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ABSTRACT

Biosurfactants have many advantages over synthetic surfactants but have higher produc-
tion costs. Identifying microorganisms with high production capacities for these molecules
and optimizing their growth conditions can reduce cost. The present work aimed to iso-
late and identify a fungus with high biosurfactant production capacity, optimize its growth
conditions in a low cost culture medium, and characterize the chemical structure of the
biosurfactant molecule. The fungal strain UFSM-BAS-01 was isolated from soil contam-
inated with hydrocarbons and identified as Fusarium fujikuroi. To optimize biosurfactant
production, a Plackett-Burman design and a central composite rotational design were used.
The variables evaluated were pH, incubation period, temperature, agitation and amount of
inoculum in a liquid medium containing glucose. The partial structure of the biosurfactant
molecule was identified by nuclear magnetic resonance spectrometry. F. fujikuroi reduced
surface tension from 72 to 20 mN m~? under the optimized conditions of pH 5.0, 37 °C and 7
days of incubation with 190 rpm agitation. The partial identification of the structure of the
biosurfactant demonstrated the presence of an o,p-trehalose. The present study is the first
report of the biosynthesis of this compound by F. fujikuroi, suggesting that the biosurfactant
produced belongs to the class of trehalolipids.
© 2018 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction

Biosurfactants are secondary metabolites produced by
microorganisms under specific growth conditions. Biosur-
factants have an amphiphilic structure, enabling them to
reduce surface and interfacial tension in water—oil and
oil-water systems. Biosurfactants can be classified into several
classes: glycolipids, lipopeptides, lipoproteins, phospho-
lipids, fatty acids, polymeric biosurfactants and particulate
biosurfactants.! Their structural diversity allows biosurfac-
tants to perform a variety of functions in the petrochemical,
environmental, pharmaceutical, food, and agricultural indus-
tries, among others.?

Compared to synthetic surfactants, biosurfactants present
lower toxicity, higher biodegradability, greater resistance
to extreme environmental conditions, are produced from
renewable sources and have greater ecological acceptability.’
Despite these advantages, a limitation to the industrial use
of biosurfactants is their higher production costs compared
to synthetic surfactants.* One means of reducing these costs
is to identify and use microorganisms with high production
capacities for these molecules. Within the diversity of known
microorganisms, few are good producers of biosurfactants.
Some fungi can produce larger amounts of biosurfactants than
bacteria, which is explained by their cell wall stiffness.”

Another way to reduce the cost of biosurfactants is
to optimize growth medium conditions for the producing
microorganisms. Several environmental factors influence bio-
surfactant yield and quality, particularly the carbon and
nitrogen source, pH, aeration, inoculum quantity and incuba-
tion period.®® The present work aimed to isolate and identify
a fungus with high biosurfactant production capacity from
soil samples contaminated with hydrocarbons, to optimize its
growth conditions in a low cost culture medium and to char-
acterize the chemical structure of the biosurfactant molecule
by nuclear magnetic resonance spectrometry techniques.

Material and methods
Fungus isolation

Microorganisms were isolated from 10 soil samples contam-
inated with hydrocarbons from mechanical workshops and
fuel stations in the city of Santa Maria, RS, Brazil (29° 41
03”'S, 53° 48’ 25” W). One gram of soil was added to a mineral
medium containing type B diesel [with 6% (v/v) biodiesel] as
the sole source of carbon and energy. The mineral medium
had the following macronutrient composition (gL~!): 0.04
CaC12~2H20; 0.1 KHQPO4; 0.8 NaCl; 1.0 NH4C1; 0.2 MgSO4-7HQO;
0.1 KCl; and micronutrients (mgL~1): 0.1 CoCly-6H,0; 0.425
MnCl,-4H,0; 0.05 ZnCly; 0.015 CuSO4-5H,0; 0:01 NiCly-6H,0.
The pH was adjusted to 5.8. The diesel oil (10mLL~?1) was fil-
tered through a 0.22 pm membrane and mixed with medium
that had been previously autoclaved at 121°C for 20 min. The
culture medium containing the diesel oil and the soil was incu-
bated at 30°C and 120 rpm for 7 days. An aliquot of 1 mL was
transferred every seven days to the same sterile medium and
incubated under the same conditions. After seven transfers,

1mL of the resulting medium was diluted to 10~® and a 0.1 mL
aliquot of each dilution was added to Petri dishes containing
PDA medium at pH 5.8. The plates were incubated for 96 h at
30°C in a microbiological oven.

