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Phytochemicals have been found to be promising alternatives to conventional antibiotic therapies for
the control of bacterial infections, as they may entail less selective pressure and hence reduce the devel-
opment of resistance. This study involved examining the inhibition of biofilm formation and of quorum
sensing (QS), and the cytotoxicity on mammalian cells of two flavonoids, quercetin and baicalein, in free
form and associated into chitosan-based nanocapsules. This was done by use of a transformed E. coli Top
10 biosensor strain, while the cytotoxicity was evaluated on MDCK-C7 cells. In free form, application
both flavonoids exhibited slight inhibitory activity on the QS response and biofilm formation, a scenario
that was improved positively upon encapsulation with chitosan (Mw ~115,000 g/mol and DA ~42%). The
association efficiency of 99% (quercetin) and 87% (baicalein) was determined, and each formulation had
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Autoinducer an average diameter of 190 + 4 and 187 + 2 nm, and zeta ({) potential of +48.1 +2.03 and +48.4 + 3.46 mV,
Baicalein respectively. Both types of systems were stable against aggregation in M9 and MEM media. The in vitro
Quercetin release kinetics data of both flavonoids seemed to be similar with only ~20% released over the first 5 h, or

~10% over the first 4 h, respectively, with subsequent sudden release increase up to ~40% in both cases.
The free phytochemicals seemed to be cytotoxic to MDCK-C7 cells at higher doses, however, upon nanoen-
capsulation, a cytoprotective effect was evidenced. We have gained proof-of-principle of the advantages
of encapsulation of two bioactive flavonoids.

© 2018 Published by Elsevier B.V.

1. Introduction

Bacterial quorum sensing (QS) is an area that currently has
drawn increasing interest especially in bacterial pathogenicity
given its responsibility to their phenotypic traits. QS is a cell-to-cell
communication process that enables bacteria to assume a collective
synchronous behaviour under the influence of chemical signalling
molecules called autoinducers (Als) which mediates interspecies
or intraspecies behaviours [1]. As the cell density increases, Als
accumulate in the environment where they are sensed by protein
receptors, which in turn act as transcriptional activators for the
expression of specific genes; the products of these genes direct
activities that are beneficial when performed by bacterial com-
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munities acting in synchrony [1]. Homoserine lactones (HSLs)
produced by Gram-negative bacteria are the best studied Als and
possibly the most common group of bacterial QS Als while Gram-
positive bacteria use small peptides called AI2 [2,3]. Frequently,
pairs of genes encoding the HSL synthase and the HSL-sensing
transcriptional regulator are found close to each other in bacterial
genomes [4]. This phenomenon was first discovered in the marine
bacterium Vibrio fischeri [5] and the term quorum sensing was later
coined by Fuqua et al. [6] referring to the acylated homoserine
lactone (AHL)-mediated luxR/luxI regulated system.

Biofilm formation is one of the virulence traits associated to QS
[7]. Bacteria in biofilms are not easily reached neither by antibi-
otic agents nor by the host immune system, as they act as diffusion
barriers, hence, bacteria continue multiplying inside the extracel-
lular matrix up to a point at which they disperse to start forming
new biofilm communities [8]. Microbial biofilms readily form on
indwelling medical devices and cause serious diseases that are
hard to control since effective therapy is lacking. According with
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CDC and NIH, between 65%-80% of infections could be caused by
biofilms, demonstrating the need to develop improved treatment
options [9]. Therefore, targeting and blocking QS circuits in bacte-
ria may represent a strategy to disarm their virulence and hence,
making them more susceptible to elimination by the host immune
system or low doses of antibiotics [10]. Anti-virulent agents pos-
sessing QS inhibitory activity might not pose selective pressure on
bacterial pathogens and thus, may contribute to reduce the rapid
emergence of so-called “superbugs”, bacteria resistant to several
antibiotics [11,12]. Disruption of QS-regulated processes has been
accepted to reduce accumulation of virulence factors at the infec-
tion site, and dismantles the collective virulent power of pathogens.
Such antiquorum sensing strategies are collectively called quorum
quenching (QQ) [13].

Plant phytochemicals may be possessing anti-quorum sensing
activities based on the various studies. Among them include, but
are not limited to, zingerone [12], curcumin [14], cinnamon oil
[15], pure trans-cinnamaldehyde [16,17], proanthocyanidins [18],
and flavonoids like quercetin [19]. On the other hand, it is now
known that the activity of anti-virulent agents or antimicrobials
may improve upon encapsulating them in biopolymer-based mate-
rials [20,21]. This may be attributed to the overall increase in
their bioavailability, lower dosage release for longer periods, to
the overcoming physiological barriers resistances, among other, as
compared to the free agents [20-22].

Different types of nanocarrier formulations have extensively
been used for drug delivery [23,24]. Despite this, minimal infor-
mation is available for their use in delivering QS inhibitory agents.
However, biologically-derived materials such as polysaccharides
and proteins can be used as components of nanoformula-
tions as they are fully biodegradable, biocompatible and non-
immunogenic. Hence, they are attractive for the development of
innovative drug delivery vehicles [25]. Among the most interesting
biopolymers in this area, is chitosan that has gained enormous trac-
tion. Chitosan are a family of amino linear heteropolysaccharides
comprised by (3 (1-4) 2-acetamido-2-deoxy-[3-D-glucopyranose
(N-acetyl glucosamine) and 2-amino-2-deoxy-f3-b-glucopyranose
(D-glucosamine) units, randomly or distributed as blocks through-
out the biopolymer [26]. Chitosan and its chemical derivatives
are particularly attractive as a building blocks for drug delivery
nanoformulations in light of its biocompatibility, biodegradability,
bio- and mucoadhesivity, and hydrophilic character that facili-
tate the administration of poorly absorbable drugs across various
epithelial barriers [27-31]. It can also be easily be manipulated
chemically and hence forming a good vehicle for delivering both
hydrophobic and hydrophilic drugs/agents to target sites [26].

Quercetin and baicalein (see supplementary data - S1) are both
flavonoid lipophilic phytochemicals. They are common polyphe-
nolic compounds in nature and are found ubiquitously in plants,
including food products like onions, many fruits, or in herbs
[32-35]. Previous studies have shown that quercetin and baicalein
can act as competitive inhibitors for the signalling compound
towards LasR/Rh1R and orphan regulator QscR receptors pathway
commonly found with P. aeruginosa and can serve as novel QS-
based antivirulence agents to manage such groups of pathogens
[19,36-38]. In these studies, it was deduced that both flavonoids
have both antivirulence and antibiofilm formation activity against
P. aeruginosa PAO1. However, only few of the available studies have
reported on the role of plant extracts and phytochemicals as QS
inhibitors, deal with the potential mechanisms of action [39] and
even their activity upon nanoencapsulation. In this study, we report
the AQS and antibiofilm activities of free and chitosan nanoencap-
sulated quercetin and baicalein against a bioengineered E. coli Top
10 biosensor that has a Lux R receptor pathway. Also their viability
towards MDCK-C7 mammalian cell line was studied.

2. Materials and methods
2.1. Materials

The parent chitosan (Mw ~288,000 g/mol and DA 16%) was
provided by Mahtani Chitosan Pvt. Ltd., India (Sample code 132;
batch no. SCCF 20140609). The chitosan used for this study was
derived from this parent sample as described in previous studies
[40,41]; the Mw was ~115,000 g/mol as determined by HPSEC-
MALLS and the DA of ~42% as measured by 'H NMR spectroscopy
according with the method by Lavertu et al. [42]. Lecithin was a
kind gift from Cargill (Epikuron 145V, Cargill Deutschland GmbH
& Co. KG, Hamburg, Germany); Miglyol 812N was from Sasol
GmbH (Witten, Germany). 30CgHSL and all other chemicals were
of analytical grade and unless otherwise stated were from Sigma
(Sigma-Aldrich, Hamburg, Germany).

