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Laccases have a great potential for use in industrial and biotechnological applications. It has affinity
towards phenolics and finds major applications in the field of bioremediation. Here, Surface Plasmon
Resonance (SPR) as a biosensor with immobilized laccase on chip surface has been studied. Laccase was
immobilized by thiol coupling method and compounds containing increasing number of hydroxyl groups
were analyzed for their binding affinity at various concentrations in millimolar range. The small molecules
like phloroglucinol (1.532 x 10-8 M), crocin (3.204 x 10~3 M), ascorbic acid (8.331 x 10-8 M), kojic acid
(6.411 x 107 M) and saffron (3.466 x 10-7 M) were studied and respective Kp values are obtained. The
results were also confirmed by inhibition assay and ICsy values were calculated. All these molecules
showed different affinity towards laccase in terms of Kp values. This method may be useful for prelim-
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ICso inary screening and characterization of small molecules as laccase substrates, inhibitors or modulators
of activity. This method will be useful for rapid screening of phenolics in waste water because of high
sensitivity.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Laccase is belonging to the polyphenol oxidase family found in
plant, fungi and bacteria with copper atoms in the catalytic cen-
ter. Phenolic substrates such as ortho-and para-diphenol, aromatic
compounds with hydroxyl and amine groups are [1] oxidized by
laccase. It catalyzes the oxidation of organic substrates of broad
range such as phenols concomitantly reducing molecular oxygen
to water. Because of various functions and broad substrate speci-
ficity, laccase can be utilized in industrial processes like, textile
dye bleaching, paper and pulp industry, phenolics removal, efflu-
ent detoxification, and many other processes [2,3]. In addition, it
is used in cosmetics as deodorants, other products such as tooth-
paste, mouthwash, detergent, soap, and diapers [4-11] also, in
food industry for wine stabilization [12], stabilization of fruit juices
[13-15], in dough and/or baked products to increase strength of
gluten structures [13,16,17], in pharmaceutical industry in anes-
thetics, anti-inflammatory drugs, also in antibiotics and sedatives
[18-21],in nanobiotechnology, as nanoparticles based biosensors
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and in biosensors for determination of glucose, aromatic amines
and phenolic compounds [22-28].

Many reports are available on immobilization of laccase as it
can be easily reused and have longer stability compared to free
enzyme. Moreover, immobilization of the biocatalyst can reduce
the enzyme loss and facilitate their use in continuous processes,
such as bioreactors [29-32]. Successful immobilization of laccases
were carried out on support materials such as Eupergit® C [33],
mesoporous silica spheres which are magnetically separable [34],
gold nanoporous particles [35], mesostructured cellular foams [36],
fumed silica nanoparticles [37], platinum surface [38-40] etc. Lac-
case, due to its broad substrate range has wide applications in
biosensor technology for the detection of phenolics [41]. Immo-
bilized laccase enzyme was used as biosensor for determination
of phenolic acids in human plasma [42], phenols such as cate-
chols detection in tea [43], phenolic compounds in wine, lignin
and phenolic residues in wastewaters [44], detection, oxidation
and removal of phenolic compounds from wastewater [45,46,33],
determination of catecholamine from plasma and urine samples
[47]. Reported conventional methods are available for successful
immobilization of laccase using electrode surfaces. To avoid these
labor-intensive methods Surface Plasmon Resonance with immo-
bilized laccase is studied.
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SPR with different coupling chemistries for immobilization of
enzyme facilitates interaction of small molecules and their bind-
ing affinity. SPR is optical technique analyzes label-free, real-time
detection of binding of biomolecules such as coupling of ligand and
receptor, interactions between antigen-antibody and DNA-protein
[48]. As a biosensor, SPR has been used in various studies, for detec-
tion of bacteria causing water born diseases [49], interaction of
nitric oxide synthase I and calmodulin to the CaM-binding site [50]
etc. In present study, affinity of ascorbic acid, phloroglucinol, kojic
acid, saffron and crocin towards fungal laccase was detected by
SPR using surface-immobilized laccase. Change in refractive index
indicates binding of analyte to the immobilized ligand at differ-
ent concentrations [48]. The corresponding binding constants were
generated after affinity screening analysis. These results were also
confirmed by inhibition assay. This is the first report evaluating
the binding and affinity studies of immobilized laccase using SPR
towards various compounds. This approach might be helpful for
the detection and affinity of various bioactive phenolics from waste
generated from beer, wine and fruit juice industrial waste.

