), but one sample grefw baumannii
(Houangetal., 2001). In particular, it has to be demonstraited it is not human
handling of vegetables that are the sourcA.qdittii. Acinetobacters were found in 22
of 60 soil samples collected in Hong Kong, andrtteest frequent species weke

pittii (27%) andA. baumannii(23%); only one sample yieldéd calcoaceticus

(Houanget al,, 2001).

Infected animals and surface contaminated vegetalé water can act as a source of
transmission foAcinetobactespp, allowing it to freely enter the human foodinha
Furthermore silent carriers and fomites may alscebponsible for the spread of this

pathogenic bacterium.



A study of skin carriage among healthy individual®)K showed an Acinetobacter
carriage rate of 44% , with. lwoffii accounting for 61% of isolate&cinetobacter
genospecies 15BJ accounting for 12.5%, Anchdioresistensiccounting for 8%
(Berlauet al, 1999). The percentage of Acinetobacters in aguad healthy people
was 42.5%, mainhA. lwoffii, followed byA. johnsonij and to a lesser extent Af
junii (Seifertet al, 1997). In a study performed in Hong Kong, it i@snd that 53%
of medical students and new nurses colonized veitiegobacters in summer versus
32% in winter (Cheet al, 1999). A seasonal variation in the frequency of
Acinetobacteinfections was also observed in USA and attribtiveiticreased

humidity in the summer months (Retailliatial, 1979; McDonalcet al, 1999).

In conclusionA. baumanniiA. pittii andA. nosocomialismay be found rarely in
environmental samples, but they are emerging patiom the hospital environment
and are frequently isolated from various clinicali€es. More studies need to be
performed to get a better understanding of theildigion of Acinetobactesspecies in
the environment, in humans, and in animals. Sydiersarveys in different
geographical settings and under different climatioditions should be carried out for

detailed investigation purposes.

1.2 Clinical manifestations of infections causedAbaumannii.

Acinetobacter baumannis rapidly emerging as a multiresistant bacterand today

it can be considered as the paradigm of antibreststant bacteria. The major
problems confronting the clinicians in the ICUs eelated to the severity of the
clinical situation and multi-drug resistance (Begge- Bérézin, 2008). Acinetobacters

are commonly found in the hospital environment@snizers of the patient’s skin



and mucous membranes and they are responsibleefeptead of nosocomial
infections. The three major factors responsiblalierstrength of this bacterium are
resistance to major antimicrobial agents, resigdaalessication and to disinfectants

(Seifert and Dijkshoorn, 2008).

1.2.1Urinary tract infections

A. baumannirarely causes UTI with just 1.6% of ICU-acquire@llumainly catheter
associated infection or colonization. Although réhkas been a gradual increase in
UTI caused byA. baumanni{Gaynes and Edwards, 2005). The use of endotrachea
tubes, intravascular, ventricular, or urinary céghe often leads to opportunistic
bacteria colonizing the site (Joly-Guillou, 2008)s not unusual for this bacterium to

cause uncomplicated UTI in healthy outpatientsiéweed by Pelegt al, 2008).

1.2.2Meningitis

Acinetobacter is a rare cause of meningitis altihhqugst-neurosurgic#l. baumannii
meningitis is becoming an increasingly importartitgrwith mortality rates as high as
64% been reported in patients with meningitis du&.tbaumanni{Garcia-
Garmendiaet al, 2001). Sporadic cases have been reported faltpweurosurgical
procedures (Cheet al, 2005). An outbreak of Acinetobacteeningitis was
described in a group of children with leukaemiadi@ing administration of
intrathecal methotrexate due to inappropriatelyilsted needles which lead to death
of three children. Risk factors for meningitis imdé the presence of a continuous
connection between the ventricles and the extemalonment, a ventriculostomy, a
CSF fistula, presence of an indwelling ventricwlatheter for more than 5 days, and

the use of antimicrobial agent. A wide prevalentmaoltiresistant Acinetobacter
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causing meningitis in neurosurgical patients hanls=en in Turkey (Metaat al,
2007). The surveillance of local pathogens in neurgical wards should guide the
selection of proper therapy with an effective ini@a control program (Joly-Guillou,

2008).

1.2.3Suppurative infections

In recent times, acinetobacter infections involvakgn and soft tissue have become
very problematic. This may be because strainsaonfietobactespecies are the only
group of Gram-negative bacteria that may be presattrally on the human skin
(Seifertet al, 1997). It was reported by Gaynes and Edward@5Rthat
Acinetobactemwas responsible for 2.1% of ICU-acquired skin/sis&ue infection. It
is a very difficult pathogen to eradicate from artsuunit (Trottieret al, 2007).

A. baumanniis commonly isolated from wounds of combat casesfrom Iraq or
Afghanistan (reviewed by Peleg al, 2008). It was the most commonly isolated
pathogen from patients with open tibial fractulas, due to its low pathogenicity at

this site, it was completely eradicated (Johnstal, 2007).

1.2.4Bloodstream infections

A. baumanniwas the 10th most common aetiologic agent, resplen®r 1.3% of all
nosocomial bloodstream infections in the Unitedetéreviewed by Pelegf al.,
2008).A. baumanniwas a more common cause of ICU-acquired bloodstrea
infection than of non-ICU-ward infection (1.6% ves0.9% of bloodstream
infections, respectively, in those locations). Grudortality overall fromA.
baumanniibloodstream infection was 34.0% to 43.4% in the Ehd 16.3% outside

the ICU.A. baumannibloodstream infection had the third highest crometality
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rate in the ICU, exceeded only by infections causel. aeruginosaandCandida
spp.A. baumanniinfections were the latest of all bloodstream étifens to occur
during hospitalization, occurring at a mean of 2ggifrom the time of hospital
admission (reviewed by Pelegal, 2008). It is therefore not certain if the highae
mortality rate represents its occurrence in pasienth ongoing underlying critical
illness or whether the organism does have sigmifieftributable mortality. It is
notable that 102 patients had bloodstream infestairsites treating U.S. military
members injured in Iraq or Afghanistan from 1 Jap2®02 and 31 August 2004
(reviewed by Pelegt al, 2008). Recent report suggests thabaumanniis resistant
to a range of antibiotics and, most importanflypbaumannibacteraemia has a worse

prognosis than bacteraemia due to Aofaumanniisolates (Leet al, 2010).

1.2.5Hospital acquired infections

A. baumanniinfection is a pathogen of considerable importaagsociated with high
mortality in patients with pneumonia (Fageinal, 1989). Itis one of the most
important causes of nosocomial pneumonia esped@tély the use of a mechanical
ventilator. The incidence of nosocomial pneumonfadtions caused b4.
baumanniibetween 1976 and 1990 increased from 0.64% to @€éPonaldet al.,
1999). In a review from the CDC, 7% of ICU-acquiggteumonias were due to
Acinetobacter in 2003, compared to 4% in 1986 (@ayand Edwards, 2005). The
majority of A. baumanniisolates were from the respiratory tracts of hiadized
patients. In many circumstances, it is very dififi¢a distinguish upper airway
colonization from true pneumonia although theneasloubt thaf\. baumannidoes
cause ventilator-associated pneumonia (VAP). lgdaurveillance studies from the

United States, between 5 and 10% of cases of IQuigd pneumonia were due to
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A. baumanni{Gaynes and Edwards, 2005). The number of ICU{e&dppneumonia
is very much a cause of concern today. Infectisasaasociated with
immunocompromised patients, with infection ratéembeing highest in intensive
care units (ICUs) and surgical wards. It has beponted that 15% of all nosocomial
infections were hospital-acquired pneumonia witnrtortality rate exceeding 30%
(Timsitet al, 1996). However, mechanical ventilation is aicaitrisk factor for
developing hospital acquired pneumonia in patiarts require prolonged
mechanical ventilation (>48hrs); hospital acquipeeéumonia occurs within 48hrs of
incubation (Relleet al, 1999).A. baumanniiis directly responsible for patient death,
and therefore the risk factors for colonizationiestn ventilation associated
pneumonia due t. baumanniinfection could differ from other bacteria respdisi
for similar infection (Baraibar and Colleges, 19%atients withA. baumannii
infections have had prolonged ICU stays, althougbutbreak situations, earlier
acquisition of infection may occur (reviewed bydgtt al, 2008). Prolonged
survival ofA. baumanniin a clinical setting, i.e. on patients bed raias been found
associated with an ongoing outbreak in an intensiwe unit and illustrates that dry
vectors can be secondary reservoirs wiergaumannican survive (Catalanet al,

1999).

The proportion of individuals with previous MDR baumanniisolation who remain
carriers for prolonged periods was substantiahitsaaeli hospital. Surveillance
cultures involved six different body sites incluglinostrils, pharynx, skin, rectum,
wounds, and endotracheal aspirates (Marcleiat, 2007). It remains to be
determined if long-term carriage of MDR baumanniin an individual patient may

contribute to transmission of these organisms widimd outside the hospital.
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Epidemiological surveys involving acinetobactersenaentifiedA. baumannito be

by far, the most frequent cause of infection, thotlgere are reports of higher rates of
isolation ofA. pittii (Lim et al, 2007, Bocet al, 2009). WhileA. pittii andA.
nosocomialigend to cause infections sporadically they arallguelatively
susceptible to antibiotics but the same cannotlzeaf A. baumannii Mortality rates
for Acinetobactespecies other thak. baumannihave been found to be low, with
values between 7% and 18% being reported (Sefet, 1994, Choet al, 2006).
However, crude mortality rates of between 8% arih #ave been reported fAr
baumannii(Falagast al, 2006). Additionally, the length of stay in haspi

associated witl\. baumanniinfection was significantly longer than that faher

Acinetobactespecies (Chogtal., 2006).

1.2.6Community acquired infections

Community-acquired pneumonia duefobaumannihas been described for tropical
regions of Australia and Asia (reviewed by Ped¢@l, 2008). The source of infection
may be throat carriage, which occurs in up to 10%oomunity residents with
excessive alcohol consumption (Ansetyal, 2002).The infection is seen mainly in
people with a history of alcohol abuse and may swnes require admission to an
ICU (Ansteyet al, 2002). It is generally a fulminating infection@secondary
bloodstream infection, with the mortality rate aghhas of 40 to 60% (Leurgt al.,

2006).
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1.2.70ther manifestations

Endocarditis due técinetobacteis a rare pathology with high mortality, reported
mainly in hospitalized patients with predisposirgk ifactors (Valerceet al, 1999).
Acinetobactespp. may cause endophthalmitis or keratitis, sometirelated to
contact lens use or following eye surgery (Corrigaal, 2001).Acinetobactehas
been implicated in isolated infections following&sive ocular surgeries. Although
ocular infections are rare, a recent study did @asmAcinetobactewith adverse
ocular responses in patients who wore extended-sedacontact lenses (Corrigan
al., 2001). A. baumanniwas also reported to cause preseptal and orleilalitis in a
39 year old woman (Miller, 2005). A case reporbasists of a Shiga toxin-2
producingA. haemolyticustrain, which was associated with bloody diarrhioes 3-

month-old infant in Pereira Rossell Pediatric HtapiJruguay (Grotiuzt al, 2006).

1.3 Molecular basis oAcinetobacteinfections

A pathogen is a microorganism that is able to calissase. Pathogenicity refers to
the ability of microorganism to cause disease lmost organism. The pathogenicity of
a microbe is expressed by its virulence, a ternciwhefers to the degree of
pathogenicity of the microbe. It has pathogeni@dainants or virulence factors that
enable it to infection the host. Virulence is tlaghmgenicity degree of a
microorganism that can vary between the membeassaime species of pathogens
(Braun, 2008). The survival rates of Acinetobactgesvery high withA.
radioresistensurviving for an average of 157 days (Jawadl, 1998) andA.
baumanniibeyond 30 days whil&. lwoffii up to 21 days in the UK hospitals (Houang

et al, 1998). This clearly shows thatinetobactesspp can survive desiccation
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persisting in the environment for many dafsinetobactemlso has been shown to

survive better than other Gram-negative bacterch sisE. coli (Jawadet al, 1996).

1.3.1Acinetobacteadhesins and fimbriae

The first step of infection is the ability of miaxganism to penetrate the host and
initiate the infection. It depends on the capaoitjhe microorganism to adhere and
survive on the host mucosal surfaces. Bacteriaésidb are cell surface components
that facilitate the adhesion of bacteria to inanersurfaces; these include the
fimbriae (pili), capsular polysaccharides, or @edlll components (Braun, 2008). The
adherence oA. baumannito the bladder tissue is a natural attribute tiedent

strains, a comparable trait found in an uropathmgetnain ofEscherichia coli
(Sepulvedaet al., 1998). Bacteria that express type 1 fimbriaechggacterized by the
ability to agglutinate erythrocytes in the abseocB-mannose. Fimbrial structures
were observed iA. baumanniby transmission electron microscopy. The
haemagglutining activity of the strains was noiliitled by either D-mannose or D-
galactose (Sepulveadd al, 1998).The two types of adherencedobaumannito
human bronchial epithelial cells were disperseceasitice of bacteria to the surface of
the cell and adherence of clusters of bacteriacatlized areas of the cell to form
microcolonies. Scanning electron microscopy shoth@dfimbrial-like extensions on
the bacterial surface that were firmly anchoretheomembrane surface of the cells.
There were no significant quantitative differenceadherence between outbreak and
non-outbreak strains (Lest al, 2006b). The expression of a chaperone usher
secretion system is required for fimbriae formatimal the concomitant attachment to
plastic surfaces and the ensuing formation of lonsfi(Tomarat al, 2003). It has

been hypothesized that there exists a correlagtmwden the PER-1 gene that codes
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for a beta-lactamase and Caco 2 cell adhesidwimetobactestrains (Sechet al.,

2004).

1.3.2Toxins and enzymes

Many bacteria synthesize enzymes or toxins or kallalar constituents that play a
role in toxic action or direct necrosis under inflmatory cells and other components
of the host immune system (Braun, 2008). The masef lipopolysaccharide (LPS)
in a bacterium can influence the pathogenicity &ysing macrophage activation,
fever, and cardiovascular changes leading to shodikdeath (Peterson, 1996). The O
polysaccharide oAcinetobacter baumannand its antibodies have been investigated
intensively (Haseley and Wilkinson, 1998). They specific for a given serotype
(Pantophlett al, 2002). About the lipidic fraction, the chemicamposition of lipid

A of A. calcoaceticugxhibits unusual features, but its toxic and othelogical
properties are similar to those of enterobactemalotoxin (Brade and Galanos,
1983). The endotoxins of both baumanniandAcinetobactefgenomospecies’ are
potent stimulators of inflammatory signallingnaman monocytic cells and that
responses to these bacteriadependent on both TLR2 and TLR4. An exaggerated
innate immune response to the endotoxins of themanesms may contribute to the
pathology ofAcinetobacteinfection. Hencé\cinetobacter baumannii
lipopolysaccharides are potent stimulators of humanocyte activation via Toll-like
receptor 4 signalling (Erridget al, 2007).Acinetobacter baumannauter membrane
protein A (AbOmpA) induced early-onset apoptosid dalayed-onset necrosis in
dendritic cells. AbOmpA targeted the mitochondma anduced the production of
reactive oxygen species (ROS). ROS are directlyoresible for both apoptosis and

necrosis of AbOmpA-treated dendritic cells. Thessutts demonstrate that the
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AbOmpA secreted by outer membrane vesicles ffomaumanniinduces dendritic
cell death, which may impair T cell biology to irtuadaptive immune responses
againstA. baumannii,AbOmpA is a potential virulence factor that indsi@pithelial
cell death (Leat al., 2010). The ability oA. baumannito produce esterase and
urease may be responsible for damaging the lipgiiis and colonize the
hypochlorhydric or achlorhydric walls of the storhathus inducing inflammation

(Braun, 2008).

1.3.3Surface and mitochondrial porins
Gram-negative bacteria are resistant to a largebeuof toxic agents as a result of
the effective permeability barrier function of theuter membrane (OM) (reviewed

by Vaara, 1992).

The OM is impermeable to macromolecules and allomig limited diffusion of
hydrophobic substances through its LPS-coveredseifreviewed by Vaara, 1992).
The small number and sizes of the different porthen coupled with efflux provide
a significant barrier to the uptake of antibiotic\. baumanniiVila et al, 2007).
Porins play a variety of roles depending on theady&d species, including the
maintenance of cellular structural integrity, baieleconjugation and bacteriophage
binding, antimicrobial resistance and pore fornratw allow the penetration of small
molecules (Braun, 2008). The outer membrane strestare integral part of the
efflux assembly responsible for extrusion of tosienpounds from the cell. It is
worth mentioning that even in the presence of iy fuhctionalacrAB efflux pump,
the loss of integrity of the outer membrane protesults in no resistance being seen

in E. colicells (Nikaido, 2001). This may not be entirelyeifor Acinetobacter
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baumannii Several studies state that a decrease in popiregsion is associated with
antimicrobial resistance ih. baumanni{Mussiet al, 2005; Siroyet al, 2006). It has
been reported by Clark (1996) that imipenem rescganA. baumanniis due to
reduced expression of 33-36 kDa outer membraneiptdt has also been reported
that a loss of 29 kDa outer membrane protein is@ated with resistance to
imipenem in strains having no carbapenemase acfivitnanskyet al, 2002). The
major band of outer membrane proteins (OMP3.dfaumannion SDS-
polyacrylamide gel electrophoresis is a 38 kDa amtmdrial porin. Omp38 localizes
to the mitochondria and induces a release of cytwmol ¢ and apoptosis-inducing
factor (AIF) into cytosol, which mediates caspaspahdent and AlF-dependent
apoptosis in epithelial cells. The cytotoxic effeof A. baumanniiwere investigated
in human laryngeal HEp-2 cells, and the findingdigate that this bacterium induces
apoptosis of HEp-i vitro through both caspase-dependent cascades, which are
mediated by cell surface signalling and mitochoaldtisintegration, and the AlF-
dependent pathway. Purified Omp38 also inducedtapigof human bronchial
epithelial cells and human monocyte cells. Apoasiepithelial cells may disrupt
the mucosal lining and allow the access of bactari@acterial products into the deep
tissues (Choet al, 2005). Mucins secreted by epithelial cells mtgraa protective

role and act as a barrier protecting against batiefections (Derrieret al.,, 2010).

1.3.4The role of siderophores

Acinetobactesynthesizes siderophores which are relativelyhoglecular weight
agents, capable of converting polymeric ferric toyghoxides to soluble iron chelates
under low iron stress (Neilands, 1995). The abditypacteria to assimilate iron is

known to be related to invasiveness. The lung gstémic infections, where there is
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iron restriction, suggest the presence of an ifglake system iAcinetobacterThe
presence of iron chelator 2, 3-dihydroxybenzoid dBIHBA) and iron-repressible
outer membrane proteins was detected in the cutypernatant oA. calcoaceticus
(Smithet al, 1990). ThéA. baumanniclinical strains were able to grow under iron-
deficient conditions, and some of them excreted@mregulated catechol

siderophore into the culture supernatants (Echeregal, 1992, Actiset al, 1993).

This siderophore was different from DHBA and othacterial catechol-type
siderophores (Braun, 2008). The structure of aclmasttin, a novel siderophore with
both catechol and hydroxamate functional groumdaied fromA. baumanniATCC
19606 was elucidated (Yamamabal, 1994). The same study proved that there
exists strain-to-strain variation in the abilitygoduce acinetobactin (Yamamab
al., 1994). The chemical structure of this siderophsrhighly related to the iron
chelator anguibactin produced by the fish pathdageno anguillarum(Dorseyet al.,

2004).

Iron-regulated proteins are present in both inmer @uter membranes of clinical
strains ofA. baumannii The presence of two iron-regulated proteins iaedlin the
inner membrane was reported (Echenigual, 1992). The Fur protein responsible
for iron uptake iPA. baumanniwas found to bear 63% similarity with thattfcoli
(Danielet al, 1999). Since Fur and Fur-like repressors arevkno regulate some
virulence determinant genes in other bacteriaAtheaumanniiFur-like repressor

protein may also regulate a subset of genes witihean pathogenesis (Braun, 2008).
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1.3.5Host- pathogen interactions

Many factors like strain virulence, host factorsl &acterial load are responsible for
the host-pathogen interactions. They play a cruoialin progression of disease in an
infected host and can have detrimental effectherhost. A significant number of
identified genes encoding resistance to antibiptieavy metals, and antiseptics likely
originated in other highly pathogenic organismsuffaceret al, 2006). A comparison
between the whole genomeAfbaumanniil7978 and the non pathogenic speéies
baylyi, revealed 28 gene clusters uniquétdaumanniiwith 16 having a potential
role in virulence (Smitlet al, 2007). Thecsupolycistronic operon involves five
genes, some of which are homologous to genesttisatle proteins related to
chaperones and involved in pilus assembly in Gragative bacteria (Tomaeg al.,
2003). It has been shown that biofilm formatioAirbaumanniis phenotypically
associated with exopolysaccharide production ah pormation (Tomarst al,
2003). This may explain the succesg®robaumannito form biofilms on inanimate
objects in hospital environment. Adherencé&obaumannito human bronchial
epithelial cells and erythrocytes has also beenodstnated, with similar pilus-like
structures (Gospodarei al, 1998). Quorum sensing also has been shown tibateg
a wide array of virulence mechanisms in many Gragative organisms. The
guorum sensing molecules of the N-acyl homosedan®whes (AHSL) have been
identified inAcinetobacterindicating that this may be a central mechanisnatito-
induction of various virulence factors (Gonzaétal, 2001; Joly Guillou, 2005). The
three molecules identified are 3-oxo substitutetth\acyl chain length from 4 to 12
carbons; 3- unsubstituted AHSL (with the exceptdC4) and 3- hydroxyl AHSL

(C6, C8 and C10) (Gonzalet al, 2001).

21



Apart from biofilm formation, exopolysaccharide guztion is also thought to protect
bacteria from host defenses (Joly Guillou, 200®cdht studies have described the
innate immune response Ao baumanniand the importance of Toll-like receptor
(TLR) signaling (Knapget al, 2006; Erridgeet al, 2007). In a mouse pneumonia
model, TLR4 gene-deficient mice showed increasetelial counts, increased
bacteraemia, impaired cytokine/chemokine respomrsekdelayed onset of lung
inflammation compared to wild-type mice (Knagipal, 2006). A. baumannii
lipopolysaccharide (LPS) was also identified asrttagor stimulatory factor for
triggering immune response (Knagpal, 2006). This was further illustrated by the
attenuated effects @&. baumannion mice deficient in CD14, an important molecule
that enables LPS binding to TLR4 (Knagtpal, 2006). These findings were
confirmed using human cells but, in contrast tortfeaise model, TLR2 was also
identified as an important signaling pathway potamotoxic potential oA.
baumanniiLPS, which stimulated the inflammatory cytokineterleukin-8 and
tumour necrosis factor alpha equally to the stinmotaby E. coli LPS at similar
concentrations (Erridget al, 2007). These studies suggest thabaumannii

endotoxin may incite a strong inflammatory resposhseng infection.

Humoral immune responses have also been descob@dihetobacteinfection,

with antibodies being targeted toward iron-repreless®MPs and the O
polysaccharide component of LPS (Smith and Alp881). Mouse-derived
monoclonal antibodies directedAtbaumanniOMPs expressed in an iron-depleted
environment have bactericidal and opsonizing effelcicking the iron uptake (Goel
and Kapil, 2001)Deliberately induced infections in well-defined rawal models

provide much useful information about disease Bses. The results of experimental
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infections should be interpreted carefully as teyrovide information about

disease processes in the natural context (Jolyjgawaind Wolff, 2008).

1.4 Resistance mechanismsAnbaumannii

Acinetobactespp. have an extraordinary ability to develop npldtresistance
mechanisms against major antibiotic classes —lthgg become resistant to broad
spectrunp-lactams; third generation cephalosporins, carberigllins, and
increasingly to carbapenems. They produce a widgeraf aminoglycoside-
inactivating enzymes and most strains are resispaioroquinolones (Bergone-
Bérézin, 2008). The rapid global emergencé.dbaumannistrains resistant to all
B-lactams, including carbapenems, illustrates theng@l of this organism to respond
swiftly to changes in selective environmental puesgreviewed by Pelegf al,

2008).

There are various mechanisms of resistance thagsdalbaumannia successful
pathogen of the Zcentury. They include the classpactamases which may also
be extended spectrupalactamases (Nagaret al, 2004; Naiemet al, 2005;
Pasteraret al, 2006), class B-lactamases which have metal ions governing the
active site, hence they are also known as meftab@tamases (Chet al, 2001; Lee
etal.,2003; Leeet al, 2005); class B-lactamases which are acinetobacter-derived
cephalosporinases or the chromosomally-encoded Aemz@mes (Bou and
Martinez-Beltran, 2000), and classBlactamases which are mainly oxacillinases
involved in resistance to carbapenems (Patal., 1993, reviewed by Peleg al,

2008,).
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Other enzymatic mechanisms of resistance includ@thinoglycoside-modifying
enzymes like acetyltransferases, nucleotidyltraasts and phosphotransferases
(reviewed by Pelegt al, 2008). Besides all these resistance mechanilas e
pumps like AdeABC (Magnett al, 2001), AdelJK (Damier-Piollet al, 2008),
AdeXYZ (Rocaet al, 2011) AdeM (Swetal., 2005) and the tetracycline-specific
efflux pumps Tet(A) and Tet(B) also play an impatteole in conferring resistance to
various other antimicrobials (Guardabastsal, 2000; Riberat al, 2003a; Riberat

al., 2003b).

1.4.1Antimicrobial agents

The modern era of chemotherapy began with the wbtlke German physician Paul
Ehrlich. He coined the term ‘chemotherapy’ in tIaereZdh century in a search for
compounds to act as “magic bullets” to treat leaiatl infections (reviewed by Freter
and Perry, 2008). According to the American Bioclstmnd Microbiologist Selman
Waksman, ‘It was the knowledge of the great abuoel@md wide distribution of
actinomycetes, which dated back nearly three decaahel the recognition of the
marked activity of this group of organisms agawtsier organisms that led me in
1939 to undertake a systematic study of theirtgii produce antibiotics.” He coined
the term "antibiotic” in 1942 to describe any sabst produced by a microorganism
that is antagonistic to the growth of other micg@orisms in high dilution (Waksman,
1947). Antibiotics are chemicals produced by onekel from microoganisms that
inhibit the growth of other microorganisms. Themeantibiotic is now widely used to

refer to all drugs that selectively target bacteria
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1.4.1.1Penicillins
Alexander Fleming recognized the antibacteriahégtof a substance secreted by
Penicillium notatunon a contaminated culture plate in 1929 and tiecodered

penicillin (Bush, 2010).

¥
D/’"‘“DH

Figure 1: General structure of Penicillin

Penicillin (Figure 1) impairs cell wall synthesig preventing cross-linking of the
peptidoglycan polymers necessary for cell wall fation and does this by binding to
the penicillin-binding proteins (PBPs) (carboxypédases, endopeptidases, and
transpeptidases) that participate in cell wall Bgsts (Tomaz, 1979). Allergy to any
of the penicillins is the only absolute contrairadion to the use of a penicillin agent.
Allergic reactions occur in up to 10% of patiemtgth 0.001% dying from

anaphylaxis (Lin, 1992).

1.4.1.2Cephalosporins

The first cephalosporin (Figure 2) was discovereil948 by Guiseppe Brotzu, who
observed that the fung@ephalosporium acremoniuproduced a substance that
inhibited the growth o8. aureusand other bacteria (reviewed by Griffith and Black
1964). The cephamycins were created by adding haxgggroup on th@-lactam

ring of the original compound, based on the stmgcti cefoxitin, produced by

Streptomyces lactamdurarBy altering the chemical groups substituted anliasic
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molecule, greater antimicrobial activity and longalf-lives have been obtained

(Kees and Grobecker, 1995)
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Figure 2: General structure of Cephalosporin
Cephalosporins afelactams that have tielactam ring fused with a dihydrothiazine
ring. Cephalosporins inhibit bacterial cell walhflyesis by blocking the
transpeptidases and other PBPs involved in thédnegig and cross-linking of
peptidoglycan (Wise, 1990; Fontasiaal, 2000). Resistance to cephalosporins may
result from mutations in the penicillin-binding pems resulting in altered binding
site or due to the production of extended-spectoeta-lactamases responsible for the
hydrolysis of the drug or both (Koch, 2000). Retedeveloped cephalosporins
include ceftaroline and ceftobiprole which are relga as 8 generation

cephalosporins (Kollef, 2009).

1.4.1.3Carbapenems

Carbapenems (Figure 3) which include meropenenpangm, biapenem, doripenem,
razupenem and ertapenem are parenteral synfhlstatams derived from

thienamycin, an antibiotic produced Byreptomyces cattley&ahanet al, 1979;

Chen and Livermore, 1994, Livermoegeal, 2009). Carbapenems have a lactam ring,
like the penicillins and cephalosporins, but haveethylene moiety in the ring
replacing sulphur in position 1 in the lactam riv@nce the name carbapenem.

(Kumagaiet al,, 2002).

26



N_ /

OH
O

Figure 3: General structure of Carbapenem
Like otherp-lactams, the carbapenems inhibit mucopeptide sgighn the bacterial
cell wall by binding to PBPs, leading to lysis arall death. Carbapenems have the
ability to retain activity against Gram-negativectaaia either with an extended
spectrum off-lactamases or those which hyperproduce the Amp€ ty
cephalosporinase (reviewed by Livermore, 1995)t&#&d resistance may occur due
to carbapenemases, which may be intrinsic or aed@nd are responsible for the
hydrolysis of carbapenems. Another source of r@s¢# is the lack of the outer

membrane porin, thus inhibiting the transport @& ¢lhug into the cell (Rybak, 2004).

1.4.1.4Monobactams
Monobactams have a singldactam ring which is not fused with other ringnbe
then name monobactam. (Ennis and Cobbs, 1995)mbmebactam aztreonam was

originally extracted fronChromobacterium violaceum
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Figure 4. General structure of Aztreonam
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It is now manufactured as a synthetic antibiotiard@net al, 2010). As with other
B-lactams, aztreonam (Figure 4) inhibits mucopeptigtehesis in the bacterial cell
wall by binding to the penicillin-binding proteiBP) 3 of Gram-negative bacteria,
leading to the lysis of the cell. It also has naféinity for PBP-1a. It has been shown

to have a synergistic effect with aminoglycosidésg@rgopapadakoet al, 1982).

1.4.1.5Aminoglycosides

The aminoglycosides were discovered during the 49M0ing an extensive study of
Actinomycete$or possible antimicrobial by-products. It was fiduthat
Micromonospora purpureésuffix-micin) andStreptomyces griselfsuffix-mycin)
produced inhibitory molecules Streptomycin (Fighyend Gentamicin (Figure 6)
respectively. Streptomycin, discovered in the labany of Selman Walksman was the

first aminoglycoside to be developed (Begg and Bsrd995).
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Figure 3: General structure of Streptomycin Figure 6: General structure of Gentamicin

An aminoglycoside is a molecule composed of amimahfred sugars. The
aminoglycosides have two main effects on the bedtegll that ultimately result in
cell death. These agents bind to the negative esangthe outer phospholipid
membrane, displacing the cations that link the phoBpids leading to disruption of

the integral cell membrane. The aminoglycosides mlibit protein synthesis by
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binding to the 30S subunit of the ribosome, causiigroding and termination

(Moellering Jr, 1983).

1.4.1.6Macrolides

The original macrolide (Figure 7), erythromycin,sagiscovered in 1952 by J.M.
McGuire and marketed under the brand name llot{dicGuireet al, 1952).

It is produced bysaccharopolyspora erythradformerly known asstreptomyces
erythreu$ (Labeda, 1987). Semisynthetic derivatives likeithromycin and
azithromycin have been produced from erythromywith modifications that
improve acid stability, antibacterial spectrum, éisdue penetration (Kanatani and

Guglielmo, 1994).

macrolide
ring

Figure 7: General structure of Macrolide

The macrolides are bacteriostatic, inhibiting piros/nthesis by binding at the 50S
ribosomal unit and by blocking transpeptidation &madslocation. At high
concentrations or with rapid bacterial growth, ¢fiects may be bactericidal

(Kanatani and Guglielmo, 1994).
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1.4.1.7Quinolones

The first quinolone, nalidixic acid (Figure 8) wlasmed as a result of chloroquine
synthesis and introduced in 1962. As with othess#a of synthetic and semisynthetic
antimicrobials, alterations of side chains affetiraicrobial activity and

pharmacokinetics (Andersson and MacGowan, 2003)

Figure §: General structure of Nalidixic acid
Quinolones cause bacterial cell death by inhibiidA synthesis. They inhibit DNA
gyrase and DNA topoisomerase, enzymes that medidesupercoiling,
transcription, and repair (Drlica and Zhao, 19%84cterial resistance develops as a
result of spontaneous mutations that change thairigrsites for quinolones on the

DNA gyrase and the DNA topoisomerase (Willmott aakwell, 1993).

1.4.1.8Sulphonamides

Sulfonamides are azo dyes derivatives which weseodiered by Gerhard Domagk,
who was awarded the Nobel Prize in the year 1988.fifst agent was
sulfachrysoidine, used in 1935, which releasedsilimidein vivo (Woods, 1940).

In bacteria, sulphonamides act as competitive itdrb of the enzyme
dihydropteroate synthetase, an enzyme involvedlatd synthesis. Trimethoprim
was discovered by George Hitchings during the 1@4ekhe was the Nobel laureate

for medicine in the year 1988. Trimethoprim is atbaostatic antibiotic and acts by
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interfering with the action of bacterial dihydrcdité reductase, inhibiting synthesis of
tetrahydrofolic acid. Folic acid is an essentiaqursor in the de novo synthesis of the
DNA nucleosides thymidine and deoxyuridine. Tringgthm (Figure 9) and
sulfamethoxazole (Figure 10) have a greater e¥ftaein given together; the reason is

because they inhibit successive steps in the felatthesis pathway (Burchall, 1973).
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Figure 9: General structure of Trimethoprim  Figure 10: General structure of Sulfamethoxazole

The synergy between trimethoprim and sulfamethdeazas first described in a
series ofn vitro andin vivo experiments published in the late 1960s (Bushloly an

Hitchings, 1968; Bohni, 1969 ).

1.4.1.9Tetracyclines
Chlortetracycline or Aureomycin, the first tetrabye (Figure 11), was developed in

1948 fromStreptomyces aureofaciebhg Benjamin Duggar (Duggar, 1948).
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Figure 11: General structure of Tetracycline
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Doxycycline and minocycline are semisynthetic datiies of tetracycline (Smith and
Leyden, 2005). Tetracyclines bind to the 30S rilneslosubunit, blocking the binding
of aminoacyl t-RNA resulting in the inhibition ofgiein synthesis. It has a

bacteriostatic effect (Cravest al, 1969).

1.4.1.10Polymyxins
Polymyxins are antibiotics produced Bgcillus polymyxavhich act by disrupting

the lipopolysaccharide bilayer (Dixon and Chop@84).

HaM
) L
. LJOH M. a4
4y 0T y 9 % W, /
Re A M vJL_ o N g :} NH QA #
S0 SE T
a) 2] / =0
{ . HN  ~NH
NH NH Hi—4' —
SMH HN—4

Figure 12: General structure of Polymyxin B

Polymyxin B (Figure 12) has been extensively usgddpical applications (Kohonen
and Tarkanen, 1969). Colistin or Polymyxin E (FegaB) is a multicomponent
polypeptide antibiotic, comprised mainly of colsth and B that became available
for clinical use in the 1960s, but was replaceth@1970s by antibiotics considered

less toxic (Liet al, 2006b).
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Figure 13: General structure of Polymyain E

Colistin is produced bBacillus polymyxavar. colistinus and is now considered to be
the last resort for serious infections involvingltihdrug resistant isolates of
Pseudomonas aerugings&cinetobacter baumanndr Klebsiella pneumoniae

(Falaga<t al,, 2008).

1.4.1.11Tigecycline
Tigecycline is the first glycylcycline antibioticd was discovered by Francis Tally
(Projan, 2010). It was developed in order to overedacterial mechanisms of

tetracycline resistance such as ribosomal proteetna efflux pumps.

The primary backbone consists of minocycline withNaalkyl-glycylamido group
substituted at position nine and this gives thiggdts broad spectrum of activity and
protection from resistance mechanisms. Tigecyadsirgenerally bacteriostatic, but
some in vitro studies have reported bactericidali&g againstStreptococcus
pneumoniae, Haemophilus influenzaadNeisseria gonorrhoea@leagheret al,

2005; Noskin, 2005).
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This drug binds to the 30S ribosomal subunit otérda and blocks entry of amino-
acyl t-RNA into the A site of the ribosome (Nosk#®05).Tigecycline was
efficacious both against NDM-1-produciig pneumonia@ndE. coli (Docobo-Pérez

et al, 2012).

H OH
HiyC CH; OH O OH O O

Figure 14: General structure of Tigecycline
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1.4.2Mechanisms of resistance to antibiotic@irbaumannii
1.4.2.1Resistance tp-Lactams

1.4.2.1.1B-Lactamases

@
—N
Non-covalent

o?
Binding
complex

-/
Covalent acyl J
enzyme
N
°

H,0 Hydrolysis
\ Yarol
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Figure 15: General mechanism of hydrolysis by sermp-lactamase.

Acylation

B-lactamase$EC 3.5.2.6), are enzymes produced by bacterisghwihestroyB-lactam
ring of antibiotics. Th-lactam agent becomes changed in its chemicaltateiand

is no longer recognized by the enzymes responfibimaking the peptidoglycan or
the murein layer of the bacterial cell wall (Fret895). Enzymes of class A, C, and D
have at their active site a serine residue busdiasnzymes utilize a Zhion to

attack thep-lactam ring. The mechanism of hydrolysis by arssiilactamase is
depicted in figure 15 (reviewed by Livermore, 199Eble 3 gives a systematic
classification of3-lactamases and their functional groups accorcomgnbler and
Bush scheme (reviewed by Livermore, 19%5Qure 16 gives the mode of action of

five main antibacterial target sites.
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DNA gyrase Cell-wall synthesis Penicillins,
cephalosporins,

|_ glycopeptides,

carbapenems,
@ monobactams

Combination

Rifampin

Sulphonamides,
Trimethoprim

DNA - directed
RNA polymerase

508 inhibitors:
macrolides,
chloramphenicol,
clindamycin

308 inhibitors:
aminoglycosides,

tetracyclines

Figure 16: The five main antibacteéal drug targets (Coateset al, 2002).
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Table 3: Classification ofp-lactamases and their functional groups (reviewedybLivermore, 1995).

