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This work aimed to study the influence of plasmid acquisition on the mutual interaction of certain
Pseudomonas aeruginosa clinical isolates and methicillin resistant Staphylococcus aureus (MRSA)
clinical isolates. In this study, two mixed cultures were used: i) P. aeruginosa clinical isolate P14 which
co-existed with MRSA isolate S14; and ii) P. aeruginosa clinical isolate P12 which co-existed with
MRSAisolate S12. The respective mixed cultures were selected to study the existence of the plasmids
on the inhibitory effect of the culture supernatant of P. aeruginosa on the biofilm formation of co-
existing MRSA clinical isolates. The culture supernatant of P. aeruginosa harboring no plasmids
exerted a significant reduction effect on the biofilm formation (about 57% reduction; P < 0.005) of the
co-existing MRSA isolate and such effect was also confirmed using plasmid transformation
experiments. To ensure that such effect was habitually due to the presence of plasmids and not to any
mutational or conformational changes in the gene/protein sequences of the key genetic elements
involved in interspecies interaction, the genes, araC, pgsS and ahlScoded for AraC family
transcriptional regulator (1026 bp, 341 aa), and 2-heptyl-3-hydroxy-4(1H)-quinolone synthase (1149 bp,
382 aa) and acyl-homoserine-lactone synthase (540 bp; 179 aa) of P. aeruginosa clinical isolate P14
were amplified using PCR, analyzed and submitted into the GenBank database under the accession
codes, KT693035, KT693034, KT693033, respectively. AraC was a model of AraC transcription regulator
with a conserved N-terminal arabinose-binding domain and C-terminal H-T-H motive. PgsS was a model
of putative 2-heptyl-3-hydroxy-4(1H)-quinolone synthase with a conserved domain of a NAD(P)-binding
Rossmann-like domain. AhlS showed a conserved domain with the acyl-homoserine-lactone synthase
(Lasl) of the protein family COG3916. The open reading frames (ORFs) of the respective genes showed
no mutation or deviation in the predicted tertiary structures.Inconclusion, plasmid acquisition
significantly decreased the inhibitoryeffect of P. aeruginosa on the biofilm formation of the co-existing
MRSA isolates.

Key words: Arabinose-binding transcription regulator, 2-heptyl-3-hydroxy-4(1H)-quinolone synthase, acyl-

homoserine-lactone synthase, Pseudomonas aeruginosa, methicillin resistant Staphylococcus aureus (MRSA),
biofilm, Quorum sensing.

INTRODUCTION

Microbial infections of many anatomical sites have been and signal peptides are involved in the interspecies
investigated to be polymicrobial where several molecules interaction of the co-infected pathogens (Hoffman et al.,
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2006; Schertzer et al.,, 2009; Schuster et al., 2013;
Fugeére et al., 2014; Riger et al., 2014; Castillo-Juarezet
al., 2015).Mixedinfections were found to be more
common among hospitalized and immunosuppressed
patients where the opportunistic pathogens P. aeruginosa
and S. aureus commonly co-excisted (Brogden et al.,
2005; Hoffman et al., 2006). Both organisms are
commonly co-isolated from cystic fibrosis respiratory
cultures where P. aeruginosa competes with S. aureus
and produces an antistaphylococcal substance, 4-
hydroxy-2-heptylquinoline-N-oxide (HQNO), which
suppresses the growth of many Gram-positive bacteria
(Machan et al., 1992; Hoffman et al., 2006). Over the last
10 years, significant progress has been made in
elucidating the molecular mechanisms underlying P.
aeruginosa pathogenicity including the chemical and
biological activities of certain molecules and regulatory
proteins involved in quorum sensing as well as the
formation of biofilms (Kaufmann et al., 2005; Fugére et
al., 2014).

Methicillin resistant S. Aureus (MRSA) is one of the
most common bacterial pathogens responsible for the
hospital acquired infections in Egypt and its management
has become increasingly a major problem. Therefore,
interspecies interaction of microbes that coexisted is an
important step towards exploring new molecules that can
become potential therapeutics, particularly those
targeting bacterial virulence such as biofilm formation
(Jevon et al., 1999; Donlan and Costerton, 2002). The
strategy of many antivirulence drugs is to target specific
virulence determinants that play a key role in the
microbial  pathogenesis, thus inhibiting  specific
mechanisms that promote pathogenesis and infection
(Marra, 2000; Rubinsztein et al.,, 2005; Torres et al.,
2005). Many studies have recently been conducted to
explore microbe-microbe interactions among those
coexisting in various infectious sites; however results
showed that this type of interaction was a multifactorial
process and was variable among different microbial
species (Kadurugamuwa and Beveridge, 1996; Hoffman
et al., 2006; Manefield and Whiteley, 2007; Atkinson and
Williams; 2009; Riedele and Reicht, 2011; Fugére et al.,
2014; Ruger et al., 2014). Therefore, the present study
aimed to study the influence of plasmid acquisition
ofcertainP.aeruginosa clinical isolates on the biofilm
formation of methicillin resistant S. aureus (MRSA) that
wereco-isolated from pus specimens. This effect was
confirmed using plasmid transformation experiments as
well as analysis of certain genes whose gene products
were previously confirmed to be involved in the regulation
and synthesis of some relevant quorum sensing signal
molecules of P. aeruginosa.

MATERIALS AND METHODS

Bacterial strains and culture media

Two mixed cultures: P. aeruginosa clinical isolate P12 coexisting
with methicillin resistant S. aureus (MRSA) isolate S12; and P.
aeruginosa clinical isolate P14 coexisting with MRSA isolate S12
were recovered from pus specimens collected from infected wound
of two patients. The collected isolates were cultured on tryptic soy
broth (TSB) or on solid or liquid LB culture medium at 37°C (Kieser
et al., 2000).

Bio film assay by spectrophotometric method

This was carried out according to Christensen et al. (1985) and
Wakimoto et al. (2004). To evaluate the effect of P. aeruginosa
supernatants on biofilm formation by S. aureus, the culture
supernatants were filter sterilized and about 150 pl were distributed
in each well of a 96-well tissue culture flat-bottom polystyrene
microtiter plate (BD). Then, aliquots (150 pl) of S. aureus
suspension were added to each well of the plate already containing
the P. aeruginosa supernatant dilutions. The plates were incubated
for 48 h at 37°C. The cultures were then discarded and the wells
were carefully washed three times with 200 pl PBS/well. Once
dried, the plates were treated for 30 min with 200 pl (in each well) of
a 2% crystal violet solution to stain the biofilm, rinsed twice with 200
pl water to remove excess dye, and then allowed to dry. The
absorbance of each well at 590 nm was measured. The assays
were repeated three times with eight replicates for each condition
tested (Fugeére et al., 2014).

Chromosomal DNA extraction from the clinical isolates

Chromosomal DNA of certain clinical isolate was extracted using
Gene Jet Genomic DNA purification kit (Thermo Scientific, UK)
according to the manufacturer's specifications.

Plasmid extraction from certain clinical isolates

Plasmids were extracted by GeneJdet Plasmid Miniprep Kit
according to the manufacturer's specifications. The recovered
plasmids were detected using agarose gel electrophoresis
(Sambrook and Russell, 2001).

Agarose gel electrophoresis

Chromosomal DNA and/or extracted plasmids were detected using
agarose gel electrophoresis (Sambrook and Russell, 2001). The
DNA fragment size was determined according to its migration
distance within the gel in comparison with a parallel migrated DNA
ladder.