2. Material and methods
2.1. Chemicals

Sensor Chips CM5, N-ethyl-N-(dimethylaminopropyl)-
carbodiimide (EDC), N-hydroxysuccinimide (NHS), ethanolamine
HCl, vials, and caps were obtained from GE Healthcare Life Sci-
ences, Uppsala, Sweden. Saffron, crocin, Trametes versicolor laccase
and ABTS, were purchased from Sigma (St. Louis, MO, USA) and
ascorbic acid, phloroglucinol and kojic acid were obtained from
Himedia, Mumbai, India. All other chemicals used in study were of
highest purity and analytical grade. Milli Q (Milipore) water was
used for preparing buffers and reagents.

2.2. Enzyme activity

2.2.1. Laccase activity assay

Laccase activity of T. versicolor was determined by oxidation of
2,2'-azino-bis(3 ethylbenzthiazoline-6-sulfonic acid) (ABTS) as a
substrate. The reaction mixture containing 10% ABTS and 100 mM
sodium acetate buffer (pH 4.8) [51]. The reaction was started
with the addition of enzyme solution. The oxidation of substrate
was monitored at 420 nm (£420=36,000M~'cm~1). One unit of
enzyme activity was defined as the amount of enzyme oxidizing
1 M of ABTS per min. The reaction was carried out at 30 °C using
Shimadzu UV visible spectrophotometer.

2.2.2. Inhibition of laccase activity

Inhibitory activity assay was carried out as same as for standard
laccase assay. Ascorbic acid, kojic acid, phloroglucinol, saffron and
crocin were first dissolved in deionised water and incubated with
0.2 ml of fungal laccase (1 mg/ml) in 100 mM sodium acetate buffer,
pH 4.8. The reaction was incubated for 90s. Then, absorbance of
each mixture was determined by the optical density at respective
wavelength using Shimadzu UV visible spectrophotometer. ABTS is

Table 1
Binding affinity (Kp) and ICsgvalues of compounds from SPR and spectrophotometric
method.

Compound name Kp values 1Cs9 values
Ascorbic acid 8.331x 108 M 34.66+4.16 uM
Kojic acid 6.411x 1077 M 10.33+3.5uM
Phloroglucinol 1.532x 108 M 0.266 +0.06 uM
Saffron 3.466 x 107’ M 0.19+0.05 uM
Crocin 3.204x 103 M 0.17 +£0.05 uM

Data is presented as mean of three replicates with standard deviation (+).

a positive control. The inhibitory percentage of laccase was calcu-
lated as follows:

Abs. of test compounds [Final — Initial]

Abs. of ABTS[Final — Initial] x 100

%inhibition =

The extent of inhibition by the addition of test compound was
expressed as percentage necessary for 50% inhibition (ICsq).

2.3. Surface Plasmon Resonance (SPR) studies

SPR interaction studies were performed using a Biacore T200
optical biosensor (GE Healthcare Life Sciences, Bangalore, India).
The phosphate buffer saline (PBS) was used to carry out surface
sensitive SPR measurements. Working solutions were diluted from
analytes stock solutions, in PBS buffer before use on the sensor
surface. Data were collected with the Biacore control software.
Changes in the refractive index as a function of time were mon-
itored under constant flow conditions [52]. The relative amount of
analytes bound to the laccase was determined by measuring the
net increase of refractive index over time compared with that of
running buffer alone. There is an inline subtraction of reference
surface during the run which is reported in response units (RU).
The surface, between each increasing concentration of analytes was
washed with PBS (running buffer).

