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Nanoparticles (NPs) of commercial lipase from Candida rugosa, of glycerol kinase (GK) from Cellulomonas
species, of glycerol-3- phosphate oxidase (GPO) from Aerococcus viridans were prepared, characterized
and co-immobilized onto a pencil graphite (PG) electrode. The morphological and electrochemical char-
acterization of PG electrode was performed by scanning electron microscopy (SEM), cyclic voltammetry
(CV) and electrochemical impedance spectroscopy (EIS) before and after co-immobilization of enzyme
nanoparticles (ENPs). An improved amperometric triglyceride (TG) biosensor was fabricated using Lipase
NPs/GKNPs/GPONPs/PG electrode as the working electrode, Ag/AgCl as the standard electrode and Pt wire
as auxiliary electrode. The biosensor showed optimum response within 2.5s at a pH 7.0 and tempera-
ture of 35°C. The biosensor measured current due to electrons generated at 0.1V against Ag/AgCl, from
H,0,, which is produced from triolein by co-immobilized ENPs. A linear relationship was obtained over
between a wide triolein concentration range (0.1 mM-45 mM) and current (mA) under optimal condi-
tions. The Lipase NPs/GKNPs/GPONPs/PG electrode showed high sensitivity (1241 +20mAcm—2 mM~1);
a lower detection limit (0.1 nM) and good correlation coeficient (R?=0.99) with a standard enzymic
colorimetric method. Analytical recovery of added triolein in serum was 98.01%, within and between
batch coefficients of variation (CV) were 0.05% and 0.06% respectively. The biosensor was evaluated and
employed for determination of TG in the serum of apparently healthy subject and persons suffering from
hypertriglyceridemia. The biosensor lost 20% of its initial activity after its continued uses over a period
of 240 days, while being stored at 4°C.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

as a biomarker for cardiovascular disease [3], Alzheimer disease
[4], pancreatitis [5] and diabetes. TGs are accumulated in the blood

Triacylglycerols or triglycerides (TGs), known as natural fats,
are composed of one molecule of glycerol that is attached to three
molecules of fatty acids (Saturated/unsaturated or both) through
ester bonds. TGs are the major transporters of dietary fats through-
out the bloodstream. The very low density lipoproteins (VLDL) and
chylomicrons are made up of TGs mainly [1]. Besides transporting
fat, TGs can be used as fuel, whenever the body’s energy demand is
not fulfilled by carbohydrates [2]. Normal level of TGs in the blood
isless than 150 mg/dl (1.7 mM), while 150-199 mg/dl (1.7-2.2 mM)
is considered border line high and 200-499 mg/dl (2.3-5.6) as high.
The elevated TGs level over 500 mg/dL (5.6 mM) in the blood is used
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due to abnormal lipoprotein metabolism and also by its high rate of
biosynthesis and low rate of catabolism [6,7]. A decreased activity
of triacyl glycerol lipase catalyzing the hydrolysis of TG into free
fatty acids (FFA) and glycerol may result into an accumulation of
TGs [8,9]. In addition, excess the TGs level causes decrease in nitric
oxide level but increase in concentration of many inflammatory
compounds contributing to vascular injury and endothelial dys-
function [10]. Therefore, the measurement of TG level in the blood
is very important. Various methods are available for determina-
tion of TG such as titrimetric method [11], colorimetric method
[12], spectrophotometric method [13], chromatographic meth-
ods [14], fluorometric method [15], nuclear magnetic resonance
method [16], micro method [17], mass fragmentographic method
[18] and enzymatic centrifugal method [19-21]. However, most of
these methods are complicated, require time-consuming sample
pre-treatment, expensive instrumental set-up and skilled persons
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to operate. Biosensing methods overcome these drawbacks, as
these are simple, fast, economic, specific and highly sensitive. In
TG biosensors, the enzyme has been immobilized onto different
nanocomposites, for detecting TG in biological fluids [22]. However,
direct immobilization of enzymes onto nanocomposites might
bring about their denaturation, prompting to the loss of their activ-
ity and stability. This problem was overcome by aggregating the
enzyme molecules and followed by glutaraldehyde crosslinking to
form their nanaoparticles (NPs), before immobilization. Due to their
unique electronic, optical, mechanical, electrical, thermal and cat-
alytic (ability to facilitate electron transfer) properties, beside the
increasing surface area, enzyme nanoparticles (ENPs) have shown
great promises in improving enzyme electrodes [23,24]. Accord-
ingly, use of ENPs rather than native enzyme could enhance the
analytic performance of biosensors. Pencil graphite (PG) electrode
offers numerous attractive features such as good conductivity, ultra
low cost, low background current and easy availability, which ren-
ders it a better option over electrodes such as Au, glassy-carbon
and Pt electrodes [25]. We describe herein the preparation of NPs
of lipase, glycerol kinase (GK) and glycerol-3-phosphate oxidase
(GPO), their characterization and co-immobilization onto a PG
electrode to construct an improved amperometric biosensor for
measurement of the TG level in serum.