2.2. Baicalein and quercetin nanocapsules formulation

CS-based nanocapsules of both baicalein (Mw- 270.24 g/mol)
and quercetin (Mw- 302.24 g/mol) were prepared according with
the protocol originally developed in Prof. Maria J. Alonso’s labo-
ratory (University of Santiago de Compostela, Spain) with slight
modifications [25,43]. Briefly, due to the hydrophobic nature of
the two phytochemicals 1 mg of each was dissolved in 1 mL of
absolute ethanol. Then 256 L of the each of the phytochemical
was taken, 250 wL of lecithin (100 mg/mL of lecithin in ethanol)
and 62.5 pL of Miglyol 812° were added to a beaker with 4.75 mL
of absolute ethanol. Immediately afterwards, this organic phase
was poured into of 10 mL of CS solution (0.5 mg/mL) which turned
milky. Ethanol and a portion of the volume of water were evap-
orated in a rotavapor at 40°C for ~8-15min to a final volume
corresponding with one third of the original one. The blank NCs
were also made according with the same protocol but no phyto-
chemicals were added in the organic phase. All preparations were
made in triplicate.

2.3. Physicochemical properties of the nanocapsules

The size distribution of the nanoformulations was determined
by dynamic light scattering with non-invasive back scattering (DLS-
NIBS) with a measurement angle of 173°. The zeta ({) potential
was measured by mixed laser Doppler velocimetry and phase
analysis light scattering (M3-PALS). A Malvern Zetasizer NanoZS
(Malvern Instruments Ltd., Worcestershire, UK) fitted with a red
laser light (A =632.8 nm) was used for both methods. The samples
were diluted 1:100 in acidified water before measurement.

2.4. Encapsulation/association efficiency

It was determined as per the method used by Kaiser et al. [25].
Briefly, aliquots of 500 pL of the flavonoid-loaded nanoformula-
tions were pipetted into Vivaspin® 500 ultrafiltration spin columns
and then were centrifuged by centrifuge (Mikro 220 R, Hettich
GmbH & Co. KG, Tuttlingen, Germany) at 16,000rpm for 1h at
15°C. Free baicalein and quercetin content of the subnatant were
determined by UV spectroscopy at A=324 and 374 nm, respec-
tively, using the corresponding calibration curves registered either
in absolute ethanol or upon dilution in M9 medium (supplementary
data S2 and S3, respectively). The association efficiency was calcu-
lated as the difference between the total amount of the flavonoid
incorporated in the formulation and the amount present in the
subnatant. The association of quercetin was also determined by
resuspending the creamy layer with distilled water up to 1 mL and
then 25 pL were taken and mixed with 475 L of absolute ethanol
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and the concentration was determined as described above, as a
confirmation of the previous method results.

2.5. Stability test with M9 and MEM medium

The colloidal stability of both baicalein and quercetin NCs
was investigated by using minimal essential medium Eagle (MEM
M4655, Sigma-Aldrich) (pH 7.45) cell culture medium without sup-
plements and M9 bacterial growth medium. Briefly 50 p.Ls of either
baicalein or quercetin NCs were added to 950 pLs in a sterile cuvette
of either MEM or M9 medium and incubated at right conditions (M9
at 37°C for 48 h and for MEM at 37 °C, 5% CO, environment & 24 h).
The stability was evaluated in terms of the evolution of the particle
size distribution and size (nm) of the NCs over time during incuba-
tion at 37 °C for up to ~24 h for MEM or ~48 h for M9 medium by
use of the Malvern Zetasizer NanoZS as described above.

2.6. Release assay

The in vitro release of the flavonoid-loaded NC formulations
was investigated in the M9 bacterial growth medium. Briefly, an
aliquot of 800 WL of either baicalein- or quercetin-loaded NCs was
transferred to a dialysis tube (Pure-a-lyzer Maxi 0.1-3.0 mL, Mw
cut-off =6 kDa, Sigma-Aldrich GmbH, Steinheim, Germany) and
placed in a sterile glass beaker with 79.2 mL of M9 medium previ-
ously equilibrated at 37 °Cin an incubator. This set-up ensured that
“sink” conditions were achieved. Every hour an aliquot of 500 p.L
was drawn from the dialysate and the same amount of fresh M9
medium replenished. Baicalein or quercetin content of the aliquots
was determined by UV spectrophotometry as described above. The
release experiment lasted 6 h.

2.7. Bacterial assays

2.7.1. Bacterial strain

E. coli Top10 was transformed as described in accompany-
ing studies [44]. The plasmid pSB1A3-BBa.T9002, carrying the
BBa_T9002 genetic device (Registry of Standard Biological Parts:
http://parts.igem.org/Part:BBa_T9002), was kindly donated by Prof.
Anderson Lab (UC Berkeley, USA). The sequence BBa_T9002 was
introduced by chemical transformation (Invitrogen, Life Technolo-
gies Co., UK) and stored as a 30% glycerol stock at —80°C. The
transformed strain is a biosensor that can respond to the N-(3-
oxohexanoyl)-L-homoserine lactone (30CgHSL) and is the same
strain used in accompanying studies [44]. The sequence BBa_T9002,
comprised the transcription factor (LuxR), under the control of
the lux pR promoter from Vibrio fischeri, which is constitutively
expressed with GFP production only in the presence of the exoge-
nous cell-cell signalling molecule 30CgHSL.

2.7.2. Growth media and conditions

Bacterial strains were cultivated using on Luria-Bertani (LB) and
M9 minimal medium (Becton, Dickinson and company, Germany).
We inoculated 10mL of LB broth supplemented with 10 pL
(200 pg/mL) ampicillin (AppliChem GmbH, Germany) with a sin-
gle colony from a freshly streaked plate of E. coli Top10 containing
BBa_T9002 and incubated the culture for 18 h at 37 °C, shaking at
100 rpm. Each culture was then diluted 1:1000 into 20 mL M9 min-
imal medium supplemented with 0.2% casamino acids and 1 mM
thiamine hydrochloride plus 20 L (200 pg/mL) ampicillin. The cul-
ture was maintained under the same conditions until the ODggg
reached 0.15 (~5h). Then 500 pL of the overnight culture were
mixed with 500 pL 30% sterile glycerol together in the white plas-
tic vials and stored at —80° C for future use. Before the biosensor
assay, the bacteria cultivation was prepared by cultivating 40 L
of thawed bacteria from the white plastic vial kept at —80° C unto

20 mL M9 medium plus 20 p.L of ampicillin (200 g/mL). This is incu-
bated at 37 °C, 100 rpm until the ODggg reached 0.04 ~0.07 (~4h).

2.7.3. E. coli Top10 biosensor QS assay

The N-([3-ketocaproyl)-L-homoserine lactone (Sigma- Aldrich)
(30CgHSL) was dissolved in acetonitrile to a stock concentration of
100 mM and stored at —20°C. Prior to the biosensor assay, a 5 uL
aliquot of this stock solution was diluted with sterile milli-Q water
to a final concentration of 10nM. Then 10 L of 10 nM 30CgHSL
aqueous solution was placed with 10 L of the treatment samples
in the wells of a flat-bottomed 96-well plate (Greiner Bio-One, cat.
#M3061) and each well was then filled with 180 L aliquots of the
bacterial culture of ODggg 0.04 ~ 0.07 to test for QS inhibition activ-
ity. Several controls were also set up. Blank 1 contained 180 pL of
M9 medium and 20 p.L of milli-Q water to measure the absorbance
background. Blank 2 wells contained 180 p.L of bacterial culture and
20 L of milli-Q water to measure the absorbance background cor-
rected for the cells. Finally, positive control wells contained 10 pL of
water plus 10 wL 30CgHSL solution and 180 p.L of the bacterial cul-
ture to measure the fluorescence background. In order to account
for the effect of samples themselves on ODgyg and fluorescence,
10 wL 30CgHSL solution was added with 10 wL of the treatment
samples in the wells and each well was then filled with 180 wL M9
medium and used as controls.