Fungal laccase dissolved (1 mg/ml) in 10 mM sodium acetate
buffer pH 5.0 was immobilized on CM5 chip by thiol coupling.
The surface of flow cell was activated for 7 min using a 1:1 mix-
ture of 100mM N-ethyl-N-(dimethylaminopropyl)-carbodiimide
(EDC) and 100 mM N-hydroxysuccinimide (NHS) (both dissolved
in water) with a flow rate of 10 pl/min and subsequently laccase
was injected for 7 min, and the surface holding residual activated
carboxy methyl groups were blocked by a 7 min injection of 1M
ethanolamine, pH 8.5. A total of 326 (RU) of laccase were immo-
bilized. For this study, flow cell was blank immobilized (without
protein) for using as a reference.

To analyze interactions of saffron, ascorbic acid, phloroglucinol,
kojic acid and crocin with immobilized laccase, compounds were
dissolved in 10 mM PBS pH 7.4 except crocin pH 8.5 containing
0.005% P20 and were injected. Experiments were performed in sin-
gle cycle kinetics mode with higher concentrations in millimolar
range of ascorbic acid (5.7, 2.85, 1.42, 0.712, 0.356), phlorogluci-
nol (8, 4, 2, 1, 0.5), kojic acid (3.5, 1.75, 0.87, 0.437, 0.218), saffron
(60, 30, 15, 7.5, 3.75), and crocin (1, 0.5, 0, 25, 0.125, 0.0625). The
same buffer was used as the running buffer (Tables 1 and 2). Flow
rate was maintained constant throughout the kinetics experiment
(10 pl/min), contact time and dissociation time was kept at 180s

Table 2

Interaction kinetics of T. versicolor laccase of analytes with two state fit model.
Analytes ka1l (1/Ms) Kq1(1/s) Ka2 (1/s) ka2 (1/s) Kp (M)
Phloroglucinol 7885+ 8.6E+2 0.07135+0.0053 0.001841+9.0E-5 3.122x10°6+1.8E-5 1.532x 1073 M
Kojic acid 3.145 x 10* £ 4.0E+4 0.02356 +0.018 7.451 x 1074 +£0.0016 0.004417 +0.0039 6.411x 1077 M
Saffron 4.532 x 10* £ 6.5E+4 0.09320+0.012 8.655x 107> £2.2E—-5 1.755x 10> +1.8E -4 3466 x 107’ M
Ascorbic acid 1.881x10° +£1.3E+5 0.01813 £+ 0.0068 5.697 x 1074 +£4.9E -4 0.003641+0.0017 8331 x10°8M
Crocin 154.2+15 0.6043 +0.025 2.052x 104+ 1.9E-5 9.191x 104+ 1.5E-4 3.204x103>M
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and 200 s respectively. Regeneration was carried out for 30 s with
10 mM glycine pH 2.0 at 30 l/min [53]. The data analysis was done
with T200 evaluation software ver. 2.0 and was fit to two state
binding [54].

3. Results and discussion

Laccase has a great potential for industrial and biotechnological
applications. It has ability to metabolize phenolic compounds in the
field of bioremediation [55,56]. A number of immobilized laccase
biosensors have been developed and studied for the determina-
tions of phenolics [24,25,33,41-47,57-63]. All reported biosensors
consist of an electrode for immobilization of laccase enzyme which
showed stability for one to two months only. Therefore in this study
we have used SPR as a biosensor for immobilization of laccase on
chip surface which can be used for hundreds of times without los-
ing enzyme biological activity under proper maintenance. Here the
chip surface was used for detection of binding affinity with different
small molecules by thiol coupling method. SPR is a real time, label
free, quick method compared with others reported in the literature
because SPR has the ability to detect several compounds within a
short time [33,45] and with great sensitivity and reproducibility.
Laccase with broad substrate specificity towards various phenolics
was studied using electrode surfaces as laccase biosensor for detec-
tion, monitoring and oxidation of phenolic compounds [39,25,46].
The affinity of phenolics towards immobilized laccase and their
detection will develop new approaches for characterization of
bioactive phenolics binding to laccase. In this study, compounds
were chosen with increasing number of hydroxyl groups in their
structure as laccase has affinity towards mono, di, and tri hydroxyl
phenols. Also these compounds are important in pharmaceutical
and food industry for their use as antioxidants, coloring and flavor-
ing agents, indicators of food quality, as anticancer agent etc.