Preparations, transformation and regeneration of competent P.
aeruginosa clinical isolate P14 cells

Preparations of competent P. aeruginosa clinical isolate P14 cells
were performed using the standard protocols of Hanahan (1983). P.
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Table 1. Primers used in this study.
SIN Primers Annealing Expecteq PCR Reference
temperature product size (kb)

1 PfahlF- 5’ ATGCAAACTTTCGTTCACGAGGCAGGC-3' 63 0.54 This work
PRahIF 5'GTCGATCCAGCATGCCACCACC-3'

2 pgsH-F:5-ATGACCGTTCTTATCCAGGGG-3’ 59 1.2 This work
pgsH-R: 5-CTACTGCGCGGCCATCTCAC-3

3 Pfarc F 5'-atgatccctgcaacccgcattac-3' 60 0.66 This work
PRarc-R 5'CAATTGGCATGCTGACGCCGAT-3'

4 PRarc-R 5'CAATTGGCATGCTGACGCCGAT-3' 57 2.1 This work

pgsH-R: 5-CTACTGCGCGGCCATCTCAC-3’

aeruginosa clinical isolate P14 cells were transformed according to
and Russell (2001). In general, 10 pl oftheextracted plasmids from
P. aeruginosa clinical isolate P12 cellscontaining 0.1 - 1.0 pg DNA
were added to 200 pl competent cells and kept on ice for 30 min.
Following a heat shock (90 s, 42°C), cells were regenerated in 800
pl SOC or LB medium for 4 h at 37°C, 300 rpm then the cell
suspension was plated out on LB agar plates containing the
appropriate antibiotic. Transformants were selected and plasmid
extractions were carried out and analyzed using AGE.

Amplificationofsome resistance genes by PCR
Primers design

The genes reported in the literature responsible for 2-heptyl-3-
hydroxy-4(1H)-quinolone synthase, AraC family transcriptional
regulator and Acyl-homoserine-lactone synthase of P. aeruginosa
were assigned. The National Center for Biotechnology Information
database (NCBI) (http://www.ncbi.nIm.nih.gov/)wassearched for the
desired genes and their translated proteins. The multiple
alignments, for the nucleotides and the amino acids of selected
genes against other alleles in NCBI database, were carried out
using Clustalw
(http://www.ebi.ac.uk/Tools/msa/clustalw2/).Primerswere designed
using the conserved regions of the amino acid alignment data at the
beginning and the end of the gene/protein sequences. The analysis
of the primers was performed using pDRAW32 program
(http://www.acasoft.dk/acaclone/download/install.htm) and the
melting temperatures (Tm) were calculated. The check for the
absence of self-complementarily or formation of heterodimers by
the designed primers and the confirmation of the target sequences
were carried out using Primer-BLAST on the NCBI database
(http://www.ncbi.nlm.nih.gov/tools/primer-blast/).Primersused in this
study are listed in Table 1.

Polymerase chain reaction (PCR)

Amplification of the selected genes was carried out via PCR using
the designed primers. Chromosomal DNA and/or plasmids
extracted using Gene Jet plasmid miniprep kit were used as
templates for PCR which was performed in a NYX TECHNIK ATC
401 Thermocycler, USA. Amplification of different genes by PCR
was performed using 200 — 400 ng of the genomic DNA as a
template and the selected primers for each probe (Table 1). PCR
was performed in a Nyx-Technik Inc. Personal Cycler (ATC401,

USA). Each assay (50 pl) consisted of 200 ng chromosomal DNA,
50 pmole of each appropriate primer, 25 pl of DreamTaq™ Green
PCR master mix (2X). PCR general conditions were: 95°C for 4
min; then 30 cycles [95°C for 30 s; annealing temperatures and
time according to Table 1 for 45 s, 72°C for 45 s (normally 1 min for
1 kb)]; and 72°C for 10 min (ramping rate 1°C/s).

The PCR products obtained on agarose gel were excised and
subsequently purified using AxyPrep DNA Gel Extraction Kit
(Axygen Scientific, Inc., USA) according to the manufacture’s
specifications.

DNA sequencing, assemble and detection of possible open
reading frames (ORFs)

The PCR products were purified using GeneJET™purification kit at
Sigma Scientific Services Company, Egypt. Then, they were sent
for sequencing at GATC, Germany using ABI 3730xI DNA
sequencer. The PCR products were sequenced from both forward
and reverse directions. The obtained sequence files were
assembled into a final contig using StadenPackage program
version 3 (http://staden.sourceforge.net/) (Staden,1996). The
resulted contig was analyzed for detection of ORFs using
FramePlot 2.3.2 (http://wwwO.nih.go.jp/~jun/cgi-bin/frameplot.pl)
(Ishikawa and Hotta, 1999), annotated and submitted into the
GenBank database. Restriction analysis of the final contig was
carried out using Restriction Mapper version 3
(http://www.restrictionmapper.org).

Nucleotide accession codes

Nucleotide sequences of ahlS, pgsS and araC obtained in this
study were submitted to the GenBank database under the
accession  codesKT693033, KT693034 and  KT693035,
respectively.

Protein analysis and detection of the conserved domains of
encoded proteins

Multiple alignment and phylogeny analysis of amino acids of the
obtained ORFs were carried out wusing ClustalW2
(http://www.ebi.ac.uk/Tools/msa/clustalw2 (Thompson et al., 1994).
Structure of proteins and conserved domain analysis were
conducted using Basic Local Alignment Search Tool (NCBI):
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Figure 1. Agarose gel electrophoresis of: A. Chromosomal
DNA extracted from P. aeruginosa clinical isolate P14 (lane 1);
P. aeruginosa clinical isolate P14 after being transformed with
plasmids extracted from P. aeruginosa clinical isolate P12
(P14t; lane 2) and P. aeruginosa clinical isolate P12 (lane 3);
B. Plasmid extract of P. aeruginosa clinical isolate P14 (lane
4); P. aeruginosa clinical isolate P14 after being transformed
with plasmids extracted from P. aeruginosa clinical isolate P12
(lane 5) and P. aeruginosa clinical isolate P12 (lane 6).Lane
“M” is 1.0 kb DNA ladder (Thermo Scientific, USA).

http://www.ncbi.nIm.nih.gov/Structure/index.shtml  (Marchler-Bauer
et al., 2015).

Analysis and prediction of the tertiary structure of encoded
proteins

The putative tertiary structure of the encoded proteins were
analyzed and predicted using Swiss-Model  software
(http://swissmodel.expasy.org(Arnoldet al., 2006, Kiefer et al., 2009;
Guex et al., 2009; Biasini et al., 2014). The QMEAN4 score of
predicted protein model was also calculated (Benkert et al., 2011).
This was done to show the predicted conformation of the protein
and the possible metal/legand-binding residues which might have
an effect on the protein activity.

RESULTS

Chromosomal and plasmid DNA extraction from the
clinical isolates

Chromosomal DNA and plasmid DNA extracted from
different P. aeruginosa clinical isolates areshown in
Figure 1.

Biofilmassay

Results of biofilm assay of S. aureus clinical isolate S14

or S12 alone; P. aeruginosa clinical isolate P14, P14
transformant (P14t) or P12 alone; S. aureus clinical
isolate S14 or S12 in the presence of culture supernatant
of P. aeruginosa clinical isolate P14 or P12 or P14t; and
P.aeruginosaclinical isolate P14 or P12 in the presence
of culture supernatant from S. aureus clinical isolate S14
or S12 are depicted in Figure 2.

The genetic analysis of the genes/enzymes that were
previously documented to be involved in the regulation
and synthesis of major molecules of quorum sensing of
P. aeruginosaclinical isolate P214particularly when
coexisting with Gram positive pathogens have been
studied. This was carried outto ensure absence of any
mutational or conformational changes of the nucleotide or
amino acid sequences of the key genes/gene products
involved in  microbe-microbe interaction. These
genes/enzymes include, AraC family transcriptional
regulator, 2-heptyl-3-hydroxy-4(1H)-quinolone synthase
(PgsS) and acyl-homoserine-lactone synthase (AhIS).

Sequenceanalysis of the DNA segment (final contig)
harboring both araC and pqsS

As depicted in Figure 3, two open reading frames (ORFs)
were detected and annotatedAraC and PgsS on the
submitted DNA segment (2.208 kb) of P. aeruginosa
clinical isolate P14. The araC (1026 bp) and pgsS (1149
bp) genes were found to encode a predicted AraC family
transcriptional regulator of 341 amino acids (aa) and a
predicted 2-heptyl-3-hydroxy-4(1H)-quinolone synthase
of 382 aa, respectively. PgsS was encoded by the parent
DNA strand while AraC was encoded by the
complementary strand and located upstream PgsS. A
possible strong ribosomal binding site (RBS) for each
ORF was detected and annotated as 5-GAAGAGG-3'
located at position -7 from the predicted start codon
(ATG) of AraC and 5-GGAGAG-3' located at position -5
from the predicted start codon (ATG) of PgsS. Restriction
analysis profile of the respective DNA segment using
some selected restriction endonucleases was also
illustrated (Figure 3).

