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In this  study,  a  novel  and  sensitive  electrochemical  aptasensing  platform  was  fabricated  for the  detec-
tion  of the  breast  cancer  biomarker  HER2.  HER2  aptamer  was  firstly  hybridized  with  ferrocene-labeled
DNA/Au  nanospheres  (FcNS),  and  then  bound  with the  target  HER2.  The  released  FcNS  homogeneously
hybridized  with  horseradish  peroxidase-labeled  DNA/Au  nanospheres  (HRPNS).  Benefiting  from  the
introduction  of  RecJf exonuclease,  HER2  was recycled  as  the  degradation  of  aptamer  and  bound  another
aptamer  connected  on FcNS.  Thus,  FcNS/HRPNS  in  large  amounts  was generated  and  captured  by  the
modified  Au  electrode  through  the  host-guest  recognition  between  beta-cyclodextrin  (�-CD)  and  fer-
ER2
ecJf exonuclease
ost-guest interaction
omogeneous hybridization

rocene  (Fc).  Horseradish  peroxidase  (HRP)  catalyzed  o-PD  in  presence  of H2O2, producing  a significantly
amplified  signal.  Under  the  optimal  conditions,  the fabricated  aptasensing  platform  showed  an  excellent
sensitivity  with a low  detection  limit  of 4.9  ng ml−1 (S/N  =  3),  and  high  specificity  towards  HER2.  Further-
more,  this  proposed  strategy  presented  the  good  reliability  and  applicability  in  the  analysis  of  human
serum  samples,  showing  great  potential  for applications  in early  diagnosis  of breast  cancer.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Breast cancer is considered as one of the greatest causes of mor-
ality in women [1–3], and early diagnosis could make a significant
ifference [4,5]. Thus, novel approaches for early diagnosis of breast
ancer are highly desirable. HER2 (human epidermal growth factor
eceptor-2) is a transmembrane protein, which plays a major role
n promoting breast cancer cell proliferation and malignant growth
6,7], leading to accelerated recurrence and death rates. A number
f studies demonstrated that breast cancer patients have elevated
oncentrations of HER2 in their blood when compared to healthy
ubjects [8,9]. The concentration of HER2 from healthy individuals
s between 2 and 15 ng/ml, while the patients with breast cancer
how elevated levels of HER2 in a range of 15–75 ng/ml. Monitoring
he HER2 levels in serum can realize the early diagnosis of breast
ancer, decreasing the mortality rate [10–12].
In clinical diagnosis, four methods have already been approved
y U.S. Food and Drug Administration (FDA) to determine a breast
ancer’s HER2 status, including immunohistochemistry (IHC), flu-

∗ Corresponding authors.
E-mail addresses: fzhang@chem.ecnu.edu.cn (F. Zhang),

jwang@chem.ecnu.edu.cn (Q. Wang).

ttps://doi.org/10.1016/j.snb.2017.11.119
925-4005/© 2017 Elsevier B.V. All rights reserved.
orescent in situ hybridization (FISH), subtraction probe technology
chromogenic in situ hybridization (SPoT-Light CISH) and Inform
Dual ISH in situ hybridization (Inform Dual ISH). IHC  is the most
common HER2 status test, which is widely available in preliminary
HER2 protein detection. The others are more precise and reli-
able. However, these methods require invasive biopsy, specialized
equipment and long turn-around time, which limit the extensive
applications [13–15]. Thus, the development of a facile and sen-
sitive method for the early diagnosis of breast cancer is urgently
required. So far, some detection techniques have been reported,
including fluorescence, chromatography, mass spectroscopy and
electrochemistry [16–19]. The electrochemical methods are advan-
tageous in terms of simplicity, quick response, high selectivity
and superior sensitivity. To further increase the sensitivity, elec-
trochemical detections were combined with signal amplification
strategies, where the emergence of nuclease cleavage provide new
analytical tools for sensitive detection of analytes in aptasensing,
surmounting limitation of the traditional 1:1 binding ratio of the
aptamer to analyte [20,21]. The introduction of the catalytic nucle-
ase into the electrochemical sensing platforms achieved further

recycling and reuse of target, thus amplifying the detection signal.