Structural class Functional Activity” Inhibited by clavulanate

(Ambler) group Penicillin | Carbenicillin| Oxacillin | Cephaloridineg Cefotaxime| Aztreonam| Imipenem
(Bush)

Serinep

lactamases

A 2a +++ + - +/- - - - ++
2b +++ + + ++ - - - ++
2be +++ + + ++ ++ ++ - ++
2br +++ + + + - - - -
2C ++ +++ + + - - - +
2e ++ ++ - ++ ++ ++ - ++
2f ++ + ? + + ++ ++ +

C 1 ++ +/- Inhibitor | +++ + Inhibitor - -

D 2d ++ + +++ + - - - +/-

Undetermined | 4° ++ ++ ++ \Y; \Y; - - -

Zincf

lactamases

B 3 ++ ++ ++ ++ ++ - ++ -

b +++, preferred substrate (highest Vmax); ++, gedlistrate; +, hydrolyzed; +/-, barely hydrolyzedtable; V, variable within group; ?, uncertain.
c None of Bush’s group 4 enzymes has yet been seqdethey are assumed to be serine types becaskatk carbapenemase activity
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1.4.2.1.1.1Class AB-Lactamases and ESBLs

The class A enzymes have the ability to hydrolybecad spectrum of antibiotics
including 3° generation cephalosporins, penicillins, carbapana@nd monobactams.
They are inhibited bg-lactamase inhibitors such as clavulanic acid azdlactam
(Ginet al, 2007; Thomson, 2010). This group of enzymesuthes the majority of
the extended-spectrupalactamases (ESBLS) as it encompasses the KPC, GES,
NMC, SME, IMI, TEM, SHV, PER, VEB, CTX-M ESBL famés (Poirel and
Nordman, 2008; Thomson, 2010). The gene encodmgiiayme PER-1 has been
found in many isolates @&. baumanniin the USA, Korea and Turkey (Poiedl al,
2005a; Hujeet al, 2006, Kimet al, 2008), and a significant number of isolates from
Belgium and France encode the gene for the VEBzYrae (Naa%t al, 2006a, Naas
et al, 2006b). The emerging group of ESBLs in Entertdr@aceae, which are of the
CTX-M- type, have been identified rarelyAn baumannii A strain producing
CTX-M-2 was identified in Japan, which is a countriyere the first CTX-M-type
enzymes were identified more than 15 years agodhagf al, 2004). TEM, SHV
type enzymes have also been describektinetobacte(Hujeret al, 2006; Naagt
al., 2007). The expression of ESBLsAnbaumannimay contribute significantly to
its resistance to expanded-spectifgilactams and to the increasingly observed
multidrug resistance profile in this species. Dugénerally widespread high-levels
of resistance i\. baumanniito the penicillins and cephalosporins conferredhay
intrinsic class (B-lactamases, these drugs are not usually considgmapriate for
treatment ofA. baumanniiinfections. Clinical detection of ESBL producersyniee
difficult since combined mechanisms of resistarreecdten associated in those
multidrug-resistanf. baumanniisolates. A combined over-expression of the

naturally occurring cephalosporinase may be antagdrby addition of cloxacillin,
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oxacillin or boronic acid that inhibits the ceplsdorinase activity making such
ESBL detection easier (Coudron, 2005; Poirel anddi@ann, 2008). The prevalence
of the class A-lactamases iA. baumanniimay not be aery major problem in
comparison to other carbapenemases in this spéoesgver the potential of this
species to act as a reservoir for mobilisable t@ste genes in the hospital may be

alarming.

1.4.2.1.1.XClass Bp-Lactamases (metallpdactamases)

The first classification of molecular class B enagnwas by Ambler in 1980
distinguishing them from serirfelactamases. He also proposed flidctamases
have a polyphyletic origin (Ambler, 1980); sincerhan alternative categorization
was suggested by Bush in 1989, placing them irqtars¢e groups according to their
functional enzymes (Busdt al, 1995). The molecular class B enzymes are
metallof-lactamases (MBL), which require two divalent caipusually zinc as
metal cofactors for the enzyme activity. They heheeability to hydrolyse penicillin,
cephalosporins and carbapenems, and are not ithiby3-lactamase inhibitors and
monobactams (Walstt al, 2005). They are inhibited by EDTA or
mercaptopropionic acid (Arakaved al, 2000; Yonget al, 2002). It is interesting to
note that they are not hydrolysed by aztreonamaudaitly well; however in animal
pneumonia model studies it was observed that imiectaused b¥P. aeruginosa
producing VIM-2, could not be eradicated with aatram even when the animals
were given high drug doses (Bellaisal, 2002). To date, nine families of acquired
MBLs enzymes have been identified — IMP (Imipenesfast discovered in Japan),
VIM (Verona MBL), SIM (Seoul MBL), SPM (Sao Paulmipenemase), GIM

(German MBL), DIM (Dutch imipenemase) (Poietlal, 2010a), KHM (Kyorin
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university hospital imipenemase, Japan) (Patell, 2010a), AIM (Australian
imipenemase) (Poirgt al, 2010a) and the most recent NDM (New Delhi MBL)

(Poirel and Nordmann, 2008, Yoegal, 2009).

The IMP, VIM and SIM have been identifiedAn baumanniwith several variants of
the IMP and VIM families found in Hong Kong, Canadaiwan, Japan and in Italy
France, Greece, Korea, Spain, Portugal, Poland#ret countries (Walsét al.,
2005). The SPM enzyme was first discovereB.imeruginosan Brazil (Tolemaret
al., 2002). The GIM enzyme was also first identified. aeruginosgdCastanheirat
al., 2004). Interspecies spread of SPM and GIM enZyasenot yet been reported.
Since their initial discoveries, SPM, GIM, and Shiwktallof-lactamases have not
spread beyond their countries of origin. Genetilysis of the surrounding genes
identified inA. baumannishows similar structures since the gene familiegibf,

IMP and SIMhave been included in the class-1 integron stracfline dissemination
of these genes among the straindobaumanniandP. aeruginosan specific areas
hasbeen clarified by the plasmid location of MBL geifesvermore and Woodford,
2006). The NDM enzyme, first found a pneumoniaés now also prevalent iA.
baumanniiin India (Yonget al, 2009; Karthikeyamt al, 2010). To date, 33 variants
of IMP, 33 variants of VIM and 6 variants of NDMveabeen reported
(http://www.lahey.org/Studies/other.asp, Last asedon 12/03/12). It is clear that
VIM and IMP family are growing at an equal rate bus also a matter of concern
that theblanpw-1 gene first identified on plasmid can be integraiedhe chromosome
in certainE. colistrains as the surrounding genetic structuresfaraptate its
integration (Pfeifeet al, 2011). Recent reports by Walshal (2011) suggest the

integration ofblaypw-1 in the chromosomes éferomonas caviaandVibrio cholerae
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1.4.2.1.1.Class J-Lactamases (ampC'’s)

AmpC-typep -lactamases constitute molecular class C in Ansb@assification
scheme and are commonly found encoded on the clsamm®in Gram-negative
organisms. As well as these intrinsic enzymesgthee several families of plasmid-
borneampCgenes that are spreading particularly withinEnéerobacteriaceae
(Jacoby, 2009). IAcinetobactespecies these genes are knowAeisetobacter
derived cephalosporinases (ADC) (Hugeral, 2005). As this name implies, these
enzymes are able to hydrolyse penicillins and #reonv-spectrum cephalosporins.
When over-expressed, the enzymes can confer nesgsta the extended-spectrum
cephalosporins. AmpC enzymes were considered &ssexaly chromosomal until
1989, when MIR-1, the first plasmid-encoded Amp@yene, was discovered
(Papanicolaoet al, 1990). In other Gram-negative bacteria the esgpom of the
cephalosporinasgene is inducible but, iA. baumannij theampCis expressed at a
basal level but the expression is enhanced wheimslegtion sequence Abalor
ISAbal25inserts upstream of the gene providing a betteampter for gene
expression (Corveet al,2003; Lopest al, 2011. P601, ECCMID). The widespread
nature of thélaapc genes is the major reason for high levels of rasst inA.
baumanniito the penicillins and cephalosporins and as sebet drugs are generally

not effective for treatment of this organism.
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1.4.2.1.1.4Class DB-Lactamases (oxacillinases)

Oxacillinases are peculifirlactamases that are grouped in a heterogeneasafla
enzymes either regarding their structural or th@chemical properties (Poirel and
Nordman, 2008). The OXA group mainly occurdAicinetobacteandPseudomonas
species with naturally occuring variants in mangi@megative non fermentors. The
OXA B-lactamases hydrolyze amoxicillin, methicillin, &boridine and, to some
extent, cefalotin. They usually hydrolyze oxacilimore efficiently than
benzylpenicillin (Poirel and Nordmann 2008, Girlehal, 2004). The OXA group
enzymes are generally not regarded as ESBLs, betaeg do not hydrolyse the
extended-spectrum cephalosporins, although cestaiaptions like OXA-37 from.
baumanniiand OXA-20 fromP. aeruginosaan be seen (Naas al, 1998; Naviaet
al., 2002; Girlichet al, 2004). Currently, over 232 different variantsSQ{A
enzymes have been identified on the protein level

(http://www.lahey.org/Studies/other.adast accessed 12/03/12). The class D

oxacillinases have been found both on plasmidschnaimosome (Heritiegt al,
2005b; Corveet al, 2007). The naturally occurring class-D oxacdbe OXA-50 is
expressed constitutively ip. aeruginosgGirlich et al, 2004). The genddaoxa-s1-
like, blapxa-23-like andblagxa-134 for instance, are present intrinsicallyAn
baumannij A. radioresistensaindA. Iwoffii, respectively (Browrt al, 2005; Poireet

al., 2008; Figueiredet al, 2010).

1.4.2.1.1.4.10XA-23-like B-Lactamases
OXA-23, originally named ARI-1 forAcinetobacteresistant to imipenem" was
identified in Scotland and then renamed OXA-23 Haseits genetic

characterization. It was isolated from the plasofid strain ofA. baumanniisolated
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in 1985 which possessed an MIC of imipenem of 1@ n(@atonet al, 1993). The
OXA-23-like enzyme OXA-27, isolated from Singapasbares 99% identity with
OXA-23 (Afzal-Shatet al, 2004). Another variant, OXA-49, was isolatedinina
from a carbapenem resistaftbaumannistrains (Browret al, 2005). The OXA-23
enzymes have been identifiedAnbaumanniin various parts of the world like,
Brazil (Dalla-Costaet al, 2003), China (Yt al, 2004), London (Coelhet al,
2004) and Singapore (Kadt al, 2007). They can be present on both plasmid and
chromosome (Patoet al, 1993; Bonnegt al, 2002).In vivothe OXA-23
B-lactamase contributes towards resistance to anfioxiticarcillin, meropenem and
imipenem. When, a naturally-occurring plasmid comite theblapxa-23 gene is
electro-transformed into the same recipient stramslerate to high MICs are
achieved of 16 to >32 mg/L of carbapenems, withhilgaest values again found in
the recipient over-expressing the AdeABC efflux pymdicating the involvement of
other genetic factors associated with bhee)xa-23 gene in conferring resistance
(Héritier et al,, 2005c). Other variants of OXA-23 enzymes are CZA OXA-102,
OXA-103, OXA-105, and OXA-133. NCBI blast searcheals that OXA-146
(FJ194494), OXA-165 (HM488986), OXA-165 (HM48898D)XA-
166(HM488988), OXA-167 (HM488989), OXA-168 (HM488H)9 OXA-169
(HM488991), OXA-17qHM488992), OXA-171 (HM488992) and OXA-225
(JN638887) aralso OXA-23-like carbapenemases. OXA-133 has beend inA.
radioresistengMendeset al, 2009; reviewed by Poirek al, 2010b). OXA-134 is
found to be present intrinsically A Iwoffii and it could act as a source of
dissemination of OXA-23-like enzymes (Figueirestal, 2010). Chomosomally
encoded OXA-23 enzyme has also been shown to semgraProteus mirabilis

(Bonnetet al, 2002). OXA-73, an acquired OXA-23- like carbaperase, has also
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been found irK. peumoniadreviewed by Poirett al, 2010b). Recent reports point
to the increase in carbapenem-resisfariaumanniisolates encoding OXA-23 from
South America and South-East Asia (Villegasl, 2007, Fet al, 2010). A study of
A. baumanniisolates from Colombian institutions found an ageraf 33.6% of
isolates resistant to a carbapenem, and in a sab66tof these resistant isolates, 65
were positive by PCR fdrslapxa-23. It was observed that one clone was present in two
hospitals within one city, while another had sprbativeen two hospitals in different
cities (Villegaset al, 2007). In a Chinese teaching hospital, the ratesrbapenem
resistance have increased from 5% to 50% from 1®2905 in isolates from ICU
wards and 20% in non-ICU isolates in 2004; andsegquent study of 221 resistant
isolates from 11 institutions, including 117 isekfrom the same teaching hospital,
found 97.7% were positive fdraoxa-23gene (Wangpt al, 2007). Recent report
identifies Tr2008having IAbalupstream anATPasegene downstream of the
blaoxa-23, @s @ major vehicle carryifmaoxa-23 in Acinetobacter baumannin China

(Wanget al, 2011).

1.4.2.1.1.4. 20XA-40-like B-Lactamases

The OXA-40B-lactamase has a mainly narrow-spectrum hydropriadile including
ceftazidime and imipenem. Its activity is resistEmninhibition by clavulanic acid,
tazobactam, sulbactam. Like most of the other gaham-hydrolyzing oxacillinases,
the OXA-40 enzyme is not inhibited by NaCl (Héritgt al., 2003).The OXA-40
enzyme, originally named OXA-24, was identifiedSpain in a highly carbapenem
resistantA. baumannistrain and it shares 63% and 60% amino acid idewith
OXA-51/69 and OXA-23 respectively (Baat al, 2000a). This group also includes

the variants OXA-24, OXA-25, OXA-26, OXA-33 (AY0082), OXA-72 OXA- 139
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(AM991978) and OXA-160 (Tiaet al, 2011). The variants OXA-25, OXA- 26 were
identified in strains from Spain and Belgium suhsagly (Afzal-Shatet al., 2001),
while OXA-72 was identified iiA. baumannistrains were identified from Thailand
(Walther-Rasmussen and Hgiby, 2006). Blegxa-33 has also been found to be co-
present with the carbapenemase daagxa-s2 on the integron oPandoraea

pnomenusdSchneideket al, 2006).

Kinetic studies carried out on OXA-40-like enzyntegnonstrate that these enzymes
are capable of hydrolysing penicillins, have weetkvéty against carbapenems, and
very weak activity against some cephalosporins (&aal, 2000a; Afzal-Shabht al.,
2001; Heritieret al, 2003). It is observed that vivothe OXA-40 enzyme confers
resistance to carbapenems as well as increased dfli@snicillins and cephalosporins
(Héritier et al,, 2005c). Despite having only weak hydrolytic aityi against the
carbapenems of the purified enzyme, isolates engaahh OXA-40-like-lactamase
had an imipenem MIC of >128mg(Ruiz et al, 2007). When transformed into
susceptible referend® baumannistrains, the enzyme only confers intermediate to
low level resistance, with the higher of these galassociated with an isolate over-
expressing the AdeABC efflux pump, suggesting tther resistance mechanisms are
required to achieve the high levels of resistamem sn clinical isolates (Héritiet

al., 2005c).

Theblapgxa-40-ike gENES have been found in ot@inetobactespp as well as in
Pseudomonaaeruginosaand to be both chromosomally and plasmid encoded
(Quinteiraet al, 2007; Leeet al, 2009a; Sevillanet al, 2009). Isolates encoding the

enzymes have been reported in Spain and in Asig @al, 2007, Wanept al,
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2007, Leeet al, 2009a), but Spain and Portugal are the maintcesrwhere it has
been widely disseminated, and this is because t@seevidence of its plasmid
location in several isolates (Lopez-Otstal., 2002; Quinteirat al, 2007; Ruizt
al., 2007). High prevalence bfapxa-40-ike has been seen on the Iberian Peninsula and
it appears to be the hot spot for the disseminaifdhesegenes (Da Silvat al.,
2004). A recent study of 83 imipenem resistanbaumanniisolates from 12
hospitals in Spain found 42% of isolates weositive for alapxa-40-ike gene (Ruizt
al., 2007). A second recent study frorhaspital in Portugal found that of 222
imipenem-resistamA. baumannicollectedover the period of January 2001 to
October 2004, 36.6% carriedloxa-40-ike g€NE, themajority of which were
associated with plasmid DNA, which was also foumdcinetobacter haemolyticus
isolates in the same institution (Quintedtaal, 2007).The identification of a high
percentage dblapxa-40-ike gENES presents a worrying possibility of these gene
becoming more globally established thereby hampereatment options in

compromised patients.

Recently two new carbapenemases, OXA-143 and OXARE¥e been identified.
The OXA-182 carbapenemase has 93% amino acid igevith OXA-143 and 89%
with OXA-40 (Kim et al, 2010). The OXA-143 carbapenemase has 88% amido a
identity with OXA-40, 63% with OXA-23 and 52% withXA-58 (Higginsetal.,

2009)
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1.4.2.1.1.4.30XA-51-like B-Lactamases

The OXA-51-likep-lactamases are an enzyme group that are int@msiabiquitous
in A. baumanni(Brown et al, 2005; Merkier and Centron, 2006; Turteiral, 2006).
The first report of OXA-51, was in 2005 in isolatdstained from Argentina in 1996
(Brownet al, 2005), and a large number of variants of enzynaee since been
discovered. OXA-51 shares < 63% amino acid idemtiti subgroups 1
(OXA-23-like enzymes), subgroup 2 (OXA-40-like enmys) and <50% with
subgroup 4 (OXA-58-like enzymes). They are lesgiefitly inhibited by clavulanate
or tazobactam and their activity is inhibited byQM@Héritieret al. 2005b; Poirel and
Nordmann, 2008).The OXA-51-like enzymes currentigresent one of the largest
groups off-lactamases, with 81 enzymes currently identified

(http://www.lahey.org/Studied/ast accessed on 12/03/12).

Theblapgxa-s1-ike geNes have generally been found to be chromosomradigded and
non-transferable. However, recent reports and P@R/sis forblapxa-s1-ike gENES
indicate plasmid as well as chromosomal locatiotheblapxa-s1-ike genes (Cheet
al., 2010). A second report mentions that the ingasbrs were able to transfer a
blaoxa-s7, ablaoxa-s1-ike geNE, tE. coliDH5a, indicating thablapxa-s1-ike Variants

might jump to plasmids as well (Vahabogiual, 2006).

Theblapxa-s1-ike gENES have been identifiedAn baumanniiexcepblaoxa-13s, which
has been identified iA. nosocomialigrom Taiwan, further suggesting that there is
the potential for these genes to be mobilised witheA. baumanni calcoaceticus
complex (Leeet al, 2009b ). The G+C content of thoxa-s1-ike geNELlAOXA-60 WAS

found to be 39.3%, which compares with the G+C eoindf theA. baumannii
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genome (38.8%) lending further weight to the sutigeghat these genes are native
to A. baumanni{Héritier et al.2005b). Kinetic analysis has only been performed on
OXA-51 andOXA-69 enzymes (Browet al, 2005, Heritieet al, 2005b) and they
both demonstrate poor hydrolysis of oxacillin afakacillin, a feature that has been
observed in carbapenem-hydrolysing oxacillinasesi@ al.,, 2000a ; Afzal-Shaht
al., 2001).The contribution of the enzymes to carbaperesistance is difficult to
determine. It has been suggested thabtagxas1-ike gENES are generally poorly
expressed and that they may only confer resistavhes they have high levels of
expression with the insertion of an element suclsAbalupstream of the gene,
providing a better promoter (Turt@h al, 2006a). The large group of enzymes
clustered around the OXA-66 enzymes are foundalaies belonging to aA.
baumanniilineage including the prevalent European clonel#lenthose clustered
around the OXA-69 enzyme are found in another igeancompassing European
clone 1. The OXA-71 enzyme is associated with Eeaopclone 3. The most
commonly identified enzymes are those of the OXAck&ter, which are particularly
highly represented in South America and Asia (Markind Centron, 2006; Kat

al., 2007; Wanget al, 2007; Evangtal., 2008). Enzymes of the OXA-69 cluster are
also common, particularly in Eastern Europe an@XA-71, associated with
European clone 3 have been widely identified itai®s from the Iberian Peninsula
(Evanset al, 2008). To date, the OXA-51-like group compris€E©XA-51, OXA-64
to OXA-71, OXA-75 to OXA-80, OXA-82 to OXA-84, OXA6 to OXA-95, OXA-
98 to OXA-100 (AM231720), OXA-104, OXA-106 to OXALB, OXA-115 to OXA-
117, OXA-120 to OXA-127, OXA-138, OXA-144 (FI87253MXA-148 to OXA-
150 (GQ853679 to GQ853681), OXA-172 to OXA-180 (HM8558 to HM570036)

OXA-194 to OXA-197 (HQ425492 to HQ425495), OXA-2@D0XA-202
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(HQ734811 to HQ734813), OXA-208 (FR853176), OXA-ZER865168), OXA-217
(JN603240), OXA-219 (JN215211), OXA-223 (JN248564)ese enzymes have
been identified according to the data cited by Brd&vAmyes, 2005; Evanst al,
2007; reviewed by Poirelt al, 2010b; Leest al, 2009b and by personal

communication with B. A. Evans.

1.4.2.1.1.4.20XA-58-like B-Lactamases

Theblapgxa-ss gene was first identified in France from a stiawlated in Toulouse in
2003 (Poirekt al, 2005b). It hydrolyses penicillins, oxacillin,caimipenem but not
expanded-spectrum cephalosporins. blagxass gene was located on a 30-kb non-
self-transferable plasmid. It was electrotransfainmetheA. baumannireference
strain and was shown to conferred reduced susdéptib carbapenems (Poiret

al., 2005b). Kinetic analysis of OXA-58 has showrt ih&as similar properties to the
other OXA-type carbapenemasesfotbaumannii however, it hydrolyses imipenem
twice as efficiently as OXA-40. The purified enzyimas weak activity against
penicillins and imipenem, very weak activity agaimeropenem, and some activity
against cephalothin and cefpirome, but not agaieftazidime or cefotaxime (Poirel
et al, 2005b). Thélapxa-ss gene, which has been identified onlyAcinetobacter
spp. isolates, has been associated with a varietijferent genetic structures. It has
been shown to confer high level of carbapenemteesie only when insertion
sequences provide a strong promoter in the exppres$ithe gene along with
synergistic over-expression of the AdeABC effluwopu(reviewed by Pelegt al,
2008). OXA-58 has a low percentage of amino actiy compared with the other
oxacillinases (Brown and Amyes, 2006). Genes emgp@XA-58-like enzymes have

been found in a range ékinetobactespecies and are usually plasmid borne, though
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a chromosomal location has also been describeda@@tsgt al, 2006, Poirekt al,
2005b; Poirel and Nordmann, 2006a). Isolates aagiylaoxa-ss-ike g€NES are most
frequently reported from Europe, though the geraa® lbeen reported in isolates from
South America, North America, Anatolia, Asia ands&alia (Marquéet al., 2005;
Bogaertset al, 2006; Coelhet al, 2006; reviewed by Pelag al, 2006; Kohet al.,
2007; Wanget al, 2007; Guet al, 2008; Merkieret al., 2008; Zarrilliet al,, 2008;
Leeet al, 2009a; Mendest al, 2009). In addition to being dependent on IS eleis,
the level of expression of thdaoxa-ss gene may be related to the gene copy number,
as exemplified in one Italian clone exhibiting \wars levels of resistance to imipenem
as a consequence of thieoxa-ss copy number (Bertiret al, 2007). It has been
shown recently that thalapxa-ss has been duplicated in one isolatédopittii

conferring intermediate level of resistance to apgnems (Evaret al, 2010). Other
variants of OXA-58 found i\cinetobactespp are OXA-96, OXA-97 and OXA-164

(Gene bank accession number, GU831575) (reviewdrbinglet al, 2010b)

1.4.2.1.20uter membrane proteins

A tough outer membrane, low numbers of proteinsprand several other
constitutive characteristics play a role in behaviof Acinetobactemwith regards to
the capacity of resistance and survival in theremvhent. The small number and
sizes of the different porins when coupled withueffprovide a significant barrier to
the uptake of antibiotics iA. baumanni(Hooper, 2005; Viletal., 2007). Several
studies state that a decrease in porin expressiasspciated with antimicrobial
resistance iA. baumanni(Bouet al, 2000b; Fernandez-Cuenetal, 2003; Mussi

et al, 2005; Siroyet al, 2006).

50



The major outer membrane proteinAininetobactespp is HMP-AB, a member of the
OmpA-like family and is a heat-modifiable protedupontet al, 2005; Walzeet al,
2006). It shares sequence identity and structuralasities with OprF inP.
aeruginosaand with OmpA irE. coliand is sized at 37 kDa, but heating shifts this to
45 kDa (Griburet al, 2003). The HMP-AB protein has been shown tovatioe
penetration off-lactams and saccharides up to 800 Da, but hagdisantly lower
efficiency than the OmpF protein in E. coli (Gribethal, 2003). The OmpA-like
protein contributes poorly to membrane permeabdityl it is possible that it may
work in association with one of the clinically redat efflux pumps such as AdeAB
and AbeM although this link has not been estabtisheerimentally. Recent report
shows that OmpA oA. baumanniil9606 plays a partial role in the development of
robust biofilms on plastic and it is essentiallfacterial attachment ©andida
albicansfilaments and A549 human alveolar epithelial céllse interaction with

biotic surfaces is independent of the CsuA/BABCDEdmted pili and the interaction
of A. baumanniil9606 with fungal and epithelial cells resultshrir apoptotic death.
Furthermore, the bacterial adhesion phenotype ledesewith the ability of bacteria to
invade A549 epithelial cells. The same study al®wes that the killing activity of
cell-free culture supernatants is protease andeemyre sensitive, suggesting that its
cytotoxic activity is due to secreted proteins, sashwhich are different from OmpA

(Gaddyet al, 2009).

The 33-36 kDa outer membrane protein has beengatpli in several studies
involving carbapenem resistance in clinical strd@sark, 1996; del Mar Tomast al,
2005). The levels of the 33-36 kDa outer membrangem were decreased in a

carbapenem-resistant isolatefofbaumanniand cloning and over-expression of the
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gene encoding this outer membrane protein resepeldctam sensitive phenotype to
the previously resistant isolate. N-terminal se@uemnof this protein shows that it
shares homology with outer membrane proteins fRatstoniaspp. and OmpF from

Serratia marcescenglel Mar Tomat al, 2005).

The CarO protein, another heat-modifiable protemmigrates on SDS-PAGE gels
with the HMP-AB protein. When heated, the sizehef protein changes from 25 to
29kDa (Musskt al, 2005). The mature protein comprises 228 residuiEaind to be
approximately 24 kDa. Amino-terminal sequencinglgsia shows that it shares a
100% similarity with the CarO protein in the SwRsst database. Blast analysis
indicates that this protein is highly similar to BRD2598 (70% identity to outer
membrane protein CarO precursor) and Omp25. ikaumanniATCC19606
(Accession No: CAI 79415) (Schneidettsal, 2008). The loss or disruption of this
protein results in carbapenem resistance as iredidat other studied but no binding
site for imipenem has been identified suggestiag) ithmight function as a

nonspecific monomeric channel (Siretyal.,, 2005).

1.4.2.1.3Efflux mechanisms

In A. baumanniipumps of the resistance nodulation cell-divigighND), multidrug
and toxic compound extrusion (MATE), and major litatior superfamily (MFS) have
been associated with antimicrobial resistance (Maginal, 2001; Marchanet al.,
2004; Swet al, 2005). Many studies have shown that efflux pupipg a crucial role
in bacterial pathogenesis and in the survival efghthogen in the host where the
deletion of the transporter genes has resulteddanaged survival and virulence

potential of the organism (Hirakagh al, 2002; Stet al, 2005; Piddock, 2006).
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Studies orP. aeruginosdacking efflux pumps show that the bacteria werahle to
invade canine-kidney epithelial cells but the ingagotential was restored upon

complementation with thenexABoprM genes (Hirakatat al, 2002).

It is likely that the RND-type efflux pumps, AdeAB&deDE, AdelJK, and
AdeXYZ, contribute to the virulence and fithessAainetobactespp. Although
described as independent pumps, AdelJK and AdeXérZes93% identity at the
nucleotide level and 99% similarity at the protievel. AdelJK and AdeXYZ
represent the same pump belongind¢metobactegenomic DNA groups 2, 3, and
13TU. AdeABC pump has been described and charaetein a norAcinetobacter
baumanniistrain and all three pumps can coexist (Retcal, 2011). The
retrospective analysis of the active efflux systesmsw that the AdeAB efflux pump
was specific tdA. baumanniand both AdeE and AdeY were only found in

Acinetobactegenomospecies 3 (Chatial, 2004; Chuet al, 2006).

It has been shown that AdeAB is controlled by a t@mponent regulatory system
AdeR (regulator) and AdeS (sensor kinase). Adethesnembrane fusion protein,
AdeB is the multidrug transporter and AdeC is theeomembrane protein. The lack
of the AdeC gene iA. baumanniATCC17978 in contrast to BM4454 suggests that
AdeAB efflux pump might use alternative outer meari# proteins to export
substrates, however when AdeB gene was disruptBi#154 the bacterium
became susceptible to a vast range of antibidtlegy(ietet al, 2001; Schneidesst

al., 2008). This is consistent with the observatiwat hot all structural components of

the AdeABC pump are required to be encoded by mesrdiehe same genomic
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DNA group and that AdeC does not contribute sigaifitly to the multidrug

resistance phenotype (Marchagtchl, 2004).

AbeM is an H-dependent drug antiporter and member of the MAATily. It is
shown to confer resistance to gentamicin and hydliogjuinolones (Chaet al.,
2004). Theet(A) or tet(B) genes encode for membrane-associated efflueip
(Marti et al, 2006). These proteins belong to the MF supelfjaamd exchange a
proton for the tetracycline cation complex (Robet&96). When expressed, tie¢
(A) gene confers resistance to tetracycline andeh@®) gene confers resistance to

both tetracycline and minocycline (Roberts, 1996).

ThecmlAgene encodes an efflux pump that confers resistanc@oramphenicol

and is a part of the gene cluster that harbtifR) andtet(A). It belongs to the MF
superfamily and was found to be located withinghthogenicity island present in the
epidemic multidrug resistat. baumanniAYE strain. The AYE strain also
harboured th@gacEA1 gene responsible for resistance to quarternamarum

compounds (Fournieat al, 2006).

1.4.2.2Antibiotic resistance

1.4.2.2.1Aminoglycosides

All of the major classes of enzymes conferringstesice to amino-glycosides have
been described; these include acetyltransferasekatidyltransferases, and
phosphotransferases (Noppe-Leclezt@l, 1999; Nemeet al, 2004; Hujeet al.,
2006). One of the most important mechanisms of agiytoside resistance is post-

transcriptional rRNA methylation by 16S rRNA methasts. 16S rRNA methylation

54



by thearmAgene has described fAr baumannistrains from Japan, Korea, and
North America (Yamanet al, 2005; Leeet al, 2006a; Dokt al, 2007). The genetic
surroundings cdrmA appear very similar across Gram-negative organiasg is
plasmid-borne and within a transposon 1%48 (Doi et al, 2007). Other 16S rRNA
methylase genes likentA, rmtB, rmtC andrmtD have also been described in the
Enterobacteriaceae family (Yokoyarmal, 2003; Yamanet al, 2005). They are the
cause of high-levels of resistance to all clinigaiseful aminoglycosides, including

gentamicin, tobramycin, and amikacin.

1.4.2.2.2Fluoroquinolones

The two target proteins of the quinolones are thAQyrase (topoisomerase Il) and
topoisomerase IV. DNA gyrase is a tetrameric enzwitle two subunits A and two
subunits B, encoded in tlygyrA andgyrB genes, respectively. Topoisomerase |V is
also a tetrameric enzyme, which also has two AtewadB subunits, encoded in the
parC andparE genes, respectively (Vila and Pachén, 2008). Mcatibns of the
DNA gyrase and topoisomerase IV, due to the mutatio thegyrA andparC genes,
have been well described far baumanniand they interfere with the binding of the
target site (Hamouda and Amyes, 2004; Higghal, 2004., reviewed by Pelej

al., 2008).

Both aminoglycosides, and quinolones have been slaewhe substrates for
multidrug efflux pumps (Riberat al, 2002), including the AdeABC and AbeM
(Magnetet al, 2001; Higginset al, 2004; Swet al, 2005). The plasmid gengarA,
gnrB andgnrSconferring quinolone resistance are not widespvagdonly a single

report on identification of thgnrA gene inA. baumannistrain recovered in Algeria
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(Touatietal., 2008). QepA plasmid mediated quinolone resigdncfluoroquinolone
efflux pump has been reportedlicoli but yet not inA. baumanni{Yamaneet al,

2007).

1.4.2.2.3Polymyxins

According to the recent reports in vitro resistaand heteroresistance to the
polymyxins inA. baumanniis increasing with the underlying mechanism stil€lear
(Li et al, 2006a). Mutations in PmrAB system have showrottfer colistin

resistance (Adamet al, 2009). It has previously been shown that rediteding to
the lipopolysaccharide (LPS) target site can leaesistance ik. coli, Salmonek
spp., and®. aeruginosgPetersoret al, 1987; Conrad and Galanos, 1989). Changes
in outer membrane proteins have shown to causeeedsusceptibility to polymyxins
in P. aeruginosgNicaset al, 1980). These factors may have implications @& th

contribution of colistin resistance & baumanniistrains.

1.4.2.2.4Trimethoprim-sulfamethoxazole

The prevalence of trimethoprim-sulfamethoxazoléstaace inA. baumanniis high
in China and Europe (Van Looverenhal, 2004; Get al, 2007). Integrons are very
common in multidrug resistaAt baumannistrains. The 3’-conserved region of an
integron mostly contains@ac gene fused to sul gene, conferring resistance to
antiseptics and sulphonamides, respectively (restiely Pelegt al, 2008).
Consequently, sulphonamide resistance has beemdldve highly predictive of
integron-carrying strains &. baumanni{Guet al, 2007). Similarlydhfr genes

coding for trimethoprim resistance acak genes coding for chloramphenicol
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resistance have also been reported within integharctures ilA. baumanni(Guet

al., 2007; reviewed by Peley al., 2008).

1.4.2.2.5Tigecycline

Tigecycline is an extended-spectrum antibiotic vaithivity againsiAcinetobacter
spp, an increasingly common cause of nosocomialrppaia. It is one of the last
resorts for the treatmeant of multi-resistAoinetobacter baumannimfections
(Koomanachaet al, 2009). High resistance rates to tigecyclinanirtiple clones of
MDR A. baumannihave been reported in Tel Aviv medical centregds(Navon-

Veneziaet al, 2007). These findings are worrying.

Other mechanisms like alteration of drug targe&higllin-binding proteins),

permeability problems, resistance to tetracyclemas carbapenems have also been

cited (Amyes and Young, 1996; Poirel and Nordma@08).
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1.4.3Integrons

Integrons are assembly platforms that incorporatgenous open reading frames
(ORFs) by site-specific recombination and conveent to functional genes (Figure
17). All integrons characterized to date are coraga¥ three main elements
necessary for the capture of exogenous genes:edrgerncoding an integrase
belonging to the tyrosine-recombinase family; anany recombination sitattl; and
an outward- orientated promoter (Pc) that direetsdcription of the captured genes
(Mazel, 2006). At present, five classes of integrare known to have a role in the
dissemination of antibiotic resistance genes. Tltssses have been defined based on
the sequence of the encoded integrases, which 466%8% identity (Mazel, 2006).
All five classes are physically linked to mobile BMlements, such as insertion
sequences, transposons and conjugative plasmlid$ vahich can serve as vehicles
for the intraspecies and interspecies transmissigenetic material (Mazel, 2006).
Three classes of integrons are ‘historical’ claseatsare involved in the multiple-
antibiotic-resistance phenotype. Class 1 integemasassociated with functional and
non-functional transposons derived from transpdsetD2 that can be embedded in
larger transposons, such a2Tif{Radstromet al, 1994; Browret al, 1996; Mazel,
2006). Class 2 integrons are exclusively associatddTn7 derivatives (Sundstrom
et al, 1991; Radstromat al, 1994). The class 3 integrons are thought tmbatéd in
a transposon inserted in as-yet-uncharacterizennidis (Colliset al, 2002; Mazel,
2006). The other two classes of mobile integrotassc4 and class 5 have been

described irvibrio choleraeandVibrio salmonicidarespectively (Mazel, 2006).
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Figure 17: Structural comparison of a ‘classical' nobile integron and a
superintegron from Vibrio choleraestrain N16961

a) A schematic representation of the class 1 inteth40. The various resistance-
gene cassettes carry different attC sites. Theviatlg antibiotic-resistance cassettes
confer resistance to the following compouraiscA4 aminoglycosides;mIA2
chloramphenicolpxa-9 p-lactams;gacF andgacE quarternary ammonium
compounds. Theul gene, which confers resistance to sulphonamidemtia gene
cassette.

b) A schematic representation of the chromosonyaéisategron irV. choleragethe
open reading frames are separated by highly horoakgequences, the cholerae
repeats (VCRs)nfC, encodes translation initiation factor IFBmI andrplT encode

ribosomal proteins L35 and L20, respectively (Ma2606).
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To date only class 1 and class 2 integrons have teg®rted irA. baumanniiclass 1
being the most common (Seward and Towner, 1999ranaonfer resistance to the
aminoglycosides, sulphonamides, chloramphenidgatethoprim ang-lactams
(Seward and Towner, 1999; Pleyal, 2000; Koelemast al, 2001; Nemec., 2004;
Guet al2007). Genes encoding metafidactamase such as IMP and VIM have also
been reported. baumannifrom isolates in Italy and Korea (Ricag al, 2000; Yum
et al, 2002). Horizontal transfer of the resistanceegeran be achieved when an
integron containing one or more such genes is parated into a broad-host-range
plasmid. Likewise, single cassettes integrate@edrsdary sites in a broad-host-range

plasmid can also move across species boundaridisaftébCollis, 1998).
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1.4.2.4Insertion Sequences

The IS finder database (www-is.biotoul.fr/is.hthalst accessed 12/3/2012) reveals the

presence of 35 insertion sequences, 23 of whick baen associated wigh

baumannii(Table 4).

Table 4: Insertion elements found in variousAcinetobacter spp

N° | Name Family | Origin Accession
number
1 IS1007 I1S6 Acinetobactesp. LS56-7 AJ250860
2 1S18 IS30 Acinetobactesp. 13 BM2716 AF043676
3 1S1236 IS3 Acinetobacter calcoaceticus uo3772
4 ISAcal IS3 Acinetobacter calcoaceticus AF121266
5 1S1008 I1S6 Acinetobacter calcoaceticus AJ251307
6 IS17 IS5 Acinetobacter haemolyticus U95013
7 ISAhal IS5 Acinetobacter haemolyticus
8 ISAha2 IS5 Acinetobacter haemolyticus
9 ISAlw1 IS5 Acinetobacter Iwoffii
10 | 1S1006 I1S6 Acinetobacter junii NC 004361
11 ISAbal 1S4 Acinetobacter baumannii AY758396
12 ISAba?2 1S3 Acinetobacter baumannii AY665723
13 ISAba3 IS1 Acinetobacter baumannii AY665723
14 ISAbad 1S982 Acinetobacter baumannii EF059914
15 ISAba5 IS5 Acinetobacter baumannii Cu459140
16 ISAba6 1S982 Acinetobacter baumannii CuU468230
17 ISAba7 IS5 Acinetobacter baumannii CuU468230
18 ISAba8 1S21 Acinetobacter baumannii EF102240
19 ISAba9 1S982 Acinetobacter baumannii EU850412
20 | ISAbal0 | IS5 Acinetobacter baumannii GQ379223
21 ISAball | 1S701 Acinetobacter baumannii CP000521
22 | 1ISAbal2 | IS5 Acinetobacter baumannii NC_009085
23 IS18 IS30 Acinetobacter baumannii EU294228
24 ISAbal25 | 1IS30 Acinetobacter baumannii AY751533
25 ISAba825 | 1S982 Acinetobacter baumannii AY751532
26 ISAbal3 | IS5 Acinetobacter baumannii CP001182
27 ISAbald | IS3 Acinetobacter baumannii CP001921
28 ISAbal5 | IS5 Acinetobacter baumannii JN187417
29 ISAbal6é | I1S66 Acinetobacter baumannii JN415682
30 ISAbal7 | 1S66 Acinetobacter baumannii
31 ISAbal8 | IS3 Acinetobacter baumannii CP000521
32 ISAbal9 | IS3 Acinetobacter baumannii
33 ISAba20 | IS3 Acinetobacter baumannii
34 | ISAcspl | Tn3 Acinetobacter species EB104
35 | ISAcsp2 |1S982 | Acinetobacter genomospecies 15TU
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Barbara McClintock's discovery of jumping genesyeiar her career earned her the
Nobel Prize in 1983. She records her discoveryasfdposable elements which have
either a "copy and paste" or "cut and paste” masha(McClintock, 1950). An
insertion sequence (Figure 18) is a short DNA segei¢hat acts as a simple
transposable element. The two major characterisfiogssertion elements are: they are
smaller in length (upto 2500bp) relative to othransposable elements and only code
for proteins implicated in the transposition adyi(iCampbell and Reece, 2002).
These proteins are usually the transposase whtalysas the enzymatic reaction
allowing the IS to move, and also one regulatootgin which either stimulates or
inhibits the transposition activity (Campbell anddee, 2002). The coding region in
an insertion sequence is usually flanked by inerépeats (Figure 18). For example,
the well-known 1911is flanked by two 36 bp inverted repeats and titing region
have two partially overlapping genedA andorfAB, coding for the transposase

(OrfAB) and a regulatory protein (OrfA)(CampbellcaReece, 2002).

