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ABSTRACT

Multiple drug resistance (MDR) in Acinetobacter baumannii strains is a rapidly rising phenomenon worldwide.
Different mechanisms are responsible for this resistance and efflux pumps are among them. In A. baumannii
resistance resulted from efflux pumps are mainly in Major facilitator super family (MFS) and Resistance nodulation
cell division (RND) families. Therefore, this study has been conducted to study in vitro evaluation of MFS efflux
pumps among multidrug resistant A. baumannii isolated from patients hospitalized in intensive care unit (ICU). In
this cross-sectional study, 100 MDR isolates were selected from a total of 200 clinical A. baumannii isolated from
ICU; Multiplex- RT- PCR methods was used to in vitro evaluation of MFS efflux pumps among multidrug resistant
A. baumannii isolated from patients hospitalized in 1CU. According to the susceptibility test, among 200 A.
baumannii isolates, the prevalence rate of MDR, non MDR and extremely drug resistance (XDR) were 56%, 34%
and 10% respectively. Abaye 0369 gene expression was observed in MDR and non-MDR isolates in presence of
tetracycline which is an indication of its role in antibiotic resistance against tetracycline. In confirming the role of
MFS transporters such as abaye 0369 in tetracycline resistance, functional studies should be designed. For
assessing the effect of the expression of other studied MFS transporters in tetracycline resistance, their expression
rate should be determined using Real Time PCR.
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INTRODUCTION

Acinetobacter baumannii genus is defined as a facultative anaerobe cocdhisawith gram-negative, non-
fermenting, non-motile, catalase-positive, and ag@&negative properties. This opportunistic miggaaism could
be a causing urinary tract infection, septicemia ameningitis. There are not many drugs that cant fifpe
infections caused by this bacterium because ingbohigh resistance mechanisms [Afinetobacter baumannii
strains that are resistant against at least tHesses of well-known antibiotic classes are cattedtidrug-resistant
A. baumannii strains (MDR) [2]. MDR-AB strains are considerextnfiidable pathogens especially among patients
diagnosed with pneumonia who are hospitalized ianisive care unit (ICU). Crude mortality rate ofsacomial
pneumonia caused Wy baumannii is reported to be 30% to 70% [3]. According te #tudies, MDR strains &
baumannii in European countries as well as other regions ithe rise which could be a result of aerial ttafm
countries with high MDR strains to European regiddeveloping countries such as Iran have serioablems in
treating the infections resulted from MDR straibgng hospitalization periods, Prolonged stay inltbg, exposure
to antimicrobial agents, mechanical ventilationJoo@ation pressure, invasive procedure, recengesyr and

104



Abbas Bahadoret al Der Pharma Chemica, 2016, 8 (1):104-110

underlying diseases are among risk factors involwvedhfection and colonization of MDR strains [4s the
Infectious Diseases Society of America (IDSA) is considered. baumannii as a Red alert pathogen. Before 1970s,
baumannii could be treated with most of the well-known aiatiics; but nowadays, has found resistance against
nearly all antibiotics [5]. Such resistance mechiansi could be observed in MDR straofsA. baumannii such as
beta-lactamases, outer membrane proteins (OMPRpashanges; Aminoglycoside-modifying enzymes (AMEs
Multiple Efflux pump, and point mutations [6]. Peat carriers involved in efflux system are thoseckthave role

in reduction of drug concentration or toxic subsesthrough transporting them from inner and oatembrane
space to a place out of cell environment. MEP<ssified into 6 major families:

1.ATP-binding cassette (ABC)

2.Major facilitator super family (MFS)

3.Resistance nodulation cell division (RND)
4.Multidrug and toxic compound extrusion (MATE)
5.Small multidrug resistance (SMR) family
6.drug/metabolite transporter (DMT) superfamily [7]

Efflux transporters are expressed in every liviet) and protect them from toxic effects of organampounds as
well actively export various classes of antibiotmst of cell. MDR is often a result of overexpressiof these
transporters. Increased rate of antibiotic efflugesld lead to reduced drug aggregation and incnéimeMIC [8].
Major facilitator superfamily (MFS) in its normabrim is not multidrug transporters; but, nonethelbgy usually
act as exclusive exporters for various classesitibiatic agents [7]. IPA. baumannii resistance by efflux pumps is
mainly caused by MFS and RND families [8]. The miagportant genes involved in antibiotic resistabgeMFS
efflux pumps are abaye genes. Therefore, due to ddstudies on MFS efflux pumps and their abayeegein
Iranian strains, this study has been conducted titio evaluation of MFS efflux pumps among muitig resistant
A. baumannii isolated from patients hospitalized in ICU