In the present study, the steady state affinity constants (Kp) fol-
lowed by binding affinity (Fig. 1) of compounds were evaluated
with SPR. For very small compounds it is very difficult to esti-
mate kinetics as on/off rates are very fast. The studied compounds
showed affinity towards immobilized laccase (T. versicolor). Laccase
showed binding constants (Kp) for ascorbic acid (8.331 x 103 M),
kojicacid (6.411 x 10~7 M), phloroglucinol (1.532 x 10~8 M), crocin
(3.204 x 10-3 M) and saffron (3.466 x 10~7 M). All these molecules
showed higher affinity towards laccase except crocin. This indi-
cates that laccase oxidizes above compounds with characteristics
similar to p-diphenol. Laccase activity reduces by oxidizing these
compounds which was confirmed by calculating percentage inhi-
bition and their IC5q values. The IC5q value of ascorbic acid and kojic
acid was observed 34.66 .M and10.33 wM respectively (Fig. 2). It
has been reported in literature that fungal laccase oxidize ascor-
bic acid [64]. T. versicolor laccase [42]| was used to determine the
phenolic acid including ascorbic acid present in blood plasma. In
food industry, laccase was used in monitoring ascorbic acid [13] as
it is a relevant indicator of food quality. Acting as an antioxidant
due to action of polyphenols, ascorbic acid can improve the color
and palatability of food products. While ICsq value for kojic acid
reported by Refs. [65] and [66] was 0.13 wM and 175 uM respec-
tively. The ICsg value of phloroglucinol was 0.26 uM (Fig. 3). T.
versicolor laccase with slow oxidation rate showed stability in the
presence of phloroglucinol [67]. Phloroglucinol with more number
of hydroxyl groups on the aromatic ring can aid in decoloriza-
tion of indigo carmine as efficient laccase mediators due to which
its phenoxy radicals make them more stable [68]. IC5q value for
crocinwas 0.17 wM and saffron 0.19 wM (Fig. 3). Ascorbic acid, kojic
acid and phloroglucinol are well studied compounds with laccase
enzyme. Crocinis a well known inhibitor of monophenolase activity
of polyphenol oxidase (PPO) and also found to be inhibiting diphe-
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Fig. 1. Binding sensorgrams of phloroglucinol, kojic acid, saffron, ascorbic acid and
crocin with immobilized laccase.

nolase laccase enzyme. As the compounds described above have
applications in the food and pharmaceutical industry, it might be
advantageous to investigate them using SPR. The biosensor was
thus successful in revealing binding of the compounds with immo-
bilized laccase in a very easy manner without using any labeling
step.The present study demonstrates for the first time the detection
of phenolics and their oxidation by immobilized laccase showing
their affinity constants with SPR.
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Fig. 3. Effect of increasing concentrations (M) of compounds on laccase enzyme and its % inhibition.

4. Conclusions

Here we can conclude that, SPR is a label free, real time method
used for detection of phenolics. SPR based biosensor with immo-
bilized laccase showed binding affinity constants which were
confirmed by enzyme inhibition assay of laccase. The proposed
method is very simple and has potential applications for the devel-
opment of SPR biosensors related characterization of inhibitors
and modulators of laccase activity. Detection of various pheno-
lics present in fruit juices, wine, analysis of lignin in wastewater
and to check the levels of tannins at different stages of tea pro-
duction, determination of neurological transmitters in plasma and
urine samples will be taken up in our later studies.

Acknowledgements

BSR meritorious fellowship to Ms. Swati V. Surwase from UGC,
New Delhi, India is gratefully acknowledged. Corresponding author
wishes to thank Interdisciplinary Programme for Life Sciences
sponsored by Department of Biotechnology and Department of
Biochemistry Government of India under DBT-IPLS programme
(Sanction order no. BT/PR4572/INF/22/147/2012). All the authors

would like to thank Maharashtra State Govt. for Golden Jubilee
funding’s.