Selection of biosurfactant-producing fungus

From the 10 soil samples, five isolates were obtained with
different colony morphologies. The fungi were purified from
sequential replicates using PDA medium. To select the best
biosurfactant producers, fungi were grown in five 250mL
Erlenmeyer flasks containing 50 mL of liquid culture medium
with the following composition (gL~!): 30.0 glucose; 1.0
NH4NO3; 6.0 KHyPOg4; 2.7 NapyHPO4;0.1 MgSO4~7H20; 0.0012
CaCly; 0.00165 FeS0O4-7H,0; 0.0015 MnS0O4-4H, 0 and 0.0022 Na-
EDTA. The vials were incubated for 6 days at 120 rpm and 32 °C.
Every two days, the culture medium samples were centrifuged
at 10,000rpm for 4min, and the supernatant was collected
for the measurement of the surface tension (mNm~1) and
emulsification index. The surface tension was assessed by
the pendant drop method on 10 drops of supernatant using
a DSA 25E goniometer (KriissGmbH, Hamburg, Germany). The
emulsification index was evaluated by mixing 2mL of the
supernatant with 2mL of filtered diesel oil in flat bottom test
tubes and vortexing for 40s. The emulsification index (% IEp4)
was determined as described by Nitschke and Pastore® by the
division between the height of the emulsion layer and the
total height of the solution, as measured by digital electronic
calliper.

Fungus identification

The most promising fungus for the production of biosurfac-
tants was coded as UFSM-BAS-01 and identified by partial
sequencing of nuclear ribosomal DNA (nrDNA). The fungus
was cultivated in potato-dextrose (PD) liquid medium, and
its genomic DNA was extracted using a ZR MiniPrep® ZR
fungi/bacteria kit (Zymo Research, Irvine, CA, USA). Elonga-
tion factor la (EF-1a) is often used to investigate the genus
Fusarium.'® An amplification reaction for the target fragment
(~700bp) was performed following the methods of O’'Donnell
etal.'! PCR products were purified using a GenElute PCR clean-
ing kit® (Sigma, St. Louis, USA) following the manufacturer’s
instructions. Sequencing of the samples was performed on the
ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA). The sequenced fragments were analysed using
the 2.0.0b Staden package program'? to obtain the consensus
sequence for EF-1a and BLASTn was performed. The sequence
was deposited in GenBank.

The phylogenetic relationships of the samples were carried
out by EF region sequences aligned in the program BioEdit ver-
sion 7.2.5'® and reconstructed based on MEGA 5.0 software’*
with Maximum Likelihood (ML) analysis for a total of 1000
replicates for all reconstructions. The Tamura-Nei nucleotide
substitution model with Gamma distribution was estimated
using FindModel software.'> The sequences most related to
that obtained in the present work were selected to con-
struct a cladogram of the genus from the GenBank database



BRAZILIAN JOURNAL OF MICROBIOLOGY 495 (2018)185-192 187

(http://www.ncbi.nlm.nih.gov/genbank/), including Neonectria
radicicola as the outgroup.

Optimization of biosurfactant production

A Plackett-Burman (PB) design was used to optimize bio-
surfactant production by the fungus in liquid medium with
glucose as the only source of carbon and energy. The vari-
ables evaluated were pH (5.0-7.0), incubation time (2-7 days),
temperature (28-37 °C), agitation (50-190 rpm) and amount of
inoculum (1-3 disks of fungal mycelium). Table 1 shows the
levels investigated for each variable in the PB design, com-
prising 12 experiments and three central points. Based on the
interpretation of the results, a central composite rotational
design (CCRD) was used for the significant PB variables: incu-
bation time (2, 5, 7, 9 and 12 days), agitation (50, 90, 120, 150
and 190 rpm) and temperature (37, 39, 42, 45 and 47 °C).

Biosurfactant extraction and purification

The fungus was cultured under the optimized conditions for
7 days. Cells were removed by centrifugation at 10,000 rpm
for 4min, and the supernatant was membrane filtered with
a pore size of 0.22 pm. The cell-free supernatant was acidified
to pH 4.0 using 6 M HCl and held overnight for precipitation.?
Then, 50mL of the supernatant, 50 mL of hexane (to remove
fatty acids) and 50 mL of chloroform were added followed by
an equal volume of ethyl acetate:methanol (1:4) at room tem-
perature. A compound in the form of transparent crystals (C1)
was isolated upon extraction with ethyl acetate:methanol.