RecJf exonuclease [22–25] is a single-stranded DNA specific
exonuclease, which catalyzes the removal of deoxy-nucleotide
monophosphates from DNA chain in the 5’–3’ direction, leading

https://doi.org/10.1016/j.snb.2017.11.119
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.snb.2017.11.119&domain=pdf
mailto:fzhang@chem.ecnu.edu.cn
mailto:qjwang@chem.ecnu.edu.cn
https://doi.org/10.1016/j.snb.2017.11.119
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o degradation of DNA in the complex. It has been demonstrated as
n effective signal amplifier in electrochemical detection of many
iomolecules, such as ochratoxin A and thrombin, to yield relevant
erformances and improved sensitivities [26–29].

In this study, RecJf exonuclease-catalyzed target recycling strat-
gy was applied for the first time to develop an electrochemical
ER2 aptasensing platform (Scheme 1). The gold nanoparticles (Au
Ps) layer was electrochemically deposited on the Au electrode sur-
ace, followed by self-assembly of SH-�-CD to capture Fc labeled on
u nanospheres. Signal amplification was achieved through recy-
ling between aptamer-HER2 complex formation and HER2 release
rom the complex using RecJf exonuclease degradation, generating

Scheme 1. Schematic illustration of the electrochem
ors B 258 (2018) 796–802 797

FcNS/HRPNS in large amounts and thus providing a more sen-
sitive response. The fabricated aptasensing platform exhibited a
low detection limit and wide linear range, providing an effective
approach of HER2 detection in human serum for early diagnosis of
breast cancers.

2. Experimental
2.1. Materials

K3Fe(CN)6, K4Fe(CN)6, KCl, Na2HPO4, NaH2PO4, HCl (aq), NaOH,
hydrogen peroxide, glucose and trisodium citrate (Sinopharm,

ical aptasensing platform for HER2 detection.
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hanghai, China); HER2, hexanethiol (HT), HAuCl4 and o-
henylenediamine (o-PD) (Sigma-Aldrich, St.Louis, USA); SH-�-
yclodextrin (Tuokechem, Shanghai, China); RecJf exonuclease
ith 1 × NEB buffer 2 (New England Biolabs, Beijing, China);
arcinoembryonic antigen (CEA) (Shuangliu Zhenglong, Chengdu,
hina); IgG (Dingguo Biotechnology, Beijing, China); Streptavidin-
RP (1 mg  ml−1) (Beyotime, Nantong, China); Bovine serum
lbumin (BSA) and DNA sequences (Sangon, Shanghai, China).

All the reagents were of analytical grade and all solutions
ere prepared with ultrapure water at a specific resistance of

8.2 M� cm.
Sequences information:
Fc-DNA: 5’-SH-(CH2)6- GCC ATT GGG TCT TGC-Fc-3’
Auxiliary DNA1 (A-DNA1): 5’-SH-(CH2)6-TTTTC AACAC TCCCC

CCCT ATCCC ATCCC GTGCT GATCA GTTCT TTTAC-3’
biotin-DNA: 5’-SH-(CH2)6-GCC ATT GGG TCT TGC-biotin-3’
Auxiliary DNA2 (A-DNA2): 5’-SH-(CH2)6-GTAAA AGAAC TGATC

GCAC GGGAT GGGAT AGGGA GGGGA GTGTT GAAAA-3’
HER2 aptamer: 5’-AAA GTAAA AGAAC TGATC AGCAC GGGAT

GGAT AGGGA GGGGA GTGTT GAAAA-3’

.2. Apparatus

All the electrochemical experiments were performed using a
HI 660C electrochemical analyzer with a three-electrode config-
ration (Chenhua, Shanghai, China). A modified Au electrode, an
g/AgCl with saturated KCl solution and a platinum wire were
mployed as the working, reference and counter electrode, respec-
ively. The average sizes of the Au nanoparticles were characterized
y transmission electron microscopy (TEM, JEOL JEM-2100, Japan).
he pH values of 0.1 M PBS were measured by a PHS-3C pH meter
Leici Instrumental Corporation, Shanghai, China). The ultrapure
ater was obtained using a Millipore Milli-Q system (BIORISE,

hanghai, China).

