
R

Q
p

O
D

a

A
R
R
A
A

K
H
B
Q
Q
H

1

t
p
m
a
b
m
t
a
u
[
h
b
h
l
c
h
n
c

h
1

Biochemical Engineering Journal 109 (2016) 222–227

Contents lists available at ScienceDirect

Biochemical  Engineering  Journal

jo ur nal home p age: www.elsev ier .com/ locate / bej

egular  article

uorum  sensing  autoinducers  enhance  biofilm  formation  and  power
roduction  in  a  hypersaline  microbial  fuel  cell

ihane  Monzon,  Yu  Yang,  Qilin  Li,  Pedro  J.J.  Alvarez ∗

epartment of Civil & Environmental Engineering, Rice University, Houston, TX 77005, USA

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 16 November 2015
eceived in revised form 9 January 2016
ccepted 25 January 2016
vailable online 27 January 2016

eywords:

a  b  s  t  r  a  c  t

Intensive  hydraulic  fracturing  of shale  oil  and  gas  reservoirs  and  other  industrial  activities  can  produce
large  volumes  of  high-organic-strength  and  high-salinity  wastewaters  that are  difficult  to treat  by  con-
ventional  technologies.  Microbial  fuel  cells (MFC)  can  treat high-strength  wastewater  while  generating
electricity.  We  enhanced  anodic  biofilm  formation  by  the  extremophile  Halanaerobium  praevalens,  a
prevalent  species  in  saline  oil  and  gas  reservoirs,  in  a hypersaline  MFC  (100  g/L  NaCl),  by promoting
quorum  sensing  (QS) through  addition  of exogenous  QS  signals  (i.e.,  Pseudomonas  aeruginosa  QS  signal
alanaerobium praevalens
iofilm
uorum sensing
uinolone
igh salinity

(PQS)  and 4-hydroxy-1-methyl-2-quinolone  (quinolone)).  A  95% increase  in  biofilm  mass  was  observed
with  the  addition  of 100  nM  quinolone,  yielding  a  sustained  30%  increase  in  generated  power  density.
Enhanced  bacterial  attachment  to  the  anode’s  surface  was  corroborated  by  confocal  microscopy.  Overall,
QS stimulation  through  the  addition  of  trace  levels  of such  autoinducers  might  be  a feasible  approach  to
enhance  MFC  performance  under  high-salinity  conditions.

©  2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

The production of highly saline and high-strength wastewa-
ers by unconventional oil and gas production and other industrial
rocesses poses a significant treatment and disposal challenge at
any locations where deep well injection is not feasible [33]. In

ddition, produced and flow-back waters disposal legislation is
ecoming more stringent, underscoring the need for novel treat-
ent approaches. Microbial fuel cells (MFC) offer the potential to

reat high-strength produced and flow-back waters while gener-
ting electricity [21]. In MFCs, bacteria oxidize organic pollutants
nder anaerobic conditions using the anode as electron acceptor
25]. This allows the generation of electrical power that can be
arvested [27]. Although some salinity can be beneficial, allowing
etter proton transfer and higher conductivity in the system [14],
igh salinity levels can exert osmotic stress and pose a major chal-

enge to MFC  or any treatment process with a significant microbial
omponent [2]. Therefore, the success of MFCs for such applications
inges upon finding an effective and resilient microbial commu-

ity that can degrade hydrocarbons and other organics under saline
onditions.

∗ Corresponding author.
E-mail addresses: alvarez@rice.edu, om3@rice.edu (P.J.J. Alvarez).

ttp://dx.doi.org/10.1016/j.bej.2016.01.023
369-703X/© 2016 Elsevier B.V. All rights reserved.
Halanaerobium species belonging to the phylum Firmicutes are
anaerobic and extreme halophilic bacteria able to ferment and
degrade complex organic matter such as aromatic compounds [26].
Interest in this genus is growing in the oil and gas industry since
such bacteria are commonly found in oil reservoirs and shale forma-
tions [20] as well as in produced waters from hydraulic fracturing
[5,19]. Because Halanaerobium spp. adapt to high hydrocarbon con-
centrations under extremely saline conditions, such extremophile
bacteria might be relevant for biological treatment of produced and
flow-back waters.