2. Materials and methods
2.1. Reagents and materials

Lipase (EC 3.1.1.3) (40-70 U/mg) from Candida rugosa, glycerol
kinase (GK) from Cellulomonas species (25-75U/mg), glycerol-3-
phosphate oxidase (GPO) from Aerococcus viridans (113 U/mg),
Triton X-100 from Sigma-Aldrich (St. Louis, MO, USA), 3,5-
dichloro- 2-hydroxy benzene sulfonic corrosive (DHBS) from
E-Merk, Germany, triolein, ATP, and kit for enzymic colorimetric
method for TG from Erba Transasia, Daman, India was used. 6B
graphite pencil (Make: Camlin, India) with a graphite rod of 2 mm
diameter was purchased from the local stationary market. All other
chemicals were of analytical reagent (AR) grade. Double distilled
water (DW) (ohmic resistance: 1.8 x 10~ for every ohm) was used
through the study.

2.2. Instruments used

Potentiostat/Galvanostat (Make: Autolab, model: AUT83785,
made by Eco Chemie,The Netherland) with a three electrode sys-
tem comprising of Lipase NPs/GKNPs/GPONPs/PG electrode as
a working anode, an Ag/AgCl as reference electrode and a Pt
wire as an auxiliary electrode. The electrochemical experiments
were performed by general purpose electrochemical software
(GPES). Scanning electron microscopy (SEM) (Zeiss EV040, USA).
UV Spectrophotometer (Make: Shimadzu, Japan, Model 1700), X~
Ray diffractometer (XRD), (Make: 122 Rigaku, D/Max2550, Tokyo,
Japan), Fourier Infra-red spectrometer (FTIR) and spectronic-
20 (Thermo Scientific, USA), were utilized. The electrochemical
impedance spectra (EIS) was recorded by GPES (FRA) software in
5 mM K3Fe(CN)g/K4Fe(CN)g 25 ml solution at —0.5V between fre-
quency range, 0.01 Hz-10 kHz.

2.3. Preparation of triolein solution

Triolein was utilized as a substrate for lipase. Triolein emulsion
was prepared as described [26]. Solutions of various concentra-
tions of triolein ranging from 0.1 mM to 60 mM were set up in 0.1 M
sodium phosphate buffer (pH 7.0) and kept at 4 °C until use [27].

2.4. Preparation of lipase NPs, GKNPs and GPONPs

The Lipase NPs, GKNPs and GPONPs were prepared separately by
desolvation method using ethanol [28]. To GK, GPO and Lipase solu-
tion (1 ml each separately), 5 ml of absolute ethanol was added drop
wise at arate of 0.1-0.2 ml/min under continuous stirring at a speed
of 500 rpm. This was followed by the addition of 1ml, 2.5% glu-
taraldehyde solution in the above solutions under the same stirring
condition at 4 °C for 24 h to ensure complete crosslinking of respec-
tive ENPs. Such a high concentration of glutaraldehyde is liable
to give intermolecular crosslinking of enzyme molecules through
Schiff base. The ENPs, thus formed were thiol functionalized by
adding 0.2 ml of cysteamine solution (0.02 g/ml) to each suspen-
sion under constant stirring for 5-6 h. ENPs were isolated from
free enzyme solution by centrifuging NPs suspension at 1200 x g
for 10 min at 4°C, followed by redispersion of ENPs in 2 ml 0.1 M
phosphate buffer, pH 7.3 and sonication for 5min. It is assumed
that alpha-NH, group of cysteamine reacts with excess unreacted
—CHO groups of glutaraldehyde cross-linked ENPs to form Schiff
base. Thus, the glutaraldehyde cross-linked ENPs get functioned
with —NH; groups. These functionalized ENPs were stored at 4°C,
until use.