The plates were incubated in a Safire Tecan-F129013 Microplate
Reader (Tecan, Crailsheim, Germany) at 37°C and fluorescence
measurements were taken automatically using a repeating proce-
dure (Aex =480 nm and Aem =510 nm, 40 ps, 10 flashes, gain 100,
top fluorescence), absorbance measurements (ODggg) (A =600 nm
absorbance filter, 10 flashes) and shaking (5 s, orbital shaking, high
speed). The interval between measurements was 6 min. For each
experiment, the fluorescence intensity (FI) and ODggpg data were
corrected by subtracting the values of absorbance and fluorescence
backgrounds and expressed as the average for each treatment. All
measurements were made in triplicate.

2.7.4. Antibiofilm assay

Microtiter plate assay as used before [45] with some modi-
fications was performed to quantify the effect of both free and
nanoencapsulated baicalein and quercetin on the biofilm formation
of E. coli Top 10 biosensor strain. The test bacteria stored at —80°C
in vials was first thawed and inoculated on LB agar and incubated
at right conditions at 37 °C overnight. Then a colony was identi-
fied and was picked and inoculated unto 10 mL of LB broth and was
incubated at 37 °C overnight. 190 WL of M9 broth with and with-
out the free or nanoencapsulated baicalein or quercetin (various
concentrations) were then inoculated with 10 L of bacterial cul-
tures and incubated at 37°C for 48 h without shaking. Unloaded
kanamycin (1 mM) was also added as a positive control and M9
broth as negative control. The polystyrene tissue culture microplate
was sealed with parafilm to prevent medium evaporation prior to
incubation. After incubation, plates were carefully rinsed 2-3 times
with double-distilled water to remove loosely attached cells. The
microplate was air dried for one hour before adding 200 wL per
well of 0.4% crystal violet solution to the adhered cells in the wells
and it was left at room temperature for 15 min. Excess stain was
then removed by rinsing the wells with 200 pL per well of dis-
tilled water three times. The microtiter plate was then air-dried
again for 1h after which 200 .l per well of absolute ethanol was
added to solubilize the dye. The ODsgy was measured using a Safire
Tecan-F129013 Microplate Reader (Tecan, Crailsheim, Germany).
For each experiment background staining was corrected by sub-
tracting the crystal violet bound to un-inoculated controls from
those of the samples. The experiments were done in triplicates and
average values were calculated. To estimate the antibiofilm activity


http://parts.igem.org/Part:BBa_T9002
http://parts.igem.org/Part:BBa_T9002
http://parts.igem.org/Part:BBa_T9002
http://parts.igem.org/Part:BBa_T9002
http://parts.igem.org/Part:BBa_T9002
http://parts.igem.org/Part:BBa_T9002

128 E.O. Omwenga et al. / Colloids and Surfaces B: Biointerfaces 164 (2018) 125-133

Table 1
Characteristics of chitosan-coated nanocapsules (mean averages +SD, n=3).

Nanocapsules Formulation Z-av. diameter (nm) PDI? { — potential (mV) Flavonoid association efficiency (A.E., %)°
Quercetin-loaded 194+4 0.12 +48.4 +3.46 99+1.2

Baicalein-loaded 187+2 0.12 +48.1+2.03 87+5.1

Unloaded 185+2 0.15 +47.6 +2.38 -

2 Polydispersity index.

b Flavonoid A.E. (%) = [(Conc. flavonoido — Conc. flavonoidypieaded )/(Conc. flavonoidag,; )] x 100.

(%) of a given treatment the following equation was used.

Antibiofilm activity (%) = [1- (ODrestsample—ODglank)

/(ODyntreatedcontrol- ODglank)] x 100

2.9. Cell viability assay

2.9.1. Cell culture

Mandin Darby Canine Kidney (MDCK) cells clone 7 (C7) were
cultured in 75cm? flasks using MEM supplemented with 10%
fetal bovine serum, 1% L-glutamine (200 mM) and 1% penicillin-
streptomycin (10000 units penicillin, 10000 units streptomycin
in 0.9% NaCl). The cell cultures were maintained in a humid
atmosphere at 37°C with 5% CO, (Sanyo MCO-19AIC, Panasonic
Biomedical Sales Europe BV, AZ Etten Leur, Netherlands). Cells
from passages 17 — 25 were used for all experiments, which were
carried out asindependent triplicates on different days. After reach-
ing microscopic confluence, the cells were washed with 10 mL
phosphate buffered saline (PBS) and trypsinized with 10 mL 0.05%
trypsin in EDTA (1x) buffer. After detachment, 10 mL of MEM was
added to the trypsin buffer. The cell suspension was centrifuged
at 1000 r.p.m for 5 min (Rotina 420 R, Hettich GmbH, and Tuttlin-
gen, Germany). The excess of medium was removed by sucking and
the cell pellet was resuspended in 1 mL MEM. A 10-pl aliquot of the
cell suspension was diluted with 90 wL trypan blue and the number
of cells was counted with an improved Neubauer chamber before
seeding. The cells were subcultured by splitting at a ratio of 1:10.

2.9.2. Mammalian cell (MDCK-C7) line cytotoxicity tests: 3-(4,
5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT)
assay

The cytotoxicity of both free and nanocapsulated baicalein and
quercetin were evaluated using an MTT assay protocol as used
before [46-48]. Briefly, 100 L of cell suspension was transferred
to each well of a 96-well polystyrene tissue culture plate (~10%
cells per well) and was incubated at 37°C with 5% CO, (Sanyo
MCO-19AIC, Panasonic Biomedical Sales Europe BV, AZ Etten Leur,
Netherlands) for 24 h to allow attachment of the cells. Then the
attached cells were washed twice with supplement-free MEM
before the various concentrations of either free or nanoencap-
sulated sample were added unto the wells and the cells were
incubated for 24 h at same conditions as above. The samples were
then removed and replaced with 100 nL supplement-free MEM
and 25 pL of MTT reagent (5 mg/mL of thiazolyl blue tetrazolium
bromide) per well. After 4 h incubation at 37 °C with 5% CO,, the
medium and MTT reagent were removed and the dye was dis-
solved in DMSO (100 p.L per well). After orbital shaking at 300 r.p.m
for 15 min, the absorbance was measured at A =570 nm in a Safire
Tecan-F129013 Microplate Reader (Tecan, Crailsheim, Germany).
We used 4% Triton X-100 in PBS as a positive control. The following
formula was used to calculate the percentage relative viability of
the treatments against the MDCK-C7 cell line.

Mean absorbance in test wells

Pa% Cell Survival = Mean absorbance in control wells 100

3. Results

3.1. Physicochemical properties of baicalein and quercetin
nanocapsules

Table 1 presents the various physicochemical parameters and
encapsulation efficiency of both baicalein- and quercetin-loaded
nanocapsules. The Z-average diameter of each formulation ranged
within a narrow range from ~185 to ~194nm, with a low
polydispersity index (PDI) fluctuating from~0.12 to~0.15. The
nanocapsules were highly positively charged with { — potential val-
ues ranging between ~+47.6 and +48.4 mV and a very high capacity
of association of baicalein (87%) and quercetin (99%). For the resus-
pended quercetin-loaded NCs pellet, association efficiency of 99.9%
was deduced.