References

[1] J.H. Moon, T.C. Hyoung, G.S. Hong, Purification and characterization of laccase
from the white rot fungus Trametes versicolor, ]. Microbiol. 43 (2005) 555-560.

[2] GJ. Nyanhongo, G.G. Gomes, R. Zvauya, J. Read, W. Steiner, Production of
laccase by a newly isolated strain of Trametes modesta, Bioresour. Technol. 84
(2002) 259-263.

[3] K.S. Shin, The role of enzymes produced by white-rot fungus Irpex lacteus in
the decolorization of the textile industry effluent, ]. Microbiol. 42 (2004)
37-41.

[4] T.Hiramoto, K. Abe, Deodorization method W02004103329 A1, 2004.

[5] R.Tsuchiya, B.R. Petersen, S. Christensens, Reduction of malodour
W09909143 A, 1999.

[6] S. Miyamoto, N. Kita, F. Tokita, T. Hirayama, Composition in oral cavity
JP2005289918A2, 2005.

[7] T.Omori, Y. Akiyama, K. Nagae, Gum containing laccase-enclosed capsule
JP2004321077 A2, 2004.

[8] L. Huybrechts, Tooth whitening products and procedures W02001064175 A1,
2001.

[9] E.K. Markussen, P.E. Jensen, Stabilisation of granules comprising active
compounds W02006053564 A2, 2006.

[10] T. Kozato, H. Uyama, G. Kurisawa, Z.E. Zheng, W. Uemura, Antibacterial dental
composition containing polyamine-polyphenol hybrid JP2005289860A2,
2005.

[11] K. Enomoto, Health food product JP2005095033 A2, 2005.


http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0005
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0010
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0015

114 S.V. Surwase et al. / Enzyme and Microbial Technology 82 (2016) 110-114

[12] R.C. Minussi, G.M. Pastore, N. Duran, An interesting enzyme in ecology:
laccase, Alimentaria 304 (1999) 145-150.

[13] R.C. Minussi, G.M. Pastore, N. Duran, Potential applications of laccase in the
food industry, Trends Food Sci. Technol. 13 (2002) 205-216.

[14] P. Piacquadio, G. De Stefano, M. Sammartino, V. Sciancalepore, Apple juice
stabilization by laccase (EC. 1.10.3.2) immobilized on metal-chelate
regenerable carriers, Ind. Bevande 156 (1998) 378-383.

[15] N. Alper, J. Acar, Removal of phenolic compounds in pomegranate juices using
ultrafiltration and laccase-ultrafiltration combinations, Nahrung 48 (2004)
184-187.

[16] F. Arnaut, T. Dauvrin, R. Contreras, G. Vanneste, ]. Viaene, Overexpressed and
purified Aspergillus ficuum oxidase and nucleic acid encoding same
EP1637595 A1, 2006.

[17] J.Q. Si, Use of laccase in baking W09428728 A1, 1994.

[18] S. Nicotra, M.R. Cramarossa, A. Mucci, U.M. Pagnoni, S. Riva, L. Forti,
Biotransformation of resveratrol: synthesis of trans-dehydrodimers catalyzed
by laccases from Myceliophtora thermophyla and from Trametes pubescens,
Tetrahedron 60 (2004) 595-600.

[19] J.C. Haught, G.S. Miracle, A.C. Convents, Antibacterial agents and compositions
W02001060157 A2, 2001.

[20] W.D. Juelich, F. Schauer, U. Lindequist, E. Hammer, A. Schaefer, U. Jonas,
Biotransformation of biologically active compounds made of various classes
of chemical substances by means of laccase and manganese peroxidase
enzymes W02001098518 A2, 2001.

[21] C.Johansen, A basic protein composition for killing or inhibiting microbial
cells W09606532 A1, 1996.

[22] F. Xu, Recent progress in laccase study: properties, enzymology, production,
and applications, in: M.C. Flickinger, S.W. Drew (Eds.), The Encyclopedia of
Bioprocessing Technology: Fermentation, Biocatalysis, and Bioseparation,
John Wiley & Sons, Inc., New York, N.Y, 1999, pp. 1545-1554.