2.5. Characterization of lipase NPs, GKNPs and GPONPs

Lipase NPs, GKNPs and GPONPs were characterized by taking
their images in a transmission electron microscope (TEM) and
recording their UV-vis (200-600 nm) spectra.

2.6. Preparation of lipase NPs/GKNPs/GPONPs/PG electrode

Lipase NPs/GKNPs/GPONPs were immobilized onto the surface
of PG electrode (0.2 x 2.5 cm, diameter x height; area=3.14cm?)
to prepare an enzyme NPs-based enzyme electrode. Before the
experiment, the potential of the cleaned bare PG electrode was
scanned over the —1.1-0V range in freshly prepared 0.2 M H,SO4
until the voltammogram characteristic of the clean PG elec-
trode was established.The PG electrode was placed in the Lipase
NPs/GKNPs/GPONPs suspension (1:1:1 ratio) under mild stirring
at 4°C for 12h for co-immobilization of cysteamine functioned
Lipase NPs, GKNPs, and GPONPs onto PG electrode. This immo-
bilization could be possible by adsorption due to an electrostatic
attraction between negatively charged —COOH groups of PG elec-
trode and positively charged —NH, groups on the surface of
ENPs, introduced by cysteamine di-hydrochloride. The Lipase
NPs/GKNPs/GPONPs/PG electrode was rinsed with 0.1 M of phos-
phate buffer (PB, pH 7.0) carefully and stored in a PB at 4°C, when
not in use. The characterization of Lipase NPs/GKNPs/GPONPs/PG
electrode was carried out at different stages of its construction by
SEM, CV and EIS.

2.7. Construction of TG biosensor and its response measurements

An amperometric TG biosensor was constructed using Lipase
NPs/GKNPs/GPONPs/PG electrode as working electrode, Ag/AgCl as
standard electrode and Pt wire as an auxiliary electrode connected
through potentiostat. Fig. 1 provides the schematic representa-
tion of fabrication of LipaseNPs/GKNPs/GPONPs/PG electrode and
electro-chemical reactions involved in its response measurement.
The electrochemical characterizations and measurements on the
modified Lipase NPs/GKNPs/GPONPs/PG electrode were carried out
by cyclic voltammetry. Electrochemical experiments were carried
out in 0.1 M phosphate buffer saline containing 1 mM TG (0.1 ml),
6.6 mM ATP, 10 mM MgCl, and 1 mM Triton X100 at a scan rate
of 20mV s~!. The current response was measured between 0s and
10s atan interval of 2.5s.
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Fig. 1. Schematic representation of fabrication of LipaseNPs/GKNPs/GPONPs/PG
electrode and electro-chemical reactions involved in its response measurement.
(NPs=Nanoparticles, GK=Glycerol kinase, GPO=Glycerol-3-phosphate oxidase,
PG = Pencil graphite, DHAP = Dihydroxyacetone phosphate).

2.8. Optimization of TG biosensor

Various kinetic properties of ENPs modified PG electrode such as
optimum pH, incubation temperature, response time and effect of
substrate (triolein) concentration were studied amperometrically
in order to optimize the working conditions of the biosensor. To
determine the optimum pH, the pH was varied between pH 4.0-9.0
ataninterval of pH 0.5 using the following buffer, each at a final con-
centration of 0.1 M: pH 4.0-5.0 sodium acetate buffers, pH 5.5-7.5
sodium phosphate buffer and pH 8.5-9.0 Tris HCI buffer. Similarly
to determine optimum temperature and incubation time the reac-
tion mixture was incubated at different temperature (5-70°C) and
time duration (0-10s). The effect of TG concentration on biosensor
response was determined by varying the concentration of TG in the
range 0.1 mM-65 mM. The limit of detection (LOD) was calculated
using the equation: LOD =3 x sigma/slope.

2.9. Amperometric determination of TG in serum

Blood samples (1 ml each) from the apparently healthy adults
(male and female,n=20) and persons suffering from hypertriglyc-
eridemia in various age groups (n=20) were collected from local Pt.
BDS Post Graduate Institute of Medical Sciences (PGIMS) Rohtak
Hospital. After keeping at room temperature for 1h, these blood
samples were centrifuged at 5000 x g for 5min and their super-
natants (sera) were collected and stored at4 °C until use. TG content
in sera was determined by the present biosensor in the similar
manner as described above for its response measurement, under
its optimal working conditions except that triolein was replaced
by serum. The current (mA) was measured and the amount of TG
in serum was interpolated from a standard curve between triolein
concentrations and current (in mA) prepared under optimal work-
ing conditions (Fig. 2a).