3.2. Stability of nanocapsules

The colloidal stability of the both flavonoids-loaded and of
unloaded (blank) nanocapsules was determined and Fig. 1 shows in
both media (M9 and MEM) that the average size and PDI remained
constant for all the systems, in agreement with previous studies on
chitosan nanocapsules [49,50].

3.3. Release assays of baicalein and quercetin nanocapsules

The release of both flavonoids-loaded nanocapsule formulations
was examined in M9 bacterial growth medium as illustrated in
Fig. S4 (supplementary data). Both flavonoids-loaded NCs had a
slow but steady release of the quercetin up to ~5h after which
the release rate increased in a more pronounced manner. Gener-
ally, baicalein-loaded nanocapsules had a more noticeable release
as compared to quercetin.

3.4. Antiquorum sensing activity of chitosan nanoencapsulated
and free baicalein and quercetin

We investigated the influence of applying different concentra-
tions of both free and chitosan-nanoencapsulated baicalein and
quercetin on the relative growth and the relative quorum sensing
of the transformed E. coli Top 10 biosensor strain that expresses GFP
production only under the influence external 30CgHSL [51-53].
A close inspection of Fig. 2 reveals that free baicalein (Fig. 2i-a)
did not have any substantive inhibitory effects on the QS response
of the bacteria. At high doses (>2.53 x 10~3 mM) it seemed to be
toxic as the bacteria ODggg was reduced. However, upon encapsu-
lating baicalein and applied at similar doses as for the free form,
the toxicity at high doses was abrogated. Baicalein encapsulation
also seemed to enhance QS response especially at 2.53 x 104 and
6.25 x 10~> mM concentrations.

Fig. 3 (i) illustrates individual plots for fluorescence (a), ODggg
(b), and FL/ODggg (c) for representative treatments of baicalein-
loaded nanocapsules at the two selected flavonoid concentrations
where inhibition of QS was observed (Fig. 2i-b), namely 2.53 x 10~
and 6.25 x 10~> mM. Notice that the data confirm that there was a
selective inhibition of the expression of fluorescence and that this
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Fig. 2. Effect of varying doses of baicalein (i) and quercetin (ii) as (a) free solution, and (b) loaded nanocapsules on the relative growth (ODggo) and relative quorum sensing
activity (FL/ODggp ), evaluated in a E. coli Top 10 quorum sensing biosensor strain. Average values represent average +S.D. (n=3).

effect was not at the expense of a reduction in cell viability, apart
from a very slight reduction in ODggg at 2.53 x 104 mM. Compa-
rable results as those obtained for baicalein were observed upon
treatment of the E. coli Top 10 biosensor with free quercetin (Fig. 2
ii). It’s clear that at doses greater than 6.25 x 103 mM, quercetin
exerted significant toxicity (p<.05) in a dose dependent manner
(Fig. 2 ii-a). Also, at concentrations <3.25 x 10~3 mM there seems
to occur a consistent reduction in the relative QS response, though
this effect does not reach statistical significance.

With quercetin-loaded nanocapsules treatments this scenario
changed (Fig. 2 ii-b). They exhibited a protective effect on the toxic-
ity of quercetin on E. coli Top 10 bacteria even at the highest applied
doses (8.4 x 10-3 mM). About the QS inhibition activity, notice that

there was a “Goldilocks”-type of effect, and the minimum val-
ues were attained at intermediate concentrations ~3.91 x 10~ mM
with less pronounced effects either at greater or lower concentra-
tions. Fig. 3 (ii) depicts individual plots for fluorescence (a), ODgpg
(b), and FL/ODggq (c) for representative treatments of quercetin-
loaded nanocapsules at three flavonoid concentrations around that
where the maximum inhibition of QS was observed (Fig. 2 ii-b).
Notice that in this case, the results confirm that there was a selec-
tive inhibition of the expression of fluorescence and that this effect
was not at the expense of a reduction in cell viability, apart from a
very slight reduction in ODggg at 2.53 x 10~4 mM. It is evident that
the unloaded nanocapsules had no effect neither on the fluores-
cence nor on ODggg of E. coli Top 10 biosensor. The null effect of
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Fig. 3. Evolution during the culture of E. coli Top 10 quorum sensing biosensor strain (in M9 medium at 37°C). Panels: (a) fluorescence expression, (b) growth (ODggo), and
(¢) quorum sensing (F1/ODggp) upon treatment with (i) baicalein and (ii) quercetin-loaded nanocapsules at different doses (as indicated in legend).

unloaded nanocapsules on both the growth and the QS response
was confirmed at various concentrations in the range 6.25 x 106
to 8.80 x 10~3 mM (see supplementary data-S5).

3.5. E. coli Top 10 biosensor antibiofilm formation

We examined the effect of free solution and flavonoid-loaded
nanocapsules on the biofilm formation activity of the E. coli Top
10 QS biosensor strain (Fig. 4). Notice that for both type of systems,
biofilm formation was inhibited mostly at low concentrations upon
treatment with both nanoencapsulated phytochemicals. Indeed,
below 6.25 x 10~4and 3.91 x 10~4 mM concentrations of baicalein-
and quercetin-loaded nanocapsules, respectively, no significant
differences were observed with respect to the positive control
(kanamycin-1 mM). By contrast, free solutions of both flavonoids
showed invariably significantly lower inhibition of biofilm for-
mation than kanamycin and the encapsulated phytochemicals at
low concentrations. Supplementary data-S6 shows the image of
representative appearance of microtiter plates during the biofilm
formation assay by E. coli Top 10 biosensor upon treatment with
varying concentrations of: (a) Baicalein- and (b) Quercetin-loaded
nanocapsules after treatment with 0.4% CV and before dissolving
the stain with absolute ethanol. Unloaded NCs seemed to also have
a slight effect on biofilm formation inhibition especially at low
dosages (supplementary data-S7).
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3.6. Mammalian cell cytotoxicity tests — MDCK-C7 cell line

The influence of various concentrations of both free and nanoen-
capsulated baicalein and quercetin on the metabolic competence
(mitochondrial activity) of MDCK-C7 cell line was assessed using
MTT assay. The results (Fig. 5) show that with free baicalein and
quercetin in most of the concentrations the relative viability was
below 50%, a scenario that improved with introduction of nanoen-
capsulated baicalein and quercetin. It is also quite clear that at
higher concentration especially with quercetin there is more rela-
tive viability. This may be a false positive result as the MTT reagents
used have been found to be influenced by certain doses of quercetin.
But generally in both phytochemicals it can be concluded that
nanoencapsulation improved their relative viability with the MDCK
cell line.

4. Discussion

A combination of both physicochemical and biological analy-
sis was used to investigate the effects of free and chitosan-based
nanocapsules loaded with baicalein and quercetin against a bio-
engineered E.coli Top 10 biosensor and MDCK-C7 mammalian cells.
The chitosan (DA 42%) used in this study, does not have antibacterial
activity and, therefore, it is best suited for producing nanocapsules
for bacterial quorum sensing studies [52]. The physicochemical
characteristics of the nanoformulations in terms of size, zeta poten-
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Fig. 4. Effect of varying doses of: (a) baicalein and (b) quercetin after treatment in free solution and in both flavonoids-loaded nanocapsules (as shown in legends), on the
relative inhibition of biofilm formation of E. coli Top 10 biosensor strain (cultured in M9 liquid medium at 37 °C). Kanamycin (conc. 1 mM) was used as positive control.