Insertion sequences have a very specific roleay with respect to the expression of
oxacillinases irA. baumanniilSAbalhas been shown to cause the over-expression of
the naturally occurringlaoxa-si-ike gene leading to carbapenem resistance in
baumannii(Turtonet al, 2006a). I13ba825has been found upstream of the
blaoxa-s1-ike @nd is responsible for the expression oflitagxa-s1-ike geNe (Lopes and
Amyes, unpublished observations). It has also lseemwn that 18balcontrols the
expression of thblaapc (Corvecet al, 2003). Recent observations also show the role
of ISAbal25in providing a better promoter thanABalin the over-expression of the
blaxpc gene (Lopest al, 2011. P601, ECCMID). It has been reported thseition

sequences Wbal,ISAba2,ISAba3and IS8 are associated with thaoxass gene
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expression (Poirel and Nordmann, 2006b). The sanuy slso identified a composite
transposon-like structure formed byAllsa3and it concluded that the acquisition of
the blapxa-ss gene was not the result of a transposition proeasdue to homologous
recombination (Poirel and Nordmann, 2006bAb81and ISAbadhave been
associated with expression of thieoxa-23 gene (Corveet al, 2007; Bogaertst al,
2008). Insertion sequencesAnbaumannihave also been involved in altering the
copy number of thblaoxa-ss gene. The best known example is of the duplication
the blapxa-ss gene, mediated by thedBelement. The study reports three clonally-
related strains, resistant to imipenem having twme,and three copies of thdaoxa-ss
gene (Bertinet al, 2007). This study shows that2@elemenis able to duplicate the
entire ISAba2ISAba3 blapxa-ss-ISAba3region by imperfect duplicative
transposition, starting with the cointegrate fusaon duplication of the element but
lacking the resolution of the cointegrate providbedter promoters for the expression

of blapxa-sg resulting in resistance to carbapenems (Beetitil, 2007).

123456789 La7a54321
1234567849 487E54331

Transposase gene

Host DA Target site Host DA

[ ] 1234567849 9a7ES43
] 123456739 987A5432

Target Imerted Imverted Target
repgat repeat LEleicese i g repeat rep%at

Figure 18: General structure of an insertion elemehhaving the transposase gene
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Recent studies also demonstrate the acquisitiptasmid-located I8balblapxa-s1-
ike g€NES as a result of one ended transposition (€tran 2010). It is clear by these
studies that the “intrinsic” genes can conferlinigvels of resistance and can be
freely mobilised interspecifically iAcinetobacterspp. The acquisition of tH#aoxa-
138(a gene of thélapxa-s1-ike Cluster) inA. nosocomialisnay have occurred by a
similar process. Insertion sequences such Abd$25and ISAba825have also been
involved in the disruption of thearO gene leading to a multi-drug resistant
phenotype irA. baumanni{Mussiet al, 2005). IRba8251SAba3like hybrid
promoter has also been shown to cause the oveessipn of thélapxa.ss gene inA.

baumannii(Ravasiet al, 2011).
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1.5Conclusion.
In the Acinetobacter calcoaceticus- baumantoimplex,Acinetobacter baumannis
an emerging multi-drug resistant nosocomial pathpgeth other members of the

complexA. pittii andA. nosocomiali@lso emerging along side.

A. baumannihas caused serious problems like ventilator agsmtpneumonia and
septicaemia associated with a steady rise in iiigetseen in immuno-compromised

patients over the past few decades.

A. baumanniis a major problem due to its evolving multi-dmegistant profile and is
developing increasing antibiotic resistance to anatl classes of antimicrobials,

parallel to the development of different antibaietiedlrugs.

Carbapenems are regarded as the last sustainabteéfog treatment of. baumannii
infections but resistance to the carbapenems éstablished problem iA.
baumanniiwith different mechanisms of innate and acquiesistance phenotype in

this species.

Carbapenem resistance due to presence of inseaaurences like lhalpresent

upstream of the intrinsiclapxa-s1-ike geNe has been observeddinbaumannii

A. baumannihas developed numerous mechanisms that makesryairong
nosocomial pathogen. These include IS elementsrgimgethe expression of
carbapenemase genes, insertional inactivation difioations of the outer membrane

proteins, acquisition of metallo-carbapenemasetingdo carbapenem resistance,
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over-expression of acinetobacter derived cephalosgses, over-expression of the
efflux pumps and more recently it marks the begigrof emergence of resistance to

colistin.
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1.6 Aims and Objectives of this project

*0

To prove the importance of transposition cAlfaland its role in control of
antibiotic resistance genes.

To identify any novel insertion elements governingblaapc gene expression
To analyze multi-drug resistant profile of the &tels isolated from
Cochabamba, Bolivia.

To monitor and assess the trends in Aberdeen Rofpahary and to identify
any novelblapgxa-s1-ike Variants.

To identify any novel insertion elements governingblaoxa-s1-ike g€Ne in
isolates from the US

To study the insertional inactivation of thiaoxa-s1-ike gene and to
understand the mechanism of carbapenem resistaRoinietobacter
baumanniistrain isolated in Carnaxide, Portugal

To study the mechanism of ciprofloxacin resistasue the role of insertion
sequences involved in the disruption or promotibwasious genes involved
in efflux pump regulation.

To study the multi-drug resistant profile of ise@latfrom Europe and from the

us.
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2.0 MATERIALS AND METHODS

2.1 Strain collection and identification

A total of 96 Acinetobacter baumannisolates were used in this study. Thirty-six
isolates each were from the collections of Benjalmians (Europe) and Susan Brown
(United States), fifteen isolates from Bolivia (Ladcallego, University of the Basque
Country, Bizkaia, Spain) and nine isolates from wleen Royal Infirmary (lan

Gould).

The isolates had been previously identified by 28S- rRNA restriction analysis
(Dolzaniet al.,, 1995) or by the intrinsiblapxa-s1-ike gene PCR (Héritieet al, 2005b)
or by therpoB gene sequencing (La Scatal., 2006). They were reconfirmed by me

by at least two of the above method.

The isolates were sub-cultured on MacConkey agaroiff) Basingstoke) and
incubated at 3 for 24hrs. A single colony was inoculated in I8®Bth and grown
overnight at 37C in an orbital shaker. 900uL of the overnight uxrdtwas added to

100uL sterile glycerol in a cryovial and were stbeg -85C for long-term storage.

2.2 Chemicals and Media

All the chemicals and antibiotics were purchaseamfrSigma-Aldrich Company
(Poole, UK) Ltd unless otherwise stated. All medere purchased in powdered form
from Oxoid (Basingstoke, UK). The broths and adgatgs were prepared according
to the manufacturer’s instructions. They were bsed at 123C/15psi for 15 minutes
by autoclaving. Normal saline was prepared by dvasg 0.85 g of NaCl in 100mL

of D/W and sterilized by autoclaving.
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2.310X TAE buffer

48.449g of Trizma base (Sigma) and 3.72g of EDTAhytene diamine tetra acetic
acid) disodium salt dehydrate 99% were dissolve®/NV with the addition of 11.4
ml glacial acetic acid to give a final volume ofeolitre. The pH was adjusted to 8.0
and the solution was sterilized. For running this,gk10 dilution was made to a final

concentration of 1X and used for gel electropharesi

2.4Gel electrophoresis and staining

1.5% gels (Gensieve LE agarose, Flowgen, UK) wegpared in 1X TAE buffer and

used for running at 100V. 0.7% gels were prepaoedhfe running of plasmid DNA

and they were run at 60V for 19hrs for better nesoh. All the gels were stained in a
100 mL of gel red (Biotium, US) staining solutiddO(uL gel red dissolved in 100ml

of 0.1M NaCl) and visualized by the Gel Doc system.

2.510X TBE buffer
Tris-base (108g) and 55¢g of boric acid were dissbiwith 40mL of 20mM EDTA in
one litre of D/W. The pH was adjusted to 8.0 witidahe solution was sterilized.

0.5X TBE buffer was used for running of the PFGEge

2.6 Pulsed-Field Gel Electrophoresis (PFGE)

PFGE was performed okcinetobacter baumannsgtrains isolated from the Aberdeen
Royal Infirmary according to the procedure desdatibg Seifertet al (2005). The
isolates were inoculated onto Iso-Sensitest agaoiff) Basingstoke) and incubated
overnight at 37°C in ambient air. A loopful of baga was removed from the agar

surface with a sterile plastic loop and suspendexdglass or polystyrene round-
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bottomed tube containing 2.5 ml of cell suspensioffer (100 mM Tris, 100 mM
EDTA, pH 8.0). Each cell suspension was adjustegiie a cell density of
approximately 109 cells/ml. This was performed bing the spectrophotometer. The
pellet was resuspended by vortexing, and the asflension was incubated at 55°C
for 10 min a water bath. An aliquot of 25 pL progese K (20-mg/ml stock solution in
ultrapure water) was added, and the suspensiomivasl gently by inverting the
tube two to four times. An equal volume of melt€éd CHEF genomic agarose (Bio-
Rad, UK)-1% sodium dodecyl sulphate(Fisher ScientdK) in TE buffer (10 mM
Tris, 1 mM EDTA, pH 8.0) was added to the cell srsgpon, and the suspension was
mixed gently by inverting the tube 10 to 12 timéke agarose-cell suspension
mixture was immediately dispensed into the wellseosable plug moulds. The
agarose plugs were allowed to solidify at room terafure for 5 min and at 4°C for
another 5 min. A single plug was then transfercedisposable screw-cap 50-ml
polypropylene tubes containing 5 ml of cell lysidfer (50 mM Tris, 50 mM EDTA
[pH 8.0], 1% sarcosine) and 25 pL of proteinas & hg/ml stock solution). Lysis
was performed at 55°C in a water bath for two houtls. After lysis, the buffer was
carefully removed and the plugs were washed fivesi (15 min/wash) at 55°C (two
times with sterile ultrapure water and three timéh TE buffer; 10 ml for each
washing step) in a water bath. The water and TiEebufere preheated at 50 to 55°C
before each washing step. After the last washTEhbuffer was poured off and 10 ml
of fresh TE buffer was added to each tube. If higpwere not used on the same day
then they were refrigerated. For the restrictiothefgenomic DNA a single slice of
the plug (4.0 by 5.5 mm) was cut with a scalpalaaor blade and transferred to a
microcentrifuge tube containing 200 pL of the nestin buffer with 30 UApa

(Promega, Southampton, UK). The plug slices werabated at 37°C for 24 hours in
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a water bath. 1.0% gels were prepared in 0.5X T&ffebfor PFGE and the gels
were run with the plugs in CHEF apparatus withahpulse 5 and final pulse 25 for
20 hours. The gel was stained with gel red on tmeptetion of run. Cluster analysis
was performed by the unweighted pair group methiblal rvathematical averaging
(UPGMA), and DNA relatedness was calculated bygisiie band-based Dice
coefficient with a tolerance setting of 1.5% baaolétance and 1.5% optimization
setting for the whole profile. Gel analysis wasfpened using the BioNumerics v4.0
software (Applied Maths, Sint-Martins-Latem, Belgiu The banding patterns were
interpreted according to the criteria suggesteddrypoveret al, 1995. A value of 80-
85% was chosen as the threshold for the establishofi€lonal relatedness of

unknown isolates.

2.7 Determination of the minimum inhibitory concentoati

The isolates were tested for their susceptibilityeither some or all the antibiotics.
The antibiotics used in this study were imipeneRM) (Merck, Sharp & Dohme Ltd,

Hertfordshire, UK), meropenem (MEM) (AstraZenecde€hire, UK), ceftazidime
(CAZ) (Sigma), cefepime (FEP) (Bristol Myers SquildbS), ciprofloxacin (CIP)

(Bayer AG, Germany), gatifloxacin (GAT) (Sigma), nggmicin (CN) (Sigma),

piperacillin/tazobactam (PIP/TZ) (Cyanamid, GospUK).

The efflux pump inhibitor 1-(1-napthylmethyl) pipeine (NMP) was used at a

concentration of 100 mg/L to check for the actioh the efflux-mediated

ciprofloxacin resistance in some strains.
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Following overnight culture on MacConkey agar pdat@a single colony was
suspended in 5 mL of Iso-sensitest broth (OxoidiBgstoke) and grown overnight at
37°C/180 rpm in an orbital shaker. Minimum inhilojtaoncentrations (MICs) were
determined by the agar double dilution techniquisasensitest agar according to the
British Society for Antimicrobial Chemotherapy (BSA methodology (British
Society for Antimicrobial Chemotherapy, Version )6.The results were interpreted
according to the BSAC guidelinePseudomonas aeruginosdiCTC 10662,
Escherichia coliNCTC 10418 andbtaphylococcus aured$CTC 6571 were used as

control strains.

2.8 Extraction of DNA

Following overnight sub-culture on MacConkey agaB&C, DNA extraction was
performed by boiling 5 identical colonies in 50 ptsterile distilled water for about
15-20 minutes. The eppendorf tubes were centrifagetthe supernatant was used as

the DNA template.

2.9 Amplification of genes by Polymerase chain reac{lP@R)

All the PCR’s were performed in a total volume Of 5L, with reagents supplied by
Promega (Promega, Southampton, UK) according tondreufacturer’s guidelines.
The primers used in this study were supplied byoftos MWG operon, UK. They
were diluted to a concentration of 100 pmol/uL #&xcls standards. 12.5 pmol of
primer was used for each PCR reaction.

All the primers used in this study were either fropmeviously published papers or
were designed using the biotools software

(http://biotools.umassmed.edu/bioapps/primer3_wwiylcast accessed, 9/8/2011)
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2.10 The aims of the PCR reaction and purpose of theeys (5’-3") used in this

study.

X/
o

A PCR described by Dolzast al (1995) using the primers 16S-23S primer 1
and 16S-23S primer 2, was used to re-identify amafien the identity of
someA. baumanniistrains. The 975bp product amplified fAcinetobacter

genospecies 2 was restricted with the enzyAlasand Nddl. Restriction of

the product by the enzynfdul produced fragments of 50, 125, 135, 165, 175

and 330 bp specific tA. baumannii Restriction of the same product produced
fragment sizes 50, 110,145, 330 and 360 bp bylagneeNddl, specific to
A. baumannii The primers and expected fragment size were

16S-23S primer1 TTG TAC ACA CCG CCC GTC A 975bp

16S-23S primer 2 GGT ACT TAGATG TTT CAG TTC

A PCR described by La Scokt al (2006) was used for thgoB gene
detection and sequencing for the molecular idexatiion of Acinetobacter
species. The primers and expected fragment size wer

AcC696F TAY CGY AAA GAY TTG AAAGAA G 350bp

Acl093R CMA CAC CYT TGT TMC CRT GA

Y=C, T;M=A,C;R=A,G
Multiplex PCR for detection of oxacillinases wagsfpemed according to the
method of Woodforeet al (2006). The primers listed below were used fer t

PCR and the predicted fragment sizes are shown.
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OXA-51-like F TAATGC TTT GAT CGG CCT TG

OXA-51-like R TGG ATT GCA CTT CAT CTT GG

OXA-23-like F  GAT CGG ATT GGA GAA CCA GA

OXA-23-like R ATT TCT GAC CGC ATT TCC AT

OXA-40-like F  GGT TAG TTG GCC CCC TTA AA

OXA-40-like R AGT TGA GCG AAAAGG GGATT

OXA-58-like F  AAG TAT TGG GGC TTG TGC TG

OXA-58-like R CCC CTC TGC GCT CTA CAT AC

353bp

501bp

246bp

599bp

«» PCR for the detection dflapxa-143 Was performed using the primers OXA-

143F and OXA-143R. The primers and expected fragsiea were

OXA-143F TTC TGT CAG TGC ATG CTC ATC 728bp
OXA-143R CAGGCATTCCTTGCTTCATT

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1

Cooling 4°C
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X/
°

PCR for the detection of th@aoxa-s1-ike gene and the upstream insertion, if
any, was performed according to Héritggral, (2005b). The primers used for
this PCR anneal at the intergenic regions upstraath downstream of the
blaoxa-s1-ike geNe and hence are able to map ke xas1-ike gENE @nd any
insertion if present upstream of th&oxa-si-ike gene. The primers Oxa69-A

and Oxa69-B were used for the PCR. The primerseapécted fragment size

were
Oxa69-A CTA ATA ATT GAT CTA CTC AAG 975bp
Oxa69-B CCA GTG GAT GGA TGG ATAGAT TAT C

PCR for the detection of the intergenic region dstnegam of thdlaogxa-s1-iike
gene were performed using the IntoxaF and Intac@&iReps. The PCR was
performed only for strains which were found to besipve for an insert
upstream of theblapxa-si-ike gene (This study). The primers and expected
fragment size were
IntoxaF GGA ATACCT AGC TCT GTT CG 250bp
IntaceR GTTTTACCCACG CTG GTACT

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1
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Cooling 4°C

s PCR for the analysis of the region upstre@ilaoxasiike geNE was also

performed by using the primers FxOxaF and FxOxaRis(Tstudy). The

primers and expected fragment size were

FxOxaF GAT ACC AGA CCT GGC AAC AT 889bp
FxOxaR GCACGAGCAAGATCATTACC

PCR conditions were

Function Temperature Time Cyclel/s
Pre-denaturation 94°C 7 min 1
Denaturation 94°C 1 min

Annealing 57°C 1 min 35
Extension 72°C 2 min

Final extension 72°C 7 min 1
Cooling 4°C

% The primers for the sequencing oAlsal6are as given below

ISAbal6_F1 ATC CGG CTAACACAGCCTTA
ISAbal6_R1 GACCTG GCC TGATTT AAAGC
ISAbal6_F2 AGG CAC TGATCC AAG GTT TG
ISAbal6_R2 TAG TGC GAG TTC ATG CTC GT
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X/
°

PCR for the detection of the entiskaoxa-ss-ike gene was performed using the
primers preOxa-58prom+ and preOXA-58B designed Waritldr et al
(2005a). The primers and expected fragment size wer

preOXA-58prom+ TTA TCA AAATCC AATCGGC 934bp

preOXA-58B TAA CCT CAAACT TCT AAT TC

PCR for the detection of upstream sequences ofbthgxass.ike gENE IN
certainA. baumanniistrains was performed using a combination of préne
SM2 and OXA-58-like R. The primers are listed indually by Poirel and
Nordmann (2006) and Woodforet al (2006) respectively. The walk-58R

primer was used for amplification and sequencingigTtudy). The primers

were
SM-2 AAG TGT CTATATTCT CACC Variable
walk-58-R CAG CACAAG CCCCAATACTT

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 55°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1

Cooling 4°C
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PCR were performed for the detection of the whblagxa-40-ike geENE

according to the primers described Afzal-Sledhal, (2001) using the Oxa-

24A and Oxa-24B primers. The primers and expecteghient size were
Oxa-24A GTACTAATC AAAGTT GTG AA 1023bp

Oxa-24B TTC CCC TAACAT GAATTT GT

The blapxa-40-ike gene PCR was repeated for samples negative by @%a-2
and Oxa-24B but positive by multiplex PCR, using firimers Oxa-24F and
Oxa-24R by Jeost al. (2005). The primers and expected fragment size we
Oxa-24F ATG AAAAAATTTATACTTCCTATATTCAGC 825bp

Oxa-24R TTA AAT GAT TCC AAGATTTTC TAGC

The blapxa-23-ike gene PCR was performed using the primers 23A aidl 23
decribed by Afzal-Shabt al (2001). The primers and expected fragment size
were

Oxa-23F GAT GTG TCATAG TATTCG TCG 1062bp

Oxa-23R TCA CAA CAA CTAAAAGCACTG

PCR for the detection of Ebalupstream oblapxa-23-ike g€NE Was performed
using a combination of primers, ISADC1 and Oxa-2i&Rcribed individually
by Ruiz et al (2007) and Woodforét al. (2006) (This study). The primers
and expected fragment size were

ISADC1 GTT GCACTT GGT CGA ATG AAAA 1097

Oxa-23R ATT TCT GAC CGC ATT TCC AT
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PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 55°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1

Cooling 4°C

s PCR for the detection of Fbal upstream of theblapxa-si-ike gENE Was

performed using ISAbalF and OxaR primers (Thisygtu@ihe primers and

expected fragment size were

ISAbalF TCA GGG TTC TGC CTT CTT AA 1365bp
OxaR GCACGAGCAAGATCATTACC

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1

Cooling 4°C
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« PCR for the detection of any insertion sequencesre@m and downstream of
blaxpc was performed using the primers FU, RU (annealipgtream of
blaxpc) and FD, RD (annealing downstream ldBapc) respectively (This

study). The primers and expected fragment sizes wer

FU GCGCCGTGAATTCTTAAGTG 360bp
RU AGCCATACCTGGCACATCAT
FD CAGCTT ATGCTGTGCTGGAT 267bp
RD GAGCTGCCATATTGGGAAGA

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1
Cooling 4°C

+ PCR for the detection of Abal upstream of théla,pc gene was performed
according to Ruizt al (2007) using the ISADC1 and ISADC2 primers. The
primers and expected fragment size were

ISADC1 GTT GCACTT GGT CGA ATG AAAA 751bp

ISADC2 ACG TCG CGAGTT GAAGTAAGT T
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X/
°

PCR for the detection of ADC (AmpC) was performedading to Ruiztal.
(2007) using the ADC1 and ADC2 primers. The primarsd expected
fragment size were

ADC1 CCG CGA CAG CAG GTG GATA 420bp

ADC2 TCGGCTGATTTTCTTGGT T

A multiplex PCR for the detection of integrons wasrformed using the
primers previously described by Dillat al (2005) using the primers intlF,
intlR, int2F, int2R, and int3F and int3R. The primand expected fragment
sizes were

Int1F CAG TGG ACATAAGCCTGT TC 160bp

Int1R CCC GAG GCATAG ACT GTA

Int2F GTA GCA AAC GAG TGA CGA AAT G 788bp

Int2R CAC GGA TAT GCG ACA AAAAGGT

Int3F GCC TCC GGC AGC GAC TTT CAG 979bp

Int3R ACG GAT CTG CCA AAC CTG ACT

The primers CSa and CSb describer earlier by Léxestjal (1995) were
used for the detection of conserved regions irsdastegrons.
CSa GGC ATC CAA GCA GCA AG Variable

CSb AAG CAG ACT TGA CCT GA

A multiplex PCR for the detection of metalielactamases was performed

using the primers previously described by Ellingtnal, (2007) using the
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primers listed in the table below. The primers a&axgected fragment sizes
were
Imp-F GGA ATAGAG TGG CTT AAY TCT C 188bp
Imp-R CCAAAC YACTASGTTATCT
Vim-F GAT GGT GTT TGG TCG CAT A 390bp
Vim-R  CGA ATG CGC AGC ACC AG
Gim-F TCG ACA CAC CTT GGT CTG AA 477bp
Gim-R  AAC TTC CAACTT TGC CAT GC
Sim-F TAC AAG GGATTC GGC ATC G 570bp
Sim-R  TAATGG CCT GTT CCCATG TG
Spm-F  AAAATC TGG GTA CGC AAA CG 271bp

Spm-R  ACATTA TCC GCT GGA ACA GG

¢ Insertion causing disruption of thearO gene (29kDa OMP) was checked,
using the established primers carOF and carOR ibdescearlier by Musset
al. (2005). The primers and expected fragment size we
carOF CCATGG CTG ACG AWG CAG TCG TAC ATG A 700bp

cartOR  CCA TGG CAA AAG TAT TAAAAG TTTTAGCAG T

s The efflux genes were amplified with the primerstdd in the table below
(This study). They were also used to record theltewf gene expression in
strains having high antibiotic efflux, mainly taufiroquinolones. The primers
and expected fragment sizes were

adeS-F TGC CGC CAAATTCTT TATTC 660bp

adeS-R TTA GTC ACG GCG ACC TCTCT
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adeR-F

adeR-R

adeA-F

adeA-R

adeB-F

adeB-R

adeC-F

adeC-R

adelF

adelR

adeJF

adeJR

adeKF

adeKR

PCR cond

Function

Pre-denat

CGC TCT AGT GCATCG CTATC
GCA TTA CGC ATA GGT GCA GA
CGC AAG TCG GAG GTATCATT
TAT ACC TGAGGC TCG CCACT
CCC TAATCAAGG ACG TAT GC
TAG AGT GCA GCC AAG ACA AG
AGC CTG CCATTA CAT CTC AT
TGG CAC TTC ACT ATC AAT AC
ATC GCG CTT GTT GGT TGT AG
AAG CAC CAG CCG TTACTG AA
CTG GTG CTATGG GCG TTAGT
CGG AAT TGACCAGCT TTC AT
CAC AGA ACAACCAGCTTCCA
CCG CAG CGC TTAAGT TGT AT
itions were
Temperature Time

uration 94°C 5 min

313bp

760bp

381bp

560bp

541bp

500bp

609bp

Cycle/s

Denaturat

Annealing

Extension

ion o4°C 30 sec
57°C 40 sec

72°C 50 sec

35

Final extension 72°C 6 min

Cooling

4°C
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« The intergenic regions aideRand adeS adeRandadeAand theadeAand
adeBwere amplified using the primers listed in theleabelow (This study).
The primers and expected fragment sizes were

adeRF GCA TTA CGC ATA GGT GCA GA 790bp
adeSR GAG GTC GCC GTG ACT AATTT
adeRA TCACGG GAG TCTGAGCTTTT 929bp
adeAB AAT AGG CGC TCG AACTGT TG
adeAF CAA CAG TTC GAG CGC CT ATT 999bp
adeBR ACC TGA GCC ATTTCC ACATC

PCR conditions were

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1
Cooling 4°C

« The primers described previously by Noppe-Leclestql (1999) were used
for the amplification of aminoglycoside resistangenes. The primers and
expected fragment sizes were

AB1F TGCCGATATCTGAATC aac(6’)-lh 407bp
AB1R ACACCACACGTTCAG

AB2F TATGAGTGGCTAAATCGAT aaa(6’)-1b 395bp
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AB2R CCCGCTTTCTCGTAGCA

AB3F CGGAAACAGCGTTTTAGA aph(3’)-VI 716bp
AB3R TTCCTTTTGTCAGGTC

AB4F  CGAGCATCAAATGAAACTGC aph(3)-la 623bp
AB4R GCGTTGCCAATGATGTTACAG

AB5F TCT GCC GCT CTG GAT ant(2”)-la 404bp
AB5R CGAGCCTGTAGGACT

AB6F GACATAAGCCTGTTCGGTT aac(3)-la 372bp
AB6R CTCCGAACTCACGACCGA

AB7F ATGCATACGCGGAAGGC aac(3)-lla 822bp

Ab7R  TGCTGGCACGATCGGAG

« The primers described previously by Valentateal (2008) were used for the

amplification of QRDRs. The primers used were

gyrA-F AAATCTGCTCGTGTCGTTGG 345bp
gyrA-R  GCCATACCTACAGCAATACC
parC-F  AAGCCCGTACAGCGCCGTATT 327bp

parC-R  AAAGTTATCTTGCCATTCGCT

« Primers were used for the detection &gy genes (Weillet al., 2004),
blactx-m families (Woodfordet al, 2005),blasyy (Findlay et al, 2012). The
primers forblaper, blayeg andblageswere also used (This study). The primers

and expected fragment sizes were
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TEM-F

TEM-R

CTXMGI1F

CTXMG1R

CTXMG2F

CTXMG2R

CTXMGY9F

CTXMG9R

CTXMGS8F

CTXMG25F

CTXM8/25R

SHV-F

SHV-R

PER-F

PER-R

VEB-F

VEB-R

GES-F

GES-R

ATAAAATTC TTG AAG ACG AAA

GAC AGT TAC CAATGC TTAATC

AAA AAT CAC TGC GCC AGT TC

AGC TTATTCATCGCCACGTT

CGACGCTACCCCTGCTAT T

CCAGCG TCAGATTTT TCA GG

CAA AGA GAG TGC AAC GGA TG

ATT GGA AAG CGT TCATCACC

TCG CGT TAA GCG GAT GAT GC

GCA CGATGA CAT TCG GG

AAC CCACGATGT GGG TAG C

CGC CGG GTTATTCTTATT TG

CCACGT TTATGG CGT TAC CT

CCT GACGAT CTG GAACCTTT

GCAACCTGC GCAATG ATAGC

ATTTCC CGATGC AAAGCG T

CCA ACA GCG ATG AAC AAACT

ATG CGC TTC ATT CACGCAC

AAC TCATCC TGA GCA CGG AC

1080bp

415bp

522bp

205bp

666bp

327bp

1069bp

715bp

360bp

840bp
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PCR conditions for the amplificationtdéper, blayes andblageswere

Function Temperature Time Cycle/s
Pre-denaturation 94°C 5 min 1
Denaturation 94°C 30 sec

Annealing 57°C 40 sec 35
Extension 72°C 50 sec

Final extension 72°C 6 min 1

Cooling 4°C

2.11Primers used for analysis of gene expression
OXA-58-like F and OXA-58-like R primers describedriger by Woodfordet al

(2006) were used for the expression analysis obldisxa-ss-ike gENE.

Primers for the gene expression of thaxpc gene (AmpC) were ADC1 and ADC2

primers, as mentioned earlier by Reial. (2007).

Primers 51-F and 51-R described earlier by Lopteal (2010). were used for the
gene expression. The primers and expected fragsissd were
51-F TTT CAG CCT GCT CACCTT 679bp
51-R TTC CCT TGA GGC TGA ACA AC
65A CTC GTG CTT CGA CCG AGT AT 513bp

65B GCT GAACAACCCATCCAGTT
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Primers 16S-F and 16S-R, described earlier byeLial, (2009) were used as internal
control primers for the constitutively expressed 43S gene iA. baumannii The
primers and expected fragment size were

16S-F  GAC GTACTC GCA GAATAAGC 426bp

16S-R TTAGTCTTG CGA CCG TACTC

2.12Sequencing of the genes
The PCR products were purified by Qiagen PCR pmation kit, UK and 5 pL of
DNA was used with 1 pL of 3.2 pmol of primer fomficard or reverse sequencing of

the genes.

The PCR products were sequenced to check for amgl menes or mutations by the
Sanger method using an ABI 373A DNA sequencer (Pgpliad Biosystems,
Warrington, UK). The BLAST and FASTA programs ofetiNational Centre for

Biotechnology Information Http://www.ncbi.nlm.nhi.goy were used to search

databases for similar nucleotide and amino acidilaiities. The amino acid
sequences  were translated using the EXPASY  translatool

(http://www.expasy.ch/tools/dna.htinl Alignment of the DNA or amino acid

sequences was performed with the Multalin tool heok for any changes in the

sequenceshftp://www.toulouse.inra.fr/multalin.htrnl

2.13Gradient plate technique
Some of the strains used in this study were treatitd the frame-shift mutagen

acriflavine after overnight growth in nutrient bnofThe mutants were isolated using
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the gradient plate technique as described prewidoglHunt and Sandham (1969)
using a concentration range between 0.03- 0.3 % .
A single colony at the highest concentration walkected and tested for further

analysis.

2.14 Strain serial subculture
Strain subculture was performed daily on MacCorkggr for over 150 days in order

to check for changes in the outer membrane proteidghe stability of I8bal

2.15RNA extraction

Bacterial cultures were grown to an optical density).5-0.8 at Olgyo and the total
RNA was extracted with RiboPureTM-Bacteria Kit aatng to the manufacturer’s
instructions (Ambion, UK). Sterilization of the bdres, gloves and the pipettes was
done using RNAZAP (Ambion, UK). The RNA was measungsing nanodrop
spectrophotometer, ND-1000. 1500ng of RNA was takeward and treated with

DNase | at 37°C for 30 minutes to remove any tra¢egenomic DNA.

2.16Reverse transcription

The treated RNA was re-estimated and 100ng of & te&ken forward in order to
perform reverse transcription. RNA was reversestabed to cDNA by incubation at
45 °C/1 hr, followed by specific PCR gene amplificatiaccording to the

manufacturer's guidelines (Access RT-PCR System Ritomega). The reverse

transcription was done according to the manufacsinestructions.
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2.17 Determination of outer membrane proteins (OMPs¥)bglium dodecyl sulphate

polyacrylamide gel electrophoresis (SDS-PAGE)

The outer membrane proteins were extracted acaprdirthe method described by
Bossi and Bossi. (2007). Briefly, bacterial cellsrergrown in 5 ml of LB to OFo of
0.4 and collected by centrifugation at 3000 g (8rRT 6000D) for 15 minutes at
4°C. The pellet was re-suspended in 1 ml of 10 nM pH 8.0 and sonicated with
cooling, using three pulses of 20 s with 30 s ngstntervals (MSE Soniprep 150,
MSE instruments, Crawley). The lysate was centdatlgt 7000 g for 5 minutes. The
supernatant was recovered and centrifuged at 13rf@®0for 45 minutes at room
temperature. The pellet was re-suspended in 0.&f finéshly made 10 mM Tris-HCI
pH 8.0, 10 mM MgCI2, 2% (v/v) Triton X-100. Furtimeore, the suspension was
incubated at 37°C for 30 minutes, and then cemefuat 16000 g for 45 minutes at
20°C. Finally, the pellet was re-suspended in 50fl0O0 mM Tris-HCI pH 8.0, 2%

SDS and stored at -20°C if not used immediately.
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2.18Polyacrylamide gel electrophoresis

The percentages of separating and stacking geks eadculated as shown below.

(http://www.changbioscience.com/calculator/sdspc, liast accessed, 6/6/2010)

Total Total

Volume Volume
Stacking gel (4%) in puL Separating gel (15%) in puL
Polyacrylamide (40%) 625Polyacrylamide (40%) 3750
1M Tris (pH-6.8) 625 1M Tris (pH-6.8) 2500
10% Ammonium 10% Ammonium
persulfate 12 persulfate 22
TEMED 12 TEMED 22
D/W 3650 D/W 3550
10% SDS 50 10% SDS 100

Ammonium persulfate and TEMED were the last comptsé be added just before
pouring the gel. The separating solution was pourezlthe pre-assembled Bio-Rad
gel apparatus. Addition of ethanol ensured a fiméoum surface, which was allowed
to solidify by cross-linking after which the stangigel was added and a comb was
placed in order to make wells to load the samplas. gel was allowed to polymerise

for 30-45 mins in the presence of light.

The protein concentration was estimated using NaopDBpectrophotometer (ND-

1000) for the samples to be loaded. Approximatélyd100 g of protein was mixed
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in equal volume with the loading dye made up of Abof Bio-Rad buffer and 5@l
B-mercaptoethanol. ol of the protein sample was mixed withpb dye and was

heated at 100 °C for 10 mins, cooled on ice inmtmeenature proteins.

Molecular weight markers (Bio Rad) were used fdmestion of band size. The gel
was inserted into a gel electrophoresis appar&ustdan Il, Bio Rad) and was

electrophoresed at 150 V for approximately 90 nesuh 1X Tris-Glycine buffer.

The stacking gel was cut off and the separating vga$é stained in 0.1% wi/v
Coomassie blue R-250, in 50% v/v ethanol, 1% vktiaacid in distilled water, for
50 minutes. Destaining of the membrane was canoigdvith the destaining solution
(50% v/v ethanol, 1% v/v acetic acid in distillecter) for 50 minutes. The gel was
washed in distilled water for 10 mins or left oveght followed by viewing under

illuminated light surface.

2.19Efflux assay

The efflux assays were either performed as destpbeviously by Panneét al

(2006). Bacterial cells were grown overnight on @BST agar plates and diluted in 1
mL of PBS + 0.4% glucose (pH 7.4) until an OD ab &dn of 1 was reached. The
cells were then transferred to a 96-well plate, l[dMP (1mg/L) was added.
Thereatfter, EtBr was added to a final concentradioh mg/L, and the relative
fluorescence intensity was measured over time @C3With a fluorescence
spectrophotometer (Polarstar optima, BMG, labteEkgitation and emission

wavelengths of 544 and 612nm were used.
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2.20Detection of extended spectriifactamases (ESBLS)

Some of the isolates were screened for ESBL pramtuctsing the cephalosporin and
co-amoxiclav synergy disc method as described pusly by Livermore and Brown
(2001). Discs containing co-amoxiclav (30ug) anffazédime (30pg) are applied 25-
30 mm apart on IST agar swabbed with the test @li#y disc containing a different
cephalosporin can be placed on the opposite sideeofo-amoxiclav disc. The plate
is incubated overnight at 32 and ESBL production was inferred when the
cephalosporin zone was expanded by clavulanate. Miethod is cost-effective and
the disadvantage is that the optimal separatiorthef discs may vary with the
individual strain. The cephalosporins discs usedtlits assay were of ceftazidime,

cefotaxime, cefpodoxime and cefepime.

2.21Conjugation assay

Transconjugation assays were performed wHltoli J62.2 as the recipient as
described earlier by Findlast al (2012).Overnight cultures of the recipieri.(coli
J62.2) and donostrains were mixed in a 1:4 ratio, and cells weodected by
centrifugation and resuspended in 30 pL of coltheaFive microlitre aliquots of the
resuspension were spotted onto a nutrient agae pladl incubated at 37°C for 6 h.
Growth was collected and resuspended in cold saimk inoculated onto nutrient
agar plates containing rifampicin at 16 mg/L anc ai the selective antibiotics,

ceftazidime or meropenem, at a range of conceotrsti

2.22S1-nuclease digestion

S1 nuclease is an endonuclease that is more aatjgeast DNA than RNA. Its

reaction products are oligonucleotides or singlelentides with 5 phosphoryl
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groups. It is usually nicks the plasmid DNA ancehnises it to form a distinct band.
S1 nuclease digestion was performed for the PFGHgsplaccording to the
manufacturer’s instructions. A total of 10 units piug were used for digestion with
incubation at 37°C /45 mins. The plasmids werensthiwith gel red and visualized

by the gel-doc system.

2.23Plasmid curing

Plasmid curing is the selective removal of plasnpdssent in a specific species of
bacteria. Plasmid curing can help in determining pinesence of resistance genes,
spreading in various bacterial species. Plasmithguvas performed using one or
more of the curing agents like acriflavine (0.2-2%DS (4%) or ethidium bromide
(1-2%) assisted with elevated temperature of intabgreviewed by Trevors, 1986).

The strains were serially subcultured for 14 daysore at 47°C.

2.24Plasmid isolation (Joly, 1996)

A single well isolated colony was grown in 5mL I®Foth at 37° C/24hrs. The

culture was centrifuged and the supernatant waantied. It was suspended in 100uL
of bacterial resuspension solution [50 m$ucose, 50 mM Tris-HCI, pH 8.0,

10mMEDTA]. 200 pL of lysis solution (200 mM NaOHY%1SDS) was added and the
mixture was gently iverted and left at room tempee for 3 minutes. 150 pL of

neutralizing solution (3M potassium/5M acetate 8oh) was then added and
centrifuged at maximum speed for 5 minuted. Theidigphase was removed and
transferred to another set of tubes containinglezhilso-propanol. The precipitate
formed was recoved by centrifuging the tubes atimam speed. Finally it was

washed with 70% ethanol and resuspended in TE (e mM TrisHCI, pH 8.0,1
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MMEDTA). Chromosomal DNA was removed with 4M ammani acetate and

25:24:1 mix of TE-equilibrated phenol, chloroforamd isoamyl alcohol.
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3.0 RESULTS AND DISCUSSION

3.1 SECTION 1:

ISAbaltransposition and control of resistance genes iA. baumannit

3.1.1Aims and objectives

To check if IAbalcan transpose in th&cinetobacter baumanngenome using the
frame-shift mutagen acriflavine.