2.10. Evaluation of TG biosensor

The biosensor was evaluated by studying analytic recovery, pre-
cision and correlation using a standard kit for enzymic colorimetric
method for TG. The effect of various interferrants found in the blood
such as citric acid, glutamic acid, uric acid, ascorbic acid and urea
was studied at their physiological concentrations.

2.11. Reusability and storage stability of enzyme electrode

The reusability and long-term storage and stability of the
biosensor were investigated over a period of 240 days at an interval
of 30 days, during its storage in dry condition at 4°C.
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Fig. 2. a) Standard curve of triolein by TG biosensor based on Lipase
NPs/GKNPs/GPONPs/PG electrode. (NPs=Nanoparticles, GK=Glycerol kinase,
GPO = Glycerol-3-phosphate oxidase, PG = Pencil graphite) All readings are mean of
five observations (n=5). b) Effect of triolein concentration on current response of
Lipase NPs/GKNPs/GPONPs/PG electrode. (NPs = Nanoparticles, GK = Glycerol kinase,
GPO = Glycerol-3-phosphate oxidase, PG = Pencil graphite) All readings are mean of
five observations (n=5).

3. Results and discussion
3.1. Characterization of lipase NPs, GKNPs and GPONPs

The size of Lipase NPs, GKNPs and GPONPs as measured by TEM
was between 5 nm to 100 nm (Fig. 3a), and showed an average size
of 20 nm, which enhanced the surface area of the electrode as com-
pared to the native enzyme. UV and visible spectra of Lipase NPs,
GKNPs and, GPONPs exhibited strong absorbance peak at 280 nm
(Figure not given), revealing a high degree of absorption of aro-
matic amino acids of peptide chain/free enzyme following their
NPs formation.

3.2. Characterization of lipase NPs/GKNPs/GPONPs/PG electrode

3.2.1. By scanning electron microscopy (SEM)

The SEM images of the surface of the bare PG electrode and
Lipase NPs/GKNPs/GPONPs/PG electrode are shown in respec-
tively. The stepwise modification of electrode was seen clearly
from these SEM images (Fig. 3b). The SEM image of the bare
PG electrode showed a smooth and featureless morphology.
The Lipase NPs/GKNPs/GPONPs/PG electrode exhibited globular
structural morphology, which appeared due to adsorption of
LipaseNPs/GKNPs/GPONPs onto PG electrode. The porous elec-
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Fig.3. aTransmission electron microscopic (TEM)images of Lipase NPs, GKNPs, and GPONPs. (NPs = Nanoparticles, GK = Glycerol kinase, GPO = Glycerol-3-phosphate oxidase).
b Scanning electron microscopic (SEM) images of bare PG electrode and Lipase NPs/GKNPs/GPONPs/PG electrode. (PG =Pencil graphite, NPs = Nanoparticles, GK = Glycerol

kinase, GPO = Glycerol-3-phosphate oxidase).

trode revealed larger and effective surface area after absorption
of GKNPs/GPONPs/Lipase NPs

3.3. By electrochemical impedance spectroscopy (EIS)

The EIS provides the useful information on impedance changes
of the electrode surface during the fabrication of an enzyme/ENPs
electrode and was carried out to investigate absorption of
GKNPs/GPONPs/Lipase NPs onto PG electrode. The diameter of the
semicircle at higher frequencies corresponds to the electron trans-
fer resistance (Rcr), which controls the electron transfer kinetics
of the redox probe at the electrode interface, while the linear
part at lower frequencies correspond to Warberg diffusion pro-
cess. The Nyquist plot (Supplementary Fig. S1a and b) displays
EIS of bare PG electrode and Lipase NPs/GKNPs/GPONPs/PG elec-
trode in 5mM K3Fe(CN)g/K4Fe(CN)6 respectively. The Rep value
for the Lipase NPs/GKNPs/GPONPs/PG electrode was obtained as
70 €2, which was higher compared to bare electrode (Rcr =50 2).
These results showed that the increased Rcr value of Lipase
NPs/GKNPs/GPONPs/PG electrode was due to the immobilization
of enzyme nanoparticles onto PG surface. This increase in Rcr
is attributed to the fact that most biological molecules, includ-
ing enzyme nanoparticles, are poor electrical conductors at low

frequencies (at least <10 kHz; applied voltage: —0.5V) and cause
hindrance to the electron transfer.