Average values represent average +S.D. (n=3).
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Fig. 5. Effect of varying doses of: (a) baicalein and (b) quercetin after treatment in free solution and in both flavonoids-loaded nanocapsules (as shown in legends), on the
cell viability of MDCK-C7 cells (cultured in supplemented MEM at 37 °C). Average values represent average +S.D. (n=3).

tial, encapsulation efficiency (Table 1) and stability in biological
media (Fig. 1) concurred closely with those of previous reports
[25,54]. The presence of the flavonoids did not have a dramatic
effect on the Z-average size. Both flavonoids associated with very
high efficiencies, namely quercetin (99%) and baicalein (87%), in
agreement with findings of other groups [50]. Their zeta poten-
tial was strongly positive, diagnostic that chitosan adsorbed at the
outer shell and of the exposure its protonated amine groups. The
colloidal stability of the nanocapsules in biological media (M9 and
MEM), as assessed from the evolution of the particle size revealed
that all the systems were stable as documented in previous studies
[49,50].

The in vitro release kinetics data of the payloads from both
flavonoid-loaded NCs revealed a somewhat distinct pattern for
each. Baicalein released only ~20% (Fig. S4, Supplementary Infor-
mation) over the first 5 h, while quercetin released ~10% (Fig. S4,
Supplementary Information) over the first 4h and thereafter the
release suddenly increased up to ~40% in both nanocapsules. The
sui generis release pattern observed in both cases, particularly at
long times, could not be attributed to disintegration of the nanocap-
sules, as no change in the size was noticed during the evaluation of
the colloidal stability (Fig. 1). Alternatively, erosion of the nanocap-
sule shell could explain this anomalous sudden increase in the
release of both payloads at times exceeding ~4h of incubation.
The overall lower release of quercetin, as compared to baicalein,
could be associated to slight differences in solubility (i.e., log P)
that could result in differences in the partitioning of the compound
between the oil-core of the droplet and the continuous aqueous
phase. QS bioassays did indicate that free baicalein did not have
much impact at most of the tested concentrations. In fact, at higher
concentration it was observed that both free flavonoids seem to be
toxic towards the E. coli Top 10 biosensor. Both phytochemicals had
been reported to inhibit quorum sensing-dependent processes in a
P. aeruginosa PAO1 strain, but this is only achieved at higher con-
centrations too [19,37]. However, in their encapsulated forms, our
results demonstrate that their QS inhibition ability improves when
tested in our E. coli Top 10 biosensor. PAO1 strain has a specialized
QS circuitry that includes LasR, Rh1R and QscR than the LuxR cir-
cuit of the transformed E. coli Top 10 strain used in this study. Each
of these circuits use different type of autoinducers and therefore,
it is likely that these two flavonoids do not compete for the bind-
ing site of the involved receptors with the cognate autoinducers,
but they may act by different mechanisms. One possibility is that
they inhibit specific enzymes like autoinducer synthases, this can-
not be ruled out from our studies, as E. coli Top 10 QS biosensor
strain does not synthesize the AHL Al. Also, it could be that both
flavonoids bind at the LuxR receptor not at the binding site, but at
a different domain that would affect the binding of the dimerized
LuxR to the DNA promoter.

Yet an alternative explanation is that flavonoids accumulate
rapidly at the lipidic membrane of bacteria [55], and hence, block
the diffusion of AHL to the cytosol. This last effect may explain why
the free flavonoids exert a toxic response in a dose-dependent man-
ner at high concentrations, while when loaded into nanocapsules,
it is likely that the flavonoids are released under a slow kinet-
ics, and hence, bacteria can keep up with the pace to metabolise
them. About the QS response, the available evidence shows that
free baicalein does not have any significant effect on FL/ODggg
when dosed at sub-lethal concentrations. In the encapsulated form,
it seems that at intermediate concentrations (2.53 x 10~ and
6.25 x 10> mM), there is an effect, although this does not seem
to be consistent, as it was not evident at 1.24 x 10~ mM. Even
when we could not draw too many conclusions on baicalein-loaded
nanocapsules in this regards, we observed a comparable, though
much more defined trend in quercetin-loaded nanocapsules under
the same experimental setup.

In the case of the effect of free quercetin, the toxic response was
very much like that of baicalein, and a dose-dependent response
was appreciated at concentrations below 6.25 x 10~3mM and it
also exerted no effect on the relative QS response at any of the
tested doses. On the other, the quercetin-loaded nanocapsules
exhibited no toxicity, in line with baicalein-loaded ones. What
draws attention most in these systems though, was the effect of
the concentration on the relative QS response and the clear so-
called “Goldilocks” effect, which shows a clear maximum inhibition
at an intermediate concentration of 3.91 x 10~4 mM. An interpre-
tation to this effect can be offered in line with previous studies
carried out in our laboratory showing that unloaded chitosan-based
nanocapsules obtained from the same chitosan sample as in the
present study and under an identical preparation protocol, at spe-
cific number ratios of nanocapsules/bacterium inhibit the relative
QS response in a very similar way as we report here. This has been
attributed to the aggregation exerted by the capsules on the E. coli
bacteria, the result of electrostatic interactions [52]. Since in our
experiments the dose of flavonoids was controlled not by the actual
concentration loaded in the capsules, but by the total amount of
added formulations, our results therefore, concur with the men-
tioned previous findings. Also, along with the aggregation effect, the
possibility that the nanocapsules are able to deliver their payloads
locally at the cell wall cannot be ruled out.

In turn, results of the quantitative biofilm inhibition studies
clearly revealed that both flavonoids do have an incipient abil-
ity to inhibit biofilm formation of E. coli Top 10 when dosed in
free form. However, this capacity was much clearly enhanced
upon their nanoencapsulation when the doses were lower than
~2.0-2.5 x 10~4 mM, and in both cases, almost similar results were
observed between the two types of systems. A possible explanation
to the loss in activity observed at greater doses could be associated
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to the aggregation effects discussed above. It is likely that aggre-
gation may favour biofilm formation, even when the QS response
seems to be inhibited (cf. Fig. 2 ii-b) [7,56].

Overall, our findings concur with previous studies that have
documented that these phytochemicals can inhibit biofilm for-
mation [19,37]. For instance, baicalein has been reported to
inhibit P. aeruginosa PAO1 biofilm formation at concentrations of
32-128 png/mL[37], while quercetin at concentrations of 16 wg/mL
produced the highest inhibitory antibiofilm formation effect
against PAO1 among the concentrations used — 8, 16, 32 and
64 p.g/mL[19].1tis therefore, a clear indication that the inhibition of
biofilm formation could be dependent on the pathogen of interest
and that the observed effects are not necessarily dose-dependent
as in both studies lower concentrations had better results than
higher ones. Alternatively, since it is most likely that these two
phytochemicals could not be competitors with autoinducers at the
receptor level as they have shown inhibitory effects to bacteria of
different QS circuits, it could be argued that their biofilm inhibit-
ing activity stems on other mechanisms. One such pathway could
be inhibition of diguanylate cyclases (DCGs) that is responsible
for the production bis-(3’-5")-cyclic dimeric guanosine monophos-
phate (c-di-GMP) in bacteria cell; a molecule that controls the
biosynthesis of adhesins and exopolysaccharides associated with
biofilm formation [57]. A few phytochemicals have been reported
to have such an activity. For instance, N-[4-(phenylamino)phenyl]-
benzamide was reported to possesses a broad-spectrum activity,
reducing biofilm formation of both V. cholerae and P. aeruginosa
by inhibiting the DGCs and it did not possess any effect on the
bacterial growth [58,59]. Yet another possible target could be the
phytochemicals compounds able to enhance dispersal of biofilms
mainly by targeting the breakdown of the extracellular polysac-
charide that makes up the extracellular matrix. Some compounds
like norspermidine have been reported to have an enhanced dis-
persal of multispecies waste water biofilms when it was combined
with silver nitrate [60,61]. To account for the enhanced inhibition
observed when the flavonoids were loaded in the nanocapsules, we
can argue that there is a local delivery effect, that it is enhanced at
low concentrations. In our previous study, we showed that 100%
of the chitosan nanocapsules bind to E. coli Top 10, when they are
dosed at low concentrations, below the optimal “stoichiometric”
nanocapsule/bacterium binding point [52]. It is also conceivable,
that under such scenario, the nanocapsules release their payloads
in a sustained and controlled manner.