The remaining extract was basified with 4M ammonium
hydroxide and subjected to a new extraction procedure with
the solvents chloroform, ethyl acetate and methanol (2:4). A
powdery brown substance was obtained upon ethyl acetate
and methanol extraction, which was subjected to a new
extraction process with chloroform, ethyl acetate and n-
butanol. In the fraction with n-butanol, a white crystalline
(C2) compound with characteristics of sugars was isolated
and subjected to nuclear magnetic resonance spectrometry,
as described below.

NMR spectrometry and melting point

1H and 3C NMR spectra were recorded on a 600 MHz nuclear
magnetic resonance spectrometer (Bruker, Magneto Ascend
600 Console Avance III HD, Germany). The (uncorrected)
melting point values of the substances were determined
on a digital melting point apparatus (Microchemistry, model
MQAPF-301, Brazil).

GC-FID/GC-MS analysis

The samples were analysed by GC-FID and GC-MS. The
autosampler used was an AOC-20is series injector (Shimadzu,
Japan), the gas chromatograph coupled to the flame ioniza-
tion detector (GC-FID) was a GC-2010 Plus (Shimadzu, Japan),
and the gas chromatograph coupled to the mass spectrome-
ter detector was a GCMS-QP2010 Ultra (Shimadzu, Japan). The
composition was elucidated by comparison with an analytical
standard of methylated fatty acid ester - FAME mix standard

(Supelco, Bellefonte, PA, USA). Individual components were
identified using their relative retention indices with the Wiley
Registry of Mass Spectral Data (Palisade Corporation, Newfield,
NY, USA).

Determination of the critical micellar concentration (CMC)

The cell-free supernatant was kept overnight at room temper-
ature. After the addition of ammonium sulphate (40%, w/v),
the supernatant was centrifuged at 10,000 rpm for 4 min. The
precipitate was extracted twice with ice-cold acetone, and
the crude biosurfactant was collected as dry powder after
the evaporation of the acetone. The CMC was determined by
adding concentrations of 2.5-150mgL~! of the crude biosur-
factant in distilled water.?

Results
Isolation, selection and identification of the fungus

From the 10 soil samples, five biosurfactant-producing iso-
lates were obtained. In the first test, UFSM-BAS-01 was
distinguished from other fungi by its higher biosurfactant pro-
duction, its reduction of the surface tension of the culture
medium from 72 to 52mNm~? and its higher emulsification
index (24.4%).

This isolate was identified with the help of molecular tools.
Using a comparative analysis by BLASTn in NCBI, the con-
sensus sequence showed 100% similarity with two species:
Fusarium fujikuroi'® and Gibberella fujikuroi’’ (Fig. 1). However,
these are two names for the same fungus because F. fujikuroi is
the anamorph phase and G. fugikuroi is the teleomorph phase
of the same organism.'® Three subtypes were verified by ML
analysis. F. fujikuroi and G. fujikuroi were grouped in the F.
fujikuroi species complex,’ and the other two clades identi-
fied were Fusarium oxysporum and Fusarium solani. Therefore,
the elongation factor la (EF-1la) was highly informative and
was able to identify the isolate as belonging to the G. fujikuroi
species complex, with 99% bootstrap support. The consensus
sequence was deposited in GenBank under accession number:
KX574231.

Optimization of biosurfactant production

The optimization of the culture conditions for the production
of a biosurfactant in mineral medium plus glucose was per-
formed using a PB matrix (Table 1). The results were validated
by analysis of variance (ANOVA) and the coefficient of determi-
nation (R?) was 0.8071. The lowest surface tension value was
obtained in experiment 7 (24.08 mNm~1). The temperature,
agitation and incubation time variables significantly affected
the surface tension (Table 2).

From the results obtained with the PB design, a central
rotational compound (CCRD) was designed with 17 experi-
ments to optimize the statistically significant variables from
the PB matrix: incubation, temperature and agitation. In PB,
the minimum value of ST was 24.08 MmN m~!, while in CCRD
the minimum measured value was 20.08 mNm™1!, in condi-
tions of 47°C, 120rpm for 7 days of incubation. The highest
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Table 1 - Surface tension (ST) values of the cell-free culture medium (supernatant) after the growth of the fungus Fusarium

fujikuroi UFSM-BAS-01 under different environmental conditions, combined through a Plackett-Burman (PB) design.