We recently reported that Halanaerobium spp. (including H. sac-
charolyticum, H. kushneri, H. praevalens and H. congolense)  became
dominant in a MFC  seeded with ocean sediments from the Gulf
of Mexico and operating at 100 g/L NaCl [21]. The power produc-
tion under such extreme saline conditions was steady, yet low at
71 mW/m2. This suggests that MFCs could steadily generate elec-
tricity while treating saline wastewater from unconventional oil
and gas production. Halanaerobium spp. were found to form micro-
colonies and small biofilm patches on the surface of the carbon
brush anode, and full biofilm coverage was not achieved.

Biofilm coverage of the anode is critical for MFC  power gen-
eration. Halophiles such as Halanaerobium spp. exhibit optimum
growth at 70–130 g/L NaCl [13], and would not be stressed by

hypersaline wastewaters. Hence, it is important to understand
the biofilm formation and exoelectrogenic capabilities of these

dx.doi.org/10.1016/j.bej.2016.01.023
http://www.sciencedirect.com/science/journal/1369703X
http://www.elsevier.com/locate/bej
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xtreme halophiles to enhance the performance of hypersaline
FCs.

It is generally accepted that all bacterial genera employ cell
o cell communication strategies to coordinate collective behavior
32]. In one approach, diffusible signals (autoinducers) are syn-
hesized by bacteria and secreted out of the cell. The extracellular
oncentration of these signals increases with bacteria density, lead-
ng to their diffusion back into the cells. This phenomenon, known
s quorum sensing (QS), serves to coordinate gene expression
nd regulate various traits, from virulence to biofilm formation
6,15,22].

There are very few microorganisms for which QS mecha-
isms (signal molecules and genes) are well understood (e.g.,
seudomonas aeruginosa and Burkholderia cenocepacia). For P.
eruginosa, promotion of biofilm formation by QS has been demon-
trated [8,32], and this process can be induced even by exogenous
utoinducers [7]. QS autoinducers in Gram(−)  bacteria generally
elong to the family of N-acylhomoserine lactones (AHL) but also

nclude butyrolactones, alkyl-quinolones and furanones [34]. In
ontrast, little is known about QS by Halanaerobium spp. and to
ur knowledge, no prior publications have studied QS or biofilm
ormation by Halanaerobium spp. Thus, it is unknown what are the
alanaerobium QS signals and whether QS could be stimulated by
utoinducers from other bacteria. However, the genus Halanaer-
bium is known to produce quinolone type signals (LuxR family
roteins) such as 4-hydroxy-methyl-2-quinolones coded by the
mqF gene [1]. Furthermore, Halanaerobium species are consid-
red as Gram (−) bacteria, although strictly speaking they are low

 + C Gram(+) bacteria that lack a cell wall. Genes involved in QS
y Gram(−)  bacteria generally belong to the luxI and luxR families,
hich code for quinolone-like transcriptional regulator and syn-

hesis proteins respectively [10,30]. Thus, it is plausible that some
uinolones might be involved in QS by Halanaerobium spp.

In this work, we assess the potential to enhance anodic bac-
erial attachment and MFC  power generation under high salinity
onditions by the addition of exogenous QS signals such as PQS
nd quinolone. Halanaerobium praevalens was chosen as a model
xtreme halophilic bacterium because its entire genome has been
equenced [13], which facilitates transcriptomic analysis.

. Experimental methods

.1. Biofilm growth

A Halanaerobium spp. enrichment from sea sediments, with
0% predominance of H. praevalens, was used in biofilm growth
ests to screen potential QS signal molecules. Two different
-acylhomoserine lactones (AHLs) typically found in Gram(−)  bac-

eria were considered: N-(3-oxo-dodecanoyl)-homoserine lactone
3-oxo-C12-HSL, Sigma–Aldrich, MO,  USA), and N-(butanoyl)-
omoserine lactone (C4-HSL, Cayman Chemicals, MI,  USA). A signal
elonging to the family of 2-alkyl-4-quinolones (AQs), the PQS, bet-
er known as the Pseudomonas quinolone signal, was also tested
2-heptyl-3-hydroxy-4-quinolone, Sigma–Aldrich, MO,  USA).