.3. Electrochemical aptasensing of HER2

.3.1. Preparation of FcNS/HER2 aptamer and HRPNS
The Au nanoparticles (Au NPs) were prepared according to

he literature [30]. 5 �l of 0.1 mM Fc-DNA and 5 �l of 0.1 mM
-DNA1 were mixed with 10 �l of Au nanoparticles for 12 h to

orm FcNS. Then, 5 �l of 0.1 mM HER2 aptamer was  added to
ybridize with A-DNA1 on FcNS for 1 h, and the formed FcNS/HER2
ptamer would be captured by �-CD immobilized on the electrode
hrough supramolecular recognition. The preparation of HRPNS
as achieved by incubating 10 �l of Au nanoparticles with 5 �l of

.1 mM biotin-DNA and 5 �l of 0.1 mM A-DNA2 for 12 h, followed
y incubating with 5 �l of 1 mg  ml−1 streptavidin-HRP for 1 h to

ink HRP on Au NPs through the interaction between the biotin and
treptavidin.

.3.2. Binding recycling of HER2 by RecJf exonuclease
HER2 at different concentrations was incubated with

cNS/HER2 aptamer. Meanwhile, 5 �l of RecJf exonuclease
as added for the continuous generation of FcNS for 1 h. After that,
RPNS was added into solution and the complex of FcNS/HRPNS
as formed for 2 h.

.3.3. Fabrication of electrochemical aptasensing platform
Firstly, the Au electrode was thoroughly rinsed with piranha

olution (7:3 mixture of concentrated sulfuric acid with 30% hydro-

en peroxide). The electrode was then cleaned by ultrasonication in
thanol and ultrapure water for 5 min, respectively. Next, the elec-
rode was polished to a mirror-like surface using chamois leather
ith 0.3 �m and 0.05 �m alumina slurries. It was then rinsed with
ors B 258 (2018) 796–802

ultrapure water, followed by electrochemical cleaning using cyclic
scan between −0.2 and 1.6 V (vs. Ag/AgCl) in 0.5 M H2SO4.

The resulting Au electrode was immersed in 10 ml  of 2.5 mM
HAuCl4 solution to obtain Au nanoparticles modified electrode
through electrochemical deposition at −0.2 V for 100 s. Next, SH-
�-CD was  self-assembled on the modified Au electrode through
the Au-S bond by immersing the electrode in 1 mM  SH-�-CD solu-
tion for 5 h at room temperature, followed by immobilization of
HT (1 mM)  to block the surface of Au electrode for 12 h. Then, the
modified electrode was  immersed into the FcNS/HRPNS solution
to capture FcNS/HRPNS through �-CD on the surface for 5 h. The
unbounded complexes were washed with ultrapure water, and
then the modified electrode was  dried at room temperature.

2.3.4. Electrochemical detection of aptasensing platform
The responses of differential pulse voltammetry (DPV) were

recorded in 0.1 M PBS (pH 7.0) containing 50 mM o-PD and 50 mM
H2O2 at room temperature in the potential range of −0.7 V to
−0.3 V.

2.4. Preparation of serum samples

Human serum samples were obtained from Shanghai Electric
Power Hospital and centrifuged with G value of 9990g before stor-
age in the refrigerator at −20 ◦C. The supernatant was  diluted to 2%
with 0.1 M PBS and mixed with HER2 at various concentrations to
yield 50 ng ml−1, 100 ng ml−1 and 150 ng ml−1 spiked samples.