[23] C.G. Bauer, A. Kuhn, N. Gajovic, O. Skorobogatko, P.J. Holt, N.C. Bruce, et al.,
New enzyme sensors for morphine and codeine based on morphine
dehydrogenase and laccase, Fresenius J. Anal. Chem. 364 (1999) 179-183.

[24] R.A. Simkus, V. Laurinavicius, L. Boguslavsky, T. Skotheim, S. Tanenbaum, J.P.
Nakas, et al., Laccase containing sol-gel based optical biosensors, Anal. Lett.
29 (1996) 1907-1919.

[25] R.S. Freire, N. Duran, ]. Wang, L.T. Kubota, Laccase based screen printed
electrode for amperometric detection of phenolic compounds, Anal. Lett. 35
(2002) 29-38.

[26] S.AS.S. Gomes, ].M.F. Nogueira, M.J.F. Rebelo, An amperometric biosensor for
polyphenolic compounds in red wine, Biosens. Bioelectron. 20 (2004)
1211-1216.

[27] 1. Willner, E. Katz, Magnetic control of electrocatalytic and bioelectrocatalytic
processes, Angew. Chem. Int. Ed. Engl. 42 (2003) 4576-4588.

[28] G.Zeng, L. Tang, Y. Zhang, C. Niu, G. Shen, Huang. Sensor and detection
method of phenolic compounds in compost CN1837809 A, 2006.

[29] R.A. Sheldon, Enzyme immobilization: the quest for optimum performance,
Adv. Synth. Catal. 349 (2007) 1289-1307.

[30] X.K.Hu, H.M. Hwang, P. Wang, Oxidation of anthracene by immobilized
laccase from Trametes versicolor, Bioresour. Technol. 100 (2009) 4963-4968.

[31] P.E.X. Corvini, S.P. Lance, laccase-nanoparticle conjugates for the elimination
of micropollutants (endocrine disrupting chemicals) from wastewater in
bioreactors, Rev. Environ. Sci. Biotechnol. 9 (2010) 23-27.

[32] G. Hommes, C.A. Gasser, C.B.C. Howald, R. Goers, D. Schlosser, P. Shahgaldian,
P.F.X. Corvini, Production of a robust nanobiocatalyst for municipal
wastewater treatment, Bioresour. Technol. 115 (2012) 8-15.

[33] A.D’Annibale, S.R. Stazi, V. Vinciguerra, G.G. Sermanni, Oxirane-immobilized
Lentinula edodes laccase: stability and phenolics removal efficiency in olive
mill wastewater, J. Biotechnol. 77 (2000) 265-273.

[34] Y. Zhu, S. Kaskel, J. Shi, T. Wage, K.H. van Pée, Immobilization of Trametes
versicolor laccase on magnetically separable mesoporous silica spheres, Chem.
Mater. 19 (2007) 6408-6413.

[35] HJ. Qiu, C.X. Xu, X.R. Huang, Y. Ding, Y.B. Qu, P.J. Gao, Immobilization of
laccase on nanoporous gold: comparative studies on the immobilization
strategies and the particle size effects, J. Phys. Chem. 113 (2009) 2521-2525.

[36] A.Rekug, ]. Bryjak, K. Szymanska, A.B. Jarzebski, Laccase immobilization on
mesostructured cellular foams affords preparations with ultra-high activity,
Process Biochem. 44 (2009) 191-198.

[37] Y.S. Zimmermann, P. Shahgaldian, G. Hommes, P.F.X. Corvini,
Sorption-assisted surface conjugation: a way to stabilize laccase enzyme,
Appl. Microbiol. Biotechnol. 92 (2011) 169-178.

[38] D. Quan, Y. Kim, K.B. Yoon, W. Shin, Assembly of laccase over platinum oxide
surface and application as an amperometric biosensor, Bull. Korean Chem.
Soc. 23 (2002) 385-390.