Multiple alignments and domain analysis of AraC
(predicted AraC family transcriptional regulator) with
homologous proteins

As shown in Figure 4, AraC showed more than 88, 86, 90
and 84% similarities in the amino acid sequences of
homologous proteins encoding diverse AraC transcription
regulators of AraC family (accession code, AC=
Q5LUJ7), Stackebrandtia nassauensis DSM 44728 (AC=
YP_003512645), Burkholderia ambifaria MC40-6 (AC =
YP_001815544) and Desulfatibacillum alkenivorans AK-
01 (AC = YP_002433305), respectively. The AraC and
the respective homologous proteins were highly
conserved more than 92% at the N-terminal (arabinose
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Figure 2. Results of biofilm assay using: A, mixed culture of P. aeruginosa isolate P14 and S. aureus isolate P14; B, mixed
culture of P. aeruginosa isolate P14 transformant and S. aureus isolate P14; C, mixed culture of P. aeruginosa isolate P12 and S.
aureus isolate P12. Each organism alone or with the culture supernatant (cs) of the other co-existingorganism.
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Figure 3. Restriction analysis profile of the DNA segment of P. aeruginosa isolate P14 submitted to GenBank database. AraC=
predicted AraC family transcriptional regulator (1026 bp, 341 aa; AC=KT693035), PgsS = 2-heptyl-3-hydroxy-4(1H)-quinolone
synthase (1149 bp, 382 aa; AC=KT693034). Arrows indicate direction of the open reading frames (ORFs). Abbreviations: AC =
accession code; RBS = possible ribosomal binding site.
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binding domain) and at the C-terminal residues (Helix Turn-Helix, H-T-H motive required for DNA binding).
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1820113 19 .[46] .PIHV.[1].ASMRCDEYGALGLAWRKAAPTLGASCARTIARYARIW. [3].VT YE.[3].HPQGTLF 121
query 13 .[46].GLSL. [1] .EHYRLSDYGVAGLALOSAGTVGEALOLIRTNMLLE. [3] . IR. [1] .IA. [4] .SCDTVDV 117
gi 291301367 22 .[46] .GFGP QPSRRGTFAMMCHATIGCRSLGHALRRGTAFYALF. [3] . PR VA.[3] .CDERARM 123
gi 172064832 47 .[46] .GVRV. [1] .RRLHASSYCMYGYAMLCSESIAHAFDSAVEYHQIA. [3] . 1A IR.[4] .GDTASWL 150
gi 218781987 31 .[46].GLLV. [1] .NOYHIGVLGELGAGAIHSATFLEATRFFIKFHDLO. [3] .FQ FE.[3] .EGRLSCF 133
gi 81820113 122 ILHR.[ 9].L.[1].NEATILASAVALAROVCEV. [2] .SPLAVEVO. [1] .KAP. [2] .K. [2] .HEAWFE 179
query 118 DIDL. [10] .R. [3] .ANVLASAAYAVFRDLLLG. [2] .ELVRLELP ERN.[Z].V.[2] .YEEYFR 177

Z] .YDLMFG 180
[2] .LADALE 213
[Z2] .YEEIFOQ 181

gi 291301367 124
gi 172064832 151 . [5].EARAL.[ 7]1.
gi 218781987 134 IMNE.[ 7].

. [3].IDMOFAIHVTVIRDVMGA. [2] .VEPARBOFA. [1] .BER.[Z] .

L
R
SFAL.[ €].D.[3].TESLLVIWHRYSSWAIGR. [Z] .PLDGLDLA. [1] .FRAP.[Z].
¥
R.[3] .CEREFASVHRVASDLIGK. [2] .GIREVRVA. [1] .SEP.[Z].

prEan
3

gi 81820113 180 .[2].VTF GADLD. [1] .ILISREAMER. [Z2]. 202
query 178 .[2].VYF.[1].GRGIT FTLEEELLEA. [2]. 200
gi 291301367 181 .[Z].LRF GAPTT.[1] .LTFAERYLDY.[2]. 203
gi 172064832 214 .[2].IAF DOPHH. [1] .LSYPARAWLAR. [2]. 236
gi 218781887 192 .[2].IVF NAPRH. [1] .FVWDETNLNT. [2] . 214

Figure 4. Multiple amino acid sequences of the conserved domains of the AraC transcriptional regulator protein of P. aeruginosa
isolate P14 (AraC query) and its homologous using http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi (Marchler-Bauer et al.,
2015). The numbers indicate the position within the corresponding proteins: gi 81820113 = transcriptional regulator AraC family of
Ruegeriapomeroyi, accession code (AC)= Q5LUJ7; gi 291301367 = AraC family transcriptional regulator of
Stackebrandtianassauensis DSM 44728, AC= YP_003512645; gi 172064832 = AraC family transcriptional regulator of Bu.
ambifaria MC40-6, AC= YP_001815544; gi 218781987 = AraC family transcriptional regulator of Desulfatibacillumalkenivorans AK-
01, AC = YP_002433305.. Amino acids aligned to form position specific scoring matrix (PSSM) where red or blue colors
representing degree of conservation with red designating highly conserved. Dashes indicate variation in sequence length among

aligned proteins.

Multiple alignment and domain analysis of predicted
2-heptyl-3-hydroxy-4(1H)-quinolone synthase
(PgsS)with homologous proteins

As shown in Figure 5, PgsS showed more 83%
similarites in the amino acid sequences with
itshomologous proteins encoding diverse 2-heptyl-3-
hydroxy-4(1H)-quinolonesynthase proteins of
Acinetobacter sp. ADP1 (AC= YP_046465), Meiothermus
ruber DSM 1279 (AC= YP_003508322), Rubrobacter
xylanophilus DSM 9941 (AC= YP_644990), Bacillus
subtilis  subsp. subtilis str. 168, Rossmann-fold
NAD(P)(+)-binding proteins; cl21454, (AC=
NP_388604).Domain analysis of PqsS protein revealed a
putative conserved domain of the Rossmann-fold
NAD(P)(+)-binding protein (AC=cl21454).

DNA segment(finalcontig)harboringacyl-homoserine
lactone synthase (AhlS), multiple alignment and
domain analysis

Asdelineatedin Figure 6, open reading frames (ORFs;
partial 3") was detected and annotated AhIS on the
submitted DNA segment (540 bp) of P. aeruginosa
clinical isolate P14. The AhIS was found to encode a
predicted acyl-homoserine lactone synthase. AhIS
showed more 85% similarities in the amino acid
sequences with itshomologous proteins encoding diverse
acyl-homoserinelactone synthase proteins of a symbiotic
bacterium Mesorhizobium loti, accession code (AC)=
NP_106905; P. aeruginosa (Lasl; AC= LASI_PSEAE;

Gould et al, 2004), P. aeruginosa (Rhll; AC=
RHLI_PSEAE) and Ralstonia solanacearum (Soll; AC=
SOLI_RALSO) (Figure 7). AhIS protein revealed a
putative conserved domain of N-acyl-L-homoserine
lactone synthetase (accession: COG3916) as well as with
the autoinducersynthetase of the protein family,
pfam00765.

Phylogram analysis of AraC, PqsS and AhIS

Cladogram analysis outlined in Figure 8 showing AraC in
relation to other diverse transcription regulator proteins.
AraC of P. aeruginosa isolate P14 clustered closely with
a homologous protein of AraC family, accession
code(AC= Q5LUJ7)ofpairwise score ranged from
0.40122-0.40127 and was relatively related to other
distinct clusters (pairwise scores ranged from 0.34135-
0.40127). PgsS of P. aeruginosa isolate P14 was
clustered closely with an oxidoreductase of B. subtilis
subsp. subtilisstr. 168, with Rossmann-fold NAD(P)(+)-
binding protein (AC= NP_388604)of pairwise score
ranging from 0.35279-0.39583 (Figure 9).AhlS of P.
aeruginosa isolate P14 was clustered closely with Acyl-
homoserine-lactone synthase, an autoinducer synthesis
protein of P.aeruginosa (AC= RHLI_PSEAE) of pairwise
score ranged from 0.00145-0.01821 (Figure 10).