3.4. Voltammetric response of the lipase NPs/GKNPs/GPONPs/PG
electrode

No peak was observed in case of the bare/unmodified elec-
trode. However, a well defined oxidation and reduction peak
with a peak potential of —0.5V was observed in case of Lipase
NPs/GKNPs/GPONPs modified PG electrode (Fig. 4). The Lipase
NPs/GKNPs/GPONPs might provide a large available surface and
enhance the electrocatalytic activity for electro-oxidation of TG.
The results of the cyclic voltammetry (CV) also proved that Lipase
NPs/GKNPs/GPONPs could provide a conductive path through the
PG electrode. So, the PG electrode acts as an electron-transfer
accelerator help in enhancing the current response of enzyme elec-
trode and thus increasing the sensitivity of the biosensor. The low
reduction and oxidation current of Lipase NPs/GKNPs/GPONPs/PG
electrode confirmed that the enzyme nanoparticles got immobi-
lized on the surface of the modified PG electrode.
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Fig.4. Cyclic voltammogram of (i) bare electrode (ii) Lipase NPs/GKNPs/GPONPs/PG
electrode without substrate in 25ml 0.1 M sodium phosphate buffer (pH=7.0)
containing, 6.6mM ATP, 10mM MgCl, and 1mM Triton X100 (iii) Lipase
NPs/GKNPs/GPONPs/PG electrode containing 10 mM triolein (0.1 ml)at a scan rate of
20mVs~!. (NPs=Nanoparticles, GK=Glycerol kinase, GPO = Glycerol-3-phosphate
oxidase, PG = Pencil graphite).

3.5. Current response measurement of lipase
NPs/GKNPs/GPONPs/PG electrode

The electrochemical response of the Lipase
NPs/GKNPs/GPONPs/PG electrode was investigated as a func-
tion of triolein concentration (0.1 mM-65mM) by recording CV
at 20mV/s scan rate in PBS (0.1M, pH 7.0) containing 5mM
[Fe(CN)6]3—/4— (the electrical conductivity of PBS=25%2). TG
biosensor is based on measurement of electrons i.e. the current
generated from H,O, under high potential. At the surface of ENPs
electrode, co-immobilized lipase NPs hydrolyses TG into free
fatty acids and glycerol, which get phosphorylated into glycerol-
3-phosphate by co-immobilized GKNPs in presence of ATP. This
glycerol-3-phosphate is then, oxidized into dihydroxyacetone
phosphate and H;0, by GPONPs. The electron i.e. current is
generated from electro-oxidation of H,O, under high potential,
which is measured. The current response curves of PG electrodes
without and with a mixture of ENPs (with substrate and without
substrate) are shown in Fig. 4(i, ii, iii). When TG concentration
was 10 mM, the current response of the PG electrode with native
enzymes (Lipase/GK/GPO) was 0.54 mA, while the same electrode
with mixture of ENPs (LipaseNPs/GKNPs/GPONPs) was 2.85 mA.
The results indicated that the hybrid ENPs had an intense effect on
the electrode response.

3.6. Optimization of TG biosensor

A novel amperometric TG biosensor was developed based on
co-immobilization of LipaseNPs, GKNPs and/GPONPs onto PG elec-
trode. The maximum current was observed within 2.5s at 0.1V
against Ag/AgCl. Hence, in subsequent electrochemical studies the
current was recorded within 2.5s at this voltage. The biosensor
showed the optimum current at pH 7.0 in 0.1 M sodium phosphate
buffer, which is close to the physiological pH. The optimum incuba-
tion temperature and time for the biosensor was observed at 35°C
and 2.5 s. Hence, the subsequent electrochemical experiments were
carried out in 0.1 M sodium phosphate buffer, pH 7.0 at 35 °C. There
was a linear relationship between biosensor response and TG con-
centration in the range 0.1 mM-45 mM, after which the response
was constant (Fig. 2b). The Lipase NPs/GKNPs/GPONPs/PG electrode
generated a jmax of 7.76 £0.12 mA with app. Km of 0.1 +£ 0.1 mM
and showed high sensitivity of 1241+20mAcm2mM-! at a
potential of 0.1 V.