To check if strain subculture leads to attenuatorweakening and whether this
affects transposition of the ABalelement.

To observe any changes in the outer membrane prgieifile which leads to

resistance to carbapenems.

3.1.2Identification and PCR amplification

The strains used in this study were previouslytified asA. baumanniby Benjamin
Evans in this laboratory and were designated asS8BAB1225 (parent), AB153M,
AB1225M (acriflavine derived mutant) and AB1225sa®Conkey agar serially sub-

cultured strain for 150 days).

A PCR described by Dolzamit al (1995) using the primers 16S-23S primerl and
16S-23S primer 2, was used to re-identify and confthe identity. The 975bp
product amplified forAcinetobactergenospecies 2 was restricted with the enzymes
Alul andNddl. Restriction of the product by the enzykil produced fragments of
50, 125, 135, 165, 175 and 330 bp specifi@dtdaumannii Restriction of the same
product produced fragment sizes 50, 110,145, 380389 bp by the enzynéddl,

specific toA baumannii
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They were reconfirmed by thelapxa-si-ike PCR using the 69A and 69B primers
described earlier by Héritieat al (2005b). A product of 2155bp was AB1225 and
AB1225s strains. Sequencing the fragment revealegtesence of Kbalupstream
of the blapxa-ss gene. A fragment of 975bp was amplified for theaist AB153.
Sequencing revealed the presence ofhblagxa-110 gene in AB1225 and AB1225s

strain

Primers ADC1 and ADC2 were used for the detectibrblaapc gene. AB153,
AB1225 and AB1225s showed the presence obtag,c gene. Primers ISADC1 and
ISADC2 detected the presence of insertion sequEsikal upstream of thélaapc

gene in Ab1225 (Figure 20). They were describetieedry Ruizet al. (2007).

After AB153 and AB1225 were treated with the fraghgft mutagen and isolated by
the gradient plate technique, they were designasediB153M and AB1225M. It was
observed that isolate AB153M had gained\b&1 upstream of thédlaoxa-66 gene
whereas isolate AB1225M had lost théAlisl sequence. The genetic rearrangement

upstream of thélapxa-110 gene in strain AB1225s remained unchanged (Fig@ye
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Figure 19: PCR for the detection of insertion elem& upstream of the blagxa-s:-

like géne

N=negative control, M=1kb ladder, 1=AB153 parent AB153M (acriflavine
mutant), 3= AB1225 parent 4=AB1225M (acriflavine tamt), 5=AB1225s, serial
sub-cultured strain. Thblapxa-s1-ike ge€NE in each mutant strain was sequenced in

order to confirm its identity with the parent sirai

ISAbal movement was seen upstream Wéapc gene in the acriflavine treated
AB153M but its loss was observed in the similarBated strain AB1225M. Kbal
movement was not seen in AB1225s (sub-cultured)itarfdatures remained identical
with respect to its parent strain AB1225 (Figurg. Zthe 1SAbal sequence of strain
AB153M, AB1225 and AB1225s did not show any mutasioor nucleotide

substitutions.
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Figure 20: PCR for the detection of insertion elem& upstream of the blaapc

gene

T51bp

N=negative control, M=100bp ladder, 1=AB153 pare2t, AB153M (acriflavine
mutant), 3= AB1225 parent 4=AB1225M (acriflavine tamt), 5=AB1225s, serial

sub-cultured strain.

3.1.3Antimicrobial susceptibility testing

Table 5 shows changes in MICs of IPM, MEM, PIP/T®laCAZ in A. baumannii
parent, mutants and the serially sub-cultured rstréin 8-fold rise in MICs to
imipenem was seen in AB153M and a 4-fold decreas® seen in AB1225M strains
with respect to the parent strains, AB153 and ABL2R 4-fold and 2—fold decrease
in MIC of imipenem and meropenem was seen in AB$2&Bh respect to AB1225.
There was negligible difference seen in MIC valaE€AZ. No major difference was
seen in the MIC values of PIP/TZ except that ald-fiecrease was seen in isolate
AB1225s compared to AB1225 parent strain. Furtheenas no I8balchange was
observed in AB1225s strain, it was important to getiere were any significant
changes related to the outer membrane proteirsstrain as it had a 4-fold and 2-

fold decrease in MIC of imipenem and meropenem.
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Table 5: MIC’s of various antibiotics and the leve$ of gene expression in clinical

isolates ofA. baumannil

Strain MIC (mg/L)
Expression of Expression of

IPM MEM PIP/TZ CAZ blaoxasiike g€Nee®  blaspc genee
AB153 0.25 1 32 32 0 0
AB153M 2 4 64 128 +2.5+0.11 +2.7+0.105
AB1225 2 4 64 128 0 +0.057 0 +0.057
AB1225M 0.25 1 64 64 5.0£0.106 -1.2+0.57
AB1225s 0.5 2 16 128 -4.0+0.15 0

e Fold increase/decrease (+Standard Deviation)

3.1.4Gene expression analysis

The expression of thblapxasiike and blaapc genes were analysed by RT-PCR
(Promega) (Figure 21). The products obtained waentfied using Bio-Rad quantity
one software 4.6.1. A 2.7-fold increase in expassif theblaxpc gene was recorded
in AB153M in comparison with AB153. There was a-fol decrease seen in the
expression of thélaapc gene between AB1225M compared to AB1225. A negjigi
difference was seen in expression of bihepc gene between AB1225 and AB1225s.
It was observed that there was a 2.5-fold increasgdession oblapxa-si-ike geNe in
AB153M in comparison to AB153 and a 5-fold decrelasgpression oblapxa-s1-iike
gene seen in AB1225M in comparison to AB1225. Thees 4-fold decrease in
expression oblapxasi-ike geNE seen in AB1225s as compared with AB1225. The
expression was confirmed thrice using separate Rids and the results recorded
are based on the average mean increase or deofeesbvidual strains. Structural
organization ofblapxa-s1-ike @and blaapc genes inA. baumanniigenome is shown in

Figure 22a and 22b.
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Figure 21: Analysis of gene expression

1 2 3 4 3

oxa-51 Expression analysis of thaoxa-s: iike geNe inA. baumanniusing 51F and
51R internal primersadc Expression analysis of thdaapc gene inA. baumannii
using the ADC1 and ADC2 primers6S PCR for 16S-23S rRNA gene A
baumanniiusing 16S-F and 16S-Rimpers.

1= Ab153 (Parent strain), 2= Ab153M (acriflavinetant strain), 3= Ab1225 (Parent

strain) 4= Ab1225M (acriflavine mutant), 5= Ab12ZSsrial sub-cultured strain).

mcrA gyrB or rpoB genes can also be used as 16S is highly abunddniviaely

distributed in the genome.
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Figure 22: Structural organization of blapxa-si-ike (@) and blaapc (b) genes inA.
baumannii (Not to scale). IR\bal (insertion element), fxsA (phage exclusion
factor), Dblapxasiike (Oxacillinase gene), adc (acinetobacter derived
cephalosporinase)

a)

JBsd  intergemic IRAPal  Bla ., 51w N-acetyl phosphinothricin resolvase  ruwvi
region transferase

) (——Em—)

& -
&3 o

T 2155 base pairs

b)
xedhA JalE I5Abal ade Hypothetical protein genes
e =) ==
— .

751 base pairs

3.1.5Analysis of OMP profiles

Figure 23 shows the OMP profiles obtained for #hébaumanniiused in this study.

The analyses reveal significant differences betwbenAB153 parent and AB153M.
Reduced expression of 17kDa, 23kDa and 25kDa OM#&s seen in the AB153M

strain, which also had increased MIC values. ABN\22d AB1225s exhibited an
increase in the expression of 17kDa, 23kDa, 25kbé 27kDa OMPs and had a
decrease in MICs values, rendering them more stibepo some antibiotics. The
outer membrane pattern produced by AB1225s showedisant over expression of

a 43kDa OMP.
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Figure 23: Outer Membrane profiles ofAcinetobacter baumanniisolates.

1 2 3 4 5

175kDa .
80kDa
58kDa
46kDa
458
~43kDa
~38kDa
30kDa
25kDa ~27kDa
~26kDa
~23kDa
17kDa ~17kDa

1=AB153 parent, 2=AB1225 parent, 3=AB153M (acriftey mutant), 4=AB1225M

(acriflavine mutant), 5=AB1225s (serial sub-cultligtrain).

3.1.6 DISCUSSION:

The different resistance profiles Af baumannicorrelate with the movement of
ISAbalupstream of thblapxa-s1-ike geNE or thdlaspc gene. The MIC values of
AB153 and AB1225 parent and mutant strains suggasiSAbalmay act as a
promoter forblaoxasi-ike g€NE Or thdlaapc gene. It is noteworthy to say that the
functionality of ISAbaldepends on it acting as a promoter rather tharbgiag
present upstream of an antibiotic resistance gemes.addresses the fact thaAl&al
may have a preferential role with respect to speaiitibiotic resistance genes like
blapxa orampC Resistance mechanisms to various antibioticsdgpend on the

usage of antibiotics in specific hospitals and leethe bacterium may recruit insertion
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sequences like Ial which leads to over-expression of antibiotic s&sice genes.
This is also an important defence mechanism emglbyehe bacterium for its
survival in the host and ability to resist antimgiressure. The selection of the gene
for over-expression is pre-determined by the ahibthydrolyse antibiotics at a basal
level first and second by strengthening its cortgoinsertion elements, which are, at

least, partly responsible for the multiresistamfie of A. baumannii

Strain AB1225s had a negligible difference on eggpi@n of theblaapc genewith
respect to AB1225, both of which retainedAlfal upstream of the gene. This is
supported by the fact that resistance to oxyimipba&sporins is mainly due to

hyperproduction of Amp-C-typg-lactamases (Rodriguez-Martinetzal, 2010).

AB1225s had a 4-fold decreasehbiaoxa-s1-ike g€NE €XpPression concurring with lower
MICs of carbapenems. The increased expression dPOM AB1225s can also be a
factor that led to 4-fold decrease in the MIC ofpenem, a 2-fold decrease in the
MIC of meropenem and 4-fold decrease in the MIC pgderacillin/tazobactam
causing strain attenuation. It can be said that ©MB play a role in antibiotic
resistance depending on the stress load of the @antpand they might be important

for transport of the compound across the cell wadlither direction.

All the A. baumanniistrains were resistant to ceftazidime and it cars&id that
ISAbal may play a preferential role in increased expoessf the blaxpc gene
making carbapenems the last resort for treatmemabénts. This concurs with the
fact that genetic organization of genes and thamtrol is likely to play a crucial role

in antibiotic resistance.
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It was also observed that there was over-expressiddMPs in AB1225M, which
correlated with a drop in MIC values of differentti@iotics. Strains AB153 and
AB153M also had changes with respect to their omtembrane protein profiles.
Since an 8-fold increase in resistance to imipeaach4-fold increase to meropenem
was seen in the AB153M, it can be deduced thatasistance developed in AB153M
may not only be due to the movement oAlb&1 upstream oblaoxa-s1-ike gENE but
also partly due to the reduced expression of tl@&Hs corresponding to 17kDa,

23kDa and 25kDa, all of which are poorly expressdtie mutant strain AB153M.

Over expression of OMP’s was seen in AB1225M wittopd in MIC values
suggesting that they might have some implicatiorih wespect to the increased
susceptibility in this strain, which lost theABal element upstream diflapxa-51-iike
gene andblappc genes. The MICs for ceftazidime and piperacillindiaactam in
AB153 and AB1225 and the mutant strains may provaste insight into the
development of resistance over a given period métas no significant changes in

MICs were seen in the parent and mutant strains.

This study presents an open view that with the mmere of IAbalis a strong factor

for conferring resistance provided it is cruciat the gene action; if there is over
expression of primary surface structures of thadsaon, it can render the organism
sensitive to a particular drug or poison and totdwithe gene on may be
advantageous to this bacterium when it is requsedte OMP changes do act
synergistically as seen in AB1225s and other sdrand this would ideally depend on

the action of promoters present for specific geard their tight regulation by
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repressor proteins. This undoubtedly contributedti@oorganism’s plasticity making it

resistant to different classes of antibiotics.
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3.2 SECTION 2:

ISAbaland ISAbal25govern theblaapc gene expression in clinical. baumannii
isolates.

3.2.1Aims and objectives

To examine the intergenic regions present upstaaahdownstream of tHeaapc
gene ofA. baumanniand to identify any novel insertion sequencesidessiSAbal

that could be responsible for the over-expressfamgpCgene inA. baumannii

The A. baumannibacterial strains used this study were A2, A8, Adiil A21 which
were of clinical origin and were chosen as repreg@s from a collection of 36

strains.

The isolates were from the collection of Benjamivais (Europe) and had been
previously identified by the amplified fragment d¢gh polymorphism of the
conserved 16S-23S rRNA intergenic spacer sequehessibed by Dolzanet al

(1995).

3.2.2ldentification and PCR amplification

All the strains had the intrinsldaoxa-s1-ike gene. In addition to thielapxa-si1-ike geNE,
strain 2 possessed thiapxass.ike gene as identified by multiplex PCR (Woodfead
al., 2006). The primers oxa-69A and oxa-69B amplitieelblapxa-s1-ike gENE Without
any insertion upstream of the gene in all the ssrabequencing of the gene revealed
that strains 2, 16 and 21 had thleoxa-ss gene. Strain 8 had th®aoxa-s9 gene. All
the strains were also positive for thieapc gene by the PCR described by Reizal

(2007). Strains 16 and 21 showed a positive refaultthe presence of Abal

107



upstream oblaapc. Primers FU and RU used for the detection of secgepstream
of blaapc showed the presence ofABal25upstream in strain 2 andABalin strains
16 and 21. Strain 8 did not have any insert upstrehtheblaspc gene. Primers FD
and RD amplified specific region downstreambtdpc but no insertion was detected

in any of the strains.

3.2.3Antimicrobial susceptibility testing

Table 6.1 shows the MICs of imipenem, meropenentfl@ecin, cefepime and
ceftazidime with and without the efflux pump inhdn 1-(1-napthylmethyl)-
piperazine (NMP) for the strains used in this stutlye MICs of meropenem were
decreased 4-fold after addition of the efflux pumipibitor NMP in strains 2, 16 and
21; however, there was no change seen in MICs pieinem and all the strains were
susceptible to this antibiotic. All strains, exceft were resistant to gatifloxacin
(BSAC qguidelines for Enterobacteriaceae). A twafalecrease in the MIC of
gatifloxacin was seen in strain 2 and 21 after @aldiof NMP. All the strains were
resistant to ceftazidime and cefepime and there weadecrease in MIC seen after
addition of NMP. The degree of resistance for @ifine and cefepime varied for all
the strains. The MICs of ceftazidime and cefepimestrain 2 and 16, were greater

than that of strain 21, greater than strain 8.
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Table 6.1: Antibiotic profile and the fold gene expession ofA. baumanniiclinical isolates.

blaoxa-s1- IS upstream of the Expression of
Isolate | like geNe MIC (mg/L) blaapc gene blaxpc genee
IPM MEM CAZ FEP GAT ISAbal ISAbal25
IPM +NMP MEM  +NMP CAZ +NMP FEP +NMP GAT + NMP +SD
2 66 0.25 0.25 1.0 0.25 >256 >256 32 32 8 4 - + 6.2 +0.05
8 69 0.25 0.25 0.5 0.25 8 8 8 8 0.12 0.12 - - 1.0+0.10
16 66 0.5 0.5 1.0 0.25 >256 >256 32 32 16 16 + - 3.0+0.15
21 66 0.5 0.5 1.0 0.25 32 32 16 16 0.5 0.25 + - 2.4 +£0.10

e Fold increase/decrease (Standard Deviation + 1)
IPM= Imipenem, MEM= Meropenem, CAZ= ceftazidime, F=E Cefepime, GAT= Gatifloxacin, NMP=1-(1-napthylimg)-piperazine, SD=
SD= Standard Deviation

Table 6.2: Ethidium bromide accumulation assay folA. baumanniiisolates.

Isolate Ethidium bromide accumulation (arbitrarytsin
-NMP £ SD +NMP + SD

2 16791 + 106.4 30476 + 109.0

8 13113 £ 87.90 12265 + 90.6

16 20897 + 101.3 48769 + 108.7

21 17998 + 108.2 37686 + 101.3
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3.2.4Detection of extended spectriiiactamases (ESBLS)
Extended spectrurfi-lactamases could not be detected by the doubte jisergy

assay as described previously by Livermore and Br2001).

3.2.5Analysis of OMPs (Outer Membrane Proteins)

There were no significant changes seen in any ef diter membrane proteins
patterns produced by any of the strains used mgtidy by the SDS PAGE analysis
as described earlier by Bossi and Bossi (2007)dfanges ircarO a 29kDa outer
membrane protein (OMP), loss of which is respomesilolr carbapenem resistance
were also checked by PCR as described earlier bgsiv al. (2005). Insertional
inactivation of thecarO was not seen in any of the strains, which alsacemwith
the fact that all the strains have very low MICued of IPM, as one of the factor,
leading to carbapenem resistance is the loss argdien of this 29kDa OMP and this

was not observed in any of the strains.

3.2.6Efflux assay

The efflux activity of ethidium bromide, a subs&dbr AdeABC multidrug efflux
pumps was measured in the presence and absenoe @ffflux pump inhibitor NMP
using the method described earlier by Panektlal (2006). It was observed that
strains 2, 16 and 21 demonstrated active efflua wertain extent (Table 6.2). The
fluorescence in strain 2, 16 and 21 increased athdwith respect to time except of

that in strain 8 (Table 6.2).
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3.2.7Analysis of gene expression

Figure 24 shows the level of expression lbfaapc after cDNA synthesis.
Normalization of DNA was done with 16S-rRNA primearsed as internal control.
The expression studies on strain 2, 16, 21 anddRate that strain 2, possessing
ISAbal25upstream oblaapc, produced a significant over-expressiorblaipc which
was 2.1-fold greater than strain 16 havind\bd1 upstream oblaxpc and 6.2-fold
more than strain 8, which had no insertion elenugstream oblaapc. Strain 16 had
an MIC of CAZ > 256mg/L with I8balupstream oblaspc producing an expression
3-fold greater than strain 8, which had no inseretement upstream bfaspc. Strain
21 having MIC of CAZ =32mg/L with I&balupstream oblaspc, had an expression
2.4-fold greater than strain 8, which had no inearelement upstream bfaspc. The
results recorded are based on the average measmasecor decrease of individual
strains (SDx1 unit). The gene expression was meddtrice under the same optimal
conditions.

Figure 24:

Expression ofblaapc gene forAcinetobacter baumannistrains 2, 8, 16 and 21.

N is the negative control.

N 2 8 16 21

Internal 16S-rRNA control for Acinetobacter baumannistrains 2, 8, 16 and 21.

N is the negative control.
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3.2.8 DISCUSSION

It has been previously reported by Coret@l (2003) and Héritieet al (2006) that
ISAbal causes over-expression lwhapc in Acinetobacter baumanniill the strains
reported here were resistant to ceftazidime (CAZjepime (FEP) and gatifloxacin
(GAT) but sensitive to imipenem (IPM) and meropen@EM). There were no
changes in outer membrane proteins and they dithancg high levels of resistance to
carbapenems. Furthermore the strains did not hayenaertion present upstream of
blaoxa-s1-ike g€NE, Which explains the low MMalues of IMP and MEM. Since active
efflux was demonstrated by the efflux assay inista 16 and 21 (Table 6.2)
although there was no significant decrease seél@ of GAT, they had a 4-fold
decrease seen in MIC of MEM, which is also a knauhstrate for efflux pumps as
described by Szabét al. (2006). Efflux contributing to reduced ceftazidime and
cefepime susceptibility was not observed in anthefstrains. Furthermore expression
of theblaapc gene is the key factor in cephalosporin resistamée baumanniand it
must be recognized that while NMP effects suppibrtsexistence of efflux pump, it
does not necessarily indicate pump over-expresssoafflux mediated resistance in

absolute terms is determined in part by the periigatf the outer membrane.

All the strains had different resistance profilesghe antibiotic ceftazidime. It can be
seen that strain 2 and 16 are very highly resigameftazidime; on the other hand

strains 21 and 8 were far less resistant.

Strain 2 had 18bal25 present upstream of thempC (Figure)and the level of

expression of thélaxpc gene was 6.2 times greater than strain 8 whichnwas

insertion sequence present upstreamlafpc gene. In contrast, strains 16 (MIC of
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CAZ>256mg/L) and 21 (MIC of CAZ=32mg/L) had ABal present upstream of the
blaapc but the level of expression in these two strainen& and 2.4-fold greater than
strain 8 respectively, which did not harbouAl&a1 upstream oblaspc gene. This

indicates that I18bal25may have a better promoter tha\ifal

It has been proven that -35 (TTAGAA) and -10 (TTATsequences separated by
16bp constitute a promoter in ABal and are located 41bp upstream bdéapc
(Héritier et al, 2006) The intergenic region also harbours -35 (TTGTTAY al0
(TTTTTA) sequences separated by 18bp, which cantstd promoter foblaapc gene

without any insertion sequence (Héritetral, 2006).

The ISAbal25was found 66bp upstream of tidaapc gene (Figure 25) and was
oriented in opposite direction against thleapc gene in strain 2. The right and the left
inverted repeats showed 14/18 matches. A new -8%hhwing the sequence TTTACT
was fused with the left inverted repeat and 17bprdtream the -10 box having the
sequence TATAAA was seen, which was fused with-Btepromoter oblaapc. The
blaapc gene was present 39bp downstream of the new -10ThexISAbalsequence
has a 4/6 and 2/6 match respectively, withEheoli consensus -35 (TTGACA) and -
10 (TATAAT) whereas I8bal25has a 4/6 and 5/6 match respectively, with Ehe
coli consensus. This may suggest thaald&125is able to provide a better promoter
than ISAbal As the -10 box of I8bal25is fused with the -35 box dflaapc it can
form a fusion promoter to drive a very strong espren ofblaapc and the expression
results support this claim. ABal, which drives the expression bfaapc, is also
shown to be present in opposite orientation (3'\Bi}h the blaapc as proven by

Héritier et al (2006). Therefore I8bhal25 present in opposite orientation (3'-5),

113



may also act in a similar way to drive the expm@ssof blaapc gene. It has been
proved that I8bal25 causes insertional inactivation of the CarO OMP An

baumanniistrains leading to a carbapenem resistant prfilessiet al, 2005).

Figure 25: Alignment of ISAbal25with various regions upstream and

downstream of Acinetobacter baumannichromosomalblaapc gene. (Not to scale)

267bp
i < RD
[ :: TTTACT - ll:
-10
+—
TATAAA
GTP intergenic ISAbat125 intergenic blayne intergenic  Hypothetical
cyclohydrolase | region region region protein
-— —
RU FD
1447bp

In this study, we demonstrate thatAl#&125can modulate the expression of the
blaapc gene as shown by the results obtained for straini? also shown by Evaret

al. (2010) that 18bal25is responsible for duplication tapxa-ss-ike geNe and this
provides a worrying scenario on the plasmid-borissainination of thélaapc gene
leading to high levels of cephalosporin resistancether bacterial species. It is
interesting to note that strain 2 not only ha®\d§125 but also possesses the
blapxa-ss-ike geNe as detected by the multiplex PCR (Woodé&irdl, 2006) and there
may be a high possibility of the upstream integratiand expression of the
blaoxass-ike gene mediated by Abal25 which, under carbapenem stress, would

provide the ideal mechanism of carbapenem resistascshown foA. baumannii
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genospecies 3 by Evarsal (2010). The results obtained in this study stioat IS
elements such as ABal25could modulate cephalosporin or carbapenem resista
depending on the antibiotic treatment of the patanthe isolates used in this study
are of clinical origin. The movement ofABal25upstream of an antibiotic resistance
gene can result in significant over-expressionhef target resistance gene. If strong
promoters are present in the intergenic regionses in this study, Kbal25can
also form a fusion promoter leading to significaner-expression of the resistance
gene, as observed in strain 2, which has a vely é&gpression of thblaapc gene. It

Is not surprising that IS elements can cause theadpof resistance genes between
different species of bacteria, as it has been érehown by Mammeret al (2003)
that 10url of Oligella urethralisis believed to have been co-transferred with the
cephalosporinase gebiyga-1 from A. baumannii This study provides an insight into
a novel insertion sequenceARal25belonging to the IS0 family (Siguieret al,
2005), which is involved in significant over-expses of theblaapc gene, greater
than that of the previously known sequencAld&l found upstream of thblaspc
gene. These results also suggest that the represatol in ISAbal25is different
than that of 18bal and hence the contribution towards a greater dphaosporin

resistance with strong hydrolytic activity of cefidime.
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3.3 SECTION 3:

Mechanisms of drug resistance fromA. baumanniistrains from Bolivia.

3.3.1Aims and objectives

To study the drug resistance profile and the geriesitures that influence the resilient

adaptation irAcinetobacter baumannigolates from Cochabamba, Bolivia

3.3.2Identification and PCR amplification
Fifteen isolates thought to have a multiresistaofile were selected for this study.
All the isolates were isolated from 3 hospital<Ciochabamba in the years 2008-2009

and were clonally related (Sevillaebal, 2012).

The strains were identified by thH@laoxasiiike PCR described by Héritiest al
(2005b) and by sequencing thpoB PCR product described earlier by La Scetial

(2006).

3.3.3Antimicrobial susceptibility testing

Table 7 identifies thélapxa-s1-ike €nzyme and the MIC values of IPM, MEM, CAZ,
CIP, CIP+NMP, CN and CN+NMP in each individual sel. It shows that all the
strains, except 2, are multi-resistant. The gerdemMIC values did not change upon
the addition of NMP whereas a 2 to 4-fold decreass seen in all the isolates

resistant to CIP suggesting the contribution oéfilux pump.

3.3.4Screening for other antimicrobial resistance deiteants

All the isolates were screened by PCR for the pres@f genes of thklapxa-23-iike,

blaoxa-4o-iike, bBlaoxa-s1-ikes Dlaoxa-ss-ike and blaoxa-143-ike families by the multiplex
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PCR described earlier by Higgies al (2010). All the strains showed the presence of

blaoxa-s1-ike gene. All except, isolate 2, were also positivethe blagxa-ss-ike gENE.

The primers described by Héritiet al (2005a) amplified théblagxa-ss-ike gENE,
which was confirmed by sequencing. The primer SM&cdbed earlier by Poirel and
Nordmann (2006b) was used in combination with wg8kR showed the presence of

ISAba3like element upstream of thaoxa-ss-ike gENE.

The ISAba-3like element had a codon change at position 25T{GAAAT) leading
to an Aspartic acid to Asparagine amino acid chacmepared to the Kba3-like

structure deposited in the IS-finderhttp://www-is.biotoul.fr/ last accessed

20/08/2011).

3.3.5Screening for the disruption of tisarO gene
The carO gene fragment was not disrupted by any insertiement as indicated

earlier by Musset al (2005), which would lead to reduced carbapenesneqtiblity.

3.3.6Screening for the presence of aminoglycosidetasie genes

The mutiplex PCR described by Noppe-Lecleetcpl. (1999), revealed that all the
isolates, except isolate 2, were positive for dlae(6’)-1b andaph(3’)-VI enzymes.
Isolate 2 was positive for theph(3’)-la, aac(3)-la andant(2”)-la genes conferring
resistance to aminoglycosides. They were negativéhe 16s rRNA methylase genes

such asarmA rmtA, rmtB, rmtC andrmtD.
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3.3.7Analysis of the genetic environment of thleapc gene

Primers FU and RU were used for amplifying the rgéaic region upstream of
blaaoc gene. They detected the presence &bi&l upstream of thdlaapc gene as

confirmed by sequencing. Primers FD and RD werd tmeamplifying the intergenic
region downstream dilaspc gene which amplified a product of 267bp indicatingt

there was no insert present downstream obtagc.

3.3.8 Analysis of the quinolone resistance-determiningiae (QRDR) ofthe gyrA
andparC genes

PCRs as described by Valentieeal (2008), were used for the amplification of the
QRDR'’s of thegyrA and theparC genes. The gene fragments were sequenced and
checked for specific amino acid changes. The sexpgrof thegyrA andparC gene
revealed Serine-83 to Leucine and Serine-80 to yakamine amino acid changes in

all the isolates resistant to ciprofloxacin exaegsolate 2, which was sensitive.

3.3.9Analysis of theadeABCandadeRSjenes involved in efflux

The intergenic regions @deRSwere amplified using the primers adeRF and adeSR
which amplified a 790bp product indicating thatrthevas no insertion. The primers
adeRA and adeAB amplified a product of 929bp inthcathere was no insert
between these two genes. The primers adeAF, adeflRBF, adeBR., and adeCF,

adeCR detected the presence ofatieA adeBandadeCgenes respectively.
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3.3.10Analysis of gene expression

Expression of thélaapc, blaoxa-ss-ike, adeA adeBandadeCgene was studied by RT-
PCR. The primers for thelaapc gene were those defined previously by Reiizal.
(2007) and those used folapxa-ss-ike gENE EXPression were the same as the multiplex
primers described by Woodforet al. (2006) (Table 7). The gene expression was

measured thrice with different RNA preps undergame optimal conditions.

The RT-PCR for thdlapxa-ss-ike gene expression also recorded high levels of gene
expression in isolates positive for tbloxa-ss-ike gene (Table 7). RT-PCR for the
analysis of theadeA (encoding for the membrane fusion protein) and ddeB
(encoding the RND-transporter) genes revealed biodh the genes were highly
expressed as they are co-transcribed (Table 7). ade (encoding the outer
membrane protein) was not as highly expressedda# andadeBand this may be
because it has been shown previously that it imroessary in conferring resistance
(Marchandet al, 2004) and when absent the bacteria can usenaitez outer

membrane proteins to export substrates for thetifumadity of the efflux pump.
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Table 7: Activities of various antibiotics, the leels of gene expression and the amino acid changesdRDR’s in A. baumanniiclinical

isolates.
Gene expression*

No MIC (mg/L) OXA-51 (Standard Deviation of + 0.57 to 1) gyrA parC

ser83 ser80

IPM  MEM CN CN+NMP CIP  CIP+tNMP CAZ blapxass  blaapc adeA adeB adeC

1 8 2 128 128 256 64 128 65 14 15 28 29 15 Leu Phe
2 0.25 0.5 256 256 1 1 16 66 - 5 24 18 14 Ser Ser
3 8 2 >256 256 256 64 128 65 14 14 31 31 14 Leu Phe
4 8 2 256 256 256 64 128 65 14 15 25 29 14 Leu Phe
5 8 2 64 64 128 32 128 65 15 15 27 29 13 Leu Phe
6 16 4 64 64 128 32 128 65 14 16 26 28 13 Leu Phe
7 8 2 128 128 256 64 128 65 15 15 27 30 11 Leu Phe
8 8 2 64 64 256 64 128 65 15 15 26 29 14 Leu Phe
9 8 2 >256 256 >256 64 128 65 14 14 31 36 15 Leu Phe
10 8 2 64 64 128 32 128 65 14 15 26 28 15 Leu Phe
11 8 2 128 128 256 64 128 65 15 14 27 29 14 Leu Phe
12 16 2 128 128 256 64 128 65 14 15 27 27 13 Leu Phe
13 8 2 256 256 128 64 128 65 15 14 28 27 15 Leu Phe
14 8 2 256 256 128 64 128 65 15 14 27 28 17 Leu Phe
15 8 2 256 256 128 64 128 65 14 15 28 28 15 Leu Phe

* = Relative gene expression was determined by RT PCR and quantified by Bio-Rad quantity-1 software
+ = present
- = absent

Ser = Serine
Leu = Leucine
Phe = Phenylalanine
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3.3.11 DISCUSSION:

Carbapenem resistance is a growing phenomenort end cause of much concern in
the past few years. All strains, except isolatexamined in this study were not only
carbapenem resistant but multi-drug resistant ¢oathtibiotics that have established
breakpoints according to the BSAC. They were praslip confirmed to be clonally

related according to their PFGE profiles (Sevill@abal, 2012).

The isolates did not have any insertion sequenegept upstream of thBaoxa-s51-iike
gene. All, except isolate 2, were also positive foe blapxa-ss-ike gene by the
multiplex PCR. The primers SM-2 and walk-58-R detdcthe insertion of I&ba3
like structure, 17bp upstream of tlidaoxass gene. Putative promoters with -35
(TTTATC) and -10 (TTTCTT) motifs was detected irettfAba3like element. The
promoters have been previously identified by Poaetl Nordman, (2006b). This

explains the resistance to carbapenems.

The mutiplex PCR described by Noppe-Leclestcal (1999) revealed that all the
isolates were positive for two or more aminoglydesiresistance enzymes. In a
review by Shawet al (1993) theaac(6’)-Ib class of aminoglycoside inactivating
enzymes has been shown to confer resistance tangim, dibekacin, amikacin,
5-episisomicin, netilmicin, 2’-N-ethylnetilmicin dmsisomicin whereas thagph(3’)-VI
group of enzyme is characterized by resistance #&mataycin, neomycin,
paromomycin, ribostamycin, butirosin, amikacin asepamicin. Theaac(6’)-1b and

aph(3’)-Vlenzymes were found in all the strains except is®a
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Isolate 2 was positive for the enzynegsh(3’)-1a, which confers resistance to various
aminoglycosides including gentamicirgac(3)-la responsible for resistance to
gentamicin and fortimicin, andnt(2"”)-la which hydrolyzes tobramycin, dibekacin,
sisomicin, kanamycin and gentamicin. The high MEues of gentamicin in all the
strains except 2 are due to other unknown mechangdmesistance. Since the MIC
values of gentamicin did not decrease after thetiaddof NMP it can be concluded
that the multidrug resistance to gentamicin may bet efflux mediated, as
aminoglycoside resistance is commonAginetobacterand results primarily from
inactivation of the antibiotic by specific modifgrenzymes (Magnedt al, 2001). It
may be beneficial to inactivate and hydrolyse thib#otic rather than efflux it out of
the cell as efflux mediated mechanisms are enegpembent and involve proton

motive force (Magnett al, 2001).

ISAbalwas found to govern the expression oflttepc gene in all the strains except
in isolate 2, which showed a low MIC of ceftazidiniénere was no insertion detected

downstream of thblaapc gene in any of the strains.

Even though I8bal was not found upstream of any efflux genes, thetrksly
cause of ciprofloxacin resistance is due to theatiats in thegyrA andparC genes,
having Serine-83 to Leucine and Serine-80 to Pla¢gryine amino acid changes in all
the isolates resistant to ciprofloxacin with synstig contribution of the increased

expression of the efflux genaseAandadeB

This work analyzed the genetic environment andntioéti-drug resistance profile of

isolates isolated in Cochabamba, Bolivia. This repeflects on the emergence of
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Acinetobacter baumannias a multi-drug resistant pathogen in Latin Anaaric
countries such as Bolivia. The role of efflux pungred other antibiotic resistance
mechanisms in mediating antibiotic resistance iglent in this bacterium and the
continued study of these systems should contritatards the better understanding
of A. baumannii which is evolving as a major threat. The highportion of strains
with resistance genes to the major groups of anids used to contrdh. baumannii

must be of great concern.
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3.4 SECTION 4.

Study of A. baumanniiisolates from Aberdeen Royal Infirmary.

3.4.1Aims and Obijectives

To study the resistance profile Af baumannistrains isolated from Aberdeen Royal

Infirmary and to classify novddlapxa-s1-ike Variants.

3.4.2ldentification and PCR amplification.

Nine distinctA. baumannistrains were isolated from diagnostic clinical@pens
from patients in Aberdeen Royal Infirmary from tpears 2006-2010. The strains
were identified primarily by thblapxa-s1-ike PCR described by Héritiet al (2005b)
and by sequencing tlipoB gene as described by La Scetal. (2006). The source

of the strains and the dates of the isolationiated in Table 8.

3.4.3Antimicrobial susceptibility testing
Table 8 outlines the MIC values of imipenem (IPktgropenem (MEM), ceftazidime
(CAZ), ciprofloxacin (CIP) and gentamicin (CN) imeh individual isolate. Table 8

also identifies thélapxa-s1-ike gene for each of the strains.
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Table 8: Activities of various antibiotics inA. baumanniiclinical strains.

Strain Date of MIC (mg/L) ISAbal- | blagxa.si-

number | Source isolation | MEM IPM CAZ GEN CIP | intl | blaspc | blaapc ike gENE
3 blood 09.09.06 1 0.5 64 256 32 + + + 66
65

10 blood 08.06.08 | 0.06 0.06 1 0.12 0.12| - - - (variant)
12 blood 25.08.08 | 16 16 64 8 32 + + + 66
14 blood 21.09.09 | 0.06 0.06 4 0.03 0.12| - + - 216
16 sputum 20.02.10 | 0.5 0.5 4 0.12 0.12| - + - 51
3n blood 27.04.06| 0.5 0.25 2 0.03 0.12| - + - 64
6n blood 17.07.07 1 0.5 8 0.12 05 - + - 217
65

10n blood 22.10.08 | 0.06 0.06 1 0.03 0.12| - + - (variant)
14n blood 14.09.09| 0.5 0.25 8 0.12 05 - - 89

3.4.4PCR and sequencirgd the blapxa-s1-iike gENE.