Cell viability studies were conducted using the MTT assay and
they revealed that both baicalein and quercetin are cytotoxic to
MDCK- C7 cells when dosed in solution, and produced a reduc-
tion on relative viability to less than ~50%. However, upon their
nanoencapsulation, there was a notorious increase in cell viability.
An explanation can be that the confinement of the phytochemicals
as previously argued, could result in a controlled releases of the
payloads, and hence, in lower doses over the time span of the exper-
iment. In studies conducted in our laboratory on capsaicin-loaded
nanocapsules [25], similar cytoprotective effects as those reported
here were observed. In the same studies, it has been shown that the
nanocapsules are up taken avidly by MDCK-C7 cells. If the NCs are
uptaken in intact form, the loaded flavonoids are likely to bypass
the cell membrane, and hence, be delivered intracellularly (possible
antioxidant effect in mitochondria). Ongoing studies in our labora-
tory are addressing whether the nanocapsules are internalised in
intact, partially or fully degraded form.

5. Conclusion

In this study, we have gained proof-of-concept that baicalein
and quercetin-loaded nanocapsules modify favourably the

bioactivity of both flavonoids, namely, they prevent E. coli
Top 10 QS bacteria to “listening” the signalling of AHL (added
exogenously). These effects were much clearly observed for
quercetin-loaded nanocapsules and were maximized at an inter-
mediate concentration below and above which the magnitude of
the response decreases. This “Goldilocks” response, we attribute it
to the possible role of bacteria aggregation exerted by the capsules.
The consequences of encapsulating the flavonoids were even more
accentuated on the capacity to inhibit biofilm formation in the
same bacterial strain, and only at concentrations below that at
which the maximum QS inhibition was observed. Whether the
inhibition of QS resulted also in antibiofilm formation, under
conditions that 100% of the capsules bound to bacteria, is yet to be
confirmed. Yet another favourable effect of the nanoencapsulation
of the flavonoids was the cytoprotective effect observed in MDCK-
C7 cells. The potential use of these systems in food and health is
yet to be fully realized.

Acknowledgement

Omwenga E.O. is a recipient of fellowship from DAAD-NACOSTI
(Grant no. A/13/93803; 2013). Sincere gratitude goes to our
research group for the support they gave to this work. We are
particularly thankful to Susana Pereira for her enormous and gen-
erous technical contribution to the biological studies. We are also
indebted also to Celina Vila for the E. coli Top 10 QS biosensor strain,
and to Prof. Antje von Schaewen for the generous access to the Safire
Tecan-F129013 Microplate Reader.

Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at https://doi.org/10.1016/j.colsurfb.2018.01.
019.

References

[1] S.T. Rutherford, B.L. Bassler, Bacterial quorum sensing: its role in virulence
and possibilities for its control, Cold Spring Harb. Perspect. Med. 2 (2012)
a012427.

[2] L.C. Antunes, R.B. Ferreira, Intercellular communication in bacteria, Crit. Rev.
Microbiol. 35 (2009) 69-80.

[3] L.M.A. Caetano, B.R.F. Rosana, M.C.B. Michelle, B.F. Brett, Quorum sensing in
bacterial virulence, Microbiology 156 (2010) 2271-2282.

[4] W. Zhang, C. Li, Exploiting quorum sensing interfering strategies in
gram-negative bacteria for the enhancement of environmental applications,
Front. Microbiol. 6 (2016) 1535, http://dx.doi.org/10.3389/fmicb.2015.01535.

[5] K.H. Nealson, T. Platt, ].W. Hastings, Cellular control of the synthesis and
activity of the bacterial luminescent system, J. Bacteriol. 104 (1970) 313-322.

[6] W.C. Fuqua, S.C. Winans, E.P. Greenberg, Quorum sensing in bacteria: the
LuxR-LuxI family of cell density-responsive transcriptional regulators, J.
Bacteriol. 176 (1994) 269-275.

[7] P.Y. Chung, Y.S. Toh, Anti-biofilm agents: recent breakthrough against
multi-drug resistant Staphylococcus aureus, Pathogens and Disease 70 (2014)
231-239.

[8] K.D. Xu, G.A. McFeters, P.S. Stewart, Biofilm resistance to antimicrobial agents,
Microbiology 146 (2000) 547-549.

[9] Y. Qu, K. Locock, J. Verma-Gaur, L.D. Hay, L. Meagher, A. Traven, Searching for
new strategies against polymicrobial biofilm infections: guanylated
polymethacrylates kill mixed fungal/bacterial biofilms, J. Antimicrob.
Chemother. 71 (2016) 413-421.

[10] P.Truchado, M. Larrosa, I. Castro-Ibafiez, F.A. Tomas-Barberdn, A. Allende,
Plant food extracts and phytochemicals: their role as quorum sensing
inhibitors, Trends Food Sci. Technol. 43 (2015) 189-204, http://dx.doi.org/10.
1016/j.tifs.2015.02.009.

[11] D.A. Vattem, K. Mihalik, S.H. Crixell, R.J.C. McLean, Dietary phytochemicals as
quorum sensing inhibitors, Fitoterapia 78 (2007) 302-310.

[12] L. Kumar, S. Chhibber, R. Kumar, M. Kumar, K. Harjai, Zingerone silences
quorum sensing and attenuates virulence of Pseudomonas aeruginosa,
Fitoterapia 102 (2015) 84-95, http://dx.doi.org/10.1016/j.fitote.2015.02.002.

[13] Y.H. Dong, L.H. Wang, L.H. Zhang, Quorum-quenching microbial infections:
mechanisms and implications, Philos. Trans. R. Soc. Lond. B. Biol. Sci. 362
(2007) 1201-1211.


https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
https://doi.org/10.1016/j.colsurfb.2018.01.019
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0005
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0010
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0015
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
dx.doi.org/10.3389/fmicb.2015.01535
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0025
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0030
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0035
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0040
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0045
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
dx.doi.org/10.1016/j.tifs.2015.02.009
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0055
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
dx.doi.org/10.1016/j.fitote.2015.02.002
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0065

E.O. Omwenga et al. / Colloids and Surfaces B: Biointerfaces 164 (2018) 125-133 133

[14] LA.S.V. Packiavathy, S. Priya, S.K. Pandian, A.V. Ravi, Inhibition of biofilm
development of uropathogens by curcumin—an antiquorum sensing agent
from Curcuma longa, Food Chem. 148 (2014) 453-460.

[15] M. Kalia, V.K. Yadav, P.K. Singh, D. Sharma, H. Pandey, S.S. Narvi, V. Agarwal,
Effect of cinnamon oil on quorum sensing-controlled virulence factors and
biofilm formation in pseudomonas aeruginosa, PLoS One 10 (2015) e0135495,
http://dx.doi.org/10.1371/journal.pone.0135495.