Prediction of the tertiary structure of the AraC, PgsS
and AhIS proteins using SWISS-MODEL homology
modeling report

Asdepicted in Figure 11, the tertiary structure of AraC
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query 144 CSLVVEADEIRSSVRRY VHEER TLRHSGETCHRLVVE. [1].R. [4] .ELACE VWEHEK. [1] .LEFIQI 204
gi 291296924 152 YDLWVGADGLRSRVRRLAFEGA. [1].EPQYECOVVWRYNLE R.[2].EVDNI.[1].MWMGDE. [1] .VGIVEL 211
gi 108805053 152 YDLWIGADGLYSLIRSLVFDED. [1].EPEFSGOVVHRYNVE R.[2].EVDRI.[1].VFQEME. [2] .AGFVEL 212
gi 16077790 148 ADILAGFDGIHSVVRDEMLOKE. [1].EREHLGMGAWREYIE L.[3].TFEDR. [2] .MYRSED. [2] .IGVVEL 210
gi 50084855 213 SDSQSYMCVL DHRENDD FIEPHLWEAKLSN. [4].FE5. [1].VOEVELDI. [1] .0G. [3] .REDILYR 271
query 205 SEREMYVYAT. [6] .EPEDEEG FVTPORLARHYAD FDG. [1] . GASIARLI ES ATTLVHN 261
gi 201296924 212 GENLMYMFIT DRRPESP. [1] .RFFERATACEMOK. [4].¥RH. [2]. LAOLRAQT TD ESEVVLR 269
gi 108805053 213 APDIMYILLI EEPESDS. [4] .KLEEDRLAEIFRE. [4].FGG. [2] . REVRDRYI TD SSEVVYR 272
gi 16077790 211 AQHAEYVEVL QPCTSDY WDEEDTRFDRVRE. [4] . FRG LDEVTEHM SK QHEVIFN 264
gi 50084855 272 FLATLL. [1].RESWHRGRVVLLGDAVHATTPHLASGAGIATEGAILLSE ELAFDQ. [3] .HALTHYQRRHFDRL 340
query 262 DLEELR GRSWCRGRVVLIGDARHAMTENLGOGARMALEDAFLIAR, [2] .CLAPRA ETLILFQOOREARI 328
gi 291296924 270 PFETIL.[l].FAFWNQERVVLIGDAAHAMTAHIAQEAAMATEDAVVLTE ELRRQT. [3] .ARLORYNHERFDRV 338
gi 108805053 273 PVETLL. [1].PPPWYRGRVVLVEDAAHATSPH IGOEASMATEDAVVIAE ELEFDV. [3] .EALFAFMERRYERC 341
gi 16077790 265 KLEQVA. [1].QEPWHRGRVIIGEDAAHACAPTIADCARMATEDATVIAR ELCNHA. [3] .TALORYYKRRAPRA 3332
gi 50084855 341 RMVIDVS TRIGEIE. [24]. 378

query 320 EFIRRQS.[3].GRLEQWE. [24]. 360

gi 291296924 339 ROMVEMS ROLCIWE. [24]. 376

gi 108805053 342 FYVIDVS BRIGRCGE. [24]. 379

gi 16077790 334 LEVONLS SEIVERR. [22]. 360

Figure 5. Multiple amino acid sequences of the putative 2-heptyl-3-hydroxy-4(1H)-quinolone synthase of P. aeruginosa isolate
P14(PgsS, query) and its homologous using http://www.ncbi.nIm.nih.gov/Structure/cdd/cddsrv.cgi (Marchler-Bauer et al., 2015).
The numbers in green indicate the position within the corresponding proteins: gi 50084955 = 2-heptyl-3-hydroxy-4(1H)-
quinolone synthaseprotein of Acinetobacter sp. ADP1, accession code (AC)= YP_046465; gi 291296924 = monooxygenase
FAD-binding protein of Meiothermusruber DSM 1279, AC= YP_003508322; gi 108805053 = FAD-binding FAD dependent
oxidoreductase of Rubrobacterxylanophilus DSM 9941; AC= YP_644990; gi 16077790 = oxidoreductase of Bacillus subtilis
subsp. subtilisstr. 168, Rossmann-fold NAD(P)(+)-binding proteins; cl21454, AC= NP_388604. Amino acids aligned to form
position specific scoring matrix (PSSM) where red or blue colors represent degree of conservation with red designating highly
conserved. Dashes indicate variation in sequence length among aligned proteins.

9 % % foe
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AHLS (540 bp)

Figure 6. Restriction analysis profile of the DNA segment coded for Acylhomoserine lactone of P.
aeruginosae isolate P14 (Partial AhlS; 540 bp; 179 aa) submitted to GenBank database (accession code:
KT693033) using Restriction Mapper version 3 (http://www.restrictionmapper.org). Arrows indicate
direction of the open reading frames (ORF).
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gi 13475341 12 .[2].QLITEGLYSEFAGELR EMHGLREYRVFEERLDWEVQTGS E METDTFDDLEEVYLLL. [1] . €5
query 1 .[2] .ELLSESLEGLSREAMIL ELGRYRHOVFIEELGWDVVSTS. [2].D CEFDOFDHEQTRYIVA. [1]. 61
gi 462480 1 MIVQIGRREEFDEELL. [1] - EMHELRAQOVFEEREGWDVSVID E MEIDGYDALSEYYMLT. [3]. 5%
gi 12230962 1 .[2] .ELLSESLEGLSREBMIL ELGRYRHOVFIEELGWDVVSTS R.[3] .QEFDOFDHPOTRYIVA 60
gi 20140007 1 MOTFIHGGGRLEEAVD. [1] . ALAHYRHQOTIFVGOLEGWOLEMAD G.[1] .FERDQYDRDDTVYVVA.[1]. 58

gi 13475341 70 GSDW.[1l].IRGCVELLPTTGETMLRDTFPRLLG.[2] .VAPASPDIWESSRE. [9] .FARGGLAC. [2] . YELFAGMIE 143

query 62 GRRG ICGCARLLPTTDAYLLEEVFAYLCS. [1] .TPASDPSVRELSRY. [2] .SAADDPCL. [1] .METFWSSLO 125
Si 462480 60 TPEAR.[1l] .VFGCWRILDTTGEYMLENTFFPELLH. [2] .EAPCSPHIWELSEF. [€] .EGSLGFSD. [2] .LEAMERALAR 130

gi 12230962 61 MSRO.[1].ICGCARLLPTTDAYLLEDVFAYLCS. [1] .TPPSDPSVWELSRY. [2] . SRADDEOL. [1] .MEIFWSSLO 125
gi 20140007 5% DADE.[1].ICGCARLLETTREYLLEDVFAPLIM. [2] .PAPESPEGVWELSRFE. [7] .RARGARED. [2] . REMLASVVO 132

gd 13475341 144 FELANNLTRIVIVIDTRMERILRLATWELSRIGRPQPVGERTEAVAGFLEISHAS. [26]. 223
query 126 CAWYLGRSSVVAVTITTAMERYFVENGVILCRELGPPCEVEGETLVAISFEAYCER 173
gi 462480 131 ¥YSLOMNDICTLVIVITVGVEEMMIRAGLDVSRFGPHLEIGIERAVALRIELNART. [17] . 201
gi 12230962 126 CAWYLGASSVVAVITTAMERYFVENGVILORLGEPORVEGETLVAISFEPAYCER. [22]. 201
gi 20140007 133 CRACRGARRLIGVIFVSMVRLFRRIGVRAHHAGEVRCIGGREVVACWIDIDAST.[18]. 204

Figure 7. Multiple amino acid sequences of the conserved domains of the Acyl-homoserine lactone of P. aeruginosa
isolate P14 (AhlS; query) with the top |listed homologous proteins from the GenBank using
http://www.ncbi.nIm.nih.gov/Structure/cdd/cddsrv.cgi (Marchler-Bauer et al., 2015).The numbers indicate the position within
the corresponding proteins: gi 13475341 = conjugation factor synthase tral of nitrogen-fixing symbiotic bacterium
Mesorhizobium loti, accession code (AC)= NP_106905;gi 462480 = Acyl-homoserine-lactone synthase the autoinducer
synthesis protein Lasl of P. aeruginosa, AC= LASI_PSEAE; gi 12230962 = Acyl-homoserine-lactone synthase the
autoinducer synthesis proteinRhll of P. aeruginosa, AC= RHLI_PSEAE; gi 20140007 = Acyl-homoserine-lactone synthase
the autoinducer synthesis protein Soll of plant pathogen Ralstonias olanacearum, AC= SOLI_RALSO. Amino acids aligned
to form position specific scoring matrix (PSSM) where red or blue colors represent degree of conservation with red
designating highly conserved. Dashes indicate variation in sequence length among aligned proteins.