3.7. Evaluation of TG biosensor

Alinear relationship was obtained over between a wide triolein
concentration range, 0.1 mM-45 mM, under optimum conditions
(Fig. 2a),which is better than earlier biosensors [29-37]. The limit
of detection limit(LOD) of the present biosensor was 0.1 nM, which
is also better than earlier biosensors [29-37|.The average recov-
eries of TG added in sera at levels of 0.5mM and 1.0 mM were
98.01 and 98.77% respectively demonstrating the reliability of the
present biosensor (Supplementary Table S1). Within and between
batch coefficients of variation for the determination of TG in sera
on the same day and after one week of storage at —20 °C were 0.05%
and 0.06%, respectively (Supplementary Table S2). These values of
precision study show the good reproducibility and consistency of
the present method, which could be attributed to the electrostatic
attraction of Lipase NPs/GKNPs/GPONPs onto PG electrode.

3.8. Correlation of TG biosensor

The TG level in 20 sera of apparently healthy subjects and per-
sons suffering from hypertryglycerdemia as measured by present
biosensor were compared with those obtained by standard enzymic
colorimetric kit method. A good correlation coefficient (R% =0.99)
was obtained with the standard enzymic colorimetric method (Fig-
ure not given), revealing the high accuracy of the present biosensor.

3.9. Applications of TG biosensor

The sera TG content in apparently healthy adults as measured
by the present biosensor was in the range 0.540.03-1.7 £0.05
(n=20) mM for sera of apparently healthy persons, which is in nor-
mal established range. The sera TG level in persons suffering from
hypertriglyceridemia was in the range 3.3 +0.03-19 4+ 0.04 mM
(n=20), which is significantly higher than those in apparently
healthy adults (p>0.001) (Supplementary Table S3).

3.10. Interference study of TG biosensor

Citric acid, glutamic acid, uric acid, ascorbic acid and urea had
practically no effect on TG biosensor response at their physiological
concentrations, under the standard assay conditions. (Supplemen-
tary Fig. S2).

3.11. Storage stability of LipaseNPs/GKNPs/GPONPs/PG electrode

The Lipase NPs/GKNPs/GPONPs/PG electrode lost 20% of its ini-
tial activity after its continued uses, over a period of 240 days, while
being stored at 4 °C. These observations indicate the better stability
of the present ENPs electrode over earlier electrodes [29-37].

4. Conclusion

The use of Lipase NPs/GKNPs/GPONPs modified PG electrode
in fabrication of TG biosensor has resulted into its better ana-
lytical performance in terms of faster response time (2.5s),the
lower detection limit (0.1 nM), wider linear range (0.1 mM-45 mM)
and higher storage stability (240 days). Thus enzyme nanoparti-
cles modified PG electrode could be used for improvement of other
biosensors also.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.enzmictec.2017.
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References

[1] A.C. Skulas-Ray, P.M. Kris-Etherton, W.S. Harris, J.P.V. Heuvel, P.R. Wagner,
S.G. West, Dose-response effects of omega-3 fatty acids on triglycerides
inflammation, and endothelial function in healthy persons with moderate
hypertriglyceridemia, Am. J. Clin. Nutr. 93 (2010) 243-252.

[2] D.Zeng, Q.-S. Zheng, D.-B. Ou, Triglyceride-mediated pathways and coronary
heart disease, Lancet 376 (2010) 957.

[3] N. Sarwar, J. Danesh, G. Eiriksdottir, G. Sigurdsson, N. Wareham, S. Bingham,
et al., Triglycerides and the risk of coronary heart disease: 10158 incident
cases among 262 525 participants in 29 western prospective studies,
Circulation 115 (2007) 450-458.

[4] B.L. Burgess, S.A. Mcisaac, K.E. Naus, J.Y. Chan, G.H. Tansley, J. Yang, et al.,
Elevated plasma triglyceride levels precede amyloid deposition in
Alzheimer’s disease mouse models with abundant A in plasma, Neurobiol.
Dis. 24 (2006) 114-127.

[5] S.Kota, S. Kota, S.V.S. Krishna, K. Modi, S. Jammula,
Hypertriglyceridemia-induced recurrent acute pancreatitis: a case-based
review, Indian J. Endocr. Metab. 16 (2012) 141.

[6] A.Tiros, I. Shai, R. Bitzur, I. Kochba, D. Tekes-Manova, E. Israeli, et al., Changes
in triglyceride levels over time and risk of type 2 diabetes in young men, Diab.
Care 31 (2008) 2032-2037.