[16] C.Niuy, S. Afre, E.S. Gilbert, Sub-inhibitory concentrations of cinnamaldehyde
interferes with quorum sensing, Lett. Appl. Microbiol. 43 (2006) 489-494.

[17] G.Brackman, T. Defoirdt, C. Miyamoto, P. Bossier, S. Van Calenbergh, H. Nelis,
T. Coenye, Cinnamaldehyde and cinnamaldehyde derivatives reduce
virulence in Vibrio spp by decreasing the DNA-binding activity of the quorum
sensing response regulator LuxR, BMC Microbiol. 8 (2008) 149.

[18] V.B. Maisuria, Y. Lopez-de Los Santos, N. Tufenkji, E. Déziel, Cranberry-derived
proanthocyanidins impair virulence and inhibit quorum sensing of
Pseudomonas aeruginosa, Sci. Rep. 6 (2016) 30169, http://dx.doi.org/10.1038/
srep30169.

[19] ]. Ouyang, F. Sun, W. Feng, Y. Sun, X. Qiu, L. Xiong, Y. Liu, Y. Chen, Quercetin is
an effective inhibitor of quorum sensing: biofilm formation and virulence
factors in Pseudomonas aeruginosa, J. Appl. Microbiol. 120 (2016) 966-974.

[20] R. Manju, S. Deependra, S. Saraf, S. Swarnlata, Nanocarriers promising vehicle
for bioactive drugs, Biol. Pharm. Bull. 29 (2006) 1790-1798.

[21] ]J. Mohsen, B. Zaha, Protein nanoparticle: a unique system as drug delivery
vehicles, Aft. J. Biotechnol. 7 (2008) 4926-4934.

[22] M. Abhilash, Potential applications of nanoparticles, Int. J. Pharma Bio Sci. V1
(2010) 1-12.

[23] Y. Luo, Q. Wang, Recent development of chitosan-based polyelectrolyte
complexes with natural polysaccharides for drug delivery, Int. J. Biol.
Macromol. 64 (2014) 353-367.

[24] ]. Smith, E. Wood, M. Dornish, Effect of chitosan on epithelial cell tight
junctions, Pharm. Res. 21 (2004) 43-49.

[25] M. Kaiser, S. Pereira, L. Pohl, S. Ketelhut, B. Kemper, C. Gorzelanny, H.J. Galla,
B.M. Moerschbacher, F.M. Goycoolea, Chitosan encapsulation modulates the
effect of capsaicin on the tight junctions of MDCK cells, Sci. Rep. 5 (2015)
10048, http://dx.doi.org/10.1038/srep10048.

[26] P.K. Dutta, J. Dutta, V.S. Tripathi, Chitin and chitosan: chemistry: properties
and applications, J. Sci. Ind. Res. 63 (2004) 20-31.

[27] EJ. Pavinatto, L. Caseli, O.N. Oliveira, Chitosan in nanostructured thin films,
Biomacromolecules 11 (2010) 1897-1908.

[28] A.Bernkop-Schniirch, S. Diinnhaupt, Chitosan-based drug delivery systems,
Eur. J. Pharm. Biopharm. 81 (2012) 463-469, http://dx.doi.org/10.1016/j.ejpb.
2012.04.007.

[29] A. Kumar, A. Vimal Kumar, Why Chitosan? From properties to perspective of
mucosal drug delivery, Int. . Biol. Macromol. 91 (2016) 615-622, http://dx.
doi.org/10.1016/j.ijbiomac.2016.05.054.

[30] S. Vicente, B. Diaz-Freitas, M. Peleteiro, A. Sanchez, D.W. Pascual, et al., A
polymer/oil based nanovaccine as a single-dose immunization approach, PLoS
One 8 (2013) e62500, http://dx.doi.org/10.1371/journal.pone.0062500.

[31] S. Vicente, M. Peleteiro, B. Diaz-Freitas, A. Sanchez, A. Gonzalez-Fernandez,
MJ. Alonso, Co-delivery of viral proteins and a TLR7 agonist from
polysaccharide nanocapsules: a needle-free vaccination strategy, J. Controlled
Release 172 (2013) 773-781.

[32] P.R. Arabbi, M.I. Genovese, F.M. Lajolo, Flavonoids in vegetable foods
commonly consumed in Brazil and estimated ingestion by the Brazilian
population, J. Agric. Food Chem. 52 (2004) 1124-1131.

[33] H.R. Goo, ].S. Choi, D.H. Na, Simultaneous determination of quercetin and its
glycosides from the leaves of Nelumbo nucifera by reversed-phase
high-performance liquid chromatography, Arch. Pharm. Res. 32 (2009)
201-206.

[34] F.M. Wang, T.W. Yao, S. Zeng, Determination of quercetin and kaempferol in
human urine after orally administrated tablet of ginkgo biloba extract by
HPLC, J. Pharm. Biomed. Anal. 33 (2003) 317-321.

[35] G.Donald, K. Hertzer, G. Eibl, Baicalein-an intriguing therapeutic
phytochemical in pancreatic cancer, Curr. Drug Targets 13 (2012) 1772-1776.

[36] V. Gopu, C.K. Meena, P.H. Shetty, Quercetin influences quorum sensing in food
borne bacteria: in-vitro and in-silico evidence, PLoS One 10 (2015) e0134684,
http://dx.doi.org/10.1371/journal.pone.0134684.

[37] ]. Luo, J. Kong, B. Dong, H. Huang, K. Wang, L. Wu, C. Hou, Y. Liang, B. Li, Y.
Chen, Baicalein attenuates the quorum sensing-controlled virulence factors of
Pseudomonas aeruginosa and relieves the inflammatory response in P.
aeruginosa-infected macrophages by downregulating the MAPK and NFkB
signal-transduction pathways, Drug Des. Dev. Ther. 10 (2016) 183-203.

[38] M. Schuster, D.J. Sexton, S.P. Diggle, E.P. Greenberg, Acyl-homoserine lactone
quorum sensing: from evolution to application, Annu. Rev. Microbiol. 67
(2013) 43-63.

[39] V.C. Kalia, Quorum sensing inhibitors: an overview, Biotechnol. Adv. 31
(2013) 224-245, http://dx.doi.org/10.1016/j.biotechadv.2012.10.004.

[40] P. Gill Ranjbar, Circular dichroism techniques: biomolecular and
nanostructural analyses - a review, Chem. Biol. Drug Des. 74 (2009) 101-120.

[41] A. Grenha, Chitosan nanoparticles: a survey of preparation methods, J. Drug
Target 20 (2012) 291-300.

[42] M. Lavertu, Z. Xia, A.N. Serreqi, M. Berrada, A. Rodrigues, D. Wang, M.D.
Buschmann, A. Gupta, A validated 1TH NMR method for the determination of
the degree of deacetylation of chitosan, J. Pharm. Biomed. Anal. 32 (2003)
1149-1158.

[43] P. Calvo, C. Remuflan-Lopez, ].L. Vila-Jato, M.J. Alonoso, Development of
positively charged colloidal carriers: chitosan coated polyester nanocapsules
and submicron emulsions, Colloid Polym. Sci. 275 (1997) 46-53.

[44] C.Vila-Sanjurjo, C. Engwer, X. Qin, L. Hembach, T. Verdia-Cotelo, C.
Remufidn-Lépez, A. Vila-Sanjurjo, F.M. Goycoolea, A single intracellular
protein governs the critical transition from an individual to a coordinated
population response during quorum sensing: origins of primordial language,
bioRxiv (2016) 074369.