Two novel variants of thelapxa-si-ike gene were identified by sequencing. Strain 14

had Serine-14 (TCT) of thelaoxa-1s0gene replaced with Phenylalanine (TTT), and is

now designatedblapxa-216 (Figure 26a, 26b). Strain 6n had Threonine-255(AGA

theblapxa-7s gene substituted to Isoleucine (ATA), which is ndesignatedblapxa-217

(Figure 27a, 27b). Isolates 10 and 10n had variahthe blapxa.6s gene with silent

mutations at positions 90 (C to T), 636 (C to TY &63 (G to A). In addition, strain

12 also showed the presence of ke xa-23-iike gENE.
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Figure 26a: OXA-216 nucleotide sequence (14 Aberdee
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ATGAACATTARAGCACTCTTACTTATARCARGCGCTATTTCTATTTCAGCCTGCTCACCTTATATAGTGACTGC TARTCCARATCACAGCGCTTCARAATCTGATGARARAGCAGAGARART TRARRAATT
ATGAACATTARAGCACTCTTACTTATARCARGCGCTATTTTTATTTCAGCCTGCTCACCTTATATAGTGACTGC TARTCCARATCACAGCGCTTCARRATC TGATGARARAGCAGAGARART TRARARATT
ATGAACATTARAGCACTCTTACTTATARCARGCGCTATTTeTATTTCAGCCTGCTCACCTTATATAGTGACTGC TARTCCARATCACAGCGCTTCARRATC TGATGARARAGCAGAGARAAT TARRARTT
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1 1
TATTTARCGARGCACACACTACGGGTGTTTTAGTTATCCARCARGGCCARRCTCARCARAGCTATGGTARTGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGC
TATTTARCGARGCACACACTACGGGTGTTTTAGTTATCCARCARGGCCARACTCARCARAGC TATGGTARTGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGE
TATTTARCGARGCACACACTACGGGTGTTTTAGTTATCCARCARGGCCARACTCARCARAGCTATGGTARTGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGC
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| |
TTTGATCGGCCTTGAGCACCATARGGCARCCACCACAGARGTATTTAAGTGGGACGGGCARRAARGGCTATTCCCAGAATGGGARARGGACATGACCCTAGGCGATGCTATARRAGCTTCCGCTATTCCG
TTTGATCGGCCTTGAGCACCATARGGCARCCACCACAGAAGTATTTAAGT GGGACGLGCARRARAGEC TATTCCCAGART GEGARARGGACATGACCCTAGGCGATGC TATARRAGCTTCCGCTATTCLG
TTTGATCGGCCTTGAGCACCATARGGCARCCACCACAGARGTATTTAAGTGGGACGGGCARRAARGGCTATTCCCAGAATGGGARRAGGACATGACCCTAGGCGATGCTATARAAGCTTCCGCTATTCCG

391 400 410 420 430 440 450 460 q70 480 430 500 510 520
| |
GTTTATCARGATTTAGCTCGTCGTATTGGACTTGARCTCATGTCTARGGARGTGAAGCGTGTTGGTTATGGCARTGCAGATATCGGTACCCARGTCGATARTTTTTGGCTGGTGGGTCCTTTARARATTA
GTTTATCARGATTTAGCTCGTCGTATTGGACTTGARCTCATGTC TARGGARGTGARGCGTGTTGGTTATGGCARTGCAGATATCGATACCCARGTCGATARTTTTTGGCTGGTGGGTCCTTTARARATTA
GTTTATCARGATTTAGCTCGTCGTATTGGACTTGARCTCATGTCTARGGARGTGAAGCGTGTTGGTTATGGCAATGCAGATATCGGTACCCARGTCGATARTTTTTGGCTGGTGGGTCCTTTARARATTA

521 530 540 550 560 570 580 530 600 610 620 630 640 650
| |
CTCCTCAGCARGAGGCACAGTTTGCTTACAAGCTAGCTAATARRACGCTTCCATTTAGCCARAARGTCCARGATGARGTGCARTCCATGTTATTCATAGARGARARGARTGGARATARRATATACGCARA
CTCCTCAGCARGAGGCACAGTTTGCTTACARGCTAGCTAATARRACGCTTCCATTTAGCCARAARGTCCARGATGARGTGCARTCCATGTTATTCATAGARGARARGARTGGARATARRATATACGCAAA
CTCCTCAGCARGAGGCACAGTTTGCTTACARGCTAGCTAATARAACGCTTCCATTTAGCCARAARGTCCARGATGARGTGCARTCCATGTTATTCATAGARGARARGARTGGARATARRATATACGCARA

651 1] 670 68O 630 700 710 720 730 740 750 760 770 780
1 1
ARGTGGTTGGGGATGGGATGTAGACCCACARGTAGGC TGGTTARCTGGATGGETTGTTCAGCCTCARGGARATATTGTAGCGTTCTCCCTTARCTTAGARATGARARARGGARTACCTAGCTCTGTTCGA
ARGTGGTTGGGGATGGGATGTAGACCCACARGTAGGC TGGTTARCTGGATGGETTGTTCAGCCTCARGGARATATTGTAGCGTTCTCCCTTARCTTAGARATGARRARAGGARTACCTAGCTCTGTTCGA
ARGTGGTTGGGGATGGGATGTAGACCCACARGTAGGC TGGTTARCTGGATGGETTGTTCAGCCTCARGGARATATTGTAGCGTTCTCCCTTARCTTAGARATGARARRAGGARTACCTAGCTCTGTTCGA

781 790 800 810 820 825
1 1
AAAGAGATTACTTATARRAGTTTAGAACARTTRGGTATTTTATAG
ARAGAGATTACTTATARARGTTTAGARCARTTRGGTATTTTATAG
AAAGAGATTACTTATARAAGTTTAGAACARTTRGGTATTTTATAG

Cytosine=C and Thymine=T

Figure 26b: OXA-216 (14 Aberdeen) amino acid sequen

0xalfo
14aberdeen
Consensus

oxal8l
14aberdeen
Consensus

oxal8o
14aberdeen
Consensus

1 10 20 30 40 50 60 10 80 90 100 110 120 130
| + + + + + + + + + + + + |
HHIKALLLITSATSISACSPYI¥TANPHHSASKSDEKAEKTKHLFHERHTTGYLYIOAGATOASYGHDLARASTE YYPASTFKHLNALIGLEHHKATT TEYFKHDGAKRLFPEHEKDHTLGDATKASATP
HHIKALLLITSATFISACSPYI¥TANPHHSASKSDEKAEKTKHLFHEAHTTGYLYIOOGATOASYGHDLARASTE YYPASTFKHLNALTGLEHHKATT TEYFKHDGAKRLFPEHEKDHTLGDATKASATP
HHIKALLLTTSATfISACSPYIYTANPHHSASKSDEKAEKTKHLFHERHTTGYLYIOOGATOASYGHDLARASTE YYPASTFKHLNALTGLEHHKATT TEYFKHDGAKRLFPEHEKDHTLGDATKASATP

131 140 150 160 170 180 190 200 210 220 230 240 250 260
| + + + + + + + + + + + + |
VYODLARRIGLELHSKEVKRYGYGHADIGTOYOHFHLYGPLKITPOQEAQFAYKLAKKTLPFSOKYODEVOSHLFIEEKHGHKT YAKSGHGHOYDPAYGHL TGHYYQPOGHIYAF SLHLEHKKEIPSSYR
YYODLARRIGLELHSKEYKRYGYGHADIGTAYDNFHLYGPLKITPAAEAQFAYKLANKTLPFSOKYODEYASHLF IEEKNGHKT YAKSGHGHOYDPAYGHLTGHYYAPAGHIYAF SLHLEHKKEIPSSYR
VYODLARRIGLELHSKEVKRYGYGHADIGTOVDHFHLYGPLKITPAQEAQFAYKLAKKTLPFSOKYODEVASHLFIEEKHGHKT YAKSGHGHOYDPAYGHLTGHYYQPOGHIVAF SLHLEHKKEIPSSYR

%1 270 274
[JR— -
KETTYKSLEQLGIL
KETTYKSLEQLGIL
KETTYKSLEQLGIL

Serine (S) to Phenylalanine (F) change at positidi¥ in OXA-216 sequence.
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Figure 27a: OXA-217 nucleotide sequence (6n Aberdee

0XA-217
0%p-78
Consensus

0¥A-217
0Xp-78
Consensus

0XA-217
0XA=-78
Consensus

0XA=217
0XA=78
Consensus

0XA-217
0XA-78
Consenzus

0¥A-217
0Xp-78
Consensus

0XA-217
0XA=-78
Consensus

1 10 20 30 40 50 60 70 80 90 100 110 120 130
| [
ATGAACATTARAGCACTCTTACTTATARCARGCGCTATTTTTATTTCAGCCTGCTCACCTTATATAGTGTCTGCTARTCCARRTCACAGTGCT TCARARTCTGATGARARAGCAGAGARAAT TAAARRTT
ATGAACATTARAGCACTCTTACTTATARCARGCGCTATTTTTATTTCAGCCTGCTCACCTTATATAGTGTCTGCTARTCCARRTCACAGTGCT TCARARTCTGATGARARAGCAGAGARAAT TAAARRTT
ATGAACATTARRGCACTCTTACTTATARCARGCGCTATTTTTATTTCAGCCTGCTCACCTTATATAGTGTCTGCTAATCCARATCACAGTGCT TCARRRTCTGATGARRRAGCAGAGARAAT TAAARRTT

131 140 150 160 170 180 190 200 210 220 230 240 250 260
| |
TATTTARCGARGCACACACTACGGGTGTTTTAGT TATCCARCARGGCCARACTCARCARAGCTATGGTARTGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGE
TATTTARCGARGCACACACTACGGGTGTTTTAGT TATCCARCARGGCCARACTCARCARAGCTATGGTARTGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGE
TATTTARCGAAGCACACACTACGGGTGTTTTAGT TATCCARCARGGCCARACTCARCARAGCTATGGTAATGATCTTGCTCGTGCTTCGACCGAGTATGTACCTGCTTCGACCTTCARRATGCTTARTGE

261 270 280 290 300 o 320 330 340 350 360 30 380 390
| |
TTTGATCGGCCTTGAGCACCATARGGCARCCACTACAGCAGTATTTAAGTGGGACGEGCARARRRGGCTATTCCCAGARTGEGARRAGAACATGACCCTAGGCGATGCTRATGARAGLTTCCGCTATTLLG
TTTGATCGGCCTTGAGCACCATARGGCARCCACTACAGCAGTATTTAAGTGGGACGEGCARARRRGGCTATTCCCAGARTGEGARRAGAACATGACCCTAGGCGATGCTRATGARAGLTTCCGCTATTLLG
TTTGATCGGCCTTGAGCACCATAAGGCARCCACTACAGCAGTATTTAAGTGGGACGEGCARARRRGGCTATTCCCAGARTGEGARRAGAACATGACCCTAGGCGATGCTRATGARAGLTTCCGCTATTLLG

33 400 410 420 430 440 450 460 470 480 430 500 510 520
| |
GTTTATCARGATTTAGCTCGTCRTATTGGACTTGARCTCATGTCTAATGARGTGARGCGTGT TRGTTATGECARTGCAGATATCGGTACCCARGTCGATARTTTTTGGCTAGTGGGTCCTTTARAARTTA
GTTTATCARGATTTAGCTCGTCRTATTGGACTTGARCTCATGTCTAATGARGTGARGCGTGT TRGTTATGECARTGCAGATATCGGTACCCARGTCGATARTTTTTGGCTAGTGGGTCCTTTARAARTTA
GTTTATCARGATTTAGCTCGTCRTATTGGACTTGARCTCATRTCTAATGARGTGARGCGTGTTRETTATGECAATRCAGATATCGETACCCARGTCGATARTTTTTGGCTAGTGGGTCCTTTARAAATTA

521 530 540 550 560 570 580 590 600 610 620 630 640 650
| |
CTCCTCAGCARGAGGCACAATTTGCTTACAAGCTAGCTARTARAACGCTTCCATTTAGCCARARRGTCCARGATGARGTGCARTCCATGCTATTCATAGAAGAAARGARTGGARATAARATATACGCAAR
CTCCTCAGCARGAGGCACAATTTGCTTACAAGCTAGCTARTARAACGCTTCCATTTAGCCARARRGTCCARGATGARGTGCARTCCATGCTATTCATAGAAGAAARGARTGGARATAARATATACGCAAR
CTCCTCAGCARGRAGGCACAATTTGCTTACAAGCTAGCTARTARAACGCTTCCATTTAGCCARARRGTCCARGATGARGTGCARTCCATGCTATTCATAGAAGAAARGARTGGARATRARATATACGCAAR

651 660 670 680 630 100 1o 720 730 40 790 160 L] 180
| |
AAGTGGTTGGGGATGGEATGTARACCCACARGTAGGCTGGTTAACTGGATGGGTTGTTCAGCCTCARGGGAATATTGTAGCGTTCTCCCTTAACT TAGAAATGAARAARGGAATACCTAGCTCTGTTCGA
AAGTGGTTGGEGATGGEATGTARACCCACARGTAGGCTGGTTAACTGGATGGGTTGTTCAGCCTCARGGGAATATTGTAGCGTTCTCCCTTAACTTAGAAATGARRAARGGAACACCTAGCTCTGTTCGA
AAGTGGTTGGEGATGGEATGTARACCCACARGTAGGCTGETTARCTGGATGGGTTGTTCAGCCTCARGGGAATATTGTAGCGTTCTCCCTTAACTTAGRAATGAARAARGGARCACCTAGCTCTGTTCGA

0 800 810 820 825
| |
ARAGAGATTACTTATARARGCT TAGRACART TAGGTATTTTATRAG
ARAGAGATTACTTATARARGCT TAGRACAATTAGGTATTTTATRAG
ARAGAGATTACTTATARARGCT TAGRACAATTAGGTATTTTATRAG

Cytosine=C and Thymine=T

Figure 27b: OXA-217 amino acid sequence (6n Aberdeg

0%A-78
bnaberdeen

1 10 20 30 i) 50 60 10 80 90 130
| + + + + + + + + + + + + |
HHIKALLLITSATFTSACSPYTYSANPHHSASKSDEKAEKIKHLFHERHTTGYLYT0OGATARSYGHOLARASTEYYPASTFKHLNAL IGLEHHKATT TAYFKHDGOKRLFPENEKKHTLGDAHKASATP
HHIKALLLITSATFISACSPYIYSANPHHSASKSOEKAEKIKHLFHEAHTTGYLYIQNGOTAOSYGHDLARASTEYYPASTFKHLKALIGLEHHKATT TAYFKHDGOKRLFPEMEKHHTLGDAHKASAIP

100 110 120

Congensus  HNIKALLLITSAIFISACSPYIVSANPHHSASKSOEKAEKIKHLFHERHTTGYLYIOOGOTOOSYGNDLARASTEYYPAS TFKHLNALIGLEHHKATTTAYFKNDGOKRLFPENEKKHTLGDANKASATP
131 140 150 160 170 180 190 200 210 220 230 240 250 260
| + + + + + + + + + + + + |

0%A=78  YYODLARRTGLELHSHEYKRYGYGHADIGTOYDHFHLYGPLKITPAREAQFAYKLANKTLPF SOKYODEYASHLF TEEKHGHKT Y AKSGHGHDYHPOYGHL TGHYYOPOGHIYAF SLHLEHKKGTPSSYR
Gnaberdeen  YYODLARRIGLELHSHEYKRYGYGHADIGTAYDHFHLYGPLKITPOOEAQFAYKLANKTLPFSOKYADEYOSHLF TEEKHGHKT YAKSGHGHDYHPQYGHLTGHYYOPOGHIYAF SLHLEHKKGIPSSYR

Consensus  YYAOLARRIGLELHSHEYKRYGYGNADIGTAYDHFHLYGPLKITPOAEAQFAYKLANKTLPFSOKYADE YOSHLF TEEKNGHKT Y AKSGHGHDYHPOYGHLTGHY YOPOGHIYAFSLHLEHKKGiPSSYR
261 270 2/
| pmm= |

0#A=78 KEITYKSLEQLGIL
bnaberdeen KEITYKSLEQLGIL

Consensus  KEITYKSLEQLGIL

Threonine (T) to Isoleucine (I) change at positior255 in OXA-217 sequence

127



3.4.5Screening for other antimicrobial resistance deieants

All the isolates were screened by PCR for the presef genes of thielaoxa-23-iike,
blaoxa-40-ike; Dlaoxa-s1-ikes Plaoxa-ss-ike DY Multiplex primers described by Woodford
et al (2006). Thélapxa-143-ike gENES Were screened for by using primers desciibed
the materials and methods section of this thedighA strains showed the presence of
a blapxa-s1-ike geNe. Isolate 12 was also positive for M@ xa-23-ike gene. ISADC1
primer used in conjunction with Oxa-23R detectesl phesence of KWhal upstream

of theblapxa-23-ike gENE.

3.4.6Screenindor the disruption of thearO gene

The PCR for the insertions causing disruption afiCc (29kDa OMP) did not detect
the presence of any insertion element causing plisnu of the carO, leading to
carbapenem resistance. This was done to checknfprchanges in the OMPs of
strains as one of them was carbapenem resistariflassiet al (2005). have shown

that the disruption atarO can lead to carbapenem resistance.

3.4.7Screening for the presence of aminoglycoside wasigt genes
The aac(3")-lagene was present in strains 3 and 12 and thisregg®nsible for the

resistance to gentamicin in these strains.

3.4.8Analysis of the genetic environment of thleapc gene

Primers FU, RU and FD, RD were used for the angalifon of the intergenic region
upstream and downstream of thlaapc gene. Strains 3 and 12 had high MICs of
ceftazidime, which was due the presence @&bi&l upstream oblaapc gene. There

was no insert observed downstream of thleapc gene making it a defunct
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transposon. All strains were positive for thieapc gene, except isolate 10 but, as

none of these had Aalupstream, their MICs were 8mg/L or less.

3.4.9 Analysis of the quinolone resistance-determiningice (QRDR of the gyrA
andparC genes.

PCRs as described by Valentieeal (2008) were used for the amplification of the
QRDRs of thegyrA and theparC genes. The gene fragments of A andparC
were sequenced and checked for specific aminocdm@dges. Changes were seen in
the gyrA (Serine83-Leucine) and thparC (Serine80-Leucine) genes in strains 3 and

12.

3.4.10Detection of the integrase gene

Strains 3 and 12 were positive for the integraseegdy PCR as described earlier by
Lévesqueet al (1995). The sequencing of the gene revealed riésepce of putative
glucose dehydrogenase precursor that could be mstpe for catabolism of glucose

by oxidation as shown by Bouvet and Bouvet (1989).

3.4.11Pulsed Field Gel Electrophoresis (PFGE)

The PFGE profiles of the strains showed that magewot clonally related as they
had <80% similarity (Figure 28). Furthermore, thegre not related to any of the
European clones. PFGE analysis revealed that stBaamd 12 had 83% similarity and
showed some relationship to each other (Figure &8jitionally it is important to
note that strain 3, isolated in the year 2006, wegative for theblapxa23 gene
whereas strain 12 isolated in the year 2008 wagiy®dor thisgene and was also

resistant to imipenem and meropenem. Otherwisey tmmd very similar drug
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resistance profiles. This indicates tAe baumanniiis actively acquiring resistance

genes, probably through plasmid transfer.

Figure 28: PFGE profile for A. baumannii strains isolated from the Aberdeen

Royal Infirmary.
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3.4.12Conjugation and plasmid detection.
Transconjugation was performed as described imthterials and methods section

usingE.coli J62-2 (rif) as the recipient and it was unsucegssf

S1 nuclease digestion described by Finddyal, (2012). and plasmid extraction
procedure described by Joly (1996) failed to detty plasmids. Furthermore,

elimination studies did not remove the resistareterthinants.

3.4.13 DISCUSSION:

The twoblapgxa-s1-ike genes 216 (FR865168) and 217 (JN603240) are nowkethey
have arisen from point mutations in the existibgoxas1-ike Variants. They can
provide a basal level of reduced susceptibilitgaobapenems and, although this can
be enhanced if an insertion is present upstrears,wwhs not seen in our isolates.
Clinical significance is related to the strain tyged establishing clonal relatedness,
which was seen in two strains, 3 and 12; strairs@dted in 2006) did not have the
blaoxa-23 gene whereas strain 12 (isolated in 2008) harbohbla&sia 3. There were
no insertion sequences upstream to regulatdesna-si-ike geNEs and increase their
resistance to carbapenems. The failure of transgatipn and plasmid extraction
assays suggests thabibioxa23 was plasmid borne, it was now integrated in thd hos
chromosome of strain 12 endowing it with a stablechanism of carbapenem
resistance. Furthermore plasmid curing performaaguscriflavine and with elevated
temperature of incubation (47°C) described by Tret986) failed to eliminate any
plasmid bornélapxa-23 gene. Integration of thBlapxa-23 in the host chromosome of
Acinetobacter baumanniias been reported in strains from Latin Americad/bkegas

et al (2007). These results show that the clinicalagitun in the hospital in Aberdeen
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is in a state of flux. New variant strains are eymeg and, most importantly, a
carbapenem-sensitive strain has become resistantigin the acquisition of the
blaoxa23 gene with an I18bal element upstream carrying a promoter allowing
expression of th@-lactamase. Thblapxa-23 Was first found in Scotland more than 20
years ago (Donalcet al, 2000) and it has remained the sole mechanism of

carbapenem resistance until this point (persomalngonication S. G. B. Amyes).
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3.5 SECTION 5:

ISAba825controls the blapxa-s5 and blapxa-ss expression in four clinical isolates of
A. baumannii

3.5.1Aims and Obijectives

To identify novel insertion sequences that govém éxpression of thBlagxa-s1-iike
gene and to understand the carbapenem resistantirioal strains isolated from the

United States.

3.5.2Identification and PCR amplification
Four consecutive distinct clinical strains, isothte 2004 in the United States were
confirmed asA. baumanniiby PCR and sequencing of tinpoB gene using the

primers Ac696F and Ac1093R described previouslyéycolaet al (2006).

3.5.3Antimicrobial susceptibilty
The MICs of imipenem and meropenem were determinyethe agar double dilution
method and the results were interpreted accordiniget BSAC guidelines.

All the strains were resistant to imipenem and mpenem (Table 9).

3.5.4Pulsed-Field Gel Electrophoresis
Apal macrorestriction anaylsis (Seifeet al, 2005) of the four isolates exhibited
genetic similarities of 99.99% by the unweighted' gaoup method with arithmetic

average method (Figure 29).
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Figure 29: PFGE profile of A. baumanniiclinical isolates from the United States.
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3.5.5PCR for antimicrobial resistance determinants

Genes encoding known carbapenemases were investigat described previously
and the gene®laoxa-si-ike and blapxa-ss-ike Were detected (Higginst al, 2010).
Genes encoding OXA-40-like and OXA-23-like carbagreases were not detected.
Neither were metall@-lactamases such as IMP, VIM, GIM, SIM, and SPMeded
by multiplex PCR, as described previously by Ellorget al (2007) in any of the

isolates.

The primers FxOxaF and FxOxaR (Lopstsal, 2012) detected the presence of an
insertion element upstream of thiapxa-s1-ike geNe in all the four isolates (Figure 30).
The primers 51F and IntaceR (Lopssal, 2012) were used for the amplification of
the blapxa-s1-ike g€NE. The sequencing results showed the present8Aba825
present upstream of tH#aoxa-es gene in all the four isolates. A putative promoter
with -35 (TTGTCA) and -10 (TATGAA) were located J¥lapart from each other
(BPROM, Softberry, Inc., Mount Kisco, NY) and welecated 97bp and 74bp

upstream of thélapxa-s5 gene. A target site duplication of 7bp, AAGTCTT v&zen
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upstream and downstream of theAHa825 sequence. No insertion was seen
downstream making the Aba825a defunct transposon. TheAlka825sequence was

oriented in 5’-3’ direction against theaoxa-ss gene in all the four isolates.

Figure 30: Genetic arrangement of theblapxa-ss.controlled by upstream
ISAba825element. The arrows represent the primers used faitetection and
sequencing of genes (Not to scale). Arrows indicagg FxOxaF, FxOxaR, 51F and

IntaceR are the directon PCR primers.

FxOxaF

— % AAGTCTT - Fele g
| TTGTCA I |
TATGAA  AAGTCTT  51F IntaceR
-10 *
fxsA Intergenic ISAba825 Biagea 65 Intergenic  GNAT

The primers preOXA-58promand preOXA-58B, described previously (Héritier
al., 2005a) were used to check for any variation$iwithe blapxa-ss-ike gene. The
primers amplified a 934bp fragment which on sequmenconfirmed that thblapxa-ss

gene had no nucleotide substitutions.

The SM2 primer (Poirel and Nordmann, 2006a) andwiaék-58-R (Lopeset al,

2012) primer amplified a fragment ofABa825oriented in 3’-5’ direction. This has
been previously reported by Ravasial. (2011). Putative promoter -35 (TTGAGA)
present 148bp upstream of théaoxass gene and -10 (TTTATA) present 127bp
upstream of theblapxass gene were identified 15 bp apart from each othére T

blapxass gene was highly over-expressed as determined byRd’CR assay.
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Normalization of DNA was done with the 16S-rRNWmers described by Liat al,
(2009) with the appropriate amounts of seriallyjuil RNA used for c-DNA

synthesis (Table 9).

3.5.6Analysis of gene expression

The expression of thblapxass gene for all the isolates was studied as described
earlier (Lopest al, 2010). The internddlapxa-6s gene primers, 65A and 65B showed
a significant over-expression of th&aoxa-es gene expression (Table 9). OXA-58-like

F and OXA58-like R primers described by Higgetsal (2010) were used for the

blaoxa-ss gene expression.

PCR products were quantified using the Bio-Rad @Qtya@ne Software 4.6.1 (Bio-
Rad) (Table 9). Normalization of DNA was done witlie 16S-rRNA primers
described earlier by Liet al (2009) with the appropriate amounts of seriallytdd

RNA used for c-DNA synthesis.

3.5.7Plasmid profiling

S1 nuclease digestion was performed for the PFGHgsplaccording to the
manufacturer’s instructions. A total of 10 units piug were used for digestion with
incubation at 37°C for 45 mins. The plasmid banfisamproximately 40kb were
excised from the gel and purified using the Qiagehextraction kit. Chromosomal
DNA contamination if any was checked using the tRSA primers described

earlier by Linet al (2009). Theblapxa-ss Wwas present to be on this 40kb plasmid.
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3.5.8Transconjugation assay

Transconjugation assays Af baumanniistrains having thdlapxa-ss-ike ge€NE were
performed with E.coli J62.2 as described earlier by Findlagy al (2012).
Transconjugation assays usiagoli J62.2 could not transfer the 40kb plasmid, which

had theblapxassgene.

3.5.9Plasmid curing

Plasmid curing was performed using sodium dodeclpghate (SDS) with elevated
temperature of incubation (Trevors, 1989). Theistravere incubated in 4.8mL of
nutrient broth with 200pL of 10% SDS at 46°C/48 tsourhe loss of plasmid was
observed in all the isogenic strains after bhaxass gene was lost by the plasmid
curing method as described in the Materials anchbtit section. During this curing
procedure the 18ba825 which was present upstream of tllapxa-¢5 gene, was also
lost, making the isolates carbapenem sensitivel€T@b A 16-fold decrease in MIC
of imipenem and an 8-fold decrease in MIC of mengpe were observed for all the
sensitive isogenic strains. The isolates did retiagnbasal level of thelapxa.s5 gene

expression (Table 9).
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Table 9: Activities of antibiotics and the levels bgene expression in clinical

isolates ofA. baumannil

Strain Minimum inhibitory Quantification of gene expression (arbitrary units)
concentration (mg/L)
Imipenem | Meropenem | Expression of the 16S Expression of the Expression of the
rRNA gene blagxa.es gENE blagxa.ss gene

Ab202 16 16 16S r-RNA 249 OXA-65 154 OXA-58 194
Ab203 16 16 16S r-RNA 250 OXA-65 167 OXA-58 189
Ab204 16 16 16S r-RNA 255 OXA-65 165 OXA-58 187
Ab205 16 16 16S r-RNA 251 OXA-65 165 OXA-58 189
Ab202s 1 2 16S r-RNA 240 OXA-65 74.0 OXA-58 2
Ab203s 1 2 16S r-RNA 245 OXA-65 72.1 OXA-58 2
Ab204s 1 2 16S r-RNA 255 OXA-65 67.5 OXA-58 2
Ab205s 1 2 16S r-RNA 255 OXA-65 69.0 OXA-58 2

-%denotes no transcript due to the absend®agfa.ss gene.

3.5] DISCUSSION:

The transposition of insertion sequence (IS) eléamesithin a genome play important

roles in the evolution of host cells (Ka&t al, 2003, reviewed by Mahillon and

Chandler, 1998). IS transposition usually completehctivates a gene at a target site

due to insertional inactivation (Lopest al, 2012) but leads to the constitutive

expression of an adjacently located cryptic or f&tga gene by delivering 1S-loaded

promoter sequences (Poirel and Nordmann, 2006badtbeen observed that two or

more copies of an identical IS element dispersesl @vgenome promotes various

genetic rearrangements,

including inversion, dahetiand duplication of the

intervening region and fusion of two replicons dasg in the same cell (reviewed by

Mabhillon and Chandler, 1998, Rietd¢al, 2001). IS transposition is therefore one of

the most important driving forces that enhancevhegability and consequently the

adaptive and evolutionary capacities of their hoBkés is demonstrated very well by
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the acquisition of the plasmid borb&oxa-ss gene with 1ba825and the loss of the

same gene, leading to a sensitive phenotype.

The curing event promoted the loss of bi@xa-ss gene and its upstreamABa825
promoter. However the same event also promotedog®of the 13ba825element
upstream of the chromosomally encodeldoxass gene thus making the strains
carbapenem sensitiveThese results suggest that control of the IS elé&nen
coordinated by the activators and the repressotiseal®ss of the IS element occurs at
the same step as the loss of the plasmid. Trarigpoactivity is generally maintained
at a low level and the reason for this is that heghivities and the accompanying
mutagenic effect of genome rearrangements wouldidiemental to the host cell
(reviewed by Mahillon and Chandler, 1998). Tranggses (Tpase) promoters are
generally weak, and many are partially locatedhe terminal IRs, enabling their
autoregulation by Tpase binding. Many of the clemsmechanisms of controlling
gene expression, such as the production of trgtgoral repressors (ISand 1) or
translational inhibitors (antisense RNA inlly, are known to operate in Tpase

expression (reviewed by Mabhillon and Chandler, 2998

The temperature sensitivities of transpositiok ircoli have been considered to be the
intrinsic properties of the transposases (Haetnal, 1997). An increase in the
transposition activities of the seven IS elemeetsitging to four different IS families

of the Burkholderia multivoransATCC 17616 cells suggested that some common
host factors affect transposition at high tempeest{Ohtsubet al, 2005). It is also
suggested that some unknown factors that inhiaisposition might be depleted at

higher temperatures (Ohtsutma al, 2005). Alternatively, other unknown factors
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might contribute to altering the donor and/or tafgBIA architecture into a form that
enables the IS transposition machinery to work meffectively (Ohtsuboet al,
2005). The observed characteristics for the car&peresistant and sensitive strains
indicate that the IS element examined herdkB825 plays an important role in cells
exposed to high temperatures thus generating gedietrsity in a population oA.
baumannii Expression studies also show the importanceisfelement in conferring
carbapenem resistance by over-expression obliga-ss.ike and theblaoxa-es gene
and it can be concluded thatABa825is also very crucial for the adaptation and
evolution of carbapenem resistatbaumannibesides the well-known Abal Our
results concur with that of Ravast al (2005) and additionally we prove that
ISAba825 also governs thdlapxasi-ike gene expression and this is an essential
mechanism of carbapenem resistanceAinbaumanniiresistant to imipenem and

meropenem.
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3.6 SECTION 6:

ISAbal6disrupts blapxa-s1-ike gene inA. baumanniiAb244.

3.6.1Aims and Obijectives

This study was undertaken to understand alternatteehanisms of carbapenem
resistance by the activation of tidaoxa.ss gene in isolate Ab244 which had the

blaoxa-s1-ike g€NE INactivated by a novel I1S- elemerAlbh&16

3.6.2Identification and typing
The isolate Ab244 isolated from Carnaxide, Portfgahin 12) was confirmed s
baumanniiby restriction of the conserved 16S-23S rRNA igégiic spacer sequences

as described previously by Dolzastial (1995).

3.6.3Antimicrobial susceptibility testing
The strain Ab244 had an MIC of imipenem of 4 mgfiddhat of meropenem of 16
mg/L. The strain was classified as resistant tcopenem and intermediately resistant

to imipenem (BSAC.http://www.bsac.org.uk/Resources/BSAC/version_Gifl.[27

September 2011, date last accessed).

3.6.4PCR analysis and sequencing

The multiplex PCR for the OXA-group of enzymes skdwa positive result for
blaoxa-s1-ike andblaoxa-ss-ike g€NES, but was negative faBoxa-23-ike andblaoxa-4o-iike
genes. The expected product size was 889 bp witopinsertion present upstream
of the blapxa-s1-ike gENE, but the primers FxOxa_F (Figure 31: primarid FxOxa_R

(Figure 31: primer 2) amplified a product of 3449bp

141



Sequencing revealed that the chromosomal regiortheadonserved gene encoding a
putative suppressor of F exclusion of phage k84 as observed by Chest al
(2010) followed by the 399 bp intergenic fragmeialjJowed by a new insertion
sequence, named ABal6 , located following the first 15 bp and disruptitige
blaoxa-si-ike gene. The primers ISAbal6 F1 (Figure 31:. primer ISAbal6é R1
(Figure 31: primer 4), ISAbal6_F2 (Figure 31: pnind¢ and ISAbal6é R2 (Figure
31: primer 6) were used for sequencing of the timerlement. There was an 8 bp
target site duplication of thblapxasi-ike gene encoding the sequence CTCTTACT
seen at the 5’ and the 3’ end ofAl&a16 causing an insertional inactivation of the
blaoxa-s1-ike geNe (Figure 31). Analysis of the insertion seqeemwvealed that it had
the left inverted repeat 5’-GTAAGCATCCGGCTAA-3’ artlde right inverted repeat
5-TTCAGCGGACGCTTAC-3'. The I8bal6sequence comprised 3 ORFs encoding

transposase A, B and C respectively.

8
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fxsA Intergenic  blagys 130 1ISAbal6 Blages 132 Intergenic GNAT

Figure 31: Genetic arrangement of the disruptedlaoxa-132 gene due to the

insertion of ISAbala

The primers 51F (Figure31: primer 7) and Intacelgufe 31: primer 8) amplified a

product of 966 bp and the sequencing confirmed thatblapxasi-ike gENE Was
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identical toblapxa-132. There was no insertion present downstream obtagxa-132

gene.

The primers preOXA-58prom+ (Figure 32: primer 1hy preOXA-58B (Figure 32:
primer 12), previously described by Héritierr al (2005a), (Figure 26) amplified a
product of 934 bp of thélapxa-ss.ike gene. Theblapxass gene had no nucleotide

substitutions and this was confirmed by sequencing.

The primers SM2 (Figure 32: primer 9) and walk-581Rgure 32: primer 10)
amplified a region of 575 bp, present upstreamheftlapxass gene, sequencing of
which revealed an I&ba3like structure. A putative promoter with -35 (TTTE)
and -10 (TTTCTT) motifs was present 44 bp upstrednthe blapxass-ike gene as
described earlier by Poirel and Nordmann (2006bge TSAba3like structure had a
codon change at position 25 (GAT to TAT) causing d&mino acid to change from
Aspartic acid to Tyrosine and a second codon changesition 110 (AAT to AGT)
leading to Asparagine to Serine change. The pring#balA and ISAbalB detected

the presence of Kbalin Ab244 (Poirel and Nordman, 2006b).

Figure 32: Genetic arrangement of thélapxa-ss gene in Ab244

9 11
- - ) -
10 12
Intergenic  1SAba3 Blagyn 53 Intergenic
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3.6.5Analysis of OMPs (Outer Membrane Proteins)

No change was seen in the outer membrane protierseatraction and isolation on
SDS-PAGE (Bossi and Bossi, 2007) in comparison witter membrane proteins of
A. baumannii(Ab2) (Data not shown). The primers described joesly for the
amplification of thecarO gene did not identify any insert disrupting tterO gene

(Mussiet al, 2005).

3.6.6Analysis of gene expression

The expression studies on thiaoxa-s1-ike gene revealed that the gene in Ab244 was
not expressed in comparison with strain Ab2 (str2jn which had no insertion
upstream of theblapxa-132 gene (Figure 33, Table 10). On the contrary, the
blaoxa-ss-ike gene was highly expressed in Ab244 in comparisoiméocontrol strain
Ab2 which had theblapxa-ss-ike gENE without any insertion upstream of the gene

(Figure 34, Table 10).

Table 10: MICs and the level of expression foblapgxa genes inA. baumannii

Ab244
Strain Minimum inhibitory Quantification of gene expression (arbitrary units)
concentration (mg/L) (Standard deviation £ 0.95)
Imipenem Meropenem blagyxa.s1 gene blagya.ss gene

16Sr- OXA- 16Sr- OXA-

Ab244 4 16 | RNA 209 | 51 0 | RNA 155 | 58 154
16Sr- OXA- 16Sr- OXA-

Ab2 0.25 1| RNA 198 | 51 95.8 | RNA 160 | 58 69.1
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Figure 33: Expression of theéblapgxa-132 gene

M N1 16A 16B N2 51A H1B M

426bp —

N1, 16S-rRNA negative control., 16A, Expressionta16S-rRNA gene in Ab244.,
16B, Expression of the6S-rRNA gene in the control strain Ab2., N2aoxa-51-iike
negative control., 51A, Expression of theoxa-s1-ike gene in Ab244., 51B,
expression of thblapxa-s1-ike gene in Ab2. Thélapgxa-s1-ike g€NE IS shown at 679bp

and the 16S-rRNA gene is shown at 426bp

Figure 34: Expression of theblapxa-ss gene.

M N3 16C 16D N4 6&8C 580D M

599bp
426bp —

N3, 16S-rRNA negative control., 16C, Expressiothefl6S-rRNA gene in Ab244.,
16D, Expression of th&6S-rRNA gene in the control strain Ab2., NMaoxa-ss-iike
negative control., 58C, Expression of tlaoxa-ss-ike gene in Ab244., 58D,
expression of thblapxa-ss-ike gene in Ab2Theblagxa-ssgene is shown at 599bp and

the 16S-rRNA gene is shown at 426bp.
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3.6.7 DISCUSSION:

The A. baumanniisolate Ab244 had the conserved F-like structeegixsA found

to be present on the chromosome with the intergieagment followed downstream
by 1SAbalg which was inserted within thblapxasi-ike g€ne causing insertional
inactivation of the gene. The sequencing of theioregbetweenfxsA and the
phosphinothricin acetyltransferas&NAT) generevealed that there was no insert
present in the intergenic region downstream of @@ xas1-ike geNe. The region
mapped in this study was 4239 bp encompassing & gbathe fxsA intergenic
fragment upstream of thiglapxa-si-ike gene, theblapxasi-ike geNe itself, intergenic
fragment downstream of theGNAT and a part of the phosphinothricin
acetyltransferase. The inactivatbldoxas1-ike gene was identified as thdaoxa-132
gene. Sequencing studies showed that théAd&l16 inserted after the first 15
nucleotides of theblapxa-132 gene, which encode the ‘M N | K T amino acid
sequence. A target site duplication of 8bp having $equence CTCTTACT was
observed upstream and downstream of tibi8 6element. The RT-PCR showed no
expression of thdlapxa-132 gene and this is because of the interruption chbse

ISAbal6located following the first 15 bp and disruptimg blapxa-1329ene.

Analysis shows that the insertion elemem\b&16belongs to the K6 family. It has
been reported that the @6 family elements may comprise of 3 or more ORFs
(reviewed by Mahillon and Chandler, 1998)Al&16has the ability to transpose and
duplicate an 8 bp target site sequence on its fsitson, as observed by target site
duplications present at the 5’ and the 3’ end e&f ititsertion element. Transposases
encoded by many IS elements belonging to the mesrddehe IS families other than

the 156 family have a DNA-binding domain with am-helix—turn-e-helix DNA-
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binding motif and a catalytic domain with a DDE mhdHan et al, 2001). The
insertion element I&bal6shows the presence of 3 ORFs where the ThpA prbtesn
an a-helix—turn-e-helix DNA-binding motif, and the TnpC protein haspotential
DDE motif located at the catalytic core domain. Tinensposases from several
superfamilies possess a protein domain contaimngcalic amino acid triad (DDE or

DDD) that catalyzes the “cut and paste” transpositeaction (Yuaet al, 2011).

The TnpB proteins, however, seem to have no homologany of the motifs

identified in the transposases encoded by thed&@hts of the different IS families
(Han et al, 2001). Previous studies show that the TnpA, Tyl TnpC proteins

may be produced independently in appropriate ansaorfiorm a complex, which acts
as a transposase promoting the transposition&f i&nily elements like 18bal6in

strain Ab244.

As the multiplex PCR was positive for th&aoxa-ss-ike gene alongside thidaoxa-132
gene, it was essential to map the sequence dil#aga-ss-ike gene. Therefore a PCR
was performed by using the primers described bytidéet al (2005a), sequencing

of the amplicon revealed a similarity with th&aoxa.ss gene without any nucleotide
substitutions. The primers SM2 and walk-58-R anedis75bp region, sequencing of
which revealed an Kha3like structure. A putative promoter with -35 (TTTE)

and -10 (TTTCTT) motifs was present 44 bp upstredirtne blapxa-ss-ike gene. The
promoters had been previously identified by Poaedl Nordmann (2006b). The
RT-PCR proved that thdlapxassike gene was highly expressed. The frequent
association betweeblapxass genes and IS sequences could be associated with th

low-levels of expression of thblapxasiike genes in a wild-type strain having

147



insertion sequences dispersed in the genome. Thehamsm of the insertion
sequence activation may depend on activation corapldormed by repressor-
inhibitory mechanisms under antibiotic stress ctods (Escoubast al, 1991).
Selection for insertion sequences which insert sites that allow the bacterium to
survive the antibiotic stress, such as upstreani-lactamase genes where the IS
elements provide strong promoters fislactamase gene expression, has provided the
bacterium with a mechanism for transiently switghan resistance genes in response

to the stress (Toleman and Walsh, 2011).

Ab244 was resistant to meropenem and intermediagsigtant to imipenem although
no change in the OMP pattern was seen. Furthermmrasertional activation of the

carO gene was identified.