Exp. pH Incubation (days) Temperature (°C) Agitation (rpm) Inoculum (n° of discs) ST (mNm™?)
1 (+1) 7 (-1)2 (+1) 37 (~1) 50 (-1) 1 46.34
2 (+1) 7 (+1)7 (-1)28 (+1) 190 11 28.18
3 (-1)5 (+1) 7 (+1) 37 (~1) 50 (+1) 3 25.47
4 (+1) 7 =12 (+1) 37 (+1) 190 11 29.21
5 (+1) 7 (+1) 7 (-1) 28 (+1) 190 (+1) 3 29.11
6 (+1)7 (+1)7 (+1) 37 (-1) 50 (+1) 3 24.45
7 (-1)5 (+1) 7 (+1) 37 (+1) 190 (-1) 1 24.08
8 =15 12 (+1) 37 (+1) 190 (+1) 3 31.74
9 (-1)5 (-1)2 (~1) 28 (+1) 190 (+1) 3 41.16

10 (+1)7 12 (-1)28 (-1) 50 (+1) 3 4352

11 (-1)5 (+1) 7 (~1) 28 (~1) 50 (-1) 1 28.39

12 <15 (-1)2 (-1) 28 (~1) 50 (-1)1 40.08

13 06 ©0)5 (0) 32 (0) 120 (0) 2 34.74

14 (0)6 (0) 5 (0) 32 (0) 120 (0)2 35.06

15 06 ©0)5 (0) 32 (0) 120 (0) 2 35.14

Gibberella fujikuroi HM347123
Gibberella fujikuroi JF411960
Gibberella fujikuroi HQ622558
Gibberella cf. fujikuroi JF270254
Gibberella cf. fujikuroi JF270257
Gibberella cf. fujikuroi JF270262
Gibberella cf. fujikuroi JF270283
Fusarium fujikuroi KC874685
Fusarium fujikuroi KF208624
Fusarium fujikuroi KF604024
Fusarium fujikuroi KR108773
UFSM-BAS-01
Gibberella_cf._fujikuroi_JF270254
Fusarium fujikuroi KT716230
Fusarium fujikuroi KP009970
Fusarium fujikuroi KP009963
Fusarium fujikuroi KP009961
Fusarium fujikuroi KP009958
Fusarium fujikuroi KP009956
Fusarium fujikuroi KP009955
Fusarium fujikuroi KR108740
Fusarium_oxysporum_DQ837674
499' Fusarium_oxysporum_DQ837675
— Fusarium_solani_DQ247702
99— Fusarium_solani_JF278606
Neonectria radicicola JF268757

98

99

61

| —
0.05
Fig. 1 - Dendrogram of Fusarium fujikuroi (Gibberella fujikuroi) obtained from sequences of the elongation factor 1« (EF-1c).
Maximum likelihood (ML) analysis was performed with 1000 replicates. Bootstrap values are in percentages. Neonectria
radicicola was used as an outgroup.

production of the biosurfactant by the fungus F. fujikuroi UFSM- APareto graph (Fig. 2) represents the significant variables in
BAS-01 occurs at thermophilic temperatures, even though the the CCRD with a significance level of 90% (p <0.1). Confirming
fungus was isolated under mesophilic conditions. previous observations with the PB matrix, lower ST occurred
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Table 2 - Linear regression coefficients for the reduction
of surface tension after the growth of the fungus

Fusarium fujikuroi UFSM-BAS-01 under different
environmental conditions, combined through a
Plackett-Burman (PB) design.

Variables Coefficients T p value
Average 33.11 14.27 p<0.0001
(1) pH (L) 0.82 0.54203 0.480341
(2) Incubation (L) ~6.03 29.02334 0.000440%
(3) Temperature (L) —2.43 4.70877 0.058116
(4) Agitation (L) —2.06 3.40003 0.098298%
(5) Inoculum (L) —0.06 0.00382 0.952083

(3)I(L)
T(Q)
1(Q)
(1TL 85
A@Q)

-0.79

i

1Lby2L

)

-0.54
2Lby3L

@aL| 006
|

0.28

o

1Lby3L -0.03

p=0.1

Fig. 2 — Pareto plot with temperature (T), agitation (A) and
incubation time (I), which demonstrated statistical
significance (p<0.1) in a central rotational compound
design (CCRD) aimed at reducing the surface tension of the
culture.

at higher temperatures and longer incubation periods. How-
ever, unlike PB, the agitation variable was not statistically
significant, which also justified the performance of the
CCRD.

The following equation describes the behaviour of surface
tension (ST) in response to temperature (T) and incubation
time (I):

ST=6134-9.83-T2-944.12 - 1144 -1

This model was validated by analysis of variance (ANOVA),
and the coefficient of determination (R?) was 0.84953. A
graphical representation of the optimization of biosurfactant
production demonstrates that the lowest values of ST (dark
green) were obtained at the positive axial point for incuba-
tion and at the central point for agitation (Fig. 3a). As shown
in Fig. 3b, longer incubation periods and higher temperatures
provided lower STs. As shown in Fig. 3c, the higher the tem-
perature and the agitation, the lower the ST of the culture
medium.