MATERIALS AND METHODS

Statistical population

In this cross-sectional study, 200 clinical isotaferine (n=20), respiratory (n=80), blood (n=1%pund (n=51),
and CSF (n=12)] were investigated using microbiathnnds and biochemical tests (n=16) and subsegqugal
presence oAcinetobacter baumannii were confirmed throughlaoyas; gene [9]. Samples were collected from ICU
of Motahari hospital, Gonbad (n=50), Namazi hosmfaShiraz (n=50) and hospitals of Tehran (ChiidMedical
Center and Imam Khomeini (n=100)) during March 2211 to February 19, 2013, 50 MDR isolates and &t n
MDR isolates were entered the final study to stugdhe effect of desired antibiotics on the expogsef 5 selected
MFS transporter genes.

Bacterial strains and antibiotic susceptibility tesing
Bacterial strains were cultured in 37 degrees ip Soy Broth (TSB) and antibiotic susceptibilitytiag was carried
out using disk diffusion method of Kirby Bauer (KB)

Determining MIC of MDR and non-MDR strains

Based on CLSI guidelines MDR strains were placethgdide selected antibiotics (tobramycin, levoftora
tetracycline, and erythromycin) and their MIC weletermined using micro broth dilution [10]. Stardiatrains of
Escherichia coli ATCC 25922 andPseudomonas aeruginosa ATCC 27853 were used as control bacteria.

DNA extraction

DNA extraction was done using the mentioned methbvdady [11], briefly, in boiling DNA extraction, ev
dissolved 5 colonies of isolates in 200 pl highepdistilled water and incubated for overnight, theiled for 10
minutes and coiling process was done in ice andritiged in 8000 rpm for 5 minutes. Supernatant wasd as
template in PCR reaction.

Determining selected MFS genes using multiplex PCR

First, MFS gene sequencebdye) as well adum C gene (fumarase) were selected from gene bank; #igning
process was done using BioEdit software in whidmerPlex and Gene Runner Software were appliedetigd
desired primers for selected genes as weltuas C gene (Fumarase) as the house keeping or posiiveot gene
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and was ordered to Takapouzist company for syrgh@gable 1). PCR reaction setup was initially predaas
uniplex and then as multiplex; the needed valugsefich reaction were as following: 10 of Master Mix
(Amplicon, Denmark), 1.5 of each primer (Takapouzist, Iran), and &f 100 pg of genomic DNA in 2hl PCR
reaction and 7l of distilled water; primers dium andabaye genes were used in the concentration of 2.5 pR©OR
cycle was as following: one cycle for initial demttion at 94 © C for 3 minutes, 30 cycles withatenation at 94 °©
C for 45 seconds, annealing stage in 47 ° C fee@nds, extension temperature at 72 ° C for 3ghsgscand final
extension temperature in 72 ° C for 5 minutesastt, lelectrophoresis was performed on 2% agardssngestaining
was prepared using safety dye.

Table 1 The necessary primers foabaye and fumarase genes

abaye gene: Primers sequence Amplicons size (bp Tm (°C)

0369 5-GTGATAGCATCTACGGTAAGTA-3' 155 58.4/50.6
5-CGGGTACTATACAAAATGATCG-3'

0685 5-CGTATTTTACAAGCCTTAGGTG-3' 300 58.4/51.1
5'GGTAGCCACTTGATATAGAGAT-3'

3640 5-GCGATGGATATTTATCTTCCAG-3' 361 58.4/51.1
5-CCAGCATCGAACTGAAAAG-3'

3035 5-CATGTCTATGTATTGTGCTGAC-3' 422 58.4/50.27
5-CGTAAGGTGATAATCTAGTCCA-3'

0224 5-GTCATCTTAGGTCTACAACAGT-3' 504 58.4/49.7
5-GAGTCCTACTAATTGTTCAGGT-3'

fumC 5-TTAAATGCTCATCCTGACTA-3" 528 48.1/47 1
3- TGCCGTAACTAACATAAGAG-5" ’ )