Subsequent experiments were conducted with a pure culture
f H. praevalens (strain 2228, purchased from DSMZ, Germany)
o avoid potential confounding effects associated with micro-
ial population shifts and discern the transcriptomic response to
otential QS autoinducers. Based on preliminary results with the
ea sediments enrichment, two AQs were used: the PQS and 4-
ydroxy-1-methyl-2-quinolone (quinolone) (Sigma–Aldrich, MO,

SA). Chemical structures of the quinolone type signals are illus-

rated in Fig. 1.
The effect of potential QS molecules (autoinducers) on biofilm

ormation was assessed by growing bacterial cultures under anaer-
Fig. 1. Chemical structure of the quorum sensing signals used in this study.

obic conditions in 24-well plates. QS molecules were added
separately, at 0.1 �M or 100 nM.  The growth medium (pH 7.5) con-
tained glucose (2.5 g/L), MgSO4.(5 g/L), KCl (7 g/L), yeast extract
(8.5 g/L), peptone (1.7 g/L), casamino acids (1.7 g/L) and 100 g/L
NaCl. The 24-well plates (triplicates) were cultivated at 37 ◦C with
shaking at 50 rpm for 5 days. Crystal violet stain was  used to quan-
tify the attached biomass in Costar® cell culture 24-well plates
from Corning Inc. (Corning, NY). After discarding the medium, the
biofilm was  heat-fixed at 60 ◦C for 1 h. Then 250 �L of crystal vio-
let (0.1%) was  added in each well to stain the biofilm. After 15 min
in dark crystal violet was removed and the plates were washed
with 0.1 M phosphate buffer (PBS, pH 7.4) to remove the excess
dye. The dye absorbed in the biofilm was  then extracted with 70%
ethanol and was quantified by measuring its absorbance at 590 nm
in a microtiter plate reader (Spectramax 384, Molecular Devices,
CA, USA).

2.2. Effect of QS signals on gene expression

H. praevalens was grown in Costar® cell culture 24-well plates
(Corning, NY) to OD600 = 0.05 at 37 ◦C and 50–60 rpm shaking in
the presence of exogenous QS signals (added at 100 nM). The
plates were placed in a GasPakTM EZ Standard Incubation Container
(BD, Franklin Lakes, NJ) to ensure anaerobic conditions. Controls,
receiving no QS signals, were treated in the same way. After 45-
h (exponential growth phase), the biofilm was rinsed with PBS to
remove unbound cells and subsequently removed from the plate
with a cell scraper. Biofilm RNA was extracted using RNeasy Mini
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s
protocol, and concentrations were determined using a Nanodrop
ND-1000 instrument (Nanodrop products Inc., Wilmington, NE).
cDNA was synthesized overnight at 42 ◦C by reverse transcription
polymerase chain reaction (PCR) using random primers RNase-
OUT, dNTPs and Superscript II reverse transcriptase. Quantitative
real-time polymerase chain reaction (q-rt-PCR) was  performed in
15 �L of reaction mixture composed of 2 ng cDNA, SYBR Green
Master Mix  (7.5 �L), 0.3 �M of each primer and water, to quan-
tify the expression of target chromosomal genes involved in QS
(i.e., carbon storage regulator gene csrA), lipopolysaccharide (LPS)
biosynthesis (i.e., lipopolysaccharide biosynthesis gene Hp 2077
and polysaccharide biosynthesis gene capD) and multidrug and
metal resistance (efflux-pump) gene Hp 1819. The sequence of
quantitative PCR primers (Table S-1) and standard curves are
included in the supplementary information section (Fig. S-1). These
target genes were chosen according to the genome annotation of
H. praevalens [13]. The 2−�CT method was  used to quantify dif-
ferential gene expression with DNA gyrase subunit A gyrA as the
reference gene, and the results were analyzed with SDS 1.3.1 [17].
All treatments and q-rt-PCR analyses for each sample were run in
triplicate.
2.3. MFC reactor

A single chamber reactor with an air cathode (250 mL  volume)
was used to study the effect of the addition of quinolone molecule
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Fig. 2. Enhanced biofilm development by H. praevalens exposed to quinolone or PQS

F
m

24 O. Monzon et al. / Biochemical En

n the electrical output of hypersaline MFCs (a schematic of an
ir-cathode MFC  is shown in Fig. S-2). Carbon brush (PANEX 35, Gor-
on Brush, Commerce, CA) and carbon cloth containing 0.5 mg/cm2

t (Fuel Cell Store, College Station, TX) were used as anode and
athode, respectively, as previously described [21,35]. The exper-
mental setup was described previously [21]. MFCs were seeded

ith a H. praevalens pure culture (OD600 = 0.05) and the hyper-
aline growth medium (100 g/L NaCl) was the same as used in the
iofilm growth assay. To study the effect of QS signal, 100 nM of
uinolone (4-hydroxy-1-methyl-2-quinolone) was included in the
rowth medium, which was the best performing concentration for
oth biofilm formation and transcriptional response.