Determination of the CMC

A satisfactory reduction of the ST of distilled water was
observed with increasing amounts of the biosurfactant (Fig. 4).
For biosurfactant concentrations above 30mgL~!, the ST
remained stable at approximately 27 mN m~?. Thus, the CMC
of the biosurfactant produced by F. fujikuroi UFSM-BAS-01 was
~30mgL-1.

Biosurfactant extraction, purification and identification

The solvent system formed by ethyl acetate and methanol pro-
vided a satisfactory extraction of the biosurfactant produced
by F. fujikuroi UFSM-BAS-01. The biosurfactant was extracted
three times, and the second fraction yielded a compound
in the form of large white crystals characteristic of sugars,
from which substance C2, identified as the disaccharide «,B-
trehalose, was obtained.?’ Thus, the present study is the first
report of the biosynthesis of an «,3-trehalose by F. fujikuroi,
suggesting that the biosurfactant produced belongs to the
class of trehalolipids.

Compounds identified by GC-MS for both methanol
and hexane extracts demonstrate the presence of 9-
octadecenamide (oleamide), an amide derived from oleic acid,
a fatty acid (Table 3). In GC-FID analysis, the methanol extract
did not show evidence of any molecule with a fatty acid
structure when compared with the FAME mix standard chro-
matogram pattern. However, the hexane extract exhibited
a few molecules that can be correlated with the fatty acid
pattern showed in the FAME mix standard chromatogram,
such as caproic acid (41.72%) and palmitoleic acid (12.72%).
Unfortunately, other peaks that would appear in the same
chromatogram were not clarified due to the lack of derivatisa-
tion of the fatty acids, which is a subject for future work.

Discussion

The fungus UFSM-BAS-01 can be considered an efficient
producer of biosurfactant. According to the literature, STs
in the range of 35-40mNm™! indicate a microorganism
that is promising for biosurfactant production; values below
35mNm~! indicate that the microorganism can be considered
an efficient biosurfactant producer.”’ The surface tension of
the biosurfactant produced by the fungus UFSM-BAS-01, after
optimization of the culture medium (20.08 mNm™?), is lower
than those found for Fusarium sp.?? and F. proliferatum,> which
were 32 and 36.6 mNm~1, respectively.

Isolate UFSM-BAS-01 was identified by molecular tech-
niques as the fungus F. fujikuroi (Giberella fujikuroi). This
fungus belongs to the species complex F. fujikuroi, formerly
named the G. fujikuroi complex, which is a monophyletic
group that largely corresponds to the outdated Liseola section
but also accommodates species originally classified in other
Fusarium sections.?® F. fujikuroi currently contains more than
fifty species, which can be distinguished only by molecular
parameters.®

The environmental variables that most influenced the
production of the biosurfactant were temperature and incu-
bation time. Several studies have demonstrated the positive
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Fig. 3 - Contour plot of the reduction of surface tension of the growth medium by production of biosurfactants by Fusarium
fujikuroi UFSM-BAS-01. (I) Incubation period; (A) agitation; (T) temperature.

70
65
60
55
50
45

ST[mN m™]

35
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25
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70 100 120 140 150
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Fig. 4 - Surface tension (ST) of distilled water with the addition of increasing amounts of the biosurfactant produced by

Fusarium fujikuroi UFSM-BAS-01.

influence of temperatures above 30°C on the production of
biosurfactants by microorganisms.?*?° In our study, the bio-
surfactant with the lowest surface tension was produced with
fermentation temperatures above 37 °C, although the fungus
was isolated and initially cultivated at a temperature of 30°C.
Several authors cite 30 °C as the ideal temperature for the pro-
duction of biosurfactants by fungal species.?>?> However, the
production of biosurfactants at high temperatures, at which
microbial metabolism is accelerated, may facilitate the use of

these molecules on an industrial scale, including studies on
biosurfactants produced from thermophilic microorganisms.

Higher incubation times resulted in higher biosurfactant
yields by the fungus F. fujikuroi UFSM-BAS-01. Similar results
were observed by El-Sheshtawy et al.?” and Elazzazy et al.”® in
the production of a biosurfactant by Bacillus licheniformis and
Virgibacillus salarius, respectively. A significant reduction of the
biosurfactant tension produced by F. fujikuroi (20.08 mNm™1)
was observed after seven days of incubation. Biosurfactants
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Table 3 - Volatile compounds of the hexane and methanol extracts of the biosurfactant produced by Fusarium fujikuroi

UFSM-BAS-01 and analysed by GC-MS.