Assessing the expression patterns abaye genes

RNA extraction

Based on High pure kit manual, 5-10 ml of TSB medivere poured in 15 ml falcons and from desireddsam
(50 MDR and 50 Non-MDR strains) were once culturedresence of antibiotic with lower than MIC contration
(sub MIC); they also were cultured without the prese of antibiotic and were kept into shaking iratob until
reaching OD of 0.3 to 0.4 due to the highest gronath of bacterium is in log phase; then, the falcontents were
centrifuged in 10000 rpms for a 5 minutes usingtandard refrigerated centrifuge, so the bacteriupuld
participate and bacterial plague would be achiep¢dhe next phase, the topmost liquid was offl@hde that only
sediment would remain; then, 750 ml of extract soluwas added and after putting into vortex fomiiButes, then
was kept at room temperature for 5 minutes; inrtéet step, 200 ml of chloroform was added and Beevortex
session was followed and after remaining 5 minitesom temperature, was centrifuged in 4 ° C taatpee with
10000 rpm so two separately blue and chloroformsgebavould be formed; from the topmost liquid 400wak
taken to a new 1.5 ml micro- tube accompanied bggual amount of isopropanol; after enough shakimg tube
was kept in room temperature for 10 minutes and tbe 10 minutes was centrifuged with 11800 rpnggia the
topmost liquid was drop off and the sediment caritgg RNA would be remained. In the subsequent step) of
ethanol 70% was added for rinsing purpose and affeminutes 10000 rpms centrifuging and offloadRYA was
appeared in the form of the remaining sedimentceéthe alcohol should be completely extracted, Rige was
kept in room temperature so it should be dried ng with low possible moisture. 25 ml &fNase/RNase-free
distilled water was added and a few taps were applied on theftulB@NA's better dissolving; in order to RNA that
were sticking to tube’s walls to come down, theetubas kept in a 65 © C incubator for a 5 minukésally, for
determining the quality of extracted RNA, its ODsmaad through Nano Drop device in 260/280 and Z&8D/
wavelengths which showed an OD of 1.8-2 which wde with the values specified by the standatd ki

Treatment of extracted RNA with DNase

Based on the kit's manual, 1.7 ml of extracted RM#s mixed with 2 ml of RNase free DNase and incedbébr 30
minutes in 37 ° C; then, dl of DNase stop solution was added and the substamas kept in 65 °© C temperature for
10 minutes. This process was done to ensure th@neliion of genomic DNA as well as confirmation tre
presence of RNA.

cDNA synthesis

According to the kit's direction, 2 ml of RNA whidinas been treated with DNase were mixed witth 4f random
hexamer enzyme and added to sufficient amount ¢émta take the solution’s volume up to 10 ml; thiérwas
incubated in 65 ° C for 5 minutes and was coolettenthen added 10 ml of RT- PREMIX solution iler to take
the total volume up to 20 ml. Micro tube was slowhook upside down and was incubated in 25 ° @@aminutes
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and 50 ° C for 60 minutes respectively, after thatprder to stop the reaction, it was kept irP 0 condition for 10
minutes and was immediately cooled on ice and ¢BINA synthesis process was completed. The resteoRT-
PCR procedures are nearly identical to PCR. Findtly data were entered and analyzed using spsgasef(ver.
19.0.0; SPSS Inc., Chicago, IL) where significaffedences in variables were analyzedy@ytest.

RESULTS

According to the susceptibility test, among 28fnetobacter baumannii isolates, the prevalence rate of MDR, non
MDR, and XDR were 56%, 34% and 10% respectivelgeldaon CLSI guidelines, MDR strains were incubated

with selected antibiotics (tobramycin, levofloxaciatracycline, and erythromycin) and their MIC weletermined
using micro broth dilution (table 2).

Table 2: Determining the MIC of selected antibiotis for 200 isolates oAcinetobacter baumanii

Resistant phenotype  Antibiotics L MIC (ug/ml)
(num%er) yp types The number of sensitivity cases 05 1 2 4 3 16 32 64 128
Tobramycin 2 0 1 1 O 3 6 8 1 1
XDR Levofloxacin 7 0 o 7 O 1 5 3 3 2
(21) Erythromycir 1 0 0O 0 O 1 12 3 1 4
Tetracycline 8 0 3 5 0 7 1 4 1 0
Tobramycin 24 4 6 9 5 24 34 21 9 0
MDR Levofloxacin 22 9 13 0 24 331 16 18 O 1
(112) Erythromycin 12 0 12 0 21 19 26 21 13 O
Tetracycline 31 20 8 4 14 33 26 21 1 0
Tobramycin 11 0 0o 9 2 23 16 17 O 0
Non MDR Levofloxacin 14 1 100 3 7 21 10 0 10 0
(67) Erythromycin 10 4 17 0 11 18 7 14 7 0
Tetracycline 17 0 5 1 11 17 23 10 O 0

Tracing MFS genes using multiplex PCR
At first, PCR reaction was setup for uniplex andrthmultiplex method (Figure 1). As is shown in &B| after
assessing the clinical isolates regarding the poesef MFS transporters, it was revealed that (6853035 genes

are present in all studied clinical isolates. Fesmy of other desired genes in MDR and non-MDRaiss was
varied.