[ AraC-Ba 0.34135
L AraC-Da 0.35164
AraC-AS 0.40122
AraC-5n 0.37405
AraC 0.40127

Figure 8. Cladogram of the phylogram analysis of the AraC transcriptional regulator protein of P. aeruginosa
isolate P14 (AraC query) and its homologous proteins from the GenBank database using ClustalW
(http://www.ebi.ac.uk/Tools/msa/clustalw2). AraC-AS = transcriptional regulator AraC family, accession code
(AC) = Q5LUJ7; AraC-Sn = AraC family transcriptional regulator of Stackebrandtianassauensis DSM 44728,
AC = YP_003512645; AraC-Ba = AraC family transcriptional regulator of Burkholderiaambifaria MC40-6,
AC= YP_001815544; AraC-Da = AraC family transcriptional regulator of Desulfatibacillumalkenivorans AK-
01, AC= YP_002433305.

PQS-Rx 0.24391
PQS-Ac 0.347/8

PQS-Bs 0.35279
PQS_query_ 0.39583

Figure 9. Cladogram of the phylogram analysis of the putative 2-heptyl-3-hydroxy-4(1H)-
quinolone synthase of P. aeruginosa isolate P14 (PQS, query) and its homologous from the
GenBank database using ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2). PQS-Ac = 2-
heptyl-3-hydroxy-4(1H)-quinolone synthase protein of Acinetobacter sp. ADP1, accession code
(AC) = YP_046465; PQS-Mr = monooxygenase FAD-binding protein of Meiothermus ruber DSM
1279, AC = YP_003508322; gi PQS-Rx = FAD-binding FAD dependent oxidoreductase of
Rubrobacter xylanophilus DSM 9941; AC = YP_644990; PQS-Bs = oxidoreductase of Bacillus
subtilis subsp. subtilisstr. 168, Rossmann-fold NAD(P)(+)-binding proteins; cl21454, AC =
NP_388604.



http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=Protein&term=81820113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=Protein&term=291301367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=Protein&term=172064832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&doptcmdl=GenPept&db=Protein&term=218781987
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Lasl 0.29801

L

tral 0.3131

AHLS -0.00145
RhII 0.01821

Soll 0.30529

Figure 10. Cladogram of the phylogram analysis of AhIS and its homologous proteins from the GenBank

database using ClustalW (http://www.ebi.ac.uk/Tools /msa/

clustalw2). Lasl =Acyl-homoserine-lactone synthase,

an autoinducer synthesis protein of P. aeruginosa, AC: LASI_PSEAE; tral = conjugation factor synthase of
Mesorhizobium loti, AC: NP_106905.1; RhLI = Acyl-homoserine-lactone synthase, an autoinducer synthesis
protein of P. aeruginosa, AC: RHLI_PSEAE; Soll= acyl-homoserine-lactone synthase, autoinducer synthesis

protein of Ralstonia solanacearum, AC: SOLI_RALSO.
database.

AC= Protein accession code within the GenBank
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Figure 11. The putative tertiary structure using SWISS-MODEL homology modeling

report of: A, putative Arabinose transcriptio

n regulatory protein of P. aeruginosa

isolate P14 (AraC),B,Crystal structure of the DNA-binding domain of AdpA, the

global transcriptional factor, in complex with

a target DNA, X-RAY DIFFRACTION

2.95 A (Yao et al., 2013).Arrows indicated both arabinose binding domains
(conserved catalytic sites) at the N-terminal and conserved C-terminal helix-turn-

helix domains (H-T-H domains).

was predicated using a standard template model of a
HTH-type transcriptional activator structure of the DNA-
binding domain of AdpA, the global transcriptional factor,
in complex with a target DNA, X-RAY DIFFRACTION
2.95 A. A model of AraC revealed high degree of
similarities (QMEAN4 score of -2.99) to the template
model as well as conserved N-terminal arabinose binding
(catalytic site) and C-terminal Helix-Turn-Helix domains
(H-T-H domains). A model for the putative tertiary
structure of the 2-heptyl-3-hydroxy-4(1H)-quinolone

synthase (PgsS)of P. aeruginosa isolate P14 showedhigh
degree of similarities with the template, flavin-containing
monooxygenase (PhzS) from P. aeruginosa. The model
showed conserved N-terminal, C-terminal and alpha
helices domains (Figure 12). Moreover, the predicated
tertiary structure of acyl-homoserine lactone synthase
(AhIS) of P. aeruginosa isolate P14 was built and showed
high degree of conservation at both N-and C-terminals of
a template coded N-acyl-homoserine lactone synthase,
Lasl (Figure 13).
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Figure 12. The putative tertiary structure using SWISS-MODEL
homology modeling report of: A, putative 2-heptyl-3-hydroxy-4(1H)-
quinolone synthase of P. aeruginosa isolate P14 (PgsS);B, crystal

structure  of flavin-containing monooxygenasephzS from P.
aeruginosa(http://www.uniprot.org/uniprot/ Q9HWG9) using  X-RAY
DIFFRACTION 1.90 A.

Figure 13. The putative tertiary structure using SWISS-MODEL homology
modeling report of: A, putative Acyl-homoserine-lactone synthase, an
autoinducer synthesis protein of P. aeruginosa isolate P14 (AhlS);B, Crystal
structure of the AHL Synthase Lasl using X-RAY DIFFRACTION 2.30 A.

(Chung et al., 2011).

DISCUSSION

Limited number of newly discovered antibiotics, spread

and rapid emergence of microbial resistance as well as
the extreme cost required for isolation of new
antimicrobial agents necessitated an urgent need for
finding or discovering new approaches for infection
control (Wisedchaisri et al., 2014; Hinchliffe et al., 2014;
Xu et al.,, 2014; Shilton, 2015; Zhang et al., 2015).

Several studies have recently been conducted to explore
microbe-microbe interactions among coexisted
organisms in various infectious sites in order to
investigate different factors as well as molecules affecting
these types of interactions (Jagath et al., 1996;
Kadurugamuwa and Beveridge, 1996; Hoffman et al.,
2006; Manefield and Whiteley, 2007; Atkinson and
Williams; 2009; Biswas et al., 2009; Riedele and Reicht,
2011; Pastar et al., 2013; Fugére et al., 2014; Riger et