The results obtained in this study portray Ab244 asrbapenem resistant pathogen,
which can employ selective mechanisms of resistdhosugh the expression of
specific antibiotic resistance genes. The studywsha genetic structure ABal6
inactivating theblapxa-132gene and this could be due to the fact that theebam did
not require a mechanism of resistance when it veasinder clinical set conditions.
The acquisition of thélapgxa-ss gene under clinical settings facilitates the suavinf
the bacterium by helping it thrive more effectivelyder antibiotic stress. This clearly
demonstrates the acclimatization of Ab244 to vaiadrug environments by
acquisition of acquired carbapenemases such adltgass gene governed by

ISAba-3 like elements.
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This is the first report describing the insertiomadctivation of théblagxa-132 gene by
ISAbal6(JN415682) and the employment of an alternatstaste mechanism by the
over-expression of thélapxass gene leading to carbapenem resistance in strain

Ab244.
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3.7 SECTION 7:

Role of IS elements involved in the disruption oftte adeRgene in four isolates of
A. baumannii

3.7.1Aims and Obijectives

To understand the mechanism of resistance to égxadin mediated by the efflux

pump genes and by the mutations indlggA andparC genes.

3.7.2Identification and typing

A. baumanniiisolates Ab12, Ab18 and Ab209 were identified bg blapxa-51-iike
PCR (Héritieret al, 2005b) andpoB sequencing (La Scolet al, 2006) and were
used in this study. Ab12M was derived from Abl12tkgating it with sub-inhibitory

concentrations of acriflavine (Hunt and Sandhang9).9

3.7.3Antimicrobial susceptibility testing

Table 11 outlines the MIC values of ciprofloxacZi) and gentamicin (CN) in each
individual isolate, with and without the efflux ppmnhibitor (EPI) NMP. It was
observed that strains 12 and 12M were not resistagéntamicin; on the other hand
Ab18 was less resistant to gentamicin (MIC=16mdian Ab209, which had an MIC
of gentamicin of >256mg/L. There was either twadfdecrease or no change seen in

MIC of gentamicin for all strains in the presené¢&MP (Table 11).

3.7.4Aminoglycoside resistance determinants
All, but one, of the strains were negative for amgiycoside resistance genes; the
exception was Ab209, which was highly resistarge¢atamicin and it harboured both

the ant (2”)-la andaph (3')-lagenes. It has been shown tlaat (2)-la is able to
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inactivate tobramycin, dibekacin, sisomicin, kanamyand gentamicin whereas
aph(3’)-la confers resistance to various aminoglycosidesidiol gentamicin (Shaw
et al, 1993). All the strains were highly resistantdprofloxacin and & 8-fold

decrease in ciprofloxacin MIC was seen for alliggan the presence of NMP (Table

11).

3.7.5 Analysis of the quinolone resistance-determiniagion (QRDR) ofthe gyrA
andparC genes

The amplification of the QRDR'’s of thgyrA and theparC genes was performed by
PCR (Valentineet al, 2008) and amino acids sequence changes werd.félinthe
strains had Serine83 to Leucine encoded by a chanthe GyrA protein. Ab18 had
Serine80 to Leucine change whereas Abl2, Ab12MADRD9 had a novel mutation

of Serine80 changing to Tryptophan in the ParCeqnnot

3.7.6Screening of genes involved in efflux

The primers adeRF and adeSR were used to screamdigenic regions aideRand
adeSgenes. The intergenic primers adeRF and adeSRBteetine presence ofABal
(5’-3’) that disrupted th@deRgene after 530bp in Ab18 and after 588bp in Ab2009.
Ab12M showed the presence ofAIka16(5'-3’) disrupting theadeRgene after 522bp

(Figure 35).

The primers adeRA and adeAB were used to screaghdantergenic regions aideR

andadeAgenes. They detected the presence of anotiAdral5(5’-3’) element 24bp

upstream of th@adeAgene in Ab209. It was located 709bp from the ofls&bal
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element disrupting thadeR gene. There was no insert seen for any of therothe

strains.

The primers adeAlF, adeAlR., adeBF, adeBR., adaddR., adelF, adelR., adeJF,
adeJR., adeKF and adeKR were used for the detemtidrexpression of efflux genes.
PCR was performed to check for the presencadefABC adeRSandadelJK genes
detected the presence of all the genes in alltthens excepadeC which was absent

in Ab12 and Ab12M.

3.7.7Fluorescentlye whole cell accumulation assays

The ethidium bromide (EtBr) dye accumulation assayanneket al (2006) was
used. Table 11 outlines the mean quantificatiorretdtive expression of various
efflux genes for all the isolates. It also outlinlee mean fluorometric intracellular dye
accumulation at 30 mins after the addition of E{Bmg/L) in the presence and
absence of the efflux pump inhibitor, NMP. Dye aoclation experiments were

consistent with EtBr intracellular concentrations.

3.7.8Analysis of gene expression

The adeSRABRjenes were expressed in Ab12 whereas adBSBwas expressed in
Ab12M. This is due to the fact thatleRwas disrupted by I&bal6in Ab12. We have
recently shown that Ial6is responsible for the disruption and inactivatadrthe
blaoxa-s1-ike geNe in isolate 12 (Ab244) (Lopes$ al, 2012). It has been shown that
insertional inactivation o&de$S the kinase component of theeRSgenes, results in
susceptibility to aminoglycosides and other pumbpstiates (Marchandt al, 2004)

and this would be important for the expressiorhefadeABefflux pump. Our results,
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however, suggest that the expressiomaddAandadeBare independent, asleBcan
be expressed at an effective level despite lagkpfession oddeA It was previously
hypothesized thaddeABcan recruitadeK in the absence adeC (Marchandet al,

2004) and asadeK was very well expressed in Abl2 and Abl2M it cobkl a

potential outer membrane protein for the effluanfibiotics co-ordinated bgdeAB

In Ab18 adeSCandadelJKwere highly expresseddeRwas expressed at low levels
and this is again due to the disruption of ##eRgene by the insertion element
ISAbal Also theadeABgenes were not expressed and this is becausebaumannii
adeSmay be involved in the transcription regulationtlod adeRgene, which in turn
would be responsible for regulation of tadeAand/oradeBas similarly shown by
theompFandompCregulation by OmpR ik. coli. In E. coli, EnvZ (histidine kinase)
responds to changes in the extracellular osmolafityyner-membrane impermeable
compounds and controls the phosphorylation of gspanse regulataympR Like
EnvZ, AdeS functions as an autokinase, adeR phosphotransferase and as a
phospho-OmpR (OmpR-P) phosphatase (Batcheflal, 2003). Hence the role of
regulation byadeSis important. It has been suggested earlier thgidKregulator) is
crucial for the modulation of multi-drug resistgttenotype irkE. coli (Nishino and
Yamaguchi, 2002). The efflux systems have not bedensively studied as it has
been suggested that disruption afleS can have serious consequences on the
antibiotic resistance phenotype (Marchagtdal, 2004). Our study shows that the
disruption ofadeRcan be indirectly correlated with the decreasexipression of any
of the adeABCgenes as the primary signal passed orAdgS is important in the
auto-phosphorylation of the histidine residue, Wwhian then transfer the phosphate

group to an Aspartate residue of the responseatguldeR. AdeR is responsible for
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the modulatioradeABCgenes but, ibdeSis disrupted, it could lead to the loss in the
function ofadeRand subsequent loss in the expression of one oe gemes of the
adeABCoperon. The expression afleCandadelJKin Ab18 is suggestive that these

highly expressed genes in part would contributeatol the ciprofloxacin resistance.

In Ab209,adeRgene was not expressed (Table 11) and this wasubeof 1&bal
causing gene disruption (Figure 35). Td#eSABCandadelJK genes were very well
expressed leading to high levels of pump expressidre adeA gene was highly
expressed because it hadAlfal sequence (3'-5’) present in the intergenic regbn
adeR(3'-5’) and adeA(5’-3"), as opposed to Abl8 and Ab12M, which diot sShow
any insert. I3balis shown to govern the expressiorbtdapc andblaoxa-s1-ike gENES
when present upstream of the antibiotic resistaymees (Gordon and Wareham,
2010), hence it is not surprising that #deAgene in strain 209 is so well expressed

despite the inactivation @deRgene by 183bal

154



Table 11: Minimum inhibitory concentration (MIC) an d the levels of gene expression fé. baumanniiisolates.

EtBr
Strain MIC (mg/L) accumulation® Gene expression (arbitrary units)b
No
CIP CIP+tNMP  CN CN+NMP | -NMP  +NMP adeS adeR adeA adeB adeC adel adelJ adeK
12 >256 32 1 1 16947 48192 2.42 2.56 2.43 2.29 - 1.35 1.53 1.42
12M >256 32 1 0.5 15856 56052 2.40 1.23 0 231 - 1.27 1.62 1.31
18 256 32 16 8 20862 43783 2.52 1.44 0 0 2.26 1.55 151 1.24
209 >256 32 >256 >256 14847 49814 2.56 1.14 2.65 2.56 2.42 1.31 1.59 141
19606 0.5 0.12 8 8 16103 15235 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

®Mean average of intracellular ethidium bromide (/e accumulation measured by fluorometry at 3@srtarbitrary units).

PMean average of gene expression measured by RTaRGRuantified by Bio-Rad Quantity-1 software

CIP, Cirprofloxacin, CN, Gentamicin, +NMP (in theepence of 1-(1-napthylmethyl) piperazine), -NMfrtfie absence of 1-(1-napthylmethyl)
piperazine )

- No transcript detected due to the absence aj¢he.

The values selected are based on the data obtaitted permissible standard deviation range (x1®Q30 units for EtBr accumulation and
+0.55 to 1.0 units for gene expression)
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Figure 35: Gnetic arrangement showing the efflux geesadeABCand its controllersadeRSwith insertions at various positions.
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3.7.9 DISCUSSION:

Over-expression of thedeABCefflux pump may be caused by theAl&linsertion

to the upstream addeABCoperon (Ruziret al, 2007). Although this point has been
stated earlier, it has not been proved (Reial, 2007). In this study we show how
insertion elements like Kal and IAbal6can cause disruption of tleleRgene
and still lead to high expression of efflux pumpsedo the various contributing
factors highlighted in the Results section. Insertelements will lead to the over-
expression of a gene only if it can provide a girpromoter upstream of the gene. If
insertion sequence forward (ISF) and Efflux geneerse (EGR) primers were
designed, they would have picked up an insert heitprimers designed to span the
intergenic sequences show how important it is taioka definitive result. It has been
mentioned earlier (Ruziat al, 2007) that an insert of Abal had been found in the
adeSgene but, in this study, its potential presencstregm of the gene was not
studied. We have to consider the point that ddeSgene was disrupted by this
element (Ruziret al, 2007) and this should lead either to low le\a#lexpression or
no expression at all (Lopex al, 2012) as it has been shown that the disruptfon o
adeScan render the bacterium susceptible to a rangaibiotics (Marchanet al,

2004).

In this study, disruption ofideR gene leads tadeR gene inactivation but the
expression ofadeS shows that the primary signal passed on adeR by
phosphorylation is not only important for its tranptional regulation but also for the

regulation ofadeABCgenes.
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In Ab209, even though the signal is not passedd®R because I8balis present
upstream ofadeA an expression driven by strong promoters &hb&l can be seen.
This is in contrast to Ab12M and Ab18 whex@eAgene is not expressed. The over-
expression of thedeB gene in Ab12M may correlate with its high resis&rio
ciprofloxacin, compared with Ab18 wher@deB was not expressed. We cannot
necessarily infer thatdeAandadeBare co-transcribed. This could be because of the
extracytoplasmic function factors that are co-transcribed with amtiactors located

in the cytoplasmic membrane and are released updaraction with an
extracytoplasmic signal (Marcharet al, 2004). The main contributing factor of
ciprofloxacin resistance examined for the straitsdied is largely due to the

mutations in thgyrA andparC.

Also none of the point mutations imdeR (Prolinell6-Leucine) andadeS
(Threoninel53-Methionine or Glycine30-Aspartic aaieénes that have been reported

previously (Marchanet al, 2004) were seen in any of the strains studied.

Inactivation ofadeRdoes not exert a polar effect on the expressiadesas shown

in this study but previous studies have shown thattivation ofadeSmay have a
significant effect on the susceptibility to varioastibiotics (Marchanet al, 2004).

In two-component regulatory systems it has beeabéshed that the sensor kinase
(adeS autophosphorylates at an internal histidine (Hhebox) in response to a
stimulus, the phosphate group of which is thensfiemed to an aspartate residue of
the response regulataadeR (Marchandet al, 2004). The phosphorylated regulator
may also be dephosphorylated by the phosphataséyaof the sensor (Marchanet

al., 2004). The histidine kinases are bifunctional,that they phosphorylate and
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dephosphorylate their cognate response regulatoichwieads to a switch between
these two activities and directs the state of #wulators, thus governing expression
of the genes on which they act (Marchatdal, 2004). It has been stated that, in
E.coli, there is evidence that the operon consistingrapR (regulator) and envZ
(kinase)is subject to control by integration host factopAMP-catabolite activator
protein, and the histone-like protein HNS (Batchedd al, 2003). More work is
needed in order to understand the role of efflusteays in control of resistance to

various classes of antibiotics.

In this study, we demonstrated that over-expressibithe adeABC efflux pump
resulted in CIP non-susceptibility in the isolasésdied by quantifying the transcripts
of the efflux genes and their regulators. There atagast an 8-fold decrease in CIP
susceptibility in the presence of the efflux pumpibitor NMP. The fluorometric
assays demonstrated active efflux in all the sttawhich contributed, in part, to CIP
resistance. The remaining contribution was largélye to commonly occurring

mutations in the QRDR regions of tggrA and theparC genes.
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3.8SECTION 8:

Multi-drug resistance of A. baumanniiin the US and Europe.

3.8.1Aims and objectives

To study the mechanisms of multi-drug resistancemfrclinical isolates of

Acinetobacter baumannigolated in the United States and Europe.

3.8.2Identification and typing

The strains used in this study were previously tified either by 16S-23S rRNA
restriction analysis or by thgoB gene sequencing and by the intrinBiaoxa-s1-iike
gene PCR by Benjamin Evans (isolates from Europd)yoSusan Brown (isolates
from the US). They were reconfirmed by me by lth&®xa-s1-ike gene PCR and by any

of the above methods whenever necessary.

3.8.3Carbapenem resistance and the detectidnagfia family genes

Table 12a and 12b outlines the MIC values of imgmen(IPM) and meropenem
(MEM) for the 36 isolates from the Europe and 36nfrthe United States. The
multiplex PCR was performed for each isolate (Woadlet al, 2006) (Figure 36a
and 36b) and the upstream sequences dblga-s1-ike g€NE blapxa-ss-ike gENE Were
determined using established primers (Logpeal, 2012, Héritieret al, 2005b). The
whole genes with their upstream sequences, if fowade sequenced. Isolates 2, 14,
206, 207 and 208 did not yield a positive band tlegshe OXA-58 multiplex PCR
being positive. OXA 143-F and OXA 143-R primerslddito detect thdlaoxa-143
gene in any of the isolates. The primers OXA-24A @XA-24B (Afzal-Shalet al,
2001), OXA- 24F and OXA-24R (Jeat al, 2005), OXA-23F and OXA-23R (Afzal-

Shahet al, 2001) were used for sequencing to detect angti@m within the genes.
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The primer ISADC1 (Ruizt al, 2007) and OXA-23R were used for detection of
insertion sequence Abalupstream of thdlapxa-23-ike gene, which was detected in
all strains positive for the gene (Table 12). Thenpr IntoxaF and IntaceR did not
detect the presence of insertion sequence downsireany of the isolates which had
an insert present upstream of thlapxa-s1-ike gene. The primers ISAbalF and OxaR
detected I18bal andblapxa-s1-ike gene on a plasmid in some isolates. The gene was
found to be present on a 110kb plasmid in strai@Qkb in strain 27 and 47kb in
strain 29. The plasmid of strain 24 could not dated even on repeated trials. PCR
performed with the multiplex primers (Ellingtent al, 2007) for metall@-lactamases
detected just two isolates positive for thieyyr gene. They were Ab25 from the

European collection and Ab97 from isolates fromus:
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Fig 36a: Multiplex PCR (blapxa families) for the European isolates
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Fig 36b: Multiplex PCR (blapxa families) for isolates from the US
M N 25 27 36 3738 39 74 75 76 77 78 79 93 94 95 96 97193

1 O‘Iit-il-‘ll ’
T =g 20 00

M 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212

blaoxa-s1-ike gENE= 353bphlaoxa-so-ike geNe= 246bpblaoxa-ss-ike gENE= 599bp
blaoxa-143-ike g€N€= 728bpblaoxa-23-ike gENE= 501bp

(Woodford et al, 2006).

162



Table 12a: MIC values,blapxa genes and gene environment &. baumanniiisolates from Europe (EU).

EU MIC (mg/L)
ISAbal- IS upstream ISAbalF-
Isolate/Strain IMP MER OXA23 OXA-24like  OXA-58 like IS upstream OXA-58 OXA-5llike OXA-51-like 51R
1 32 64 N N N 66 N Y
2 0.25 1 N N Y 66 N N
3 0.25 0.25 N N N 64 N N
4 8 4 N N N 108 ISAbal N
5 1 8 N N N 110 ISAbal N
6 1 2 N N N 69 N N
7 0.25 1 N N N 65 N N
8 0.25 0.5 N N N 69 N N
9 16 16 N N N 82 ISAbal N
10 4 8 N N N 66 N N
11 8 16 N N N 107 Y N
12 4 16 N N Y ISAba3 A132 ISAbal6 N
13 0.25 1 N N N 71 N N
14 0.25 2 N N Y 69 N N
15 0.12 1 N Y N 68 N N
16 0.5 1 N N N 66 N N
17 0.25 2 N N N 71 N N
18 0.12 1 N N N 112 N N
19 0.5 1 N N N 106 N N
20 0.25 0.5 N N N 69 N N
21 0.5 1 N N N 66 N N
A22
23 4 8 N N N 69 N N
24 32 64 N Y Y ISAba3 64 N Y
25 2 4 N N N 208 N N
26 0.12 0.25 N N N 98 N N
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EU MIC (mg/L)
ISAbal- IS upstream ISAbalF-
Isolate/Strain IMP MER OXA23 OXA-24like  OXA-58 like IS upstream OXA-58 OXA -5llike OXA-51-like 51R

27 16 32 Y N N 66 N Y
28 0.25 0.12 N N N 68 N N
29 16 8 Y N N 144 N Y
30 2 2 N N N 65 N N
31 4 4 N N Y ISAba3-ISAba2-1SAba3 66 N N
32 1 2 N N Y ISAba3-ISAba2-1SAba3 92 N N
33 4 4 N N Y ISAba3-ISAba2-1SAba3 66 N N
34 8 16 N N N 107 ISAbal Y
35 8 32 N N N 83 ISAbal Y
36 0.5 0.5 N N N 66 N N
37 8 64 N N N 83 ISAbal Y

MIC (Minimum inhibitory concentration) values of im ipenem (IPM) and meropenem (MEM): Highlighted in red= resistant,

Highlighted in blue = intermediate, Highlighted in black= sensitive, Y=presence of a gene, N=absené@a@ene, 1S= Insertion Sequence
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Table 12b: MIC values of imipenem, meropenemnblaoxa genes and gene environment &. baumanniiisolates from the US

IS upstream
usS MIC (mg/L) of
ISAbal-

Isolate/Strain IMP MER OXA-23 OXA-24-like OXA-58-like IS upstream of OXA-58 OXA-51-like OXA-51-like  ISAbalF-51R
Ab25 8 4 N N Y ISAba825 65 N N
Ab27 16 16 Y N N N 66 N N

Ab36su 8 4 N N Y ISAba825 51 N N
Ab37 8 4 N N Y ISAba825 51 N N
Ab38 4 4 N N Y ISAba825 51 N N
Ab39 0.25 0.5 N N N N 67 N N
Ab74 128 64 N Y N N 66 N N
Ab75 64 64 N Y N N 71 N N
Ab76 128 64 N Y N N 71 N N
Ab77 128 64 N Y Y ISAba3-1SAba2-1ISAba3 68 N N
Ab78 16 4 N N Y IS1008 66 N N
Ab79 4 8 N Y N N 70 N N
Ab93 8 8 N N Y IS1008 71 N N
Ab94 8 8 N N Y IS1008 64 N N
Ab95 8 4 N N Y 1S1008 71 N N
Ab96 1 1 N N N N 71 N N
Ab97 4 8 N N Y ISAba3 78 N N
Ab193 8 16 N N Y ISAba3 69 N N
Ab194 0.25 0.25 N N N N 66 N N
Ab195 0.12 0.25 N N N N 66 N N
Ab196 0.25 0.25 N N N N 66 N N
Ab197 0.5 0.25 N N N N 66 N N
A198
Ab199 16 16 Y N N 69 N N
Ab200 16 16 Y N N N 69 N N
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IS upstream
us MIC (mg/L) of
ISAbal- ISAbalF-
Isolate/Strain IMP MER OXA-23  OXA-24-like  OXA-58-like IS upstream of OXA-58 OXA-51-like  OXA-51-like 51R
Ab201 16 16 N N Y ISAba825 51 N N
Ab202 16 4 N N Y ISAba825 65 ISAba825 N
Ab203 16 4 N N Y ISAba825 65 ISAba825 N
Ab204 16 4 N N Y ISAba825 65 ISAba825 N
Ab205 16 4 N N Y ISAba825 65 ISAba825 N
Ab206 4 4 N N Y N 80 ISAbal Y
Ab207 4 16 N N Y N 79 ISAbal Y
Ab208 8 8 N N Y N 82 ISAbal Y
Ab209 16 16 N N N N 66 N N
Ab210 16 16 N N N N 69 N N
Ab211 128 128 N Y N N 66 N N
Ab212 16 4 N N Y ISAba825 68 N N

MIC (Minimum inhibitory concentration): Highlighted

in red= resistant, Highlighted in blue = intermedate, Highlighted in black=

sensitive, Y=presence of a gene, N=absence of aggdB= Insertion Sequence
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3.8.4Ceftazidime resistance

Table 13 outlines the MIC values of ceftazdime (§A&r the 36 strains isolated in
Europe and 36 from the United States. The primdds RU detected insertion
elements such as ABaland ISAbal25upstream of thdlaypc gene. ISADC1 and
ISADC2 primers detected Abal sequence upstream of théaspc gene. ISADC1
and ISADC2 PCR was positive for isolate 24, and &Bich had low MIC values
with no IS element detected by the FU, RU primé&ishough the ISADC1 and 2
PCR for the detection of Abalblaapc was positive for isolate 36su, it had
ISAbal25detected upstream of th#aspc with FU and RU primers. FD and RD
primers failed to detect any insert downstream haf lilaxpc. Multiplex PCR for
determination of integrase genes was performedofit al, 2005). Conjugation
assays performed for isolate 24, 27 and 36su &emesf plasmids with OXA-2 and
OXA-10-like genes present on class one integrorgetearmined by the CSa and CSb
primers. Hence this study was not pursued furtisetates 194 (novel TEM-194), 195
(novel TEM-195) and 197 (novel TEM-193) did not Ba\sAbal upstream of the
blaapc but tested positive for thblarem and blaper.1 genes. The primers TEMF,
TEMR and PERF and PERR were used. The alignmetiteohucleotides is seen in
figure 37a and the amino acid translation in fig8. Isolate 196 was positive for
blaper-1gene. Isolates 193 and 195 had cysteine at podiférnthat has been known
to confer high resistance to ceftazidime (reviewgdBradford, 2001). There were
other amino acid changes at various different mystthat could contribute towards
resistance to ceftazidime. Isolate 25 having higlk Mf ceftazidime had the OXA-2

gene within the integron structure.
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Table 13: MIC of Ceftazidime (CAZ), blaapc gene environment

MIC MIC
EU (mglL) us (mglL)
ISADC1 ISADC1
Isolate/Strain CAZ FD/RD FU/RU and 2 integrase | Isolate/Strain CAZ FU/RU FD/RD and 2 integrase

1 16 N ISAbal ISAbal N
2 >256 N ISAbal25 N 1 Ab25 8 N N N 2
3 128 N ISAbal ISAbal 2 Ab27 128 ISAbal N ISAbal 1
4 32 N ISAbal ISAbal 1 Ab36 128 ISAbal25 N ISAbal 1
5 64 N ISAbal ISAbal 1 Ab37 64 ISAbal25 N N N
6 128 N ISAbal ISAbal N Ab38 64 ISAbal25 N N N
7 32 N ISAbal ISAbal 2 Ab39 128 ISAbal N ISAbal N
8 8 N N N 1 Ab74 >256 ISAbal N ISAbal N
9 >256 N ISAbal ISAbal 1 Ab75 >256 ISAbal N ISAbal 1
10 32 N ISAbal ISAbal 1 Ab76 >256 ISAbal N ISAbal 1
11 128 N ISAbal ISAbal N Ab77 >256 ISAbal N ISAbal N
12 8 N N N 2 Ab78 256 ISAbal N ISAbal 1
13 32 N N N 1 Ab79 8 N N N N
14 16 N N N 1 Ab93 64 ISAbal N ISAbal 1
15 32 N N N N Ab94 >256 ISAbal N ISAbal N
16 >256 N ISAbal ISAbal N Ab95 64 ISAbal N ISAbal 1
17 32 N N N 1 Ab96 64 ISAbal N ISAbal 1
18 128 N ISAbal ISAbal N Ab97 128 ISAbal N ISAbal land 2
19 8 N N N N Ab193 64 N N N N
20 >256 N ISAbal ISAbal 1 Ab194 >256 N N N 1
21 32 N ISAbal ISAbal 1 Ab195 >256 N N N 1

A22 Ab196 >256 N N N 1
23 8 N N N 1 Ab197 >256 N N N 1
24 8 N N ISAbal 1 A198
25 >256 N N N 1 Ab199 128 ISAbal N ISAbal 2
26 4 N N N 1 Ab200 128 ISAbal N ISAbal 2
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MIC MIC
EU (mglL) us (mglL)
ISADC1 ISADC1
Isolate/Strain CAZ FD/RD FU/RU and 2 integrase | Isolate/Strain CAZ FU/RU FD/RD and 2 integrase

27 >256 N ISAbal ISAbal 1 Ab201 128 ISAbal N ISAbal N
28 4 N N N N Ab202 128 ISAbal N ISAbal 2
29 16 N N ISAbal N Ab203 128 ISAbal N ISAbal 2
30 >256 N N N N Ab204 128 ISAbal N ISAbal 2
31 >256 N ISAbal25 N 1 Ab205 128 ISAbal N ISAbal 2
32 >256 N ISAbal25 N 1 Ab206 64 ISAbal N ISAbal N
33 >256 N ISAbal25 N 1 Ab207 128 ISAbal N ISAbal 1
34 >128 N ISAbal ISAbal N Ab208 128 ISAbal N ISAbal 1
35 >128 N ISAbal ISAbal 1 Ab209 128 ISAbal N ISAbal 2
36 128 N ISAbal ISAbal 1 Ab210 128 N N N N
37 >128 N ISAbal ISAbal 1 Ab211 >256 ISAbal N ISAbal N
Ab212 16 N N N N

MIC (Minimum inhibitory concentration): Highlighted in red= resistant, Highlighted in blue = intermedate, Highlighted in black=

sensitive, N=absence of a gene, 1= +ve for integeak, 2=+ve for integrase 2
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Figure 37a: Nucleotide sequence of TEM-193, 194 aidd®5 aligned with TEM-1
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1 10 20 30 40 50 60 70 80 90 100 110 120 130
| |
ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGARACGCTGGTGARAGTARAAGATGC TGARGATCAGT TGGGTGCACGAGTGGGTT
ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGARACGCTGGTGARRGTARAAGATGC TGARGATCAGT TRGGTGCACGAGTGEGTT
ATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGARACGCTGGTGARAGTARAAGATGC TGAAGATCAGT TEGGTGCACGAGTGEGTT
ATGAGTATTCAACATTTCCATGTCGCCCTTATTCCCTTTTTTRCGGCATTTTGLCTTCCTRTTTTTGCTCACCCAGARACGC TGRTGARAGTARARGATGC TRARGATCAGT TRRGETGCACGAGTGEGTT
ATGAGTATTCAACATTTCCATGTCGCCCTTATTCCCTTTTTTRCGGCATTTTGLCTTCCTRTTTTTGCTCACCCAGARACGC TGGTGARAGTARAAGATGC TGARGATCAGT TRGGETGCACGAGTGEGTT

131 140 150 160 170 180 130 200 210 220 230 240 250 260
| |
ACATCGAGCTGGATCTCARCAGCGGTARGATCCTTGAGAGTTTTCGCCCCGARGARCGTTTTCCARTGATGAGCACTTTTARAGTTCTGCTATGTGGTGCGGTATTATCCCGTGTTGACGCCGGGCARGA
ACATCGAGCTGGATCTCARCAGCGGTARGATCCTTGAGAGTTTTCGCCCCGARGARCGTTTTCCARTGATGAGCACTTTTARAGTTCTGCTATGTGGTGCGGTATTATCCCGTGTTGACGCCGGGCARGA
ACATCGAGCTGGATCTCARCAGCGGTARGATCCTTGAGAGTTTTCGCCCCGARGARCGTTTTCCARTGATGAGCACTTTTARAGTTCTGCTATGTGGTGCGGTATTATCCCGTRTTGACGCCGGECARGA
ACATCGAGCTGGATCTCARCAGCGGTARGATCCTTGAGAGTTTTCGCCCCGARGARCGTTTTCCARTGATGAGCACTTTTARAGTTCTGCTATGTGGTGCGGTATTATCCCGTRTTGACGCCGGECARGA
ACATCGAGC TGGATCTCARCAGCGGTARGATCCTTGAGAGTTTTCGCCCCGARGARCGTTTTCCARTGATGAGCACTTTTARAGTTCTGCTATGTGGTGCGGTATTATCCCGTGTTGACGCCGGECAAGA

261 270 280 230 300 310 320 330 340 350 360 370 380 390
| |
GCARCTCGGTCGCCGCATACACTATTCTCAGARTGACTTGGTTGAGTACTCACCAGTCACAGARRAGCATCTTACGGATGGCATGACAGTARGAGARTTATGCAGTGCTGCCATARCCATGAGTGATAAC
GCARCTCGGTCGCCGCATACACTATTCTCAGARTGACTTGGTTGAGTACTCACCAGTCACAGARARGCATCTTACGGATGGCATGACAGTARGAGARTTATGCAGTGCTGCCATARCCATGAGTGATAAC
GCARCTCGGTCGCCGCATACACTATTCTCGGARTGACTTGGTTGAGTACTCACCAGTCACAGARARGCATC TTACGGATGGCATGACAGTARGAGARTTATGCAGTGCTGCCATARCCATGAGTGATAAC
GCARCTCGGTCGCCGCATACACTATTCTCGGARTGACTTGRTTGAGTACTCACCAGTCACAGARARGCATC TTACGGATGGCATGACAGTARGAGARTTATGCAGTGCTGCCATARCCATGAGTGATARC
GCARCTCGGTCGCCGCATACACTATTCTCgGARTGACTTGGTTGAGTACTCACCAGTCACAGARARGCATC TTACGGATGGCATGACAGTARGAGARTTATGCAGTGC TRCCATARCCATGAGTGATAAC

391 400 410 420 430 440 450 460 q70 480 430 500 510 520
| |
ACTGCGGCCARCTTACTTCTGACAACGATCGGAGGACCGARGGAGCTARCCGCTTTTTTGCACARCATGGEGGATCATGTARCCCGCCTTGATCGT TRGGARCCGGAGCTGARTGARGCCATACCAARACG
ACTGCGGCCCACTTATTTCTGACARCGATCGGAGGACCGAAGGAGCTCACCGCTTTTTTGCACARCATGGEGGATCATGTCACCCGCCTTGATTGT TRGGGACCGARGCTGACTGAGGCCATACCACACG
ACTGCGGCCARCTTACTTCTGACARCGATCGGAGGACCGARGGAGCTCACCGCTTTTTTGCACARCATGGEGGATCATGTCACCCGCCTTGATTGT TRGGARCCGGAGCTGARTGARGCCATACCACACG
ACTGCGGCCARCATACTTCTGACARCGATCGGAGGACCGARGGAGCTCACCGCTTTTTTGCACARCATGAGAGATCATGTCACCCGCCTTGATCGT TRGGARCCGGAGCTGARTGARGCCATACCACACG
ACTGCGGCCaACL TAcTTCTGACARCGATCGGAGGACCGAAGGAGCTCACCGCTTTTTTGCACAACATGEGGATCATGTCACCCGCCTTGATCGTTGGGaACCGgAGCTGAaTGAaGCCATACCACACG

h21 530 bd0 bh0 ) b70 b8o 590 600 610 620 630 640 650
| |
ACGAGCGTGACACCACGATGCCTGCAGCARTGGCAACARCGTTGCGCARACTATTARCTGGCGAACTACTTACTCTAGCTTCCCGGCARCAAT TARTAGAC TGGATGGAGGCGEATARAGT TRCAGGACC
ACGAGCGTGACACCACGATGCCTGCAGCAGTGGCCARCACGTTGCGCARACTATTARCTGGCGAACTACTTACTCTAGCTTCCCGGCARCART TARTAGAC TRGATGGAGGC GEATARAGT TRCAGGACC
ACGAGCGTGACACCACGATGCCTGCTGCAGTGGCCACCACGTTGCGCARACTATTARCTGGCGAACTACTTACTCTAGCTTCCCGGCARCART TARTAGAC TRGATGGAGGC GEATARAGT TRCAGGACC
ACGAGCGTGACACCACGATGCCTGCTCCAGTGGCCACARCGTTGCGCACACTATTARCTGTCGAACTACTTACTCTAGCTTCCCGGCCACGATTARTAGAC TEGATGGAGGL GEATARAGTGRCAGGACT
ACGAGCGTGACACCACGATGCCTGCLgCAgTGGCcAcaACGTTGCGCARACTATTARCTGECGARCTACTTACTCTAGCTTCCCGGCaACAATTARTAGACTGGATGGAGGCGGATARAGTLGCAGGACC

651 30 670 680 630 700 10 720 730 740 750 760 710 780
| |
ACTTCTGCGCTCGRCCCTTCCGGCTGRCTGETTTATTGCTGATARATCTGGAGCCGGTGAGCGTGGATCTCGCEGTATCATTGCAGCAC TRGGGCCAGATGGTARGCCCTCCCGTATCGTAGTTATCTAC
ARTTCTGCGCTCGRCCCTTCCRGCTGRCTGETTTATTGCTGATARATCTGGAGCCGGTGAGCGTGGATCTCGCGGTATCATTGCAGCACTRGGGCCAGATGGTARGCCCTCCCGTATCGTAGTTATCTAC
ACTTCTGCGCTCGRCCCTTCCGGCTGRCTGETTTATTGCTGATARATCTGGAGCCGGTGAGCGTGGATCTCRCGGTATCATTGCAGCACTGGGECCAGATGGTARGCCCTCCCGTATCGTAGTTATCTAC
ARTTCTGCGCTCGRCCCTTCCGGCCGRCTGETTTATTGCTGATARATCTGGAGCCGGTGAGCGTGGATCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTARGCCCTCCCGTATCGTAGTTATCTAC
RaTTCTGCGCTCGRCCCTTCOGGCLGRCTGETTTATTGCTGATARATCTGGAGCCGGTGAGCGTGGATCTCGCGGTATCATTGCAGCACTGGGECCAGATGGTARGCCCTCCCGTATCGTAGTTATCTAC

781 790 800 810 820 830 B840 850 861
| |
ACGACGGGGAGTCAGGCARC TATGGATGARC GARRTAGACAGATCGC TGAGATAGGTGCCTCACTGATTARGCATTGRTAR
ACGACGGGGAGTCAGGCARC TATGGATGARCGARRTAGACAGATCGC TGAGATAGGTGCCTCACTGATTARGCATTGGTAR
ACGACGGGGAGTCAGGCARC TATGGATGAACGAARTAGACAGATCGC TGAGATAGGTGCCTCACTGATTARGCATTGGTAR
ACGACGGGGAGTCAGGCARCTATGGATGARCGARATAGACAGATCGCTGAGATAGGTGCCTCACTGATTARGCATTGGTAR
ACGACGGGGAGTCAGGCARCTATGGATGARCGARRTAGACAGATCGCTGAGATAGGTGCCTCACTGATTARGCATTGGTAA

The letters A denotes Adenine, T=Thymine, G=Guaninand C=Cytosine.
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Figure 37b: Amino acid translated sequence of TEM43, 194 and 195 aligned

with TEM-1
1 10 20 30 40 50 [ 1] Fill 80 90 100 110 120 130
| |
TEH1L ¥X¥HSIOHFRYALIPFFARFCLPYFAHPETLYKYKDAEDOLGARYGYIELDLHSGKILESFRPEERF PHHSTFKYLLCGRYLSRYDAGOEOLGRRIHYSONDLYEYSPYTEKHLTDGHTYRELCSAATITH

TEH195
TEH193
TEH134
Conszensus

TEH1
TEH195
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TEH194

Consensus

TEH1
TEH195
TEH193
TEH134

Consensus

HSTAHFRYALIPFFARFCLPYFAHPETLYKVKDAEDALGARYGYIEL DLHSGKILESFRPEERF PHHSTFKYLLCGAYLSRYDAGOEQLGRRIHYSRHDLYEYSPYTEKHLTDGHTYRELCSAATTH
HSTAQHFRYALIPFFARFCLPYFAHPETLYKVKDAEDOLGARYGYLELDLHSGKILESFRPEERF PHHSTFKYLLCGAYLSRYDAGOEQLGRRIHYSONDLYEYSPYTEKHLTDGHTYRELCSAATTH
HSTAQHFRYALIPFFAAFCLPYFAHPETLYKVYKDAEDALGARYGYLELDLNSGKILESFRPEERF PHHSTFKVLLCGRYLSRYDAGOEQLGRRIHYSRHDLYEYSPYTEKHLTDGHTYRELCSAATTH
++MISTOHFRYALIPFFAAFCLPYFAHPETLYKYKDAEDOLGARYGYIELDLNSGKILESFRPEERF PHHSTFKYLLCGAYLSRYDAGOEQLGRRIHYSrHDLYEYSPYTEKHLTDGHTYRELCSARITH

131 140 150 160 170 180 130 200 210 2200 230 240 250 260
| |
SONTAARNLLLTTIGGPKEL TAFLHNHGDHY TRLORHEPELNEATPHDERDT THPAANATTLRKLLTGELL TLASRAAL IDHHEADKYAGPLLRSALPAGHF TRDKSGAGERGSRGITARLGPOGKPSRIY
SDONTARNLLLTTIGGPKEL TAFLHNHGDHY TRLOCHEPELNEATPHDERDT THPARYATTLRKLLTGELL TLASRAOL IDHHEADKYAGPLLRSALPAGHF TRDKSGAGERGSRGIIARLGPDGKPSRIY
SDNTAARHLFLTTIGGPKEL TAFLHNHGDHY TRLOCHGPKLTEAIPHDERDT THPARYANTLRKLL TGELL TLASRAOL IDHHEADKYAGP ILRSALPAGHF TRDKSGAGERGSRGIIAALGPDGKPSRIY
SDNTAANILLTTIGGPKEL TAFLHNHRDHY TRLORHEPELNEATPHDERDT THPAPVATTLRTLLTYELL TLASRPRLIDHHEADKYAGPILRSALPAGHF TADKSGAGERGSRGITAALGPDGKPSRIY
SDHTAAN11LTTIGGPKELTAFLHNHgDHYTRLDrHePelnEATPhDERDT THPAavAL TLRKLLTgELL TLASRqqL IDHHEADKYAGP iLRSALPAGHF TADKSGAGERGSRGITAALGPDGKPSRIY

261 270 280 289
| |
YIYTTGSEATHDERNROIAEIGASLIKHH
YIYTTGSOATHDERNROIAEIGASLIKHH
YIYTTGSOATHDERNROIAEIGASLIKHH
YIYTTGSOATHDERHROTAETGASLIKHH
YIYTTGSOATHOERNROIAEIGASLIKHH

Changes at position 165 Arginine (R) to Cysteine (Geen in TEM-195 and
TEM-193 enzymes explainin ceftazidime resistancedviewed by Bradford,
2001). Gultamine (Q), Proline (P), Alanine (A), Theonine (T), Valine (V),
Glycine (G), Histidine (H), Glutamic acid (E), lyshe (K), Tryptophan (W),

Isoleucine (I), Phenylalanine (F), Asparagine (NMethionine (M), Leucine (L)
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3.8.5Ciprofloxacin resistance
PCR was performed using the primers described Hgritiae et al (2008) for the

amplification of quinolone resistance determiniegions (QRDRs). Table 14 shows

the MIC values of ciprofloxacin and the mutationghegyrA andparC genes.