[39] D. Quan, W. Shin, Amperometric detection of catechol and catecholamines by
immobilized laccase from DenilLite, Electroanalytical 19 (2004) 1576-1582.

[40] D. Quan, Y. Kim, W. Shin, Characterization of an amperometric laccase
electrode covalently immobilized on platinum surface, J. Electroanal. Chem.
561 (2004) 181-189.

[41] Kuznetsov, G.P. Shumakovich, O.V. Koroleva, A.l. Yaropolov, On applicability
of laccase as label in the mediated and mediatorless electroimmunoassay:

effect of distance on the direct electron transfer between laccase and
electrode, Biosens. Bioelectron. 16 (2001) 73- 84.

[42] D. Odaci, S. Timur, N. Pazarlioglu, M.R. Montereali, W. Vastarella, R. Pilloton, A.
Telefoncu, Determination of phenolic acids using Trametes versicolor laccase,
Talanta 71 (2007) 312-317.

[43] A.L. Ghindilis, V.P. Gabrilova, A.l. Yaropolov, Laccase based biosensor for
determination of polyphenols: determination of catechols in tea, Biosens.
Bioeletron. 7 (2015) 127-131.

[44] A.L Yaropolov, O.V. Skorobogat’ko, S.S. Vartanov, S.D. Varfolomeyev, Laccase:
properties, catalytic mechanism, and applicability, Appl. Biochem. Biotechnol.
49 (1994) 257-280.

[45] R.S. Freire, N. Duran, L.T. Kubota, Effects of fungal laccase immobilization
procedures for the development of a biosensor for phenol compounds,
Talanta 54 (2001) 681-686.

[46] E.M. Amman, C.A. Gasser, G. Hommes, P.F.X. Corvini, Immobilization of
defined laccase combinations for enhanced oxidation of phenolic
contaminants, Appl. Microbiol. Biotechnol. 98 (2014) 1397-1406.

[47] L.1B.Silvaa, F.D.P. Ferreiraa, A.C. Freitas, A.P. Teresa, R. Santos, A.C. Duarte,
Optical fiber biosensor coupled to chromatographic separation for screening
of dopamine, norepinephrine and epinephrine in human urine and plasma,
Talanta 80 (2009) 853-857.

[48] S.A. Patil, S. Sistla, ].P. Jadhav, Evaluation of crocin and curcumin affinity on
mushroom tyrosinase using surface plasmon resonance, Int. J. Biol. Macromol.
65 (2014) 163-166.

[49] D.L. Enrico, M.G. Manera, G. Montagna, F. Cimaglia, M. Chiesa, P. Poltronieri, A.
Santino, R. Rella, SPR based immunosensor for detection of Legionella
pneumophila in water samples, Opt. Commun. 294 (2013) 420-426.

[50] T. Fischer, M. Beyermann, K.W. Koch, Application of different surface plasmon
resonance biosensor chips to monitor the interaction of the CaM-binding site
of nitric oxide synthase I and calmodulin, Biochem. Biophys. Res. Commun.
285(2001) 463-469.

[51] S.D. Kalme, G.K. Parshetti, S.U. Jadhav, S.P. Govindwar, Biodegradation of
benzidine based dye direct blue-6 by Pseudomonas desmolyticum NCIM 2112,
Bioresour. Technol. 98 (2007) 1405-1410.

[52] E. Milkani, R. Christopher, W. Lambert, M.G. Grant, Direct detection of
acetylcholinesterase inhibitor binding with an enzyme-based surface
plasmon resonance sensor, Anal. Biochem. 408 (2011) 212-219.

[53] S. Patil, S. Sistla, J. Jadhav, Screening of inhibitors for mushroom tyrosinase
using surface plasmon resonance, J. Agric. Food Chem. 62 (2014)
11594-11601.

[54] Y. Liu, W.D. Wilson, Quantitative analysis of small molecule-nucleic acid
interactions with a biosensor surface and surface plasmon resonance
detection, Methods Mol. Biol. 613 (2010) 1-23.