.4. Confocal scanning microscopy

Sample preparation for confocal imaging of the anode’s carbon
bers was made as previously described [21]. Confocal imaging
as performed using a Nikon A1-Rsi inverted confocal microscope
ith 60× water immersion objective (NA 1.27, Nikon Instruments,
elville, NY) in a unidirectional Single-track mode without aver-

ging. A 405-nm Argon laser was used for DAPI imaging with a
25–475 nm emission filter. Laser intensities were set at 5% of the
aximum output power (25.7 mW for 405 nm). The pinhole was set

t 1 AU. Images were all captured at the same setting and analyzed
sing Nikon NIS Element (Nikon Instruments, Melville, NY).

. Results and discussion

.1. Biofilm induction by QS signals

AHLs (i.e., 3-oxo-C12-HSL and C4-HSL) had no discernible
ffect on biofilm formation by the H. praevalens enrichment (Fig.
-3). In contrast, considerable stimulation of biofilm formation
as achieved by PQS (2-heptyl-3-hydroxy-4-quinolone) (Fig. S-

). Thus, subsequent experiments and transcriptomic analysis
ere conducted with a pure culture of H. praevalens exposed to

uinolone-type signals (AQs).
The addition of both AQs at concentrations as low as 100 nM

ignificantly promoted biofilm formation by H. praevalens on a
olystyrene surface (Fig. 2 and Fig. S-5). A minimum threshold
ignal concentration has to be reached to achieve QS, although
he concentration of exogenous QS signal needed to stimulate
iofilm growth may  be system-specific and vary by microorgan-

sm and signal type. The promotion of quorum sensing biological
actors has been shown to occur over a broad range of exogenous

utoinducer concentrations [24]. Common QS signal threshold val-
es are in the nanomolar range [32], although higher threshold
oncentrations have been reported. A study conducted with P. aeu-
oginosa reported that homoserine lactone (HSL) concentrations

ig. 3. H. praevalens gene expression results. Hp 2077 and cap D represent biofilm forma
ultidrug resistance gene. Values greater than one indicate significant up-regulation (Mi
signals. Absorbance values from the crystal violet staining assay were used to assess
biofilm formation.

reached up to 1.5 mM [4], and another study [12] reported higher
concentrations of 3.36 mM in a 6-day-old biofilm. Overall, signal
concentrations reported in the literature are around 500 nM.  That
is why concentrations of 1 �M and 100 nM were chosen for our
study.

A similar behavior was  reported for P. aeruginosa, where PQS
enhanced biofilm development [6]. Our results further substanti-
ate the positive effect of QS enhancement on biofilm formation by
other bacteria, including Pseudomonas putida [32], B. cenocepacia,
Escherichia coli [3,15] and Halomonas pacifica [16].

Results from Fig. 2 suggest that alkyl-quinolones may  be
involved in inter-species signaling to enhance biofilm formation by
H. praevalens.  For PQS, previous studies found that this signal can
also enhance QS in other bacterial species (e.g., Burkholdeira spp.)
when the latter possess homologous genes [28]. Such potential
interspecies communication could be of great relevance to biofilm
formation in a wide variety of systems. The fact that two  differ-
ent quinolone-based signals induced QS in the same bacterium
is noteworthy. Some Pseudomonas, Alteromonas, and Burkholderia
spp. produce multiple quinolone molecules [9]. In P. aeruginosa,
in addition to the well-known PQS, the quinolone (4-hydroxy-2-
quinolone) used in our study has been also detected [11], although
its specific function in the cell remains unknown. Our results show
that this quinolone signal has a stimulatory effect on biofilm for-
mation by H. praevalens (Fig. 2).

To further understand biofilm promotion mechanisms, tran-
scription of biofilm-related genes was assessed following exposure

to QS signals at 100 nM.  Note that these target genes are puta-
tive; whereas the databases relate some genes to biofilm formation
and QS sensing [23], there are no published studies demonstrating

tion genes, csrA is a carbon storage gene related to QS mechanisms and Hp 1819 a
chels et al., 2015).
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heir role. The influence of QS signals on the expression of a metal
esistance (efflux pump) gene was also considered because heavy

etals such as cadmium, silver and zinc are commonly found in
il and gas reservoirs [2]. Such metals could be carried over, and
pregulation of metal resistance could mitigate their impact on
FC  performance.