3. Results and discussion

3.1. Characterization of aptasensing platform

The synthesized Au NPs were characterized by TEM in Fig. S1,
showing the homogeneous distribution and the average diame-
ter of the Au NPs could be estimated to 15 nm.  EIS was  employed
to characterize different modified electrodes [31,32]. Compared to
bare Au (Fig. 1A, curve a) and Au/Au NPs electrode (Fig. 1A, curve
b), the Au/Au NPs/�-CD electrode shows an enhanced electron
transfer resistance (Fig. 1A, curve c), indicating the successful self-
assembly of SH-�-CD on the electrode. HT, used to block the surface
of Au, further raises the resistance (Fig. 1A, curve d). The capture
of FcNS/HER2 aptamer (Fig. 1A, curve e) and FcNS/HRPNS (Fig. 1A,
curve f) by �-CD result in the successive increase of the impedance
value, indicating the successful immobilization of the complexes
through host-guest interaction between Fc and �-CD.

The electrochemical performances of the fabricated aptasens-
ing platform were evaluated by DPV as shown in Fig. 1B. The Au/Au
NPs/�-CD/HT electrode (Fig. 1B, curve a) does not produce obvious
electrochemical signals. The respective addition of HRPNS (Fig. 1B,
curve b), FcNS/HER2 aptamer (Fig. 1B, curve c) and mixture of
HRPNS and FcNS/HER2 aptamer (Fig. 1B, curve d) generate almost
no signals in absence of HER2. This reveals that the captured Fc and
physically absorbed HRP have no influence on the electrochemical
determination of HER2. With the presence of HER2, FcNS/HRPNS
complex is formed through the homogeneous hybridization and
captured by the modified Au electrode, which contributes to the
catalysis of o-PD oxidation in presence of H2O2 to generate a DPV
signal (Fig. 1B, curve e). The addition of RecJf exonuclease sig-
nificantly increases the current signal resulting in an amplified
response (Fig. 1B, curve f). Thus, the fabricated electrochemical
aptasensing platform could be employed for the detection of HER2.
3.2. Self-assembly of SH-ˇ-CD on Au NPs modified Au electrode

Au NPs was employed to boost the amount of SH-�-CD self-
assembled on the Au electrode. To estimate the surface density
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Fig. 1. (A) EIS of different modified electrodes in 10 mM Fe(CN)6
3−/4− containing 0.1 M KCl: (a) bare Au, (b) Au/Au NPs, (c) Au/Au NPs/�-CD, (d) Au/Au NPs/�-CD/HT, (e)

Au/Au  NPs/�-CD/HT/FcNS/HER2 aptamer and (f) Au/Au NPs/�-CD/HT/FcNS/HRPNS electrode. (B) DPV curves obtained from (a) Au/Au NPs/�-CD/HT (dark green line); (b)
Au/Au  NPs/�-CD/HT with HRPNS (magenta line); (c) Au/Au NPs/�-CD/HT with FcNS/HER2 aptamer (blue line); (d) Au/Au NPs/�-CD/HT with mixture of FcNS/HER2 aptamer
and  HRPNS (cyan line); (e) Au/Au NPs/�-CD/HT/FcNS/HRPNS without RecJf exonuclease (black line); (f) Au/Au NPs/�-CD/HT/FcNS/HRPNS with RecJf exonuclease (red line)
in  PBS (pH 7.0) containing 50 mM o-PD and 50 mM H2O2. (For interpretation of the refere
article.)
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ig. 2. Chronocoulometry curves of Au electrode before (a) and after (b) the immo-
ilization of �-CD.

f �-CD, chronocoulometry measurements were performed before
nd after the self-assembly of SH-�-CD [33,34]. Clearly, the elec-
ric quantity increases with the Au-S bonds breakage detected in
.1 M PBS (pH 10.5), since the reaction of R-S-Au + e− � R-S− +
u occurs during the breakage process (Fig. 2). The surface den-
ity of �-CD (� ) on Au NPs modified Au electrode (Au/Au NPs) is
alculated as 5.4 × 10−10 mol/cm2 using the equation: � = Q/nFA