[7] M. Ponies, J. Kempenaar, A. Weerheim, L.D. Lannoy, I. Kalkman, H. Jansen,
Triglyceride metabolism in human keratinocytes cultured at the air-liquid
interface, Arch. Dermatol. Res. 287 (1995) 723-730.

[8] V. Manninen, L. Tenkanen, P. Koskinen, Joint Effects of serum triglyceride and
LDL cholesterol and HDL Cholesterol concentrations on coronary heart
disease risk in the Helsinki heart study, Endocrinology 2 (1992) 209.

[9] J. Lakatos, A. Harsagyi, Serum total, HDL LDL cholesterol, and triglyceride
levels in patients with rheumatoid arthritis, Clin. Biochem. 21 (1988) 93-96.

[10] A.Yoshida, M. Kouwaki, Y. Matsutani, Y. Fukuchi, M. Naito, Usefulness of
serum total cholesterol/triglyceride ratio for predicting the presence of small,
dense LDL, J. Atheroscler. Thromb. 11 (2004) 215-219 (s).

[11] S.G. Klotzsch, J.R. McNamara, Triglyceride measurements: a review of
methods and interferences, Clin. Chem. 36 (1990) 1605-1613.

[12] S. Mamoru, O. Tsutomu, H. Kazuyuki, M. Hidemi, Y. Hiroko, S. Masayasu, et al.,
A simple colorimetric method for determination of serum triglycerides with
lipoprotein lipase and glycerol dehydrogenase, Clin. Chim. Acta 81 (1977)
125-130.

[13] M.C. Mochoin, ].M. Leyva, A new spectrophotometric method for determining
triglycerides in serum, Clin. Chim. Acta 142 (1984) 281-285.

[14] J.W.I. Brunnekreeft, B. Leijnse, Determination of serum triglycerides by
capillary on-column gas chromatography, Clin. Chem. Lab. Med. 24 (1986).

[15] AJ. Mendez, C. Cabeza, S. Hsia, A fluorometric method for the determination
of triglycerides in nanomolar quantities, Anal. Biochem. 156 (1986) 386-389.

[16] J. Otvos, Measurement of triglyceride-rich lipoproteins by nuclear magnetic
resonance spectroscopy, Clin. Cardiol. 22 (1999).

[17] A.Kaplan, V.F. Lee, A micromethod for determination of serum triglycerides,
Expl. Biol. Med. 118 (1965) 296-297.

[18] 1. Bjorkhem, K. Sandelin, A. Thore, A simple: fully enzymic bioluminescent
assay for triglycerides in serum, Clin. Chem. 28 (1982) 1742-1744.

[19] S.H. Grossman, E. Mollo, G. Ertingshausen, Simplified: totally enzymatic
method for determination of serum triglycerides with a centrifugal analyzer,
Clin. Chem. 22 (1976) 1310-1313.

[20] C. Hearne, C. Fraser, Assessment of colorimetric enzymatic determination of
triglyceride by manual and centrifugal analyzer techniques, and comparison
with a CDC standardized method, Clin. Biochem. 14 (1981) 28-31.

[21] A.Sadana, Novel biosensing methods, binding and dissociation kinetics for
different biosensor applications using fractals? Elsevier, Amsterdam, The
Netherlands, 2006, pp. 243-272.

[22] C.S. Pundir, J. Narang, Determination of triglycerides with special emphasis on
biosensors: a review Int. J. Biol. Macromol. 61 (2013) 379-389.

[23] C.S. Pundir, Enzyme Nanoparticles: Preparation, Characterization, Properties
and Application, Elsevier, London, 2015, pp. 5-60.

[24] V. Aggarwal, ]. Malik, A. Prashant, P. Jaiwal, C. Pundir, Amperometric
determination of serum total cholesterol with nanoparticles of cholesterol
esterase and cholesterol oxidase, Anal. Biochem. 500 (2016) 6-11.

[25] E. Dede, O. Saglam, Y. Dilgin, Sensitive voltammetric determination of
niclosamide at a disposable pencil graphite electrode, Electrochim. Acta 127
(2014) 20-26.

[26] Minakshi, C.S. Pundir, Construction of an amperometric enzymic sensor for
triglyceride determination, Sens. Actuators B: Chem. 133 (2008) 251-255.

[27] N.P. Ehle, C.M. Schotz, A stable: radioactive substrate emulsion for assay of
lipoprotein lipase, J. Lipid Res. 17 (1976) 536-546.