al., 2014). The purpose of studying microbial interactions
is to find new molecules that can be later manipulated to
be used as therapeutics for the control of the clinically
relevant antibiotic-resistant pathogens such as MRSA
(Donlan and Costerton, 2002; Martineau et al., 2007).
Therefore, the present study aimed to study the
influence of plasmid acquisition on the inhibitory effect of
culture supernatantof certain P. aeruginosa clinical
isolates on the biofilm formation of methicillin resistant S.
aureus(MRSA) that were co-isolated from pus specimens
from infected human wounds. Therefore, various clinical
specimens have been collected and investigated for
presence of co-existed pathogens. Two models of mixed
cultures were selected for the current study: i) P.
aeruginosa clinical isolate P14 (harbouring no plasmids)
co-existing with a methicillin resistant S. aureus (MRSA)
S14; and ii) P. aeruginosa clinical isolate P12 (harbouring
plasmids) coexisting with another isolate of MRSA isolate
S12. Both mixed cultures were selected for studying the
influence of presence or absence of the endogenous
plasmids on the inhibitory effect of the culture
supernatant of P. aeruginosa clinical isolates, the biofilm
formation of co-existing MRSA clinical isolates. Results
showed the culture supernatant of P. aeruginosa without
endogenous plasmids exerted a significant reduction
effect on the biofilm formation of the co-existed MRSA
isolate (about 57% reduction; P < 0.005) however, the
culture supernatant of P. aeruginosa with endogenous
plasmids showed an increase of the biofilm formation of
the co-existed MRSA isolate (about 5% increase, P <
0.05). This inhibitory effect has been confirmed using
plasmid transformation experiments and genetic analysis
of enzymes previously documented to be involved in the
regulation and synthesis of major molecules of quorum
sensing of P. aeruginosa particularly when coexisting
with Gram positive pathogens. Plasmids extracted from
P. aeruginosa clinical isolate P12 were used to transform
competent cells prepared from P. aeruginosa clinical
isolate P14 according to protocol described by Sambrook
and Russell (2001). Results showed that only three
smaller plasmid bands out of six had been successfully
transformed into P.aeruginosa clinical isolate P14 host
strain. Reasons for unsuccessful transformation of the
other three plasmid bands could be their larger sizes. The
newly transformant P.aeruginosa clinical isolate P14t was
co-cultured with MRSA isolate S14 and the effect of
culture supernatant P. aeruginosa clinical isolate P14t on
the biofilm formation of MRSA isolate S14 have shown
about 5% reduction in the biofilm formation. The
interpretation of this could be attributed to the decrease in
cost fitness of the host strain harbouring plasmids due to
energy consumed for replication of the endogenous
plasmids (high plasmid copy number) as well as mRNA
expression in comparison with the other host strain
harbouring no plasmids (Sgndergaard et al., 2015). This
finding is supported by San Millan et al. (2015) and other
investigators who proved that the interaction between
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horizontally acquired genes create a fithess cost in P.
aeruginosa (San Millan et al.,, 2015; Vogwill and
MacLean, 2014).

Moreover, the genetic analysis of the
genes/enzymespreviously documented to be involved in
the regulation and synthesis of major molecules of
quorum sensing of P. aeruginosa particularly when
coexisting with Gram positive pathogens have been
studiedto ensure absence of any mutational or
conformational change of the nucleotide or amino acid
sequences of the respective genes/gene products
(Stover et al., 2000). These genes/enzymes include,
AraCfamily transcriptional regulator, 2-heptyl-3-hydroxy-
4(1H)-quinolone synthase (PgsS) and acyl-homoserine-
lactone synthase (AhIS).Primers were designed based on
the conserved amino acid sequences of various
homologous proteins to the respective enzymes located
in the GenBank database. The designed primers were
used for target amplification of the target sequences
using chromosomal DNA of P. aeruginosa isolateP14 as
a PCR template. The PCR products obtained were
analyzed using agarose gel electrophoresis, purified and
sequenced in both forward and reverse directions. The
obtained sequence files were assembled using Staden
Package (Staden, 1996) into two final consensus
sequences of 2.208 kb (harbor a predicted AraC family
transcriptional regulator, 1026 bp, 341 aa, accession
codes, KT693035;and2-heptyl-3-hydroxy-4(1H)-
quinolone synthase, 1149 bp, 382 aa accession codes,
KT693034)and 0.54 kb (harbor acyl-homoserine-lactone
synthase, 540 bp (partial 3' terminus, 179 aa,
accessioncode, KT693033).

Analysis of the conserved domains, phylogenetic
analaysis and the tertiary structures revealed that, AraC
was a model of AraC transcription regulator with a
conserved N-terminal arabinose-binding domain and C-
terminal H-T-H motive of the protein family pfam12625
and located upstream of the PgsS(Marchler-Bauer et al.,
2015; Aboshanab and Elshafey, 2015). PgsS was a
model of putative 2-heptyl-3-hydroxy-4(1H)-quinolone
synthase with a conserved domain of a NAD(P)-binding
Rossmann-like domain of the protein family, pfam13450.
The NADB domain is in many dehydrogenases of
metabolic pathways including glycolysis and redox
enzymes. NAD binding involves many hydrogen-bonds
and van der Waals contacts, in particular H-bonding of
residues in a turn between the first strand and the
subsequent helix of the Rossmann-fold topology. They
also exhibit a consensus binding pattern similar to
GXGXXG, in which the first 2 glycines participate in
NAD(P)-binding, and the third facilitates close packing of
the helix to the beta-strand. They also contain a second
domain which is responsible for substrate binding and
catalyzing a particular enzymatic reaction (Marchler-
Bauer et al., 2015; Hanukoglu, 2015). The AhIS revealed
more than 85% similarities in the amino acid sequences
with its homologous proteins encoding diverse acyl-
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homoserine lactone synthase proteins. AhlS protein has
a putative conserved domain of N-acyl-L-homoserine
lactone synthetase (accession: COG3916) as well as the
auto inducer synthetase of the protein family, pfam00765
(Marchler-Bauer et al., 2015). The tertiary structure of
AraC was predicated using a standard template model of
a HTH-type transcriptional activator AdpA, the global
transcription factor in Streptomyces griseus using X-RAY
DIFFRACTION 2.00 A (Yao et al., 2013).. A model of
AraC revealed a QMEAN4 score of -2.99 and revealed
the structural basis of its tolerant DNA sequence
specificity. The model showed a conserved N-terminal
arabinose binding (catalytic site) and C-terminal helix-
turn-helix domains (Yao et al.,, 2013). A model for the
putative tertiary structure of the 2-heptyl-3-hydroxy-4(1H)-
qguinolone synthase (PgsS) of P. aeruginosa isolate P14
showed more than 80% similarity with crystal structure of
Klebsiellapneumoniae R204Q HpxOcomplexed with FAD
(a QMEANA4 score of -6.21) (Hicks et al., 2013) and to the
template, flavin-containing monooxygenase (PhzS) from
P. aeruginosa (a QMEAN4 score of -7.55). The model
showed conserved N-terminal, C-terminal and alpha
helices domains. Moreover, the predicated acyl-
homoserine lactone synthase (AhlS) of P. aeruginosa
isolate P14 was built and showed high degree of
conservation (a QMEAN4 score of -3.18) at both N-and
C-terminals of a template coded N-acyl-homoserine
lactone synthase (Chung et al., 2011). In conclusion,
plasmid acquisition decreases the inhibitory effect of P.
aeruginosa on the biofilm formation of MRSA and such
effect was not correlated with any deviation in the
nucleotide/amino acid sequences of the respective ORFs
or protein structures of enzymes that were previously
documented to be involved in quorum sensing.

Conflict of Interests

The authors have not declared any conflict of interests.

REFERENCES

Aboshanab KM, Elshafey MM (2015). Isolation and sequence analysis
of a putative MerR-type-transcriptional regulator and a multidrug
efflux protein of Bacillus circulans ATCC 21588: As potential targets
of therapeutics. Int. J. Genet. Mol. Biol. 7(3):15-24.

Arnold K, Bordoli L, Kopp J, Schwede T (2006). The SWISS-MODEL
Workspace: A web-based environment for protein structure homology
modelling. Bioinformatics 22:195-201.

Atkinson S, Williams P (2009). Quorum sensing and social networking
in the microbial world. J. R. Soc. Interface 6(40):959-978.

Benkert P, Biasini M, SchwedeT (2011). Toward the estimation of the
absolute quality of individual protein structure models. Bioinformatics
27(3):343-350.

Biasini M, Bienert S, Waterhouse A, Arnold K, Studer G, Schmidt T,
Kiefer F, Cassarino TG, Bertoni M, Bordoli L, Schwede T (2014).
SWISS-MODEL: modelling protein tertiary and quaternary structure
using evolutionary information. Nucleic Acids Res. 42(1):252-258.

Biswas L, Biswas R, Schlag M, Bertram R, Gotz F (2009). Small-colony
variant selection as a survival strategy for Staphylococcus aureus in

the presence of Pseudomonas aeruginosa. Appl. Environ. Microbiol.
75(21):6910-6912.

Brogden KA, Guthmiller JM, Taylor CE (2005). Human polymicrobial
infections. Lancet 365(9455):253-255.