Table 3: Determining the MIC50 and MIC90 of selectd antibiotics in 200 studied isolates of\. baumannii

MIC (ug/mL)  Antimicrobial agents phenotype

MIC (ug/mL) XDR MDR Non-MDR
TOB 32 32 16

MIC 50 LVX 64 32 64
CIP 128 128 32
TET 32 32 16

MIC g0 TOB 16 16 8
LVX 16 8 8
CIP 16 16 8
TET 8 8 8
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Figure 1. Multiplex PCR setup for tracing selectedMFS genes Well 1-5. Uniplex PCR product of selectagenes Well 7. Multiplex PCR
product (5 Plex PCR) of selected genes Well 1. Migtex PCR product of 0369 gene Well 2. Multiplex P& product of 0685 gene Well 3.
Multiplex PCR product of 3640 gene Well 4. Multiplex PCR product of 3035 gene Well 5. Multiplex PCR prduct of 0224 gene Well 8.
100 bp DNA Ladder

Evaluating the expression of MFS genes using RT- FRCmethod

After RNA extraction, evaluation of gene expressigth RT- PCR revealed that none of the 100 MDR aod-
MDR isolates have shown the expressioraladye 0369 either with the presence of erythromycin, levo#oix,
tobramycin or without them. At the presence ofaejcline,abaye 0369 gene expression was observed in 80% and
78% of MDR and non-MDR strains respectively; subleqmmenon was not found without presence of tettaey
(table 4).

Table 4: Frequency of MDR and non-MDR isolates ofAcinetobacter baumannii with expression of selected MSF transporters in #h
presence of sub-MIC concentration of selected antititics and without them

Percentage of isolates expressirabaye gene:
0224 3035 3640 0685 0369

Antibiotic & & & & 3

Resistance phenotype types B B B B kS
(No.) % G % ks % G % ks % i)
(O] (] (O] ] (]
£ £E8 £ £8§8 £ £8 £ £8 £ £38
Erythromycin 14 14 100 100 4 4 46 46 0 0
Non MDR Levofloxacin 6 6 100 100 20 18 34 34 0 0
(50) Tobramycin 14 14 100 100 6 6 44 44 0 0
Tetracycline 12 12 100 100 32 32 38 0 2 78
Erythromycir 9 0 10C 10C 1 0 42 42 0 0
MDR Levofloxacin 11 0 100 100 11 0 34 34 0 0
(50 Tobramycin 8 0 100 100 6 0 40 40 0 0
Tetracycline 5 0 100 100 13 0 52 0 0 80

As is evident from table 4, the expression atbye 0685 gene was observed in presence of erythromycin,
levofloxacin, tobramycin, and without them whilechuwas not the case in the presence of tetracyclihe
expressions ofabaye 3640 and abaye 0224 were observed in the presence of levofloxacinrawtycin, and
tetracycline in non-NDR isolates; without the prese of antibiotics, such expressions was obsermeMDR
isolates (table 4)Abaye 3035 gene expression was observed in 100% MDR and noR-Molates with and without
antibiotics. Based on statistical analysis betwstedied MFS gene expression and the presence ibfaiias and
lack of them as well as the appearance of MDR piypeono significant relationship was found (P>0.08)e only
exception in these cases was the expressia@baye 0369 in strains with MDR and non-MDR phenotypes in the
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presence of tetracycline; statistically, a sigmifit relationship was observed between the expresdiohis MFS
transporter and the presence of tetracycline (F240.0

Figure 2: A sample of RT-Multiplex PCR product in evaluation of expression of selected genes Well 1 Miplex PCR product on RNA
adjoined with DNase Well 2 Multiplex PCR product ofhousekeeping gene Well 3 Multiplex PCR product sapte without antibiotic Well
4 Multiplex PCR product sample with erythromycin antibiotic Well 5 Multiplex PCR product sample with levofloxacin antibiotic Well 6

Multiplex PCR product sample with tobramycin antibiotic Well 7 Multiplex PCR product sample with tetracycline antibiotic Well 8
Marker