[45] V. Gopu, C.K. Meena, A. Muralib, P.H. Shetty, Petunidin as a competitive
inhibitor of acylated homoserine lactones in Klebsiella pneumoniae, RSC Adv. 6
(2016) 2592-2601.

[46] F. Denizot, R. Lang, Rapid colorimetric assay for cell growth and survival -
modifications to the tetrazolium dye procedure giving improved sensitivity
and reliability, J. Immunol. Methods 89 (1986) 271-277.

[47] G.M. Sulaiman, Antimicrobial and cytotoxic activities of methanol extract of
Alhagi maurorum, Afr. J. Microbiol. Res. 7 (2013) 1548-1557.

[48] A.Rezk, A. Al-Hashimi, W. John, H. Schepker, M.S. Ullrich, K. Brix, Assessment
of cytotoxicity exerted by leaf extracts from plants of the genus
Rhododendron towards epidermal keratinocytes and intestine epithelial cells,
BMC Complement. Altern. Med. 15 (2015) 364.

[49] M. Alonso-Sande, M. Cuna, C. Remuiidn-Lépez, M.J. Alonoso, Formation of
new glucomannan-chitosan nanoparticles and study of their ability to
associate and deliver proteins, Macromolecules 39 (2006) 4152-4158.

[50] F.M. Goycoolea, A. Valle-Gallego, B. Menchicchi, M.J. Santander-Ortega, M.]J.
Alonso, Chitosan-based nanocapsules: physical characterization, stability in
biological media and capsaicin encapsulation, Colloid Polym. Sci. 290 (2012)
1423-1434, http://dx.doi.org/10.1007/s00396-012-2669-z.

[51] E.O. Omwenga, A. Hensel, S. Pereira, A.A. Shitandi, F.M. Goycoolea,
Antiquorum sensing, antibiofilm formation and cytotoxicity activity of
commonly used medicinal plants by inhabitants of Borabu sub-county,
Nyamira County, Kenya, PLoS One 12 (2018) e0185722.

[52] X.Qin, C. Engwer, S. Desai, C. Vila-Sanjurjo, F.M. Goycoolea, An investigation
of the interactions between an E. coli bacterial quorum sensing biosensor and
chitosan-based nanocapsule, Colloids Surf. B: Biointerfaces 149 (2016)
358-368, http://dx.doi.org/10.1016/j.colsurfb.2016.10.031.

[53] A.Labno, D. Endy, Refinement and standardization of synthetic biological
parts and devices, Nat. Biotechnol. 26 (2008) 787-793.

[54] F.M. Goycoolea, A. Valle-Gallego, R. Stefani, B. Menchicchi, L. David, C. Rochas,
M.J. Santander-Ortega, M.]. Alonso, Chitosan-based nanocapsules: physical
characterization stability in biological media and capsaicin encapsulation,
Colloid Polym. Sci. 90 (2012) 1423-1430, http://dx.doi.org/10.1007/s00396-
012-2669-z.

[55] A.Siarheyeva, ].J. Lopez, C. Glaubitz, Localization of multidrug transporter
substrates within model membranes, Biochemistry 45 (2006) 6203-6211.

[56] K. Papenfort, B.L. Bassler, Quorum sensing signal-response systems in
Gram-negative bacteria, Nat. Rev. Microbiol. 14 (2016) 576-588, http://dx.
doi.org/10.1038/nrmicro.2016.89.

[57] R. Tamayo, J.T. Pratt, A. Camilli, Roles of cyclic diguanylate in the regulation of
bacterial pathogenesis, Annu. Rev. Microbiol. 61 (2007) 131-148, http://dx.
doi.org/10.1146/annurev.micro.61.080706.0934.

[58] P.D. Newell, S. Yoshioka, K.L. Hvorecny, R.D. Monds, G.A. O'Toole, Systematic
analysis of diguanylate cyclases that promote biofilm formation by
Pseudomonas fluorescens Pf0-1, ]. Bacteriol. 193 (2011) 4685-4698, http://dx.
doi.org/10.1128/]B.05483-11.

[59] K. Sambanthamoorthy, R.E. Sloup, V. Parashar, J.M. Smith, E.E. Kim, M.F.
Semmelhack, M.B. Neiditch, C.M. Waters, Identification of small molecules
that antagonize diguanylate cyclase enzymes to inhibit biofilm formation,
Antimicrob. Agents Chemother. 56 (2012) 5202-5211, http://dx.doi.org/10.
1128/AAC.01396-12.

[60] X.Si, X. Quan, Y. Wu, A small-molecule norspermidine and
norspermidine-hosting polyelectrolyte coatings inhibit biofilm formation by
multi-species wastewater culture, Appl. Microbiol. Biotechnol. 99 (2015)
10861-10870, http://dx.doi.org/10.1007/s00253-015-6943-0.

[61] Y. Wu, X. Quan, X. Si, X. Wang, A small molecule norspermidine in
combination with silver ion enhances dispersal and disinfection of
multi-species wastewater biofilms, Appl. Microbiol. Biotechnol. 100 (2016)
5619-5629, http://dx.doi.org/10.1007/s00253-016-7394-y.


http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0070
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
dx.doi.org/10.1371/journal.pone.0135495
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0080
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0085
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
dx.doi.org/10.1038/srep30169
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0095
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0100
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0105
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0110
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0115
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0120
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
dx.doi.org/10.1038/srep10048
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0130
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0135
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ejpb.2012.04.007
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1016/j.ijbiomac.2016.05.054
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
dx.doi.org/10.1371/journal.pone.0062500
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0155
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0160
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0165
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0170
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0175
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
dx.doi.org/10.1371/journal.pone.0134684
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0185
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0190
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
dx.doi.org/10.1016/j.biotechadv.2012.10.004
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0200
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0205
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0210
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0215
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0220
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0225
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0230
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0235
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0240
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0245
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0255
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
dx.doi.org/10.1016/j.colsurfb.2016.10.031
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0265
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
dx.doi.org/10.1007/s00396-012-2669-z
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
http://refhub.elsevier.com/S0927-7765(18)30019-5/sbref0275
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1038/nrmicro.2016.89
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1146/annurev.micro.61.080706.0934
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/JB.05483-11
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1128/AAC.01396-12
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-015-6943-0
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y
dx.doi.org/10.1007/s00253-016-7394-y

	Chitosan nanoencapsulation of flavonoids enhances their quorum sensing and biofilm formation inhibitory activities against...
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Baicalein and quercetin nanocapsules formulation
	2.3 Physicochemical properties of the nanocapsules
	2.4 Encapsulation/association efficiency
	2.5 Stability test with M9 and MEM medium
	2.6 Release assay
	2.7 Bacterial assays
	2.7.1 Bacterial strain
	2.7.2 Growth media and conditions
	2.7.3 E. coli Top10 biosensor QS assay
	2.7.4 Antibiofilm assay

	2.9 Cell viability assay
	2.9.1 Cell culture
	2.9.2 Mammalian cell (MDCK-C7) line cytotoxicity tests: 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MT...


	3 Results
	3.1 Physicochemical properties of baicalein and quercetin nanocapsules
	3.2 Stability of nanocapsules
	3.3 Release assays of baicalein and quercetin nanocapsules
	3.4 Antiquorum sensing activity of chitosan nanoencapsulated and free baicalein and quercetin
	3.5 E. coli Top 10 biosensor antibiofilm formation
	3.6 Mammalian cell cytotoxicity tests − MDCK-C7 cell line

	4 Discussion
	5 Conclusion
	Acknowledgement
	Appendix A Supplementary data
	References