35–37], in which, the area of Au/Au NPs electrode is obtained

ccording to the Cottrell equation: i (t) = nFAD1/2
0

C

�1/2t1/2 . When t equals to
0 s, the detected values of current in 50 mM ferrocene/PBS solution

Fig. 3. Effects of (A) pH value and (B) capture time between �
nces to colour in this figure legend, the reader is referred to the web  version of this

are 8.034 × 10−7 A and 9.285 × 10−7 A by Au electrode and Au/Au
NPs electrode, respectively. The area of Au electrode is 0.0314 cm2

,

thus calculating the value of Au/Au NPs electrode as 0.0363 cm2.
While, the theoretical value of �-CD monolayer on Au surface was
7.5 × 10−11 mol/cm2 [38]. This indicates that the self-assembly effi-
ciency of SH-�-CD is improved by the electrochemical deposition
of Au NPs.

3.3. Optimization of experimental variables

To further improve the detection sensitivity, experimental vari-
ables including pH and capture time between immobilized �-CD
and Fc were optimized. The pH value of PBS has a significant impact
on the catalytic activity of HRP. A number of studies found that neu-
tral pH was more appropriate for HRP sensing application, and the
catalytic activity of HRP would be damaged in low or high pH media
[39–41]. Herein, the effect of pH was investigated in the range of
5.0–9.0 and the results were shown in Fig. 3A. The data clearly
demonstrates that the strong current signals could be obtained near
pH 7.0. At pH below or above 7.0, the generated signals reduce in
intensity. Besides, the normal pH of human blood is around 7.0.
Thus, pH 7.0 was selected as the optimal condition.

The capture time between �-CD and Fc is another important
factor affecting the HER2 detection, because the capture efficiency
would directly influence the detection sensitivity. Thus, the cap-
ture time was optimized to bring maximum HRP to the electrode

surface. As shown in Fig. 3B, the current signal increases from 1 h to
5 h. While, the peak currents decrease after 5 h, probably due to the
declined activity of HRP. Therefore, 5 h was selected as the optimal
capture time.

-CD and Fc on the peak current at room temperature.
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Table 1
Determination of HER2 in the spiked human serum samples using the aptasensing platform and UV–vis spectrophotometry as a comparison.

Sample No. Spiked value (ng ml−1) Measured value (ng ml−1) Recovery (%) Reproducibility (RSD%)

Sensing UV–vis Sensing UV–vis Sensing UV–vis

1 50.0 52.7 58.3 105.5 116.7 7.3 0.2
2  100.0 92.7 125.0 92.7 125.0 4.5 0.3
3  150.0 145.9 161.5 
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ig. 4. Peak current of DPV responses at the aptasensing platform with HER2
100 ng ml−1), BSA (100 ng ml−1), CEA (100 ng ml−1), glucose (100 ng ml−1) and IgG
1 × 104 ng ml−1) in PBS (pH 7.0).

.4. Specificity of aptasensing platform

To evaluate the specificity of the aptasensing platform, dif-
erent analytes, including HER2 (100 ng ml−1), BSA (100 ng ml−1),
EA (100 ng ml−1), glucose (100 ng ml−1) and IgG (1 × 104 ng ml−1)
ere respectively added to the detection solution. Under the opti-
al  conditions, the highest peak current is observed in presence

f HER2 (Fig. 4). On the other hand, the signal intensities obtained
n presence of the interferences were less than 20% of the signal
rom HER2, demonstrating that the fabricated aptasensing platform
ossesses an excellent specificity towards HER2.