Table 14: MIC values of ciprofloxacin and the mutatons in gyrA and parC

MIC
EU MIC(mg/L) UsS (mg/L)
Isolate CIP gyrA parC Isolate CIP gyrA parC
1 64 S83-L S80-W
2 16 S83-L S80-S Ab25 128 S83-L  S80-Y
3 64 S83-L S80-L Ab27 64 S83-L  S80-L
4 128 S83-L Q84-K Ab36 128 S83-L S80-L
5 4 S83-L S80-S Ab37 128 S83-L S80-L
6 128 S83-L S80-L Ab38 64 S83-L S80-L
7 2 S83-L S80-S Ab39 64 S83-L  S80-F
8 1 N/D N/D Ab74 128 S83-L  S80-F
9 64 S83-L S80-L Ab75 128 S83-L  S80-F
10 32 S83-L S80-W Ab76 128 S83-L  S80-F
11 8 S83-L S80-S Ab77 128 S83-L  S80-F
12 >256 S83-L S80-W Ab78 32 S83-L  S80-S
13 128 S83-L S80-L Ab79 0.012 N/D N/D
14 0.25 N/D N/D Ab93 128 S83-L S80-L
15 0.5 N/D N/D Ab94 4 S83-S  S80-S
16 128 S83-L S80-L Ab95 128 S83-L  S80-L
17 128 S83-L S80-L Ab96 128 S83-L  S80-L
18 256 S83-L S80-L Ab97 8 S83-L  S80-S
19 0.12 N/D N/D Ab193 128 S83-L  D84-K
20 128 S83-L S80-L Ab194 128 S83-L  S80-F
21 4 S83-S S80-S Ab195 128 S83-L  S80-F
22 N/D N/D N/D Ab196 0.5 N/D N/D
23 64 S83-L S80-L Ab197 8 S83-L  S80-S
24 2 S83-L S80-S A198 N/D N/D N/D
25 0.12 N/D N/D Ab199 128 S83-L  S80-L
26 64 S83-L S80-L Ab200 128 S83-L  S80-L
27 256 S83-L S80-L Ab201 128 S83-L  S80-L
28 0.12 N/D N/D Ab202 128 S83-L  S80-F
29 64 S83-L S80-L Ab203 64 S83-L  S80-F
30 128 S83-L S80-L Ab204 64 S83-L  S80-F
31 16 S83-L S80-L Ab205 128 S83-L  S80-F
32 0.5 S83-L S80-S Ab206 32 S83-L  S80-S
33 16 S83-L S80-S Ab207 64 S83-L  S80-L
34 8 S83-L S80-S Ab208 16 S83-L  S80-S
35 16 S83-L S80-S Ab209 >256 S83-L  S80-W
36 32 S83-L S80-L Ab210 128 S83-L S80-L
37 32 S83-L S80-L Ab211 256 S83-L S80-L
Ab212 128 S83-L S80-L
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MIC (Minimum inhibitory concentration) of Ciproflox acin (CIP)

MIC values highlighted in red: Resistant

MIC values highlighted in black: Sensitive

N/D indicates not determined

parC changes highlighted in light green: novel changes

gyrA, parC changes in blue: no change in the aminacid

gyrA, parC changes in black: amino acid changes

S= Serine, L=Leucine, W=Tryptophan, Q= Glutamine, KLysine, D= Aspartate,
F=Phenylalanine

The numbers ingyrA, parC denote the position at which the amino acid change
has occurred.

Highlighted in Blue: No change in the amino acid.

It was found that just 16% of the total Europeaniates and just 5% of the isolates
from the US were sensitive to ciprofloxacin. Modgtions of the DNA topoisomerase
Il and 1V, due to in the mutations in tlggrA andparC have been well described An
baumannii(Higgins et al, 2004). The AdeABC and AbeM efflux pumps havenals
been shown to play a role in ciprofloxacin resisefMagnetet al, 2001; Suet al,

2005).
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3.8.6Gentamicin resistance

A multiplex PCR described by Noppe-Leclere al (1999) was used for the

identification of aminoglycoside resistance gen€sble 15 gives the gentamicin

resistance profile with the detection of one or en@minoglycoside resistance genes.

Table 15: MIC of gentamicin (CN) and aminoglycosidsistance genes.

MIC MIC
EU (mg/L) aminoglycoside modifying us (mg/L) aminoglycoside modifying
Isolate CN enzymes Isolate CN enzymes
1 0.5 aph(3’)-VI
2 32 aph(3’)-VI Ab25 >256 aph(3’)-VI
3 64 ant(2")-la Ab27 128 aac(3)-la,ant(2")-la,aph(3’)-la
4 32 ant(2")-la Ab36 4 aac(3)-la,aac(6’)-Ib
5 128 aac(3)-la, ant(3")-Vl,aph(3)-la Ab37 128 aac(3)-lla,aph(3’)-Vl,ant(2")-la,
6 0.25 | aph(3)-VI Ab38 >256 aac(3)-lla,aph(3")-VI
7 >265 | ant(2")-la Ab39 128 aac(3)-lla
8 >256 | N Ab74 32 aac(3)-la
9 >>256 | aac(3)-la Ab75 128 aph(3’)-Vl,ant(2")-la
10 32 aac(3)-la Ab76 >256 aph(3’)-Vl,ant(2")-la
11 2 N Ab77 128 aph(3)-Vl,ant(2")-la
12 1 N Ab78 2 aph(3)-Vl,ant(2")-la
13 >256 | ant(2")-la Ab79 0.25 N
14 4 ant(2")-la Ab93 256 aac(3)-la,aph(3)-Vl,ant(2")-la
15 8 ant(2")-la Ab94 128 ant(2”)-la
16 64 aac(3)-lla Ab95 >256 aac(3)-la
17 256 ant(2")-la Ab96 >256 ant(2”)-la
18 16 N Ab97 8 aph(3’)-Vl,ant(2")-la
19 0.06 | N Ab193 32 N
20 256 aac(3)-la,ant(2")-la Ab194 16 aac(3)-la,ant(2")-la,aph(3’)-la
21 >256 | aac(3)-la, aph(3')-la Ab195 32 aac(3)-la,aph(3’)-la
22 Ab196 4 aac(3)-la,ant(2")-la,aph(3’)-la
23 4 N Ab197 4 aac(3)-la,ant(2")-la,aph(3’)-la
24 1 aac(3)-lla,ant(2")-la,aph(3)-la
25 0.12 | ant(3")-Vl,aph(3’)-la Ab199 256 aac(6"-1b
26 >256 | aac(3)-lla,ant(2")-la Ab200 128 ant(2")-la,aac(6")-Ib
27 4 aac(3)-la Ab201 128 aac(3)-la,aph(3’)-Vl,ant(2")-la
28 0.12 | N Ab202 0.25 aph(3’)-VI
29 0.12 | aac(3)-lla Ab203 0.12 aph(3’)-VI
30 0.5 aph(3’)-VI Ab204 0.25 aph(3’)-VI
31 8 aph(3’)-Vl,aph(3)-la Ab205 0.12 aph(3’)-VI
32 8 aph(3’)-Vl,aph(3)-la Ab206 1 aac(3)-la,ant(2”)-1a
33 2 aph(3’)-Vl,aph(3)-la Ab207 128 aac(3)-la,ant(2"”)-la,aph(3)-VI
34 2 aph(3’)-VI Ab208 >256 aac(3)-la,ant(2"”)-la,aph(3)-la
35 32 aac(3)-la Ab209 >256 ant(2")-la,aph(3")-la
36 2 aac(3)-la Ab210 >256 ant(2")-la,aac(6")-1b
37 4 aac(3)-la Ab211 128 aac(3)-la,aph(3’)-Vl,ant(2")-la
Ab212 128 aph(3)-Vl,ant(2")-la
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Minimum inhibitory concentration (MIC) values of gentamicin (CN)

Highlighted in red= resistant, Highlighted in black= sensitive, N=absence of a
resistance gene

The following description from Shaet al, 1993

aac(3)-la is N-acetyl transferasend confers resistance to astromicin (fortimicin),
gentamicin and sisomicin

aac(3)-lla is N-acetyl transferaseand confers resistance to gentamicn, tobramycin,
dibekacin, 6N-ethylnetilmicin, 2'N-ethylnetilmicin, netilmicin and sisomicin
aac(6')-1b is N-acetyl transferasand confers resistance to tobramycin, dibekacin, 2
N-ethylnetilmicin, netilmicin, sisomicin, amikaciB;episisomicin and isepamicin
ant(2")-la is an aminoglycosideadenylyl or nucleotidyltransferasand confers
resistance to gentamicn, tobramycin, dibekacimnsisin and kanamycin

aph(3')-la is aphosphotransferasand confers resistance kanamycin, neomycin,
paromomycin, ribostamycin, lividomycin, gentami&n

aph(3)-VI is aphosphotransferasand confers resistance to kanamycin, neomycin,

paromomycin, ribostamycin, butirosin, amikacin aisdpamicin

The major classes of enzymes conferring resisteamamniglycoside i\. baumannii
include acetyltransferases, nucleotidyltransferaselsphosphotransferases (Noppe-
Leclercqget al, 1999). Other mechanisms include the post-trgptsanal rRNA
methylation by 16S rRNA methylases sucltaasA rmtA, rmtB, rmtC andrmtD (Dol
et al, 2007; Yokoyamat al, 2003; Yamanet al, 2005). The PCR for 16S rRNA
methylases was not sought due to time constratitgugh the multiplex PCR by

Noppe-Leclerceet al, (1999) explains the resistant profile of mosthaf isolates.

175



3.8.7 DISCUSSION:

Carbapenem resistance

Forty-seven percent of the strains from the US weaebapenem resistant in
comparison with 14% resistant strains in Europé&p 38 the strains from the US had
intermediate levels of carbapenem resistance irpaoison to 28% strains isolated in
Europe. These figures indicate that baumanniimay be acquiring a resistant state
slowly, but steadily, by looking at the trends s&adfor European isolates. The
population structure of clinical isolates @&f. baumanniiis dominated by three
international clonal lineages known as Europeanedd, Il and lll, corresponding to
CC1 (comprising ST1, ST7, ST8, ST19 and ST20), Gprising ST2, ST45 and
ST47) and CC3 (ST3 and ST14) in the MLST scheni@iahcourtet al. (2010), with
most outbreak strains belonging to the first twathedse lineages (Woodfoet al,
2011). We observed that OXA-66 was the most predanmienzyme (28%), followed
by OXA-69 (11%), OXA-71 (6%) and then othblapxa enzyme variants in the

European isolates.

A slightly different trend was observed for isoRfeom the US where OXA-66 was
predominant (24%), followed by OXA-71 (14%), OXA-§53%), OXA-51 (11%),
OXA-69 (11%) and other OXA enzyme variants. Severcent of the total strains
harboured thélapxa-23-ike With ISAbal, immediately located upstream of the gene.
Eleven percent of the strains harbouredlil@xa-40-ike gene and 32% of the strains
harboured thélaoxa-ss-ike gene linked to different insertion elements (TaBeand
12b) upstream of the gene. According to Woodfetdal (2011), even if the core
genome of the clonal lineages is stable, the aocgsgenome is more fluid and

carbapenem resistance among these isolates hasndéecommon, usually by
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acquisition of OXA carbapenemase genes, althoughai simply involve insertion
sequence-mediated up-regulation of the intrild#gxa-s1-ike geNE, and this was seen
for 23% of strains, which had thédtapxa-s1-ike g€N€ upregulated by eitherABa825
or ISAbal The isolates with an insert upstream of bkeg)xa-s1-ike gene did not have
an insert downstream as tested by the intoxaF atatdR primers. They formed
defunct transposons. Carbapenem resistance dueetalloy-lactamases was not
detected at significant levels, with just one i8®I§Ab97) being positive for the

blawp-ike geENE.

Ceftazidime resistance

Resistance to ceftazidime was observed in 81% obfaan isolates and 94% of
isolates from the US; 19% of the European isoldtad intermediate levels of
ceftazidime resistance and 6% from the US. Thers wa isolate sensitive to
ceftazidime. Most of the isolates had eitheklb@1or ISAbal25governing thélaapc
gene (Table 13). These insertion elements have Iskemn to upregulate the
expression of thelaapc gene (Ruiz et al., 2007, Lopesal, 2011. P601, ECCMID)
The strains that did not have any insertion upsirdaut were still resistant to
ceftazidime and were positive for at least one orawf either thélarem.ike, (TEM-F
and TEM-R primers)plaper.ike (PER-F and PER-R primers) ®aoxa-2-ike geENES
(CSa and CSb primers), certain variants of whiclbvigle high resistance to
ceftazidime (reviewed by Bradford., 2001, Pastesaal, 2006, Danekt al, 1997).
The same isolates were negative Bdactxm families, blaygg, blasyy and blages
genes as tested by the PCR with the primers destciibthe Material and Methods

section.
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Ciprofloxacin resistance

Resistance to ciprofloxacin was observed in 81%wfopean isolates and 94% of
isolates from the US; 19% of the European isolate$ 6% of isolates from the US
were sensitive to ciprofloxacin. Commonly obserggdA andparC mutations were
seen in isolates having a ciprofloxacin resistgmadile (Table 14). Fluoroquinolone
resistance can be attributed to mutations inghvé andparC genes (Valentinetal.,
2008) but also to up-regulation of efflux pumpsyimg a lower level of resistance

(Magnetet al,, 2001)

Gentamicin resistance

Resistance to gentamicin was observed in 47% obpggaan isolates and 28% of
isolates from the US. A previous study by Henwabdal (2002) reports over 75%
isolates as ceftazidime resistant followed by 3@%ates with gentamicin resistance
profile and this concurs with the trends observedthis study.Aminoglycoside
resistance due to acetyltransferasaac(6’)-1b, aac(6’)- Ih, aac(3)-l aac(3)-11],
nucleotidyltransferaseapt(2-1)], and phosphotransferaseaph(3’)-l, aph(3’)-VI|
has been predominantly identified within clinigal baumanniiisolates, with one or
more gene(s) conferring aminoglycoside resistahmpe-Leclerceet al, 1999). In
our study, we also observed some of the clinicalates harbouring one or more
aminoglycoside resistance but displaying a semsifthenotype. This also hints
towards the development of aminoglycoside resigtambich is evolving slowly but

steadily with time.
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4.0 DISCUSSION

The prevalence of insertion elementsAinbaumanniis becoming a great concern in
treating patients with multiresistant isolates. emisn sequences are motors that
regulate the expression of genes and drive thgiression under conditions that are
stressful for the survival of the bacterium. Thisdy focused on exploring the role of
insertion elements such asAl&al, ISAba2 ISAba3 ISAbalg ISAbal25and many
more which have contributed towards the multi-dregjstant nature gk. baumannii
These elements have assisted and enhanced préfilaulti-drug resistance of
Acinetobacter baumannimaking it a resilient bacterium and an emerginth@gen.
Insertion elements have added to the versatilityerdity, evolutionary capabilities,
and virulence factors ofA. baumannii(Bergone-Bérézin, 2008). The expression of
variousp-lactamse genes with the IS loaded promoters Imetfestroying most of the
antibiotics. The insertion elements also act asicleh of mobilization from one
bacterial species to another. The entryAofnetobacter baumannin the military
healthcare system and the civilian hospital envirent, leading to numerous
outbreaks is not surprising (Murrasgt al, 2008). The implementation of broad
infection control measures including increased mmmental cleaning, widespread
availability and use of hand hygiene, active sulaece, and isolation of colonized
and infected patients will help to reduce the sprafathis bacterium among immuno-
compromised patients (Murragt al, 2008). Novel strategies for control should be
developed and applied to the combat the increasitgg of infections and the clonal
spread of this pathogen. It is important to not& guch advances in implementing
infection control will have important implicationr both military and civilian
hospitals and will ultimately lead to better cohtod infections caused by various

healthcare-associated pathogens (Mumtl, 2008). The work described in this
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thesis adds to the better understanding.obaumanniias the emerging pathogen of
21% century. It allows the reader to understand thehaeisms of resistance and gives
an insight about the problems involved in treatimglti-drug resistanA. baumannii

This study adds to the better understanding ofraatobial resistance mechanisms in

this emerging pathogen.
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5.0 CONCLUSION

This study aimed to investigate in detail the madtras of resistance . baumannii
strains isolated from various parts of the world:
Various hypotheses were tested and the followingstions were successfully

answered on completion of this study.

Section 1 Can IAbal modulate resistant and sensitive phenotypes? Nesan
increase the beta-lactamase gene expression atribatetowards a phenotype that
is favourable to the bacterium depending on thastasce load. Translational
frameshifting of I1&bal has already been shown (Mugnier et al., 2009) thwed
transposition of IBbalwith frameshift mutants like acriflavine is liketg occur as it

is a frameshift mutagen.

Section 2 Is there any other insertion element that canulegg blaapc gene
expression? Yes. In the course of this studybisl25was identified. Though it is not
as common as Kbal, which is found in most of the isolates, it is yides a very

strong promoter for thelaapc gene up-regulation.

Section 3 Is A. baumanniemerging as a multiresistant pathogen in counsies as
Bolivia? Yes. This study found tha&. baumanniiwas resistant to almost all the
antibiotics tested with thélapxassike gene, governed by Fba3-like element,
conferring carbapenem resistance, atahpoc gene, governed by Kbal, conferring
ceftazidime resistance. The mutations in thaA, parC were also high, thus

conferring resistance to ciprofloxacin with synstig contribution from the AdeABC
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efflux pump. The mechanisms of gentamicin resistaieenains unexplained in some

of the isolates.

Section 4 What are the trends in Aberdeen Royal Infirmamg?this study we
observed evolution of new variants of thl@oxa-s1-ike gene (OXA-216 and 217). We
also established the clonal relatedness of 2 ewlatolated in different years and
showed how the integration bfapxa-23-ike g€NE in the host chromosome can provide

a stable mechanism of resistance.

Section 5:Are there any other insertion elements that govkeblagxa-si-ike gENE
expression? Yes. We foundABa825 which governed the expressiontdéoxa-ss-iike
and blapxa-s1-ike ge€NES in clinical isolates isolated in the US. WWa® alemonstrated
that the loss of this element is co-ordinated logrtral mechanism that can render the

bacterium sensitive to carbapenems.

Section 6: What was the mechanism of carbapenem resistancram Ab244
(isolates 12)? We observed the presencblajxa-ss-ike gene that was governed by
ISAba-3-like element and this provided intermediate levels dfistance in this
isolate. We checked for the presence of insertiement upstream of th@aoxa-s1-iike
gene to see if that was synergistically relatedadapenem resistance in this isolate
but instead identified a novel insertion elemer&ld&16 which disrupted thélapxa-

s1-ikegene in this isolate.

Section 7:Are efflux genes controlled by insertion elemenf$@ observed a single

isolate having 18balsequence upstream of thdeAgene whereas other isolates had
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disruptions of theadeSgene by insertion elements likeARal and ISAbal6 Is
fluoroquinolone resistance partially contributed dy efflux pump? We concluded
that efflux does contribute towards multiresistaftenotype butgyrA and parC
mutations are the primary targets that can makeotiganism easily resistant to

fluroquinolones like ciprofloxacin.

Section 8:How do you comparé. baumanniiresistance from Europe with that with
the US? We saw that the emergenceAofbaumanniias a multi-drug resistant
pathogen was at a rapid rate in the US in compatisdcurope. During the course of
the study we found that isolates belonging to segeg@roup 1 and sequence group 2
appear to be the most successful, certainly adtasspe, and within these isolates it
is theblapxa-s6 andblapxa-s9 genes that are most regularly identified. The tsendhe
US were a little different where OXA-66 was predoamt, followed by OXA-71,
OXA-65, OXA-51, and lastly OXA-69. The presencel8Abalwithin an isolate is a
major contributing factor, as it has been shownthis study that isolates which
encode an I8balelement upstream of an OXA-51-like gene have cabam MICs
that are similar to those of isolates that encadaauired OXA-typg-lactamase of
the OXA-23, OXA-40 or OXA-58 families. The presenct ISAbal or 1SAba825
upstream of dlapxa-s1-ike geNe may thus greatly increase the ability ofisiéate to
survive carbapenem challenge. Our findings indi¢h&t in certain isolates in this
study the expression of an OXA-51-like enzyme is iaportant a threat to
carbapenem use as the acquired OXA enzymes bedagséo the fluidity of the
genome, the bacterium can recruit the help of tiseelements in order to enhance
its gene expression, thus developing resistaneatibiotics. This is of great concern,

as it presents the scenario thatfalbaumannihave the potential to become resistant
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to the carbapenems without needing to acquire iadditp-lactamases. The insertion
element I&balwas the most common element found in at least 60D%e isolates.
Other elements such asAlga2 I1ISAba3 1ISAba825 1S1008 1SAbal25 ISAbal6were
found to govern the expression @klactamase genes or providing alternate
mechanisms of resistance for the better fitnesh@foacterium. It is noteworthy to
point out that a variety of elements were assodiatgh the expression the the
blaoxa-ss-ike gene. The monitoring of tHaaoxa-s1-ike t0 identify enzyme variants with
increased substrate spectrums or higher levelstofitg would be crucial if we want
to preserve and use effectively the few remainimigpéotic treatment options that are

available for this rapidly evolving multi-drug regant pathogen.
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INTRODUCTION

Effect of frameshift mutagen acriflavine on control
of resistance genes in Acinetobacter baumannii

B. S. Lopes, A. Hamouda, J. Findlay and S. G. B. Amyes

Centre for Infectious Diseases, University of Edinburgh, Edinburgh, UK

Acinetobacter baumannii is a Gram-negative pathogenic bacterium that often exhibits a
multidrug-resistant phenotype causing infections at various sites of the body and increasingly
leading to septicaemic shock. This study evaluated the role of acriflavine, a frameshift mutagen, on
the movement of insertion sequence ISAbaT in clinical isolates of A. baumannii, with the focus on
changes in expression levels of the blaapc and blagxa-s1-ike 9€Nes. Resistance profiles were
assessed with consideration of ISAbat acting as a promoter upstream of the blaspe or
blapya s 1-ke gene. ISAbal movement was observed in the acriflavine mutants Ab153M and
Ab1225M. Ab153M exhibited an increase in the MIC values of carbapenems and ceftazidime,
with ISAba7 gained upstream of the blaapc and blagxa-s1-ike geNes, correlating with an increase
in gene expression. Reduced expression of the 17, 23 and 25 kDa outer-membrane proteins
(OMPs) was also observed in Ab153M. There was a significant decrease in MIC values of
carbapenems with the loss of ISAba7 upstream of the blaapc and blagxa-s1-ike @enes in strain
Ab1225M, and a significant decrease in blapxa-s1-ike geNE expression and, to a lesser extent, in
blaype expression. Ab1225M and a serially subcultured Ab1225 strain (Ab1225s) exhibited
overexpression of the 17, 23, 25 and 27 kDa OMPs. There was a decrease in MIC values of the
carbapenems and piperacillin/tazobactam but not of ceftazidime in Ab1225s, which had ISAba7
upstream of the blaape and blagxa-s1-ike genes. A significant decrease in blagxa-s1-iike €Xpression
was observed in Ab1225s, whereas the expression of blaspe was similar to that in the Ab1225
parental strain. The attenuation in this strain may be due to overexpression of OMPs and it is clear
that, even if ISAba7 is present upstream of an antibiotic resistance gene, it may not necessarily
contribute towards the overexpression of antibiotic resistance genes (blagxa-s1-like IN Ab1225s).
Movement of the IS element within the A. baumannii chromosome may be an important regulatory
mechanism employed by the bacterium under particular stress conditions, and the ability to
upregulate the expression of antibiotic resistance genes is likely to be an important factor in the
pathogenicity of this bacterium.

resistance to different types of fi-lactam antibiotics by the

Acinetobacter baumannii

is one of the most difficult

production of f-lactamases, which include plasmid-
encoded class A (TEM/PER-1/VEB/SHV/CTX-M), class B

noscocomial pathogens to treat, similar to other bacterial
pathogens such as meticillin-resistant Staphylococcus aureus,
Clostridium difficile and Pseudomonas aeruginosa. Hospital-
acquired pneumonia is the most common infection caused
by this organism (Peleg et al, 2008).

Nosocomial infections may be transmitted via aerosols,
staff or even by inadequately disinfected medical devices
(Spelman, 2002). Other common infections caused by this
bacterium are ventilator-associated pneumonia, urinary
tract infections and bacteraemia (Perez ef al., 2007). It can
also cause suppurative infections of the skin, and
abdominal and central nervous system infections
(Fournier & Richet, 2006). The bacterium has developed

Abbreviation: OMP, outer-membrane protein.

(metallo-fi-lactamases), class C (Acinetobacter derived
cephalosporinases AmpC/blaspc) and class D (the oxacil-
linases: OXA-23-like, OXA-40-like, OXA-58-like and
OXA-51-like, the latter being an intrinsic f-lactamase of
A. baumannii) f-lactamases (Brown & Amyes, 2006; Perez
et al., 2007).

Outer membranes, like other biological membranes, are
built as lipid bilayers that are permeable to hydrophobic
molecules and are involved in the influx of nutrients and
the efflux of toxic substrates or antibiotics which can
hamper normal cell function (Nikaido, 2003). Three outer-
membrane proteins (OMPs) have been reported to be
missing in the imipenem-resistant strains of A. baumannii:
the first is a 33-36 kDa protein, the second is a 29 kDa
protein designated CarO and the last is a 43 kDa protein
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that shows significant peptide homology with OprD from
P. aeruginosa (Vila et al.,, 2007).

Transposable elements are important in providing genetic
variability and are generally tightly regulated (Mugnier
et al.,, 2009). Insertion sequences are capable of indepen-
dent transposition in the microbial genome and are also
responsible for the spread of resistance and virulence
determinants within the species (Mugnier et al, 2009).
ISAbal has been associated with the expression of several
antibiotic resistance genes including blagxa-si1ike and
blaype (Corvec ef al, 2003, 2007). It is also known that
frameshift products are involved in transposition of 15629,
a member of the IS3 family (Chen & Hu, 2006; Mahillon &
Chandler, 1998). 1SAbal belongs to the IS4 family, and it
has been reported recently that it is capable of transposi-
tion and that the transposase gene is downregulated by
translational frameshifting (Mugnier et al, 2009). It has
also been reported that IS4Bsul, a member of the 1S4
family in Bacillus subtilis, is responsible for the genetic
instability of poly-y-glutamic acid production and that
151999, a member of the same family, is responsible for
expression of fi-lactam resistance genes (Aubert ef al., 2006;
Nagai et al, 2000).

Acriflavine is known to cause frameshift mutations by
intercalation in DNA (Kornberg, 1980). In this study, we
evaluated the role of OMPs, other than the major OMPs,
that might be involved in the transport of nutrients and
influx of antibiotics, particularly imipenem, meropenem,
ceftazidime and piperacillin/tazobactam, by comparing a
parental strain, an acriflavine-resistant mutant and a strain
serially subcultured on MacConkey agar. The role of
acriflavine as a frameshift mutagen was evaluated with
respect to its effect on the control of blagxa sy and
blaspe as a result of the transposition of [SAbal. This study
also aimed to identify the changes in levels of expression of
antibiotic resistance genes due to the movement of [SAbal.

METHODS

The bacterial strains used this study were A. baumannii 153 (Ab153)
(Nottingham, UK), A. baumannii 153 acriflavine mutant (Ab153M),
A. baumannii 1225 (Ab1225) (Wroclaw, Poland), A. bawmannii 1225
acriflavine mutant (Ab1225M) and A. bawmannii 1225 serially
subcultured strain (Ab1225s5) (Wroclaw, Poland). All parental strains
were kindly supplied by Dr K. ]. Towner (Queens Medical Centre,
Nottingham, UK).

Identification and typing. [solates were screened for the conserved
165-235 rRNA intergenic spacer sequence using primer 1 (5'-TT-
GTACACACCGCCCGTCA-3") and primer 2 (5'-GGTACTTAGATG-
TTTCAGTTC-3"). The expected product size was 975 bp. Restriction
of the product by the enzyme Alul produced fragments of 50, 125,
135, 165, 175 and 330 bp specific for A. baumannii. Restriction of the
same product with Ndell produced fragments of 50, 110, 145, 330 and
360 bp specific for A. baumannii (Dolzani et al, 1995).

The strains were further identified as A. bawmannii by amplification
of the intrinsic blagxa_si ke gene by PCR with the primers oxa-69A
(5'-CTAATAATTGATCTACTCAAG-3") and oxa-69B (5'-CCAGT-
GGATGGATAGATTATC-3") at an annealing temperature of 48 "C.

The expected product sizes were 975 bp for strains without ISAbal
present upstream of the blaoxa-si-ike gene and 2155 bp for strains
with ISAbal present upstream of the blagys.siqike gene (Heéritier
et al, 2003).

The strains were screened for the blaapc gene with primers ISADC1
(5"-GTTGCACTTGGTCGAATGAAAA-3") and ISADC2 (5"-ACGT-
CGCGAGTTGAAGTAAGTT-3") with an annealing temperature of
51 "C. The expected product size was 751 bp if ISAbal was located
upstream of the Mlaype gene (Ruiz et al., 2007).

Mutational analysis and strain subculture. Strains Abl53 and
Ab1225 were subjected to treatment with acriflavine after overnight
growth in nutrient broth. Mutants were isolated using a gradient plate
technique as described previously with a concentration range between
0.03 and 0.3% (Hunt & Sandham, 1969). A single colony at the
highest concentration was selected and tested for further analysis.
Strain Ab1225s was serially subcultured daily on MacConkey agar for
more than 150 days in order to check for OMP changes and the
stability of 1SAbal.

Antimicrobial susceptibility testing. The isolates were tested for
their susceptibility to imipenem, meropenem, ceftazidime and
piperacillin/tazobactam. MICs were determined by the agar double-
dilution method according to British Society for Antimicrobial
Chemotherapy (BSAC) methodology (Anonymous, 1991). The results
were interpreted according to BSAC guidelines, The reference strains
used for MIC testing were A. baumannii ATCC 19606, Escherichia coli
NCTC 10418, P. aeruginesa NCTC 10662 and S. aureus NCTC 6571
{Andrews, 2007).

Analysis of gene expression. Expression of the blagxa.sijxe and
blaspe genes was analysed by RT-PCR. The primers used for blaspc
were ADCI1 (5'- ACAGCAGGTGGATA-3") and ADC2 (5'-
TCGGCTGATTTTCTTGGTT-3") with an annealing temperature of
51 “C, producing a product of 451 bp (Ruiz et al., 2007). The primers
used for Blagys.s: 51F (5-TTTCAGCCTGCTCACCTT-3")
and 31R (5'-TTCCC TGAACAAC-3") with an annealing
temperature of 56 °C, producing a product of 679 bp (this study).
Total RNA was extracted from isolates in the exponential growth
phase using a RiboPure Bacteria kit (Ambion) and treated with the
DNase [ provided in the kit. cDNA was synthesized from 250 ng RNA
using an Access Quick RT-PCR System kit (Promega). PCR products
were run on an agarose gel and stained with GelRed (Cambridge
Bioscience) for visualization. PCR products were quantified using
Quantity One Software version 4.6.1 (Bio-Rad). The 165 rRNA gene
was amplified as an internal control using primers 165-F (5'-
GACGTACTCGCAGAATAAGC-3") and 165-R (5"-TTAGTCTTGC-
GACCGTACTC-3") at an annealing temperature of 56 “C (Lin et al.,
2009). The product size was 426 bp.

Analysis of OMP profiles. Strains were grown overnight in nutrient
broth and OMP extraction was performed using a method described
previously (Bossi & Bossi-Figueroa, 2007). The protein profiles were
studied by 10% SDS-PAGE with Molecular Weight Standards, Broad
Range (New England Biolabs) used as a size marker. The protein
concentration was estimated after reconstitution in buffer and approxi-
mately 45 ug protein was loaded into each well. After electrophoresis, the
gels were stained with Coomassie Blue R-250 (Sigma).

RESULTS

Identification and typing

The isolates were screened for the conserved 165-235
rRNA intergenic spacer sequences using primer 1 and
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primer 2 as described above, amplifying a product of
975 bp, specific to A baumannii.

A fragment of approximately 2155 bp was obtained for
strains Ab1225 and Ab1225s after amplification with the
oxa-69A and oxa-69B primers, suggesting that the ISAbal
element was present upstream of the blaoya.s, ke gene. If
the ISAbal element was not present upstream, the
fragment size was 975 bp, which was the size obtained
for strain Ab153. ISAbal was found upstream of the blaspc
gene in strains Ab1225 and Ab1225s, giving a product of
751 bp. To check for overexpression of the blagya.s) jke
gene and transposition of the ISAbal element, mutational
analysis was performed using the dye acriflavine as a
frameshift mutagen.

Sequencing of the blagxa.s).iike gene revealed that blagxa.ee
was present in strain Ab153 and blagxa.10 In strain
Ab1225.

Mutational analysis

[SAbal movement was recorded in Ab1225M and Ab153M
after acriflavine treatment had been performed. It was
observed that strain Ab1225M lost its [SAbal element,
previously present upstream of the blaoxa.si.ike gene,
giving a product size of 975 bp, whereas strain Ab153M
gained the ISAbal element upstream of the blagxasiiike
gene with a product size of 2155 bp.

[SAbal movement was seen upstream of the blaypc gene in
the acriflavine-treated Ab153M strain, but its loss was
observed in the similarly treated strain Ab1225M. [SAbal
movement was not seen in the subcultured strain Ab1225s
and its features remained identical with respect to the
parental strain Ab1225. The ISAbal sequence of strains
Ab153M, parental Ab1225 and Ab1225s did not show any
mutations or nucleotide substitutions.

Antimicrobial susceptibility testing

Table 1 shows the changes in MICs in the A. baumannii
parental, mutant and serially subcultured strains. An
eightfold rise in MICs for imipenem was seen in Ab153M

and an eightfold decrease was seen in Ab1225M with
respect to the parental strains Ab153 and AbI1225. A
fourfold and twofold decrease in MIC for imipenem and
meropenem was seen in Ab1225s with respect to Ab1225.
There was negligible difference seen in MIC values for
ceftazidime. No major difference was seen in the MIC
values of piperacillin/tazobactam except for a fourfold
decrease observed in strain Ab1225s in comparison with
the Ab1225 parental strain. As no ISAbal change was
observed in Ab1225s, it was important to see whether there
were any significant changes related to the OMPs of this
strain, as it had a fourfold and twofold decrease in MIC for
imipenem and meropenem compared with its parent,
Ab1225.

Analysis of gene expression

Expression of the blagxa s e and blaype genes was
analysed by RT-PCR and the products obtained were
quantified using Quantity One software version 4.6.1.
Product analysis determined that there was 2.7-fold increase
in expression of the blapc gene for Ab153M compared with
Ab153. There was a small decrease (1.2-fold) seen in
expression of the bla,pc gene for Ab1225M compared with
Ab1225. A negligible difference was seen in expression of the
blasne gene between Ab1225 and Ab1225s. It was observed
that there was a 2.5-fold increase in expression of the
blagxa-s1-ike gene in Ab153M compared with Ab153. There
was a fivefold decrease in expression of blagxasiiike In
Ab1225M compared with Ab1225, and a fourfold decrease
in expression of blagxa si ke in Ab1225s compared with
ADb1225. This was confirmed three times and the results
recorded were based on the mean increase or decrease of
individual strains.

Analysis of OMP profiles

Fig. 1 shows the OMP profiles obtained for the A
baumannii parental, mutant and serially subcultured
strains. Analysis of the OMP profiles revealed significant
differences between the ADb153 parental strain and
Ab153M. There was reduced expression of the 17, 23 and
25 kDa OMPs in the Ab153M strain with an increase in

Table 1. MICs of various antibiotics in the A. baumannii strains

Strain MIC (mg 17") Expression of Expression of

blagyxa-sisike gene* blaypc gene*
Imipenem Meropenem Piperacillin/tazobactam Ceftazidime

Ab153 0.25 1 32 0 0

Ab153M 2 4 64 12 +2.5 +2.7

Ab1225 2 4 64 2 0 0

Ab1225M 0.25 1 64 64 -5 -1.2

Ab1225s 0.5 2 16 128 —4 0

*Fold increase/decrease.

http://jmm.sgmjournals.org
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Fig. 1. OMP profiles of A. baumannii isolates.
Ab163, parental strain; Ab153M, acriflavine
mutant strain; Ab1225, parental strain;
Ab1225M, acriflavine mutant strain; Ab1225s,
MacConkey agar-subcultured strain.

MIC values. Ab1225M and Ab1225s exhibited an increase
in expression of the 17, 23, 25 and 27 kDa OMPs with a
decrease in MICs, rendering the strain more susceptible to
some antibiotics. The OMP pattern produced by Ab1225s
showed significant overexpression of a 43 kDa OMP.

DISCUSSION

All the A. baumannii strains were shown to exhibit
different resistance profiles, which correlated with the
movement of ISAbal upstream of the blaoxa 51k oOr
blaypc gene. The MIC values for the Ab153 and Ab1225
parental and mutant strains suggested that ISAbal may act
as a promoter for the blagxa si ke OF blaspc gene. This is
dependent upon ISAbal acting as a promoter rather than
just being present upstream of the antibiotic resistance
gene. This also addressed the fact that ISAbal may have a
preferential role with respect to specific antibiotic resis-
tance genes.

Strain Ab1225s had negligible effect on expression of the
bl gene with respect to its Ab1225 parent, both of which
had ISAbal present upstream of the blaypc gene. This is
supported by the fact that resistance to oxyiminocephalo-
sporins is mainly due to hyperproduction of AmpC-type f3-
lactamases (Rodriguez-Martinez et al, 2010). Ab1225s
showed a fourfold decrease in blaoxa si ke gene expression
concurring with MICs to the carbapenems. There was

increased expression of the 17, 23, 25, 27 and 43 kDa OMPs

in Ab1225s, which led to a fourfold decrease in the MIC for
imipenem, a twofold decrease in the MIC for meropenem
and fourfold drop in the MIC for piperacillin/tazobactam. It
was concluded that OMPs play a role in antibiotic resistance
depending on the stress load of the compound and that they
might be important for transport of the compound across
the cell wall in either direction. The attenuation in Ab1225
may be due to OMP overexpression.

It was observed that all the A. bawmannii isolates were
resistant to ceftazidime, a fourth-generation cephalosporin,
and thus ISAbal may play a preferential role in increased
expression of the blagxa. st iike OF blaspc gene. This concurs
with the fact that genetic organization of genes and their
control play a crucial role in antibiotic resistance.

It was also observed that there was overexpression of OMPs
in Ab1225M, which correlated with a decrease in MIC values
for different antibiotics. Strains Ab153 and Ab153M had
changes with respect to their OMP profiles. As an eightfold
increase in resistance to imipenem and fourfold increase to
meropenem was seen in Ab153M, it can be deduced that the
resistance developed in Ab153M may be due not only to the
movement of ISAbal upstream of the blagxa 511k gene but
also to a contribution by the reduced expression of three
OMPs corresponding to the 17, 23 and 25 kDa proteins, all
of which were poorly expressed in the mutant strain.