[55] N. Duran, E. Esposito, Potential applications of oxidative enzymes and
phenoloxidase-like compounds in wastewater and soil treatment: a review,
Appl. Catal. B: Environ. 28 (2000) 83-99.

[56] L. Gianfreda, F. Xu, ].M. Bollag, Laccases a useful group of oxidoreductive
enzymes, Biorem. J. 3 (1999) 1-25.

[57] D.B. Papkovsky, A.L. Ghindilis, Kurochkin IN. Flow-cell fiberoptic enzyme
sensor for phenols, Anal. Lett. 26 (1993) 1505-1518.

[58] J. Wang, Y.H. Lin, A.V. Eremenko, A.L. Ghindilis, I.N. Kurochkin, A laccase
electrode for organic-phase enzymatic assays, Anal. Lett. 26 (1993) 197-207.

[59] M. Guo, S. Hu, W. Wang, X. Zhou, Study on laccase electrode and its
application, Fenxi Kexue Xuebao 10 (1994) 16-19.

[60] N.Zouari, ]J.L. Romette, D. Thomas, Laccase electrode for the continuous-flow
determination of phenolic compounds, Biotechnol. Tech. 8 (1994) 503-508.

[61] A.L Yaropolov, A.N. Kharybin, J. Emneus, G. Marko-Varga, L. Gorton,
Flow-injection analysis of phenols at a graphite electrode modified with
co-immobilised laccase and tyrosinase, Anal. Chim. Acta 308 (1995) 137-144.

[62] R.S. Soares, R.S. Freire, N. Duran, L.T. Kubota, Amperometric biosensors for
phenolic compounds in samples of environmental interest, Quim. Nova 24
(2001) 77-86.

[63] K.L. Shuttleworth, J.M. Bollag, Soluble and immobilized laccase as catalysts for
the transformation of substituted phenols, Enzym. Microb. Technol. 8 (1986)
171-177.

[64] A.M. Mayer, R.C. Staples, Laccase: new functions for an old enzyme,
Phytochemical 60 (2002) 551-565.

[65] S. Murao, Y. Hinode, E. Matsumura, A. Numata, K. Kawai, H. Ohishi, H. Jin, H.
Oyama, T. Shin, A novel laccase inhibitor, N-hydroxyglycine, produced by
Penicillium citrinum YH-31, Biosci. Biotechnol. Biochem. 56 (1992) 987-988.

[66] Y. Kim, S. Yeo, H. Song, H.T. Choi, Enhanced expression of laccase during the
degradation of endocrine disrupting chemicals in Trametes versicolor, J.
Microbiol. 46 (2008) 402-407.

[67] C. Mai, W. Schormann, O. Milstein, A. Huttermann, Enhanced stability of
laccase in the presence of phenolics compounds, Appl. Microbiol. Biotechnol.
54 (2000) 510-514.

[68] M.R. Hu, Y.P. Chao, G.Q. Zhang, Z.Q. Xue, S. Qian, Laccase-mediator system in
the decolorization of diVerent types of recalcitrant dyes, J. Ind. Microbiol.
Biotechnol. 151 (2008) 587-598.


http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0060
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0065
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0070
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0075
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0090
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0110
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0115
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0120
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0125
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0130
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0135
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0145
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0150
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0155
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0160
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0165
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0170
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0175
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0180
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0185
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0190
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0195
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0200
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0205
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0210
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0215
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0220
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0225
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0230
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0235
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0240
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0245
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0250
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0255
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0260
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0265
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0270
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0275
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0280
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0285
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0290
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0295
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0300
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0305
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0310
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0315
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0320
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0325
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0330
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0335
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340
http://refhub.elsevier.com/S0141-0229(15)30056-9/sbref0340

	Interaction of small molecules with fungal laccase: A Surface Plasmon Resonance based study
	1 Introduction
	2 Material and methods
	2.1 Chemicals
	2.2 Enzyme activity
	2.2.1 Laccase activity assay
	2.2.2 Inhibition of laccase activity

	2.3 Surface Plasmon Resonance (SPR) studies

	3 Results and discussion
	4 Conclusions
	Acknowledgements
	References