.5. Quantitative analysis of HER2

The DPV responses of the aptasensing platform towards HER2

t various concentrations were gathered in Fig. 5A. The signal
ntensity increases as HER2 concentration rises from 10 ng ml−1

o 150 ng ml−1. According to Fig. 5B, the detection sensitivity is
educed as −0.039 ± 0.001 �A (ng/ml)−1 with a correlation coeffi-

ig. 5. (A) DPV responses at the aptasensing platform with HER2 at different concentrat
reen  line); (d) 50 ng ml−1 (brown line); (e) 100 ng ml−1 (blue line) and (f) 150 ng ml−1 (re
For  interpretation of the references to colour in this figure legend, the reader is referred 
97.3 107.7 6.6 0.2

cient of 0.993, and the detection limit is as low as 4.9 ± 0.2 ng ml−1

(S/N = 3). Compared to other strategies for HER2 detection (Table
S1), the fabricated aptasensing platform presents a more excellent
sensitivity and wider linear range.

3.6. Serum sample testing

The practical application of the fabricated aptasensing platform
in clinical analysis was verified in human serum samples at the opti-
mized conditions (Table 1). Using the standard addition method,
the recoveries of HER2 detection in real samples are obtained in
the range of 92.7%–105.5% (n = 3), demonstrating the reliability and
applicability of the fabricated aptasensing platform for real human
serum sample analysis.

4. Conclusions

A sensitive electrochemical aptasensing platform for HER2
detection was fabricated for the first time with signal amplifi-
cation by RecJf exonuclease. HER2 could bond with its aptamer,
releasing FcNS to homogeneously hybridize with HRPNS. Due to
the degradation of HER2 aptamer by RecJf exonuclease, HER2 was
recycled to bind with another HER2 aptamer, thus generating lots of
FcNS/HRPNS. With the capture by Au/Au NPs/�-CD electrode based
on the host-guest interaction between �-CD and Fc, a large number
of HRP was brought to the electrode surface and then generated the
significantly amplified oxidative current by the catalysis towards
o-PD in presence of H2O2. Under the optimized conditions, this
aptasensing platform exhibited a linear electrochemical responses
of HER2 in a wide range of 10 ng ml−1–150 ng ml−1, a high detec-
tion sensitivity of −0.039 ± 0.001 �A (ng/ml)−1 and a low detection

limit of 4.9 ± 0.2 ng ml . It also showed the impressive specificity
towards HER2, and applicability in spiked human serum samples,
indicating the potential of the fabricated aptasensing platform in
early diagnosis of breast cancer.

ions: (a) 0 ng ml−1 (black line); (b) 10 ng ml−1 (magenta line); (c) 25 ng ml−1 (dark
d line). (B) Calibration curve of peak currents towards the concentrations of HER2.
to the web version of this article.)



Actuat

A

S
2

A

t

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

S. Yang et al. / Sensors and 

cknowledgment

This work was financially supported by the National Natural
cience Foundation of China (Grant No. 21405049, 21575042 and
1275054).

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at https://doi.org/10.1016/j.snb.2017.11.119.

eferences

[1] D.A. Lawson, N.R. Bhakta, K. Kessenbrock, K.D. Prummel, Y. Yu, K. Takai, A.
Zhou, H. Eyob, S. Balakrishnan, C.Y. Wang, P. Yaswen, A. Goga, Z. Werb,
Single-cell analysis reveals a stem-cell program in human metastatic breast
cancer cells, Nature 526 (2015) 131–135.

[2] K. Servick, Breast cancer: a world of differences, Science 343 (2014)
1452–1453.

[3] E. Stokstad, Genetic screen misses mutations in women at high risk of breast
cancer, Science 311 (2006) 1847.

[4] W.  Hamilton, F.M. Walter, G. Rubin, R.D. Neal, Improving early diagnosis of
symptomatic cancer, Nat. Rev. Clin. Oncol. 13 (2016) 740–749.

[5] S.F. Graham, O.P. Chevallier, D. Roberts, C. Holscher, C.T. Elliott, B.D. Green,
Investigation of the human brain metabolome to identify potential markers
for early diagnosis and therapeutic targets of Alzheimer’s disease, Anal. Chem.
85 (2013) 1803–1811.