In contrast, overexpression of the 17, 23, 25 and 27 kDa
OMPs could be seen in Ab1225M with a decrease in MIC
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values, suggesting that these proteins may have some
implications with respect to the increased susceptibility
in this strain, which had lost ISAbal upstream of the
blagya sy e and blaype genes. The MICs of ceftazidime
and piperacillin/tazobactam in Ab153 and Abl1225
parent and mutant strains coupled with the changes in
f-lactamase expression may indicate the contributions
made by the individual enzymes to the level of resistance;
for example, changes in expression of the blaypc gene
mirrored changes in the level of ceftazidime resistance.

It is clear from this study that the movement of ISAbal is a
strong factor for conferring resistance provided it is crucial
for the gene action; if there is overexpression of primary
surface structures of the bacterium, it can render the
organism sensitive to a particular drug or poison.

Switching on the gene may be advantageous to this
bacterium when it is required, as OMP changes can act
synergistically; this was seen in Ab1225s and other strains
and this depends on the action of promoters present for
specific genes. This undoubtedly contributes to the organ-
ism’s plasticity, making it resistant to different classes of
antibiotics. Further studies to decipher the role of various
factors involved in the pathogenesis of A. baumannii are
necessary in order to understand its emergence as a
multidrug-resistant pathogen.
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Objectives: This study examines the mechanism of carbapenem resistance in Acinetobacter baumannii
isolate Ab244.

Methods: A multiplex PCR for the detection of the blogxs 23 ke Pl00xa 50 tkes DlO0xa 51 ke ONA BlOoxs 58 jike
families was performed. MICs of imipenem and meropenem were determined by the agar dilution method.
The sequence surrounding the blagya-132 gene was determined by amplification with primer pairs encompass-
ing a part of fxsA and an acetyltransferase gene (GNAT). The sequence upstream of the blagy, sz gene was
determined by sequencing. SDS-PAGE and car0 PCR were performed to check the integrity of the outer mem-
brane proteins. RT-PCRs for the expression of the blagys-132 gene and the blagya se gene were performed.

Results: Isolate Ab244 harboured blagya-132 belonging to the blagxa-s1-ike gene cluster and a blagxa.ss gene.
The 4239 bp region between fxsA and GNAT showed an insert of ISAbal6 (where IS stands for insertion
sequence) after the first 15 nucleotides of the blaoxa 132 gene, with an 8 bp target site duplication at the 5
and 3’ ends of ISAbal6. The sequence oriented in the 5—3' direction caused insertional inactivation of the
blaexs-132 gene. The blagya-se gene was highly expressed by the promoters provided by an ISAba3-like structure
found upstream of the gene. The isolate was resistant to meropenem and had intermediate resistance to
imipenem, and was also positive for 1SAbal.

Conclusions: This is the first report showing [SAbal6é-mediated inactivation of the blagya-132 gene in strain
Ab244. The resistance to carbapenems in strain Ab244 is related to the acquisition of the blapxa-ss gene,

here governed by an ISAba3-like element.

Keywords: A. baumannii, insertion sequences, p-lactamases, gene environment

Introduction

Acinetobacter baumannii is a pathogenic bacterium responsible
for a wide range of infections, such as septicaemia, meningitis,
pneumonia and urinary tract infections, and is currently one of
the mast important Gram-negative pathogens causing infections
in immunocompromised patients. B-Lactam antibiotics, mainly
carbapenems, are the first choice against these microorganisms.
However, in the last decade, resistance to these antimicrobial
agents has appeared in hospitals worldwide, owing to the pro-
duction of p-lactamases, changes in permeability, an increase
in efflux and modification of the affinity of penicillin-binding
proteins.”> A, baumannii has been considered the paradigm of
multiresistant bacteria, because of emerging multidrug resist-
ance to various antimicrobial agents.> Transposable elements

play an important role in the regulation of resistance genes in
this bacterium.* Insertion sequences (ISs), such as I1SAbal,
have been shown to govern the expression of the blagxa s1-tike
blagya 23-ike ONd blaape genes.® ISs, such as ISAba2, 1SAba3
and 1518, have been reported to be present upstream of the
blaopxa ssike geNe, causing its overexpression by providing
strong promoters.® It can be shown by aligning the genomic
sequences that the chromosomal regions in A. baumannii iso-
lates have an fxsA gene and an intergenic spacer of 399 bp
upstream of the blaoxa-si-ike gene in susceptible strains. In
some carbapenem-resistant isolates, an insertion element,
such as ISAbal, may be seen downstream of the intergenic
spacer seguence but upstream of the blagyxa-s1we gene, and
this usually provides a strong promoter to drive the expression
of the blagxasiike geNe, as proven by others.>® This study

© The Author 2011. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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aims to investigate the underlying carbapenem resistance mech-
anisms in the isolate Ab244, by mapping the regions upstream
and downstream of the blagya-sike gene and screening for
other carbapenemases.

Materials and methods

A. baurmannii isolate Ab244 was isolated from a patient from Carnaxide,
Portugal. The preliminary method employed for identification was by restric-
tion of omplified DNA fragments of the conserved 165-235 rRNA spacer
region by the enzymes Alul and Ndell, as described by Dolzani et al.’”
A. baumanni strain Ab2 was used as a control. The strains were kindly
supplied by Dr Kevin Towner (Queens Medical Centre, Nottingham, UK).

Antimicrobial susceptibility testing

Ab244 was tested for its susceptibility to imipenem and meropenem.
MICs were determined by the agar double dilution method according
to BSAC methodology.® The results were interpreted according to
BSAC guidelines® The reference strains used for MIC testing were
Escherichia coli NCTC 10418, Pseudomonas aeruginosa ATCC 10662 and
Staphylococcus aureus NCTC 6571,

Screening for antimicrobial resistance determinants

The primers used in this study are listed in Table 1. Isolate Ab244 was
screened by PCR for the presence of genes of the blagys23-ike
blagys soike DlOoxasiie 0nd blogys ssme families using multiplex
primers, as described previously by Woodford et al.®

Primers FxOxa_F and FxOxa R were designed to screen for the pres-
ence of an insertion element upstream of the blagxa s1-mwe gene. They
were also used for sequencing purposes. The internal primers used for
walking were [SAbal6 F1, ISAbale R1, ISAbale F2 and ISAbaole R2.

The primers 51F and IntaceR were used for mapping the blagys s1 ke
gene by screening for an insertion, if any, present downstream of the
blaoxa s1ike GENE.

The primers previously described by Heéritier et al'® were used for
the amplification of @ 934 bp external fragment of the blagya ss-ike gENE.

Table 1. Primers used for PCR and genorme walking

The primer SM2 described earlier by Poirel and Nordmann® was used in
combination with the primer walk-58-R for the amplification of the
region upstream of the blagya sske gene and for sequencing purposes.

The primers 1SAbalA and 1SAbalB were used for the identification of
15Abo1, as described previously by Poirel and Nordmann.®

The PCR conditions for the primers FxOxa F and FxOxa R were: initial
denaturation at 95°C for 7 min; followed by 30 cycles of 95°C for 1 min,
57°C for T min and 72°C for 2 min; and a final extension at 72°C for
7 min. The PCR conditions for the rest of the primers were: initial dena-
turation at 95°C for 5 min; followed by 35 cycles of 95°C for 305, 55°C
for 40 s and 72°C for 50 s; and a final extension at 72°C for 6 min.

Analysis of outer membrane proteins (OMPs)

The strains were grown overnight in nutrient broth and OMP extraction
was performed as described previously.'! The profiles were studied by
SDS-PAGE using a 15% polyacrylamide gel and strain Ab2 as a compari-
son. The gels were stained with Coomassie blue R-250 (Sigma, UK). The
protein concentration was estimated using a NanoDrop spectropho-
tometer (ND-1000). A concentration of 10 ma/mL of proteins reconsti-
tuted in buffer was loaded in each well, providing 100 pg of protein.

Insertion causing disruption of the carO gene (29 kDa OMP) was
checked by using the established primers described earlier by
Mussi et al.?

Analysis of gene expression

Expression of the blagya-s1-ge and blaoxassike genes was studied by RT-
PCR. Ab2, which was used as a control strain, possessed the blogya ss ke
gene without an insertion upstream of the bidgys sg ke 0F the bloggs 51 ke
gene. The internal gene primers for expression of the blagya-s1-we gene
were those described earlier by Lopes et al.'* Those for the blaoxa ss ke
gene were as described earlier by Woodford et al® Total RNA was
extracted from isolates in exponential-phase growth using the RiboPure
Bacteria kit (Ambion, UK) and treated with the DNase 1 provided with
the kit. cDNA was synthesized from 100 ng of RNA using the Access
quick RT-PCR system kit (Promega). PCR products were guantified using
Bio-Rad Quantity One Software 4.6.1 (Bio-Rad). Normalization of DNA
was done with the 165 rRNA primers described eorlier by Lin et al,'*

Primer name Sequence (5'—3') Purpose No. in Figure 1 No. in Figure 2
FxOxa_F GAT ACC AGA CCT GGC AAC AT Wand C 1

FxOxa R GCA CGA GCA AGATCATIA CC Wand C 2

[SAba16_F1 ATC CGG CTA ACA CAG CCT TA W 3

[SAbale_R1 GAC CTG GCC TGATTT AAA GC W 4

[SAbal6 _F2 AGG CAC TGA TCC AAG GTT TG W 5

[SAbal6_R2 TAG TGC GAG TTC ATG CTC GT W 6

51F TTT CAG CCT GCT CACCTT Wand C 7

IntaceR GTT TTA CCC ACG CTG GTACT Wand C 8

SM2° ALG TGT CTATAT TCT CAC C Wand C 9
walk-58-R CAG CAC AAG CCC CAATACTT Wand C 10
[SAbalA® GTG CTT TGC GCT CAT CAT GC C

[SAba1B® CAT GTA AAC CAATGC TCA CC &

preOXA-58prorm 4 TTA TCA ABATCC AAT CGG C Wand C 11
preOKA-SBB" TAA CCT CAA ACT TCT AAT TC Wand C 12

W, chromosome walking; C, confirmatory PCR.
“Primers designed by Poirel and Nordmann®
PPrimers designed by Heritier et al.'®
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Table 2. MICs and the level of expression of blagxs genes

MIC (mg/L) Quantification of gene expression
Strain imipenem meropenem expression of the blagus-s1 gene expression of the blagya-ss gene
Ab244 & 16 16S rRNA 209 OXA-51 0 165 rRNA 155 OXA-58 154
Ab2 0.25 165 rRNA 198 OXA-51 95.8 165 rRNA 160 OXA-58 69.1
a1, 3, 5 7

—

fxsA Intergenic bla, ..,

< 4 = 8

[SAbal6

N
blag,. ., Intergenic  GNAT

Figure 1. Genetic arrangement of the disrupted blagys 13> gene due to the insertion of [SAbal6. The numbered arrows represent the primers

described in Table 1. Figure is not to scale.

with the appropriate amounts of serially diluted RMNA used for cDNA syn-
thesis. A total of 15 cycles were employed for the amplification of the 165
rRNA gene and 25 cycles were used for the amplification of the antibiotic
target genes. The RT-PCR assays were repeated thrice for confirmation
purposes under the same optimal conditions.

Results

Identification and typing

The isolate Ab244 was confirmed as A. baumannii by restriction
of the conserved 165-23S rRNA intergenic spacer sequences, as
described previously by Dolzani et al.”

Antimicrobial susceptibility testing

Isolate Ab244 had an imipenem MIC of 4 mg/L and a merope-
nem MIC of 16 mg/L (Table 2). The strain was classified as resist-
ant to meropenem and intermediately resistant to imipenem.

PCR analysis and sequencing

The multiplex PCR for the OXA group of enzymes showed a posi-
tive result for the blagwa-sike and blagxa-sske genes, but was
negative for the blooyaz3ike @nd blogxasoike genes. The
expected product size was 889bp without any insertion
present upstream of the blaoxa-siike gene, but the primers
FxOxa_F and FxOxa R amplified a product of 3449 bp.
Sequencing revealed that the chromosomal region, upstream
of the blapys-s1-ike gene, had the conserved gene encoding a
putative suppressor of Fexclusion of phage T7 (fxsA), as observed
earlier by Chen et al,' followed by the 399 bp intergenic frag-
ment, followed by a new IS named I54bal6 located following
the first 15bp and disrupting the blagyxa-si-ike geNE. An 8 bp
target site duplication of the blagya-si-ike gene encoding the
sequence CTCTTACT was seen at the 5° and 3" ends of ISAbal6
causing insertional inactivation of the blagxasi-ike gene
(Figure 1). Analysis of the IS revealed that it had the left inverted
repeat 5'-GTAAGCATCCGGCTAA-3 and the right inverted repeat
5-TTCAGCGGACGCTTAC-3. The ISAbal6 seqguence comprised

9 11,
- = — - -
10 12
Intergenic ISAba3 blagys.se Intergenic

Figure 2. Genetic arrangement of the blaoxs ss gene in Ab244. The
numbered arrows represent the primers described in Table 1. Figure is
not to scale.

three open reading frames (ORFs) encoding transposases A, B
and C, respectively.

The primers 51F and IntaceR amplified a product of 966 bp,
and sequencing confirmed that the blaoxasi-ike gene was
identical to blagga-132. There was no insertion present down-
stream of the blagxa-13z gene, just the expected intergenic
region and the phosphothricin acetyltransferase (GNAT) gene.

The primers preOXA-58prom+ and preQOXA-58B, previously
described by Héritier et al.!® (Figure 2), amplified a 934 bp
product of the blapxassike gene. The blagxa-ss gene had no
nucleotide substitutions and this was confirmed by sequencing.

The primers SM2 and walk-58-R (Figure 2) amplified a region
of 575 bp, present upstream of the blapys se gene, the sequen-
cing of which revealed an ISAba3-like structure. A putative pro-
moter with =35 (TTTATC) and —10 (TTTCTT) molifs was
present 44 bp upstream of the blaoxa ss-ike 0ENE, as described
earlier by Poirel and Nordmann.® The ISAba3-like structure had
a codon change at position 25 (GAT to TAT), causing the amino
acid change D25Y, and a second codon change at position 110
[AAT to AGT), leading to the change N1105. The primers
1SAbalA and ISAbalB detected the presence of ISAbal in
Ab244.

Analysis of OMPs

No change was seen in the OMPs after extraction and isolation
on SDS-PAGE in comparison with OMPs of A, baumannii strain
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M N1 16A

16B N2 51A 51B M

Figure 3. Expression of the blagxa 132 gene. N1, 165 rRNA negative
control; 16A, expression of the 165 rRNA gene in Ab244; 16B,
expression of the 165 rRNA gene in the control stroin Ab2; N2,
blaoxs-s1ie Negative contral; 514, expression of the blaoxasiaike gene
in Ab2&4; and 51B, expression of the blagxa-si-ke gene in Ab2. The
blagys s1-ike gene is shown at 679 bp and the 16S rRNA gene is shown
at 426 bp.

M N3 16C 16D N4 58C 58D M

599 bp
426 bp—s

Figure 4. Expression of the blagxs ss gene. N3, 165 rRNA negative control;
16C, expression of the 165 rRNA gene in Ab244; 16D, expression of the
165 rRNA gene in the control strain Ab2; N4, blagya-ssike Negative
control; 58C, expression of the blagys sg ke geNe in Ab244; and 58D,
expression of the blagya ssaie gene in Ab2. The blagys s gene is shown
at 599 bp and the 165 rRNA gene is shown at 426 bp.

Ab2. The primers described by Mussi et al.'? for the carQ gene did
not identify any insert disrupting the carO gene.

Analysis of gene expression

Studies of blagya-s1-ke gene expression revealed that the gene
was not expressed in Ab244 in comparison with strain Ab2,
which had no insertion upstream of the bloggs 13z gene
(Figure 3 and Table 2). In contrast, the blagxa-ss-ike gene was
highly expressed in Ab244 in comparison with the control
strain Ab2, which had no insertion upstream of the blaoxa sa-ike
gene (Figure 4 and Table 2).

Discussion

In A. baumannii isolate Ab244, the conserved F-like structure
gene (fxsA) was present on the chromosome with the intergenic
fragment followed downstream by 1SAba16, which was inserted
within the blapxa-s1-ike gene causing insertional inactivation of
the gene. Sequencing of the region between fxsA and the phos-
phinothricin acetyltransferase (GNAT) gene revealed that there
was no insert present in the intergenic region downstream of
the blaoxasiike gene. The region mapped in this study was
4239 bp, encompassing a part of the fxsA gene, the intergenic
fragment upstream of the blagya-si-ike gene, the blagxa-s1-ike

gene, the intergenic fragment downstream of GNAT and a part
of GNAT. The inactivated blagxs s1ike gene was identified as
the bldgxs-132 gene. Sequencing studies showed that ISAbalé
inserted after the first 15 nucleotides of the blapya 122 gene,
which encode the Met-Asn-Ile-Lys-Thr amino acid sequence. A
target site duplication of 8 bp having the seguence CTCTTACT
was observed upstream and downstream of the ISAbal6
element. RT-PCR showed no expression of the blogya-132 gene.
This was because of the interruption caused by ISAbal6 being
located following the first 15 bp of the blapxa-132 gene.

Analysis reveals that the insertion element ISAbal6 belongs
to the IS66 family. It has been reported that the 1S66-family
elements may comprise three or more ORFs.'® 1SAbal6 has the
ability to transpose and to duplicate an 8 bp target site sequence
on its transposition, as observed by the target site duplications
present at the 5 and 3 ends of the insertion element. Transpo-
sases encoded by many 1S elements belonging to IS families
other than the I566 family have a DNA-binding domain with
an a-helix-turn-a-helix DNA-binding motif and a catalytic
domain with a DDE mgtif.” The insertion element ISAbal6
shows the presence of three ORFs where the TnpA protein has
an a-helix-turn-a-helix DNA-binding motif, and the TnpC
protein has a potential DDE motif located at the catalytic core
domain. The transposases from several superfamilies possess a
protein domain containing an acidic amino acid triad (DDE or
DDD) that catalyses the ‘cut and paste’ transposition reaction.®

The TnpB proteins, however, seem to have no homology to
any of the motifs identified in the truns}posnses encoded by the
IS elements of different IS families.” Previous studies show
that the TnpA, TnpB and TnpC proteins may be produced inde-
pendently in appropriate amounts to form a complex, which
acts as a transposase promoting the transposition of 1S66-family
elements, such as ISAbal6 in strain Ab244.

As the multiplex PCR was positive for the blagys ss-ike gene
alongside the blagya.3> gene, it was essential to map the
sequence of the blaoxa ssike 9ENE; hence, a PCR was performed
by using the primers described earlier by Heéritier et al.*® and
sequencing of the PCR product revealed similarity to the blagka ss
gene without any nucleotide substitutions. The primers SM2 and
walk-58-R amplified a 575 bp region, the seguencing of which
revealed an ISAba3-like structure. A putative promoter with
—35 (TTTATC) and —10 (TTTCTT) motifs was present 44 bp
upstream of the blagya-ss-ike gene. The promoters had been pre-
viously identified by Poirel and Nordmann.® RT-PCR proved that
the blagyxassike geNe was highly expressed. The frequent associ-
ation between the blagys ss genes and ISs could be connected
with the low levels of blaoxa-s1-ike geNe expression in a wild-type
strain having ISs dispersed in the genome. IS activation may
depend on activation complexes formed by repressor-inhibitory
mechanisms under antibiotic stress conditions.*® Selection for
1Ss that insert into sites that allow the bacterium to survive anti-
biotic stress, such as upstream of B-lactamase genes where the
1S elements provide strong promoters for B-lactamase gene
expression, has provided the bacterium with a mechanism for
transiently switching on resistance genes in response to the
stress.??

Ab244 was resistant to meropenem and intermediately
resistant to imipenem, although no change in the OMP pattern
was seen. Furthermore, no insertional activation of the carO
gene was identified.
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The results obtained in this study portray Ab244 as a
carbapenem-resistant pathogen that can employ selective mech-
anisms of resistance through the expression of specific antibiotic
resistance genes. The study shows a genetic structure with
ISAbal6 inactivating the bldexa-132 gene and this could be due
to the bacterium not reguiring a mechanism of resistance when
it was not under clinical conditions. The acquisition of the
blagxa-se gene in the clinical setting facilitates the survival of the
bacterium by helping it thrive better under antibiotic stress. This
clearly demonstrates the accimatization of Ab244 to various
drug environments by the acquisition of carbapenemases, such
as the blagya-ss gene governed by 15Aba3-like elements.

This is the first report describing the insertional inactivation of
the blagxa-132 gene by 15Aba16 and the employment of an alter-
nate resistance mechanism by the overexpression of the
blagya-ss gene leading to carbapenem resistance in strain Ab244.

Nucleotide sequence accession number

The nucleotide sequence described here has been submitted to
the GenBank database under accession number JN415682.
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Letter to the Editor

The resistance profile of Acinetobacter baumannii strains iso-
lated from the Aberdeen Royal Infirmary

Sir,

The increase in carbapenem resistance in Acinetobacter bauman-
nii is largely attributable to the Ambler class D B-lactamases, in
particular enzymes related to 0XA-23 and OXA-58. The purpose of
this study was to analyse the resistance in A. baumannii strains iso-
lated from Aberdeen Royal Infirmary (Aberdeen, UK) from 2006 to
2010.

Nine non-repetitive A. baumannii strains were chosen for this
study. The strains were identified by polymerase chain reaction
(PCR) of the blagya_siie 2ene and by sequencing of the rpoB
gene. Minimum inhibitory concentrations (MICs) were determined
according to the guidelines of the British Society for Antimicrobial
Chemotherapy (BSAC). The blagya_23_jike. Plaoxa_40-1ike. Bl@oxa-51ike-
blagxa_sgyike and blagxa_143-ike gene families were screened by mul-
tiplex PCR [1]. ISADC1 and OXA-23R primers were used for the
detection of ISAbat upstream of the blagya_a3.jike gene [1,2]. Amino-
glycoside resistance genes were identified by multiplex PCR [3].
Primers for amplification of the blaapc gene have been described
previously [2], and primers FU (5-GCG CCG TGA ATT CTT AAG
TG-3") and RU (5'-AGC CAT ACC TGG CAC ATC AT-3") were used
to amplify the intergenic region upstream of the blasnc gene.
PCR was performed for amplification of the quinclone resistance-
determining regions (QRDRs) of the gyrA and parC genes [4], and
gene fragments were sequenced for determining specific amino
acid changes. PCR for detection of the class 1 integrase gene was
performed as described previously [4].

A macrorestriction assay followed by pulsed-field gel elec-
trophoresis (PFGE) was performed on all A. baumannii strains.
Cluster analysis was performed by the unweighted pair-group
method with mathematical averaging (UPGMA), and DNA relat-
edness was calculated using the band-based Dice coefficient with
a tolerance setting of 1.5% band tolerance and 1.5% optimisation
setting for the whole profile. Gel analysis was performed using

Table 1
Resistance profiles of Acinetobacter baumannii clinical strains.

BioNumerics v2.5 software (Applied Maths, Sint-Martens-Latem,
Belgium). A value of =80% was chosen as the threshold for the
establishment of clonal relatedness of the isolates.

51 nuclease (Promega, Southampton, UK) digestion using 10 U
of enzyme with incubation at 37 °C for 45 min was performed for
the PFGE plugs according to the manufacturer’s instructions. Plas-
mid curing was performed using acriflavine and with an elevated
temperature of incubation. The strains were serially subcultured
for 14 days at 47 °C.

Two novel variants of the blagys sijxe Zene were found
(Table 1): strain 14 had serine-14 (TCT) of the blagxa-1z0 gene
replaced by phenylalanine (TTT) and is now designated blaoxa-216:
and strain 6n had threonine-255 (ACA ) of the blagya_7g gene substi-
tuted by isoleucine (ATA) and is now designated blagya 217.1s0lates
10 and 10n had variants of blagya_gs gene with synonymous muta-
tions.

Strains 3 and 12 possessed the aac(3')-la gene conferring gen-
tamicin resistance and had high ceftazidime MICs owing to the
presence of ISAba1 upstream of the blaapc gene. All of the remaining
strains {except 10) had the blaypc gene without ISAbal upstream
and thus were susceptible to ceftazidime (Table 1). Strain 10 com-
pletely lacked the blaapc gene. All of the isolates were susceptible
to colistin.

Strains 3 and 12 had amino acid changes at position 83 of GyrA
(serine83 — leucine) and position 80 of ParC (serine80 — leucine)
conferring ciprofloxacin resistance. Both strains possessed inte-
grase genes and sequencing confirmed the presence of putative
glucose dehydrogenase precursor that could be responsible for
catabolism of glucose by oxidation.

The PFGE profiles of the strains showed that most were not
clonally related as they had <80% similarity (data not shown). PCR
for insertions causing disruption of car0 {29 kDa outer membrane
protein) was not detected for any of the strains. PFGE analysis
revealed that strains 3 and 12 had 83% similarity; strain 3, iso-
lated in the year 2006, was negative for the ISAbal-blagy,_23 gene,
whereas strain 12, isolated in the year 2008, was positive and was
resistant to imipenem and meropenem (Table 1). Strains 3 and 12

Strainno.  Source of isolation  Date of isolation  MIC (mg/L) intl blagpc 1SAbat -blagpnc blagya si-ie gene
MEM IPM CAZ GEN cp coL

3 Blood 09/09/2006 1 05 64 256 32 0.25 + + + 66

10 Blood 08/06/2008 0.08 0.06 1 0.1z 0.12 0.12 - - - 65 (variant)

12 Blood 25/08/2008 16 16 64 8 32 0.5 + + + 66

14 Blood 21/09/2009 0.06 0.06 4 0.03 012 0.03 - + - 216

16 Sputum 20/02/2010 0.5 05 4 0.1z 0.12 0.12 - + - 51

3n Blood 27/04/2006 0.5 025 2 0.03 0.12 0.12 - + - 64

Bn Blood 17/07/2007 1 05 8 0.12 05 0.5 - + - 217

10n Blood 22{10{2008 0.06 0.06 1 0.03 012 0.12 - + - 65 (variant)

14n Blood 14/09/2009 0.5 025 8 0.12 05 0.12 - + - 89

MIC, minimurm inhibitory concentration; MEM, meropenem; [PM, imipenem; CAZ, ceftazidime; GEN, gentamicin; CIP, ciprofloxacin; COL, colistin.

0924-8579(% - see front matter © 2012 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.

doi:10.1016j.ijantimicag.2011.12.004

Please cite this article in press as: Lopes BS, et al. The resistance profile of Aci b b
Infirmary. Int ] Antimicrob Agents (2012}, dei: 10.1016j.jjantimicag.2011.12.004

ii strains isclated from the Aberdeen Royal




G Model
ANTAGE-3761; No.of Pages2

2 Letter to the Editor / International Journal of Antdmicrobial Agents xxx (201 2) xxx—xax

had an identical blagya sk allele 1 corresponding to sequence
group 1. In addition, strain 12 had the blagga 2z clone 1 allele,
which belongs to European clene II. This indicates the A. baumannii
is actively acquiring resistance genes, probably through plasmid
transfer, although 51 nuclease digestion and plasmid extraction
procedures did not detect any plasmids, and elimination studies
with acriflavine did not remove the resistance determinants. This
suggests that if blagya.pa was plasmid borne, it is now integrated
in the host chromosome of strain 12 endowing it with a stable
mechanism of carbapenem resistance.

These results show that the clinical situation in the hospital in
Aberdeen is in a state of flux. New variant strains are emerging
and, most importantly, a carbapenem-sensitive strain has become
resistant through acquisition of the blagxa-22 gene with an ISAba1
element upstream that carries a promoter allowing expression of
the B-lactamase. The blagys_zz gene was first found in Scotland
more than 20 years ago and it has remained the sole mechanism of
carbapenem resistance until this point [5].

Nucleotide accession numbers

The blagyaz1s and blagyaz17 genes have been deposited in
GenBank under the accession nos. FR865168 and JN603 240, respec-
tively.
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Role of 1 SAba825 in the expression of the blagxa-s1-ike genein clinical strains of
Acinetobacter baumannii

B. S.Lopesand S.G.B Amyes

University of Edinburgh, UK
Objective:
The number of nosocomiAkinetobacter infections has risen in recent years. These
gram-negative coccobacilli are now major opportiimsathogens, predominantly
causing infections of the respiratory and urinaagts and of the skin, catheter-related
infections and bacteremias. The aim of this studg % investigate the role of
insertion sequences involved in the expressidn@fxa-si-ike andblaapc gene
present inA. baumannii.

Methods:

7 multi drug resistant strains isolated in the BaiStates were screened for the
presence of insertion sequences and antibiotisteggigenes. The isolates were
confirmed asA. baumannii by blapxa-s1-ike PCR and by restriction analysis using the
enzymedAlul andNdell. The isolates were screened for the presenagseftion
sequence upstream and downstreatnl @fxa-s1-ike andblaapc gene. The MICs of
imipenem, meropenem and ceftazidime were deternbgete BSAC guidelines.
Multiplex PCR for oxacillinases was performed asalibed previously.

Results:

All the strains were positive for the presencélabxa-si-ike gene andblapxa-ss gene;

4 isolates showed the presence of insertion sequ&Aba825 upstream of the
blaoxa-s1-ike g€Ne and 3 had an insert oAl&1 upstream of thelapxa-s1-ike gENE.

The MIC of IPM strains having Kha825 was 16mg/L and that of meropenem was 4
mg/L. The chromosomdillapxa-si1-ike geNes of these 4 strains wétaoxa-gs.

The MIC of IPM ranged from 4-8 and for MEM rangedrh 4-16 for the 3 strains

having ISAbal upstream of thblapxa-si-ike gene. The 3 strains hithoxa-79, blaoxa-
gsoandblapxa-g> gene. Thélaapc gene was present in all the strains and, in airst,
ISAbal was located upstream of the gene and giving eaaim n MIC of 128mg/L
of ceftazidime.

The ISAba825 sequence was seen 7bp (AAGTCTT) upstream obldaga-51-iike

gene. It was oriented in 5’-3’ direction with resp& theblapxa.ss gene and putative
promoters -10 TATGAA and -35 TTGTCA were locatedpapart from each other
and were located 74bp and 97bp upstream dbltaga65 gene. There was no
insertion sequence detected downstream for alhstraaking it a defunct transposon.

Conclusions:

These data indicates a first report on the presehaaovel insertion element
ISAba825 present upstream of tiaoxa-s1-ike geNe besides the well known insertion
sequence I8bal, that can cause over-expression oftihexa-s1-ike gene. The
ISAba825 element may also have a better promoter thAbdSto causdlaoxa-s1-iike
over-expression.



Theroleof Insertion Elementsin control of antibiotic resistance in Acinetobacter
baumannii isolated from sour ces throughout the world.

B. S.Lopesand S.G.B Amyes
University of Edinburgh, UK

Background: The aim of this study was to investigate the desgistance profile and
the frequency of insertion elements foundhirbaumannii strains isolated from
various sources around the world.

Methods: A collection of 85 epidemiologically unrelatéd baumannii isolates were
studied. Their identity was confirmed bhaoxa-s1-ike PCR and by restriction analysis
of the 16S-23S rRNA fragment. The isolates wereesued for the presence of
insertion sequence (IS) upstream of bhee)xa-s1-ike DY PCR amplification and
sequencing. Primers FU and RU were used to chedkdéansert upstream of the
blaaoc gene. A multiplex PCR for oxacillinases was alsdgrmed. MICs for
imipenem and ceftazidime were determined by the digjation

method and the results interpreted according t@®8&C guidelines.

Results: All the isolates were positive f@tapxa-s1-ike g€NE; 7% of the isolates
harboured thélaoxa-23 gene, 10% had tHataoxa-24 gene and 36% had thaoxa-ss
gene. The MIC90 of imipenem was 16mg/L and the NIGBceftazidime was
>256mg/L. It was observed that, 88% of the isolatere resistant to ceftazidime, of
which 63% (8% having 1&bal25 and 55% having |&8bal) harboured an insertion
sequence upstream of thiaapc gene. Furthermore, 26% isolates were resistant to
imipenem, 33% exhibited intermediate level of regise of imipenem and 22% of
the isolates had an insert upstream of the chromadsaoxa-s1-ike gene (5% having
ISAba825 and 17% having 1&bal).

Conclusions: In this study we report the prevalence ofAlb81 along with the rarer
ISAbal25 and 1SAba825, which have been found in clinically relevant stgin
upstream of thelaapc andblapxa-s1-ike generespectively. In summary, we conclude
that 1SAbal25 and ISAba825 may govern the expressionlifapc gene andlaoxa-si-
ike gene in highly resistant clinical strains in tlaen® manner as Apal.



Ceftazidimeresistance in Acinetobacter baumannii from the
United Arab Emirates

A. F. Opazd, B. S. Lopes, A. Sonneves?%j T. Paf, A. Ghazawi, and S.G.B.
Amyes.

University of Edinburgh, UKand University of United Arab Emirafes

Background:

Acinetobacter baumannii is one of the most important microorganism causing
infections in hospitalized patient. The remainimgions for the treatment of serious
infectious diseases causes by multi-resistabaumannii are carbapenems,
cephalosporins and colistin. Resistance to ceppafoss has been associated with the
insertion sequence Mpal providing a strong promoter to ADC-genes.

Methods:

3 strains ofA. baumannii isolated in Al Ain, UAE, named Nm55, Nm57 and Nr812
were studied. Nm57 was isolated from an intraveradiseter tip of an adult patient,
Nm55 and Nm128 were both isolated from sputum sasialken 15 weeks apart
from a 6 year old patient. They were confirmed ag@umannii by PCR detecting the
blaoxa-s1-ike g€NE and sequencing th®B gene. Genotypic

characterization was performed by pulsed-fieldejettrophoresis (PFGE). Antibiotic
susceptibility and determination of minimal inhdoy concentration (MIC) of
ceftazidime were performed according to BSAC gumdelDetection oblapxa genes
was performed by multiplex-PCR and detection #d&l and ADC was done by
standard-PCR.

Results:

All the strains were designated as identical adgogrtb PFGE pattern.All strains were
resistant to carbapenems, cefotetan, aztreonaopem®izone, cefepime, cefotaxime
and cefpodoxime. Strain Nm55 was resistant to zelitae, while Nm57 was
intermediate and Nm128 was susceptible. All thairssrharbour both OXA-64
chromosomal and the OXA-23 plasmid 3-lactamaséshdSwas upstream of the
blapxa-23genes in all three strains and was responsibledidrapenem resistance. All
the strains harboured the sabh@pc gene but in no case was there a defined IS
element upstream.

Conclusions:

This study shows a rare example offatbaumannii strain that was resistant to
carbapenems but was sensitive to ceftazidime. heestrain progressed to
ceftazidime resistance this was not by the repartethod of an insertion of an
ISAbal-like element upstreatnaapc gene providing the necessary promoter.



Theroleof 1S30 in the expression of the blaapc genein Acinetobacter baumannii

B. Lopes, A. Hamouda and S. Amyes.
University of Edinburgh, UK

Objective:

Multidrug-resistaniAcinetobacter baumannii is a major nosocomial pathogen that is
rapidly evolving and developing resistance to ajon classes of antibiotics. It is
identified by the presence of intrinditapxa-s1-ike gene and restriction of 16S-23S
rRNA intergenic spacer sequences. The aim of thidyswvas to investigate the role of
insertion sequences related to the expressionpbfatesporinanses presentAn
baumannii.

Methods:

A panel of 17 geographically diveréebaumannii isolates wascreened for the
presence of insertion sequence upstream and d@answofblaspc gene. The

isolates were confirmed #&s baumannii by blaoxa-51-like PCR and by restriction
analysis using the enzymahul andNdell. The MICs of ceftazidime were determined
by the BSAC guidelines. The strains were checke®&&BL production by synergy
disc assay between cephalosporins and augmentemioaiclav).

Results:

The MICs for ceftazidime showed that 4 strains &ad/IC of > 256mg/L, 7 strains
had an MIC of 128mg/L, 1 strain had an MIC of 64inghd 5 strains had an MIC of
32mg/L. None of the strains produced ESBLs asddsgesynergy between
augmentin and cephalosporins such as ceftazidiefetaxime, cefipime and
cefpodoxime. PCR results showed tt&&bal was present upstreamlfiapc gene

in 12 strains (MICs ranging from 32-128mg/L). Ofitlee five strains having MIC of
32mg/L one strain did not haveABal present upstream bfaapc gene. The 4
strains with MICs >256mg/L harboured3®Bupstream obla,pc gene. There was no
insertion sequence detected downstream for altrhihs making it a defunct
transposon. The B insert was observed 126bp upstrearblafpc gene. Although
the region just upstream blfaapc gene had a functional promoter, th80&lement
also had a promoter for the transposase it caaridghis may also increase the
expression of thblaapc gene.

Conclusions:

These data indicate the presence of a novel insegtement 130 besides I8bal
that can cause overexpressiomlalpc gene. The isolates with 38 may encode
novel ADC variants having significant hydrolysingtigity against ceftazidime. The
IS30 element may also have a better promoter thabdEto causdlaapc gene
overexpression.



The utilisation of gluconic acid in certain strains of Acinetobacter baumannii

B. Lopes, A. Hamouda and S. Amyes.
University of Edinburgh, UK

Background:

A characteristic feature of glucose oxidizing Adoteacters is seen with blood agar
having aldose sugar. The aim of this study wayv&buate the nature of brown
pigment produced b&xcinetobacter baumannii.

Methods:

Two (A/B) A. baumannii strains were isolated from diabetic patient arehidied by
blaoxa-s1-ike PCR and restriction analysis of 16S and 23S r-Rp&cer sequences
usingAlul andNdell. MICs for to imipenem , meropenem and ceftazieliwere
estimated by BSAC guidelines. Isosensitest (IST)gU&ose broth was used for the
growth of strains. Growth of the strains was mamitbover 48 hour period using IST
broth having gluconic acid concentration range f@fto 4%. The inhibitory
activity of the pigment produced by strain A wagdked by ditch plate method.

Results:

The MICs for IPM, MEM, CTZ and FEP were 0.5, 0.53r&81 4mg/L respectively for
strain A and B. Both the strains were positiveldi@,-s1-ike @andblaapc but negative
blagxa-23/40/52aNd for metallo-beta-lactamases. It was seen lieagttain A produced a
brown pigment in presence of gluconic acid. It ajsew better than strain B over a
period of 48 hours in the presence of IST brotht@oimg gluconic acid concentration
ranging from 0.1 to 4%. Both strains did not praglaay pigment in Nutrient glucose
broth. The brown pigment produced by strain A datl mve any inhibitory effect
againstSaureus NCTC6571 Ps. aeruginosa NCTC10662A. baumannii
ATCC19606andE.coli NCTC10418 The glucose dehydrogenase enables both the
strains to form 6-phosphogluonate which is freeriter the Entner-Doudouroff
pathway hence there is no pigment production seéoth the strains when M9
glucose broth is used. On the other side humardiddeng enriched with nutrients
including gluconic acid helps strain A to survivetter by converting gluconic acid to
2,5 diketogluconate which leads to the formatiobrm@wvn pigmentation. It is also
possible that strain B lacks gluconic acid dehydr@age which could lead to the block
in successive steps making glycolysis the prefalpath for metabolism. In strain B
it is also possible that the enzyme 2 keto gluemdahydrogenase is absent which
converts 2 keto gluconate to 2, 5-diketo glucomdigh is responsible for brown
pigmentation. Strain A can metabolise glucose pgalysis as well as Entner
Doudouroff pathway. It is also possible that stiaifollows the pathway for brown
pigment production converting excessive gluconid &z 2, 5 diketogluconate
depending on the gluconic acid concentration agntie@sity of absorbance increased
exponentially from lower concentration to higher5aliketogluconate being a
precursor for ascorbic acid production may offert@ction against antioxidant stress.
For strain B glycolysis may be the only option fleetabolism unless gluconic acid
dehydrogenase is present by which it can enteEheathway bypassing the step for
pigment production which is due to functional 2dgiticonate dehydrogenase.



Conclusions:

The survival ofA. baumannii A in gluconic acid enriched medium helps it toveue
better tharA.baumannii B. Excess gluconic acid in strain A leads to brown
pigmentation which may offer protection againsi@utlant stressThe results show
that strain A has multiple routes of metabolismahhoffers it better chance for
survival than strain B.
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