[28] G. Liy, Y. Lin, V. Ostatna, ]. Wang, Enzyme nanoparticles-based electronic
biosensor, Chem. Commun. 27 (2005) 3481-3483.

[29] RK.Reddy, A. Chadha, E. Bhattacharya, Porous silicon based potentiometric
triglyceride biosensor, Biosens. Bioelectron. 16 (2001) 313-317.

[30] H.Winartasaputra, S.S. Kutan, G.C. Guilbault, Amperometeric enzyme
determination of triglyceride in serum, Anal. Chem. 54 (1982) 1987-1990.

[31] J. Narang, Minakshi, M. Bhambi, C.S. Pundir, Fabrication of an amperometric
triglyceride biosensor based on PVC membrane, Anal. Lett. 43 (2009) 1-11.

[32] C.S. Pundir, B.S. Singh, J. Narang, Construction of an amperometric triglyceride
biosensor using PVA membrane bound enzymes, Clin. Biochem. 43 (2010)
467-472.

[33] LB. Rejeb, F. Arduini, A. Amine, M. Gargouri, G. Palleschi, Amperometric
biosensor based on prussian blue-modified screen-printed electrode for lipase
activity and triacylglycerol determination, Anal. Chim. Acta 594 (2007) 1-8.

[34] W.-Y. Liao, C.-C. Liu, T.-C. Chou, Detection of triglyceride using an iridium
nano-particle catalyst based amperometric biosensor, Analyst 133 (2008)
1757.

[35] A.Phongphut, C. Sriprachuabwong, A. Wisitsoraat, A. Tuantranont, S.
Prichanont, P. Sritongkham, A disposable amperometric biosensor based on
inkjet-printed Au/PEDOT-PSS nanocomposite for triglyceride determination,
Sens. Actuators B: Chem. 178 (2013) 501-507.

[36] J. Narang, C. Pundir, Construction of a triglyceride amperometric biosensor
based on chitosan-ZnO nanocomposite film, Int. J. Biol. Macromol. 49 (2011)
707-715.

[37] J. Narang, N. Chauhan, C. Pundir, Construction of triglyceride biosensor based
on nickel oxide-chitosan/zinc oxide/zinc hexacyanoferrate film, Int. J. Biol.
Macromol. 60 (2013) 45-51.


http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://dx.doi.org/10.1016/j.enzmictec.2017.01.009
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0005
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0010
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0015
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0020
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0025
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0030
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0035
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0040
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0045
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0050
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0055
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0060
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0065
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0070
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0075
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0080
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0085
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0090
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0095
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0100
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0105
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0110
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0115
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0120
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0125
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0130
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0135
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0140
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0145
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0150
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0155
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0160
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0165
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0170
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0175
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0180
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185
http://refhub.elsevier.com/S0141-0229(17)30018-2/sbref0185

	An improved amperometric triglyceride biosensor based on co-immobilization of nanoparticles of lipase, glycerol kinase and...
	1 Introduction
	2 Materials and methods
	2.1 Reagents and materials
	2.2 Instruments used
	2.3 Preparation of triolein solution
	2.4 Preparation of lipase NPs, GKNPs and GPONPs
	2.5 Characterization of lipase NPs, GKNPs and GPONPs
	2.6 Preparation of lipase NPs/GKNPs/GPONPs/PG electrode
	2.7 Construction of TG biosensor and its response measurements
	2.8 Optimization of TG biosensor
	2.9 Amperometric determination of TG in serum
	2.10 Evaluation of TG biosensor
	2.11 Reusability and storage stability of enzyme electrode

	3 Results and discussion
	3.1 Characterization of lipase NPs, GKNPs and GPONPs
	3.2 Characterization of lipase NPs/GKNPs/GPONPs/PG electrode
	3.2.1 By scanning electron microscopy (SEM)

	3.3 By electrochemical impedance spectroscopy (EIS)
	3.4 Voltammetric response of the lipase NPs/GKNPs/GPONPs/PG electrode
	3.5 Current response measurement of lipase NPs/GKNPs/GPONPs/PG electrode
	3.6 Optimization of TG biosensor
	3.7 Evaluation of TG biosensor
	3.8 Correlation of TG biosensor
	3.9 Applications of TG biosensor
	3.10 Interference study of TG biosensor
	3.11 Storage stability of LipaseNPs/GKNPs/GPONPs/PG electrode

	4 Conclusion
	Acknowledgement
	Appendix A Supplementary data
	References