[6] N.V. Jordan, A. Bardia, B.S. Wittner, et al., HER2 expression identifies dynamic
functional states within circulating breast cancer cells, Nature 537 (2016)
102–106.

[7] L.M. Chun, S.E. Kim, M.  Cho, W.S. Choe, J. Nam, D.W. Lee, Y. Lee,
Electrochemical detection of HER2 using single stranded DNA aptamer
modified gold nanoparticles electrode, Sens. Actuators B 186 (2013) 446–450.

[8] A. Qureshi, Y. Gurbuz, J.H. Niazi, Label-free capacitance based aptasensor
platform for the detection of HER2/ErbB2 cancer biomarker in serum, Sens.
Actuators B 220 (2015) 1145–1151.

[9] E. Arkan, R. Saber, Z. Karimi, M.  Shamsipur, A novel antibody?antigen based
impedimetric immunosensor for low level detection of HER2 in serum
samples of breast cancer patients via modification of a gold nanoparticles
decorated multiwall carbon nanotube-ionic liquid electrode, Anal. Chim. Acta
874  (2015) 66–74.

10] J.T. Gohring, P.S. Dale, X.D. Fan, Detection of HER2 breast cancer biomarker
using the opto-fluidic ring resonator biosensor, Sens. Actuators B 146 (2010)
226–230.

11] S.D. Tallapragada, K. Layek, R. Mukherjee, K.K. Mistry, M.  Ghosh, Development
of  screen-printed electrode based immunosensor for the detection of HER2
antigen in human serum samples, Bioelectrochemistry 118 (2017) 25–30.

12] C.C. Shen, K. Zeng, J.J. Luo, X.Q. Li, M.H. Yang, A. Rasooly, Self-assembled DNA
generated electric current biosensor for HER2 analysis, Anal. Chem. 89 (2017)
10264–10269.

13] R.C.B. Marques, S. Viswanathan, H.P.A. Nouws, C.D. Matos, M.B.G. Garcia,
Electrochemical immunosensor for the analysis of the breast cancer
biomarker HER2 ECD, Talanta 129 (2014) 594–599.

14] L.M. Chun, S.E. Kim, M.  Cho, W.S. Choe, J. Nam, D.W. Lee, Y. Lee,
Electrochemical detection of HER2 using single stranded DNA aptamer
modified gold nanoparticles electrode, Sens. Actuators B 186 (2013) 446–450.

15] A. Qureshi, Y. Gurbuz, J.H. Niazi, Label-free capacitance based aptasensor
platform for the detection of HER2/ErbB2 cancer biomarker in serum, Sens.
Actuators B 220 (2015) 1145–1151.

16] J. Ding, Y. Zhou, J.J. Li, L.P. Jiang, Z.W. He, J.J. Zhu, Screening of HER2
overexpressed breast cancer subtype in vivo by the validation of
high-performance long-term, and noninvasive fluorescence tracer, Anal.
Chem. 87 (2015) 12290–12297.

17] K.J. Kao, C.H. Tai, W.H. Chang, T.S. Yeh, T.C. Chen, G.B. Lee, A fluorescence
in  situ hybridization (FISH) microfluidic platform for detection of HER2
amplification in cancer cells, Biosens. Bioelectron. 69 (2015) 272–279.

18] A.C. Searleman, A.B. Iliuk, T.S. Collier, L.A. Chodosh, W.A. Tao, R. Bose, Tissue
phosphoproteomics with polyMAC identifies potential therapeutic targets in
a  transgenic mouse model of HER2 positive breast cancer, Electrophoresis 35
(2014) 3463–3469.

19] A. Gajbhiye, R. Dabhi, K. Taunk, G. Vannuruswamy, S. RoyChoudhury, R. Adhav,
et al., Urinary proteome alterations in HER2 enriched breast cancer revealed
by multipronged quantitative proteomics, Proteomics 16 (2016) 2403–2418.