Peak Retention time (min) Compounds Area (%)
Hexane
1 6.527 1,3,5-Triazine-2,4,6-triamine 10.89
2 7.605 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 14.76
3 8.770 2-furancarboxaldehyde, 5-(hydroxymethyl) 33.87
4 8.957 1,2,3-Propanetriol, monoacetate 21.53
5 21.084 9-Octadecenamide 18.95
Methanol
1 9.962 Cyclohexasiloxane, dodecamethyl- (cas) 5.36
2 12.250 Tetradecamethylcycloheptasiloxane 4.90
3 18.525 Urea, n,n’-dicyclohexyl- (cas) 17.99
4 21.085 9-Octadecenamide 33.09
5 22.572 1,2-Benzenedicarboxylic acid, 3-nitro- (cas) 38.66

are secondary metabolites that are normally produced during
stationary phases, which is likely why the greatest reduction
of surface tension occurred only after seven days of fungal
growth. The production of biosurfactants can occur or be stim-
ulated by cell growth under limiting conditions.?®

The agitation variable was statistically significant and had
a negative influence on the production of the biosurfactant
according to the Plackett-Burman design but was not signifi-
cant in the central rotational compound design (CCRD). This
was probably because the high agitation rates necessary to
provide sufficient amounts of oxygen for cultures promote
excessive foaming. This intense foaming decreases the yield
of the process, as it removes part of the biomass and the sub-
strate from the reaction medium, making it difficult to control
the process.”

The ST and critical micellar concentration of the biosur-
factant produced by F. fujikuroi UFSM-BAS-01 were similar
to those of a biosurfactant produced by Bacillus subtilis YB7,
which is capable of reducing the ST of distilled water from 70
to 30mNm~'and has a CMC 40mgL~1.%" In a similar study,
Vaz et al.?® found a CMC of 40mgL-! for a biosurfactant
produced by B. subtilis EG1. The CMC of the biosurfactant pro-
duced by F. fujikuroi UFSM-BAS-01 is similar to that of the
synthetic surfactant Findet® 1214N/23 (21mgL~1).3! Thisindi-
cates that the biosurfactant produced by this fungus has the
potential for commercial use and that this fungus could be
used for the production of biosurfactants on an industrial
scale.

The use of a solvent system containing ethyl acetate and
methanol enabled the extraction of a disaccharide identi-
fied as trehalose.”’ Until recently, the only form of trehalose
that occurred naturally was a-D-glucopyranosyl-(1—1)-a-D-
glucopyranoside, with three possible isomers (o,a-; ,p-; and
B,B-). In our study, the fungus F. fujikuroi UFSM-BAS-01 pro-
duced an «o,B-trehalose (neo-trehalose), which was recently
biosynthesized by other fungi.?? Thus, the present study is the
first report of the biosynthesis of an «,3-trehalose by F. fujikuroi,
suggesting that the biosurfactant produced belongs to the
class of trehalolipids. Different types of trehalose-containing
glycolipids belonging to the group of mycolates are known
to be produced by bacteria such as Mycobacterium, Rhodococ-
cus, Arthrobacter, Nocardia and Gordonia.>® Trehalolipids have
attracted interest for their potential applications in several

areas due to their ability to decrease interfacial tension and
increase the pseudosolubility of hydrophobic compounds.®*

GC-MS analysis of methanol and hexane extracts of the
biosurfactant produced by F. fujikuroi identified the presence
of the lipophilic compound 9-octadecenamide, an oleamide.
This lipophilic compound has many biological activities.
Premjanu and Jaynthy>® found oleamide to be the major com-
pound in an ethyl acetate extract of Colletotricum gloeosporioides
fungal biomass. GC-FID hexane extract analysis showed sev-
eral molecules that can be correlated with a fatty acid pattern,
such as caprioic acid. However, additional analyses such as
MALDI-TOF and FITR are needed to confirm further details
about the structure of the biosurfactant.

Conclusion

- The fungus F. fujikuroi UFSM-BAS-01 isolated from soil
samples contaminated with hydrocarbons is an efficient
biosurfactant producer;

- The production of biosurfactants by F. fujikuroi UFSM-BAS-01
is significantly increased under optimized culture condi-
tions;

- The preliminary identification of the structure of the bio-
surfactant demonstrates the presence of an «,B-trehalose,
suggesting that the biosurfactant belongs to the class of
trehalolipids.

Conflicts of interest

The authors declare no conflicts of interest.