We  found up-regulation of four target genes after the addition of
-hydroxy-1-methyl-2-quinolone (quinolone), while only Hp 2077
1.5–3.5 fold increase) and Hp 1819 (6–9 fold increase) were stim-
lated with PQS (Fig. 3). The up-regulation of Hp 2077 and capD is
onsistent with the enhanced biofilm formation observed in crys-
al violet assay, as polysaccharides are the main components of the
iofilm matrix that hold bacterial cells together, providing archi-
ecture, adhesion to the surface, and resistance [31].

Hp 1819, the metal resistance gene, was highly overexpressed
n the presence of both signals, with up to 9-fold increase with PQS
nd 13-fold with quinolone. Hp 1819 codes for the multidrug efflux
ump homologue of AcrB that belongs to Resistance-Nodulation-
ivision (RND) family. This efflux pump plays an important role in
roviding heavy metal resistance to gram-negative bacteria includ-

ng cobalt, zinc and cadmium. The addition of QS signal increase the
xpression of genes coding for AcrB pump in a single step, which
ould make H. praevalens more resistant to residual heavy metals

hat may  reach an MFC.
Gene expression results corroborate the data from biofilm

rowth plates demonstrating the induction of biofilm formation
y QS signals. Overall, higher up-regulation was  achieved with
uinolone than PQS, so in the analysis of the MFC  performance
e only studied the influence of quinolone, which is also more

conomical and accessible.

.2. Effect of QS signal on the pure-culture MFC  performance

Two MFCs seeded with H. praevalens culture and the same
ypersaline medium (100 g/L NaCl) were run simultaneously. One
FC  was amended with 100 nM quinolone signal and the other

ne served as a control. Fig. 4 shows two consecutive cycles, with
he arrow indicating replacement of the medium. For the second
ycle no signal was added to evaluate the persistence of the QS sig-
al effect. Voltage production (Fig. 4) was significantly stimulated
y quinolone addition, reaching up to 0.3 V compared to the con-
rol (mean value ≈ 0.1 V) at Rext = 510 �.  The first cycle experienced

uctuations in voltage output that are common prior to cell stabi-

ization in the system [18], but the produced voltage was  clearly
igher in the MFC  amended with QS signal throughout the exper-

ment. This improvement cannot be attributed to an increase in

ig. 6. Confocal scanning laser images of enhanced biofilm colonization of anodic strands 

an  be clearly identified (a) versus control, where the image shows multiple strands that 
Fig. 5. Enhanced power density in MFC seeded with H. praevalens by the addition
of  100 nM quinolone.

electron donor concentration in the medium, since the addition of
100 nM quinolone (only 30 �g/L COD) represents less than 0.0002%
of the total COD added to the MFC.

After replacement of the medium (without signal), the same
pattern was  observed with more stabilized voltage production. A
stable value of 0.185 ± 0.009 V (accounting for 3 subsequent cycles)
was reached in the MFC  previously amended with quinolone, com-
pared to 0.101 ± 0.004 V (mean value for 3 cycles) in the unexposed
control. Therefore the beneficial effect of the QS signal persisted,
indicating that there is no need for continuous addition. Power den-
sity curves also show a significant benefit on the maximum power

production capacity (Fig. 5)., with an increase of up to 75% right
after the addition of quinolone and a long-term stable increase of
30% (based on an external resistance of 510 �).

in an MFC  amended with 100 nM quinolone. Two strands highly covered by bacteria
are sparsely covered (b) (strands indicated by arrows).
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Confocal microscopy images (Fig. 6) confirm that bacterial
ttachment to the anode was stimulated by exogenous quinolone
olecules. In the absence of QS signal (Fig. 6b.) the anode car-

on strands were sparsely covered with isolated microcolonies,
hereas the quinolone substantially enhanced bacterial attach-
ent (Fig. 6a). More detailed enhanced attachment to a single

trand is shown in the Supplemental information section (Fig. S-6).
The positive effect on energy output can be largely attributed to

he increase in the anodic biofilm formation, although we  cannot
ule out the possibility that the autoinducers also stimulated the
xoelectrogenic capabilities of the bacteria as has been previously
eported for P. aeruginosa [29]. P. aeruginosa generates extracellular
irulence factors (i.e., phenanzines) that act as electron shut-
les facilitating the transfer of the electrons to the MFC  anode.
henanzine production is upregulated by QS, and was  reported to

ncrease current generation by 28-fold in the MFC  [29]. In another
tudy, [36] assessed the effect of the overexpression of rhl (QS
elated gene) in P. aeruginosa on MFC  performance. The overexpres-
ion of this gene led to the production of various electron shuttles
ith lower redox potential, resulting in a 1.6-fold increase in cur-

ent. Assessing the potential for such exoelectrogenic enhancement
echanism represents a much greater challenge due to the limited

nformation about QS by H. praevalens,  as well as the prevailing
xtreme salinity that interferes with the analysis of trace chemicals
nd electron shuttles in the medium.