Castillo-Juarez |, Maeda T, Mandujano-Tinoco EA, Tomas M, Pérez-
Eretza B, Garcia-Contreras SJ, Wood TK, Garcia-Contreras R
(2015). Role of quorum sensing in bacterial infections. World J. Clin.
Cases 3(7):575-598.

Chung J, Goo E, Yu S, Choi O, Lee J, Kim J, Kim H, Igarashi J, Suga H,
Moon JS, Hwang |, Rhee S (2011). Small-molecule inhibitor binding
to an N-acyl-homoserine lactone synthase.Proc. Natl. Acad. Sci.
108(29):12089-12094.

Donlan R, Costerton J (2002). Biofilms: survival mechanisms of
clinically relevant microorganisms. Clin. Microbiol. Rev. 15:167-93.
Fugére A, LalondeSéguin D, Mitchell G, Déziel E, Dekimpe V, Cantin

AM, Frost E, Malouin F (2014). Interspecific small molecule
interactions between clinical isolates of Pseudomonas aeruginosa
and Staphylococcus aureus from adult cystic fibrosis patients. PLoS

One 9(1):e86705.

Gould TA, Schweizer HP, Churchill ME (2004). Structure of the
Pseudomonas aeruginosa acyl-homoserinelactone synthase Lasl.
Mol. Microbiol. 53(4):1135-1146.

Guex N, Peitsch MC, Schwede T (2009). Automated comparative
protein structure modeling with SWISS-MODEL and Swiss-
PdbViewer: A historical perspective. Electrophoresis 30(1):162-173.

Hanahan D (1983). Studies on transformation of Escherichia coli with
plasmids. J. Mol. Biol. 166:557-580.

Hanukoglu | (2015).Proteopedia: Rossmann fold: A beta-alpha-beta fold
at dinucleotide binding sites. Biochem.Mol. Biol Educ. 43(3):206-209.

Hicks KA, O'Leary SE, Begley TP, Ealick SE (2013).Structural and
mechanistic studies of HpxO, a novel flavin adenine dinucleotide-
dependent urate oxidase from Klebsiella pneumoniae. Biochemistry.
52(3):477-487.

Hinchliffe P, Greene NP, Paterson NG, Crow A, Hughes C, Koronakis V
(2014). Structure of the periplasmic adaptor protein from a major
facilitator superfamily (MFS) multidrug efflux pump. FEBS Lett.
588(17):3147-53.

Hoffman LR, Déziel E, D'Argenio DA, Lépine F, Emerson J, McNamara
S, Gibson RL, Ramsey BW, Miller SI. (2006). Selection for
Staphylococcus aureus small-colony variants due to growth in the
presence of Pseudomonas aeruginosa.Proc. Natl. Acad. Sci.
103(52):19890-19895.

Ishikawa J, Hotta K (1999). Frameplot: a new implementation of the
Frame analysis for predicting protein-coding regions in bacterial DNA
with a high G+C content. FEMS Microbiol. Lett.174:251-253.

Jagath L, Kadurugamuwa, Terry J, Beveridge (1996). Bacteriolytic
Effect of Membrane Vesicles from Pseudomonas aeruginosa on
other Bacteria Including Pathogens: Conceptually New Antibiotics. J.
Bacteriol. 178(10):2767-2774.

Jevon M, Guo C, Ma B (1999). Mechanisms of internalization of
Staphylococcus aureus by cultured human osteoblasts. Infect.
Immun. 67(5):77-81.

Kadurugamuwa JL, Beveridge TJ (1996). Bacteriolytic effect of
membrane vesicles from Pseudomonas aeruginosa on other bacteria
including pathogens: conceptually new antibiotics. J. Bacteriol.
178(10):2767-2774.

Kaufmann GF, Sartorio R, Lee SH, Rogers CJ, Meijler MM, Moss JA,
Clapham B, Brogan AP, Dickerson TJ, Janda KD (2005). Revisiting
quorum sensing: Discovery of additional chemical and biological
functions for 3-oxo-N-acylhomoserine lactones.Proc. Natl. Acad. Sci.
102(2):309-314.

Kiefer F, Arnold K, Kinzli M, Bordoli L, Schwede T (2009).The SWISS-
MODEL Repository and associated resources. Nucleic Acids Res.
37:D387-D392.

Kieser T, Bibb MJ, Buttner MJ, Chater KF, Hopwood DA (2000).
Practical Streptomyces genetics. The John Innes Foundation, John
Innes Centre, Norwich, UK.

Machan ZA, Taylor GW, Pitt TL, Cole PJ, Wilson R (1992). 2-Heptyl-4-
hydroxyquinoline N-oxide, an antistaphylococcal agent produced by
Pseudomonas aeruginosa. Antimicrob. Chemother. 30(5):615-623.

Manefield M, Whiteley AS (2007). Acylatedhomoserine lactones in the
environment: chameleons of bioactivity. Philos. Trans. R. Soc. Lond.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Atkinson%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19674996
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19674996
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biswas%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19717621
http://www.ncbi.nlm.nih.gov/pubmed/?term=Biswas%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19717621
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schlag%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19717621
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bertram%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19717621
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%B6tz%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19717621
http://www.ncbi.nlm.nih.gov/pubmed/?term=Staphylococcus+aureus+survival+strategy+to+resist+Pseudomonas+1+aeruginosa+is+SCV+2+selection
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brogden%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=15652608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=15652608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brogden+KA%2C+Guthmiller+JM%2C+Taylor+CE+(2005)+Lancet+365%3A253%E2%80%93255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Goo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20O%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Igarashi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Suga%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21730159
http://www.ncbi.nlm.nih.gov/pubmed/21730159
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fug%C3%A8re%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lalonde%20S%C3%A9guin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mitchell%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%A9ziel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dekimpe%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantin%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cantin%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Frost%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Malouin%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24466207
http://www.ncbi.nlm.nih.gov/pubmed/?term=Interspecific+Small+Molecule+Interactions+between+Clinical+Isolates+of+Pseudomonas+aeruginosa+and+Staphylococcus+aureus+from+Adult+Cystic+Fibrosis+Patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Interspecific+Small+Molecule+Interactions+between+Clinical+Isolates+of+Pseudomonas+aeruginosa+and+Staphylococcus+aureus+from+Adult+Cystic+Fibrosis+Patients
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gould%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=15306017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schweizer%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=15306017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Churchill%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15306017
http://www.ncbi.nlm.nih.gov/pubmed/15306017
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hicks%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=23259842
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Leary%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23259842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Begley%20TP%5BAuthor%5D&cauthor=true&cauthor_uid=23259842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ealick%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=23259842
http://www.ncbi.nlm.nih.gov/pubmed/23259842
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hoffman%20LR%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%C3%A9ziel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=D%27Argenio%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emerson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=McNamara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=McNamara%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramsey%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=17172450
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marchler-Bauer+A+Selection+for+Staphylococcus+aureus+small-colony+variants+due+to+growth+in+the+presence+of+Pseudomonas+aeruginosa
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kadurugamuwa%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=8631663
http://www.ncbi.nlm.nih.gov/pubmed/?term=Beveridge%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=8631663
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bacteriolytic+Effect+of+Membrane+Vesicles+from+Pseudomonas+aeruginosa+on+Other+Bacteria+Including+Pathogens%3A+Conceptually+New+Antibiotics
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaufmann%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=15623555
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=15623555
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rogers%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=15623555
http://www.ncbi.nlm.nih.gov/pubmed/?term=Meijler%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=15623555
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moss%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=15623555
http://www.ncbi.nlm.nih.gov/pubmed/?term=Machan%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=1493979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20GW%5BAuthor%5D&cauthor=true&cauthor_uid=1493979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pitt%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=1493979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=1493979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20R%5BAuthor%5D&cauthor=true&cauthor_uid=1493979
http://www.ncbi.nlm.nih.gov/pubmed/?term=Machan+ZA%2C+Taylor+GW%2C+Pitt+TL%2C+Cole+PJ%2C+Wilson+R+(1992)+J+Antimicrob+Chemother+30%3A615%E2%80%93623.