Acknowledgements

The authors thank the Foundation for Research Support of the
State of Rio Grande do Sul (FAPERGS), National Council of Tech-
nological and Scientific Development (CNPq) and Coordination
for the Improvement of Higher Level or Education Personnel
(CAPES) for providing scholarships and financial support of
this work.



192

BRAZILIAN JOURNAL OF MICROBIOLOGY 495 (2018)185-192

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Cameotra SS, Makkar RS, Kaur J, Mehta SK. Synthesis of

biosurfactants and their advantages to microorganisms and
mankind. Adv Exp Med Biol. 2010;672:261-280.

. Joshi S, Geetha SJ, Desai AJ. Characterization and application

of biosurfactant produced by Bacillus licheniformis R2. Appl
Biochem Biotechnol. 2015;177:346-361.

. Jain RM, Mody K, Joshi N, Mishra A, Jha B. Production and

structural characterization of biosurfactant produced by an
alkaliphilic bacterium, Klebsiella sp.: evaluation of different
carbon sources. Colloids Surf B Biointerfaces. 2013;108:199-204.

. Joice PA, Parthasarathi R. Optimization of biosurfactant

production from Pseudomonas aeruginosa PBSC1. Int J Curr
Microbiol Appl Sci. 2014;3:140-151.

. Bhardwaj G, Cameotra SS, Chopra HK. Isolation and

purification of a new enamide biosurfactant from Fusarium
proliferatum using rice-bran. RSC Adv. 2015;5:54783-54792.

. Chen Q, Bao M, Fan X, Liang S, Sun P. Rhamnolipids enhance

marine oil spill bioremediation in laboratory system. Mar
Pollut Bull. 2013;71:269-275.

. Mishra U, Paul S, Bandyopadhaya M. Removal of zinc ions

from wastewater using industrial waste sludge: a novel
approach. Environ Program Sustain Energy. 2012;32:576-586.

. Rahman PK, Pasiravi G, Auger V, Ali Z. Production of

rhamnolipid biosurfactants by Pseudomonas aeruginosa
DS10-129 in a microfluidic bioreactor. Biotechnol Appl Biochem.
2010;55:45-52.

. Nitschke N, Pastore GM. Production and properties of a

surfactant obtained from Bacillus subtilis grown on cassava
waste water. Bioresour Technol. 2006;97:336-341.

Divakara ST, Santosh P, Aiyaz M, et al. Molecular
identification and characterization of Fusarium spp.
associated with sorghum seeds. J Sci Food Agric.
2014;94:1132-1139.

O’Donnell K, Kistler HC, Cigelnik E, Ploetz RC. Multiple
evolutionary origins of the fungus causing Panama disease
of banana: concordant evidence from nuclear and
mitochondrial gene genealogies. Curr Issue.
1998;95:2044-2049.

Staden R, Judge DP, Bonfield JK. Analysing sequences using
the Staden package and EMBOSS. In: Krawetz SA, Womble
DD, eds. Introduction to Bioinformatics. A Theoretical and
Practical Approach. Totawa: Human Press Inc; 2003:393-410.
Hall TA. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows
95/98/NT. Nucl Acids Symp Ser. 1999;41:95-98.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar
S. MEGAS: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol Biol Evol. 2011;28:2731-2739.
Posada D. Model Test Server: a web-based tool for the
statistical selection of models of nucleotide substitution
online. Nucleic Acids Res. 2006;34:700-703.

Nirenberg HI, O'Donnell K. New Fusarium species and
combinations within Gibberella fujikuroi species complex.
Mycologia. 1998;90:434-458.

Sawada K. Beitrage iiber Formosas-Pilze no. 14. Trans Nat Hist
Soc Formosa. 1917;31:31-133.

Jeon'Y, Yu S, Lee YY, et al. Incidence, molecular
characteristics and pathogenicity of Gibberella fujikuroi
species complex associated with rice seeds from Asian
countries. Mycobiology. 2013;41:225-233.

Al-Hatmi AM, van Diepeningen AD, Curfs-Breuker I, de Hoog
GS, Meis JF. Specific antifungal susceptibility profiles of
opportunists in the Fusarium fujikuroi complex. ] Antimicrob
Chemother. 2015;70:1068-1071.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Koto S, Inada S, Zen S. Upfield shift of CMR of anomeric
carbons of 1,1'-linked glycopyranosylglycopyranosides. Chem
Lett. 1980;1:403-406.

Luna JM, Rufino RD, Albuquerque CD, Sarubbo LA,
Campos-Takaki GM. Economic optimized medium for
tensio-active agent production by Candida sphaerica UCP0995
and application in the removal of hydrophobic contaminant
from sand. Int ] Mol Sci. 2011;12:2463-2476.