. Conclusions

We  demonstrated that MFCs could be used to treat hyper-
aline high-strength wastewaters (e.g., produced and flow-back
aters) while producing electricity, which would alleviate a
ajor economic and environmental challenge for the oil and

as industry. Power production can be significantly enhanced by
dding trace levels of exogenous QS signals such as 4-hydroxy-
-methyl-2-quinolone and PQS. This enhances quorum sensing,
hich promotes anodic biofilm formation. Transcriptomic anal-

sis corroborated enhanced biofilm formation through increased
xpression of genes associated with polysaccharides biosynthesis.
verall, these results suggest a promising approach to expand the

imits of MFC  applications and enable biological treatment of hyper
aline wastewaters.

cknowledgements

We thank Dr. Alloysius Budi Utama for his assistance with con-
ocal microscopy. This research work was supported by BP North
merica.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.bej.2016.01.023.

eferences

[1] A. Agarwal, C. Kahyaoglu, D.B. Hansen, Characterization of HmqF, a protein
involved in the biosynthesis of unsaturated quinolones produced by
Burkholderia thailandensis, Biochemistry (Moscow) 51 (8) (2012) 1648–1657.

[2] F.R. Ahmadun, A. Pendashteh, L.C. Abdullah, D.R.A. Biak, S.S. Madaeni, Z.Z.
Abidin, Review of technologies for oil and gas produced water treatment, J.
Hazard. Mater. 170 (2–3) (2009) 530–551.

[3] A.F.G. Barrios, R.J. Zuo, Y. Hashimoto, L. Yang, W.E. Bentley, T.K. Wood,
Autoinducer 2 controls biofilm formation in Escherichia coli through a novel

motility quorum-sensing regulator (MqsR, B3022), J. Bacteriol. 188 (1) (2006)
305–316.

[4] T.S. Charlton, R. de Nys, A. Netting, N. Kumar, M.  Hentzer, M.  Givskov, S.
Kjelleberg, A novel and sensitive method for the quantification of N-3-oxoacyl
homoserine lactones using gas chromatography–mass spectrometry:

[

ing Journal 109 (2016) 222–227

application to a model bacterial biofilm, Environ. Microbiol. 2 (5) (2000)
530–541.

[5] J.P. Davis, C.G. Struchtemeyer, M.S. Elshahed, Bacterial communities
associated with production facilities of two newly drilled thermogenic
natural gas wells in the Barnett Shale (Texas, USA), Microb. Ecol. 64 (4) (2012)
942–954.

[6] S.P. Diggle, R.E. Stacey, C. Dodd, M.  Camara, P. Williams, K. Winzer, The
galactophilic lectin, LecA, contributes to biofilm development in Pseudomonas
aeruginosa,  Environ. Microbiol. 8 (6) (2006) 1095–1104.

[7] S.P. Diggle, K. Winzer, S.R. Chhabra, K.E. Worrall, M.  Camara, P. Williams, The
Pseudomonas aeruginosa quinolone signal molecule overcomes the cell
density-dependency of the quorum sensing hierarchy, regulates
rhl-dependent genes at the onset of stationary phase and can be produced in
the  absence of LasR, Mol. Microbiol. 50 (1) (2003) 29–43.

[8] S.P. Diggle, K. Winzer, A. Lazdunski, P. Williams, M.  Camara, Advancing the
quorum in Pseudomonas aeruginosa: MvaT and the regulation of
N-acylhomoserine lactone production and virulence gene expression, J.
Bacteriol. 184 (10) (2002) 2576–2586.

[9] M.P. Fletcher, S.P. Diggle, S.A. Crusz, S.R. Chhabra, M.  Camara, P. Williams, A
dual biosensor for 2-alkyl-4-quinolone quorum-sensing signal molecules,
Environ. Microbiol. 9 (11) (2007) 2683–2693.