DISCUSSION

MDR A. baumannii (MDR- AB) is considered as an emerging pathogeheialth care settings specifically in ICU
which has significantly reduced clinical active ibmtics that would have been used for fighting inga this
bacterium. Multi-drug resistance (MDR) Atinetobacter strains is raising problem worldwide which haverppt a
significant concern in public health [12]. In odudy, MDR rate was 56% which was similar to maniyeotiocal
and international studies. In various studies cetetli in Iran during 2008-2011, MDR-AB rate has hed
increasing pattern in a way that it has been repaditom 30% up to 94% [12]. IBscherichia coli from 39 efflux
pumps involved in antibiotic resistance, most afnthbelong to MFS family and as was mentioned befaré.
baumannii, resistance toward antibiotics through efflux pgngse generally via efflux pumps of MFS and RND
families [8]. Some gram-positive bacteria such Sephylococcus aureus, Bacillus subtilis, and Streptococcus
pneumoniae have efflux pumps of NorA, Bmr, and PmrA respeglvfrom MFS family which have a notable role
in resistance against fluoroquinolones and are rgéigesimilar to each other [13]. Efflux pumps ofa€A/B in
Staphylococcus aureus are parts of MFS family which would cause resiseamoward biocides of ammonium
quaternary compound [14]. lristeria monocytogenes there is a MdrL efflux pump from MFS family whid¢tave a
role in resistance against cephalosporins. Efflump of TetA,B which is a member of MFS family andsha
notable effect on the resistance against tetrasy@nd minocycline, has a nucleotide sequenceasityilin gram-
negative and gram-positive bacteria [15]. Anbaumannii, efflux pumps of MFS family such as CraA and CmlIA
have significant role in resistance to chlorampbehnand efflux pump of SmvA affects the resistatoeards
erythromycin. Expressions diye 0369 gene was observed in Non-MDR and MDR isolates \pitesence of
tetracycline which is an indication of this genede in antibiotic resistance against tetracyclimefact, have a
similar role with efflux pump Tet (A) that can cader it as one of MFS pumps [16]. Efflux pumps ofi#d and
MefA are also affecting the resistance againsatgtline inSalmonella typhimurium and Streptococcus pyogenes

of MFS family respectively. Assessing the presenicklFS genes in clinical isolates showed thiaye 0685 gene
as well asabaye 3035 is present in all clinical isolates which makertha suitable marker for tracirly baumannii
isolates. Although unlike non-MDR isolateahaye 3640 and abaye 0224 did not show any expression in MDR
strains in presence of selected antibiotics; thiffer@nce was not significant enough that would makem a
suitable marker for differentiating non-MDR from NROisolates. Expression abaye 3035 gene was evaluated in
presence of selected antibiotics as well as witktoarn in all isolates and it was presented thabigession or lack
of it does not have any effect on antibiotic resise; it has a physiologic role A baumannii. Abaye 3640 gene
andabaye 0224 showed expression in 15% and 11.5% of non-MDRatssl respectively, while in MDR strains and
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in presence of antibiotics such expression wasofserved; since this difference was not statidyicahough
significant (P = 0.11), the relationship betweesgirtlexpression or lack of theses and resistancegiyyge cannot be
confirmed. In regard tabaye 3640 andabaye 0224 genes showed expression in the presence of sglectibiotics
as well as without them, it's possible that theylddoe the general transporters of this bacteriisnwas mentioned
before, due to the expression of several genelseirptesence of selected antibiotics as well asowitthem, their
expression or lack of these could not yet relatetthé antibiotic resistance; although, it's possithlat the difference
in their expression could be an indication of thrle in creating the resistance, to investigaie ttypothesis
requires further studies be designed.

CONCLUSION

This study showed that MFS transporteiabfye 0369 has an expression in the presence of tetracyelmke such

phenomenon did not occur without presence of thibiatic. Thus, there is a possibility that thiansporter might
have a role in resistance against tetracycline.résgion of MFS transporter abaye 3035 was observed in all
isolates and in the presence of all selected aitiisi as well as lack of them. Therefore, it wasfecmed that the

expression of this gene or lack of it does not rewveaffect in the resistance against selectedtbiatitis. Since MFS
transporter genes abaye 0685 andabaye 3035 were present in all studied clinical isolatess possible that they
could be used as markers to tracebaumannii isolates. In order to confirm the rofdaye 0369 gene of MFS

transporter in resistance against tetracyclinectfanal studies should be designed. For evaluatirgeffect of

expression of other studied MFS transporters iibentic resistance, their expression should be ss®@ through
Real Time PCR
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