B. Biol. Sci. 362(1483):1235-1240

Marchler-Bauer A, Derbyshire MK, Gonzales NR, Lu S, Chitsaz F,
Geer LY, Geer RC,He J, Gwadz M, Hurwitz DI, Lanczycki CJ, Lu F,
Marchler GH, Song JS, Thanki N, Wang Z, Yamashita RA, Zhang D,
Zheng C, Bryant SH (2015). CDD: NCBI's conserved domain
database. Nucleic Acids Res. 43(Database issue):D222-226.

Marra A (2000). Can virulence factors be viable antibacterial targets?
Expert Rev. Anti Infect. Ther. 2:61-72.

Martineau L, Davis SC, Peng HT, Hung A (2007). Controlling methicillin
resistant Staphyloccocus aureus and Pseudomonas aeruginosa
wound infections with a novel biomaterial. J. Invest. Surg. (4):217-
227.

Pastar |, Nusbaum AG, Gil J, Patel SB, Chen J, Valdes J, Stojadinovic
O, Plano LR, Tomic-Canic M, Davis SC (2013). Interactions of
methicillin  resistant  Staphylococcus aureus USA300 and
Pseudomonas aeruginosa in polymicrobial wound infection PLoS
One 8(2):56846.

Riedele C1, Reichl U (2011). Interspecies effects in a ceftazidime-
treated mixed culture of Pseudomonas aeruginosa,
Burkholderiacepacia and Staphylococcus aureus: analysis at the
single-species level. J. Antimicrob. Chemother. 66(1):138-145.

Rubinsztein D, Dunlop S, Guy B, Lissolo L, Fischer H (2005).
Identification of two new Helicobacter pylori surface proteins involved
in attachment to epithelial cell lines. J. Med. Microbiol. 54:427-434.

Riger M, Ackermann M, Reichl U (2014). Species-specific viability
analysis of Pseudomonas aeruginosa, Burkholderia cepacia and
Staphylococcus aureus in mixed culture by flow cytometry. BMC
Microbiol. 14:56.

Sambrook J, Russell DW (2001). Molecular cloning: a laboratory
manual, 3“Eds. Cold Spring harbor laboratory Press, Cold Spring
Harbor, New York.

San Millan A, Toll-Riera M, Qi Q, MacLean RC (2015). Interactions
between horizontally acquired genes create a fitness cost in
Pseudomonas aeruginosa. Nat. Commun. 6:6845.

Schertzer JW, Boulette ML, Whiteley M (2009). More than a signal: non-
signaling properties of quorum sensing molecules. Trends Microbiol.
17:189-195.

Schuster M, Sexton DJ, Diggle SP, Greenberg EP (2013). Acyl-
homoserine lactone quorum sensing: from evolution to application.
Annu. Rev. Microbiol. 67:43-63.

Shilton BH (2015). Active transporters as enzymes: an energetic
framework applied to major facilitator superfamily and ABC importer
systems. Biochem. J. 467(2):193-199.

Sgndergaard A, Lund M, Ngrskov-Lauritsen N (2015). TEM-1-encoding
small plasmids impose dissimilar fitness costs on Haemophilus
influenzae and Haemophiluspara influenzae. Microbiology.

Staden R (1996). The Staden sequence analysis package. Mol.
Biotechnol. 5:233-241.

Stover CK, Pham XQ, Erwin AL, Mizoguchi SD, Warrener P, Hickey MJ,
Brinkman FS, Hufnagle WO, Kowalik DJ, Lagrou M, Garber RL,
Goltry L, Tolentino E, Westbrock-Wadman S, Yuan Y, Brody LL,
Coulter SN, Folger KR, Kas A, Larbig K, Lim R, Smith K, Spencer D,
Wong GK, Wu Z, Paulsen IT, Reizer J, Saier MH, Hancock RE, Lory
S, Olson MV (2000). Complete genome sequence of Pseudomonas
aeruginosa PAO1, an opportunistic pathogen. Nature 406(6799):959-
964.

Saleh et al. 2319

Thompson JD, Higgins DG, Gibson TJ (1994). CLUSTAL W: improving
the sensitivity of progressive multiple sequence alignment through
sequence weighting, position-specific gap penalties and weight
matrix choice. Nucleic Acids Res. 22:4673-4680.

Torres A, Zhou G, Kaper X (2005). Adherence of diarrheagenic
Escherichia coli strains to epithelial cells. Infect. Immun. 73(1):18-29.

Vogwill T, MacLean RC (2014). The genetic basis of the fitness costs of
antimicrobial resistance: a meta-analysis approach. Evol. Appl.
8(3):284-95.

Wakimoto N, Nishi J, Sheikh J, Nataro JP, Sarantuya J, lwashita M,
Manago K, Tokuda K, Yoshinaga M, Kawano Y(2004). Quantitative
biofilm assay using a microtiter plate to screen for enteroaggregative
Escherichia coli. Am. J. Trop. Med. Hyg. 71(5):687-90.

Wisedchaisri G, Park MS, ladanza MG, Zheng H, Gonen T
(2014).Proton-coupled sugar transport in the prototypical major
facilitator superfamily protein xyle. Nat. Commun. 5:4521.

Xu X, Chen J, Xu H, Li D (2014).Role of a major facilitator superfamil
transporter in adaptation capacity of Penicilliumfuniculosum under
extreme acidic stress.Fungal Genet. Biol. 69:75-83.

Yao MD, Ohtsuka J, Nagata K, Miyazono K, Zhi Y, Ohnishi Y, Tanokura
M (2013). Complex Structure of the DNA-binding Domain of AdpA,
the Global Transcription Factor in Streptomyces griseus, and a
Target Duplex DNA Reveals the Structural Basis of Its Tolerant DNA
Sequence Specificity. J. Biol. Chem. 288(43):31019-31029.

Zhang Z, Wang R, Xie J 2015). Mycobacterium smegmatis
MSMEG_3705 Encodes a Selective Major Facilitator Superfamily
Efflux Pump with Multiple Roles. Curr. Microbiol. 70(6):801-809.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Riedele%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21062793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reichl%20U%5BAuthor%5D&cauthor=true&cauthor_uid=21062793
http://www.ncbi.nlm.nih.gov/pubmed/?term=Interspecies+effects+in+a+ceftazidime-treated+mixed+culture+of+Pseudomonas+aeruginosa%2C+Burkholderia+cepacia+and+Staphylococcus+aureus%3A+analysis+at+the+single-species+level
http://www.ncbi.nlm.nih.gov/pubmed/?term=R%C3%BCger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24606608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ackermann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24606608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reichl%20U%5BAuthor%5D&cauthor=true&cauthor_uid=24606608
http://www.ncbi.nlm.nih.gov/pubmed/?term=Species-specific+viability+analysis+of+Pseudomonas+aeruginosa%2C+Burkholderia+cepacia+and+Staphylococcus+aureus+in+mixed+culture+by+flow+cytometry
http://www.ncbi.nlm.nih.gov/pubmed/?term=Species-specific+viability+analysis+of+Pseudomonas+aeruginosa%2C+Burkholderia+cepacia+and+Staphylococcus+aureus+in+mixed+culture+by+flow+cytometry
http://www.ncbi.nlm.nih.gov/pubmed/?term=San%20Millan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25897488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Toll-Riera%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25897488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qi%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=25897488
http://www.ncbi.nlm.nih.gov/pubmed/?term=MacLean%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=25897488
http://www.ncbi.nlm.nih.gov/pubmed/25897488
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schuster%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23682605
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sexton%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23682605
http://www.ncbi.nlm.nih.gov/pubmed/23682605
http://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B8ndergaard%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26385154
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lund%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26385154
http://www.ncbi.nlm.nih.gov/pubmed/?term=N%C3%B8rskov-Lauritsen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26385154
http://www.ncbi.nlm.nih.gov/pubmed/26385154
http://www.ncbi.nlm.nih.gov/pubmed/25861386
http://www.ncbi.nlm.nih.gov/pubmed/25861386
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wakimoto%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nishi%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sheikh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nataro%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sarantuya%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Iwashita%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Manago%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tokuda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshinaga%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kawano%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15569806
http://www.ncbi.nlm.nih.gov/pubmed/15569806
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohtsuka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagata%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miyazono%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohnishi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanokura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24019524
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tanokura%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24019524