10] M.  Frederix, A.J. Downie, Quorum sensing: regulating the regulators, in: R.K.
Poole (Ed.), Advances in Microb. Physiol. 58 (2011) 23–80.

11] S. Heeb, M.P. Fletcher, S.R. Chhabra, S.P. Diggle, P. Williams, M.  Camara,
Quinolones: from antibiotics to autoinducers, FEMS Microbiol. Rev. 35 (2)
(2011) 247–274.

12] Y.L. Huang, S. Dobretsov, J.S. Ki, L.H. Yang, P.Y. Qian, Presence of
acyl-homoserine lactone in subtidal biofilm and the implication in larval
behavioral response in the polychaete Hydroides elegans, Microb. Ecol. 54 (2)
(2007) 384–392.

13] N. Ivanova, J. Sikorski, O. Chertkov, M.  Nolan, S. Lucas, N. Hammon, S.
Deshpande, J.-F. Cheng, R. Tapia, C. Han, L. Goodwin, S. Pitluck, M.
Huntemann, K. Liolios, I. Pagani, K. Mavromatis, G. Ovchinikova, A. Pati, A.
Chen, K. Palaniappan, M.  Land, L. Hauser, E.-M. Brambilla, K.P. Kannan, M.
Rohde, B.J. Tindall, M.  Goeker, J.C. Detter, T. Woyke, J. Bristow, J.A. Eisen, V.
Markowitz, P. Hugenholtz, N.C. Kyrpides, H.-P. Klenk, A. Lapidus, Complete
genome sequence of the extremely halophilic Halanaerobium praevalens type
strain (GSL(T)), Stand. Genomic Sci. 4 (3) (2011) 312–321.

14] O. Lefebvre, Z. Tan, S. Kharkwal, H.Y. Ng, Effect of increasing anodic NaCl
concentration on microbial fuel cell performance, Bioresource Technol. 112
(2012) 336–340.

15] J. Li, C. Attila, L. Wang, T.K. Wood, J.J. Valdes, W.E. Bentley, Quorum sensing in
Escherichia coli is signaled by AI-2/LsrR: effects on small RNA and Biofilm
architecture, J. Bacteriol. 189 (16) (2007) 6011–6020.

16] I. Liaqat, R.T. Bachmann, R.G.J. Edyvean, Type 2 quorum sensing monitoring,
inhibition and biofilm formation in marine microrganisms, Curr. Microbiol. 68
(3)  (2014) 342–351.

17] K.J. Livak, T.D. Schmittgen, Analysis of relative gene expression data using
real-time quantitative PCR and the 2−��CT method, Methods 25 (4) (2001)
402–408.

18] B.E. Logan, B. Hamelers, R.A. Rozendal, U. Schrorder, J. Keller, S. Freguia, P.
Aelterman, W.  Verstraete, K. Rabaey, Microbial fuel cells: methodology and
technology, Environ. Sci. Technol. 40 (17) (2006) 5181–5192.

19] A.M. Mohan, A. Hartsock, K.J. Bibby, R.W. Hammack, R.D. Vidic, K.B. Gregory,
Microbial community changes in hydraulic fracturing fluids and produced
water from shale gas extraction, Environ. Sci. Technol. 47 (22) (2013)
13141–13150.

20] A.M. Mohan, A. Hartsock, R.W. Hammack, R.D. Vidic, K.B. Gregory, Microbial
communities in flowback water impoundments from hydraulic fracturing for
recovery of shale gas, FEMS Microb. Ecol. 86 (3) (2013) 567–580.

21] O. Monzon, Y. Yang, C. Yu, Q. Li, P.J.J. Alvarez, Microbial fuel cells under
extreme salinity: performance and microbial analysis, Environ. Chem. 2015
(2014) 12.

22] C.D. Nadell, J.B. Xavier, S.A. Levin, K.R. Foster, The evolution of quorum sensing
in bacterial biofilms, PLoS Biol. 6 (1) (2008) 171–179.

23] ncbi, 2015. Halanaerobium praevalens functional genes description. www.
ncbi.nlm.nih.gov.

24] F. Nievas, P. Bogino, F. Sorroche, W.  Giordano, Detection, characterization, and
biological effect of quorum-sensing signaling molecules in peanut-nodulating
bradyrhizobia, Sensors 12 (3) (2012) 2851–2873.