Qazi MA, Subhan M, Fatima N, Ali MI, Ahmed S. Role of
biosurfactant produced by Fusarium sp. BS-8 in enhanced oil
recovery (MEOR) through sand pack column. Int ] Biosci
Biochem Bioinform. 2013;3:598-604.

Geiser DM, Lewis Irely ML, Hakiza G, Juba JH, Miller SA.
Gibberella xylarioides (anamorph: Fusarium xylarioides), a
causative agent of coffee wilt disease in Africa, is previously
unrecognized member of the Gibberella fujikuroi complex.
Mycologia. 2005;97:191-201.

Mouafi FE, Elsoud MMA, Moharam ME. Optimization of
biosurfactant production by Bacillus brevis using response
surface methodology. Biotechnol Rep. 2016;9:31-37.

Qazi MA, Kanwal T, Jadoon M, Ahmed S, Fatima N. Isolation
and characterization of a biosurfactant-producing Fusarium
sp. BS-8. Biotechnol Prog. 2014;30:1065-1075.

Vaz DA, Gudina EJ, Alameda EJ, Teixeira JA, Rodrigues LR.
Performance of a biosurfactant produced by Bacillus subtilis
strain isolated from crude oil samples as compared to
commercial chemical surfactants. Colloids Surf B Biointerfaces.
2012;89:167-174.

El-Sheshtawy HS, Aiad I, Osman ME, Abo-ELnasr, Kobisy AS.
Production of biosurfactant from Bacillus licheniformis for
microbial enhanced oil recovery and inhibition the growth of
sulfate reducing bacteria. Egypt J Petrol. 2015;24:155-162.
Elazzazy AM, Abdelmoneim TS, Almaghrabi OA. Isolation
and characterization of biosurfactant production under
extreme environmental conditions by
alkali-halo-thermophilic bacteria from Saudi Arabia. Saudi ]
Biol Sci. 2015;22:466-475.

Chen WC, Juang RS, Wei YH. Applications of a lipopeptide
biosurfactant, surfactin produced by microorganisms.
Biochem Eng J. 2015;103:158-169.

Arutchelvi JI, Bhaduri S, Uppara PV, Doble M.
Mannosylerythritol lipids: review. ] Ind Microbiol Biotechnol.
2008;35:1559-1570.

Rodriguez VB, Alameda EJ, Pequena AR, Lépez AIG,
Bailén-Moreno R, Aranda MC. Determination of average
molecular weight of commercial surfactants:
alkylpolyglucosides and fatty alcohol ethoxylates. J
Surfactants Deterg. 2005;8:341-346.

Morandini LM, Neto AT, Pedroso M, et al. Lanostane-type
triterpenes from the fungal endophyte Scleroderma
UFSMSc1 (Persoon) Fries. Bioorg Med Chem Lett.
2016;16:1173-1176.

Lang S, Philp JC. Surface-active lipids in rhodococci. Antonie
Van Leeuwenhoek Int ] Gen. 1998;74:59-70.

Franzetti A, Gandolfi I, Bestetti G, Smyth TJP, Banat IM.
Production and applications of trehalose lipid
biosurfactants. Eur J Lipid Sci Technol. 2010;12:617-627.

Cheng M, Ker Y, Yu T, Lin Y, Robert YP, Peng C. Chemical
synthesis of 9(Z)-octadecenamide and its hypolipidemic
effect: a bioactive agent found in the essential oil of
mountain celery seeds. J Agric Food Chem. 2010;58:1502-1508.
Premjanu N, Jaynthy C. Identification and characterization of
antimicrobial metabolite from an endophytic fungus,
Colletotrichum gloeosporioides isolated from Lannea
corammendalica. Int ] ChemTech Res. 2015;7:369-374.


http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0185
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0190
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0195
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0200
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0205
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0210
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0215
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0220
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0225
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0230
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0235
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30993-0/sbref0360

	First report of the production of a potent biosurfactant with α,β-trehalose by Fusarium fujikuroi under optimized conditio...
	Introduction
	Material and methods
	Fungus isolation
	Selection of biosurfactant-producing fungus
	Fungus identification
	Optimization of biosurfactant production
	Biosurfactant extraction and purification
	NMR spectrometry and melting point
	GC-FID/GC–MS analysis
	Determination of the critical micellar concentration (CMC)

	Results
	Isolation, selection and identification of the fungus
	Optimization of biosurfactant production
	Determination of the CMC
	Biosurfactant extraction, purification and identification

	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