25] V.B. Oliveira, M. Simoes, L.F. Melo, A. Pinto, Overview on the developments of
microbial fuel cells, Biochem. Eng. J. 73 (2013) 53–64.

26] A. Oren, P. Gurevich, Y. Henis, Reduction of nitrosubstituted
aromatic-compunds by the halophilic anaerobic Eubacteria, Haloanaerobium-
Praevalens and Sporohalobacter-Marismortui, Appl. Environ. Microbiol. 57 (11)
(1991) 3367–3370.

27] B. Rittmann, C. Torres, A. Marcus, Understanding the distinguishing features
of a microbial fuel cell as a biomass-based renewable energy technology, in:
V.  Shah (Ed.), Emerg. Environ.Technol., Springer, Netherlands, 2008,
pp.  1–28.

28] M.  Toyofuku, T. Nakajima-Kambe, H. Uchiyama, N. Nomura, The effect of a

cell-to-cell communication molecule, Pseudomonas quinolone signal (PQS),
produced by P. aeruginosa on other bacterial species, Microbes Environ. 25 (1)
(2010) 1–7.

29] A. Venkataraman, M.  Rosenbaum, J.B.A. Arends, R. Halitschke, L.T. Angenent,
Quorum sensing regulates electric current generation of Pseudomonas

http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://dx.doi.org/10.1016/j.bej.2016.01.023
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0005
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0010
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0015
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0020
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0025
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0030
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0035
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0040
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0045
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0050
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0055
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0060
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0065
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0070
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0075
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0080
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0085
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0090
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0095
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0100
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0105
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0110
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://www.ncbi.nlm.nih.gov
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0120
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0125
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0130
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0135
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0140
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145


gineer

[

[

[

[

[

[

O. Monzon et al. / Biochemical En

aeruginosa PA14 in bioelectrochemical systems, Electrochem. Commun. 12 (3)
(2010) 459–462.

30] L. Vial, F. Lepine, S. Milot, M.C. Groleau, V. Dekimpe, D.E. Woods, E. Deziel,
Burkholderia pseudomallei, B. thailandensis, and B. ambifaria produce
4-hydroxy-2-alkylquinoline analogues with a methyl group at the 3 position
that is required for quorum-sensing regulation, J. Bacteriol. 190 (15) (2008)
5339–5352.
31] Q. Wei, L.Y.Z. Ma,  Biofilm matrix and its regulation in Pseudomonas aeruginosa,
Int.  J. Mol. Sci. 14 (10) (2013) 20983–21005.

32] P. Williams, K. Winzer, W.C. Chan, M.  Camara, Look who’s talking:
communication and quorum sensing in the bacterial world, Philos. Trans. R.
Soc.  B-Biol. Sci. 362 (1483) (2007) 1119–1134.

[

ing Journal 109 (2016) 222–227 227

33] J.M. Wilson, J.M. VanBriesen, RESEARCH ARTICLE: oil and gas produced water
management and surface drinking water sources in Pennsylvania, Environ.
Pract. 14 (4) (2012) 288–300.

34] K. Winzer, K.R. Hardie, P. Williams, Bacterial cell-to-cell communication:
sorry, can’t talk now—gone to lunch!, Curr. Opin. Microbiol. 5 (2) (2002)
216–222.

35] D. Xing, S. Cheng, J.M. Regan, B.E. Logan, Change in microbial communities in
acetate- and glucose-fed microbial fuel cells in the presence of light, Biosens.

Bioelectron. 25 (1) (2009) 105–111.

36] Y.C. Yong, Y.Y. Yu, C.M. Li, J.J. Zhong, H. Song, Bioelectricity enhancement via
overexpression of quorum sensing system in Pseudomonas
aeruginosa-inoculated microbial fuel cells, Biosens. Bioelectron. 30 (1) (2011)
87–92.

http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0145
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0150
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0155
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0160
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0165
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0170
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0175
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180
http://refhub.elsevier.com/S1369-703X(16)30023-7/sbref0180

	Quorum sensing autoinducers enhance biofilm formation and power production in a hypersaline microbial fuel cell
	1 Introduction
	2 Experimental methods
	2.1 Biofilm growth
	2.2 Effect of QS signals on gene expression
	2.3 MFC reactor
	2.4 Confocal scanning microscopy

	3 Results and discussion
	3.1 Biofilm induction by QS signals
	3.2 Effect of QS signal on the pure-culture MFC performance

	4 Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