20] P. Tong, L. Zhang, J.J. Xu, H.Y. Chen, Simply amplified electrochemical
aptasensor of ochratoxin a based on exonuclease-catalyzed target recycling,
Biosens. Bioelectron. 29 (2011) 97–101.

21] L.P. Jiang, J.D. Peng, R. Yuan, Y.Q. Chai, Y.L. Yuan, L.J. Bai, Y. Wang, An

aptasensing platform for simultaneous detection of multiple analytes based
on the amplification of exonuclease-catalyzed target recycling and DNA
concatemers, Analyst 138 (2013) 4818–4822.

22] D. Wu,  X. Xin, X.H. Pang, M.  Pietraszkiewicz, R. Hozyst, X.G. Sun, Q. Wei,
Application of europium multiwalled carbon nanotubes as novel
ors B 258 (2018) 796–802 801

luminophores in an electrochemiluminescent aptasensor for thrombin using
multiple amplification strategies, ACS Appl. Mater. Interfaces 7 (2015)
12663–12670.

23] K.F. Peng, H.W. Zhao, Y.L. Yuan, R. Yuan, X.F. Wu,  Mediator-free triple-enzyme
cascade electrocatalytic aptasensor with exonuclease-assisted target
recycling and hybridization chain reaction amplification, Biosens. Bioelectron.
55 (2014) 366–371.

24] Y. Tan, X.F. Wei, Y. Zhang, P.L. Wang, B. Qiu, L.H. Guo, Z.Y. Lin, H.H. Yang,
Exonuclease-catalyzed target recycling amplification and immobilization-free
electrochemical aptasensor, Anal. Chem. 87 (2015) 11826–11831.

25] L.J. Bai, Y.Q. Chai, R. Yuan, Y.L. Yuan, S.B. Xie, L.P. Jiang, Amperometric
aptasensor for thrombin detection using enzyme-mediated direct
electrochemistry and DNA-based signal amplification strategy, Biosens.
Bioelectron. 50 (2013) 325–330.

26] M.L. Yang, B.Y. Jiang, J.Q. Xie, Y. Xiang, Ruo Yuan, Y.Q. Chai,
Electrochemiluminescence recovery-based aptasensor for sensitive
Ochratoxin A detection via exonuclease-catalyzed target recycling
amplification, Talanta 125 (2014) 45–50.

27] P. Tong, L. Zhang, J.J. Xu, H.Y. Chen, Simply amplified electrochemical
aptasensor of Ochratoxin A based on exonuclease-catalyzed target recycling,
Biosens. Bioelectron. 29 (2011) 97–101.

28] H.Y. Yi, W.J. Xu, Y.L. Yuan, Y.M. Wu,  Y.Q. Chai, R. Yuan, A sensitive
electrochemical aptasensor for thrombin detection based on
exonuclease-catalyzed target recycling and enzyme-catalysis, Biosens.
Bioelectron. 47 (2013) 368–372.

29] K.F. Peng, H.W. Zhao, Y.L. Yuan, R. Yuan, X.F. Wu,  Mediator-free triple-enzyme
cascade electrocatalytic aptasensor with exonuclease-assisted target
recycling and hybridization chain reaction amplification, Biosens. Bioelectron.
55 (2014) 366–371.

30] Y.X. Li, J.T. Cox, B. Zhang, Electrochemical responses and electrocatalysis at
single Au Nanoparticles, J. Am.  Chem. Soc. 132 (2010) 3047–3054.

31] G. Liang, Y. Man, X.X. Jin, L.G. Pan, X.H. Liu, Aptamer-based biosensor for
label-free detection of ethanolamine by electrochemical impedance
spectroscopy, Anal. Chim. Acta 936 (2016) 222–228.

32] Y. Rama, T. Yoetz-Kopelman, Y. Dror, A. Freeman, Y. Shacham-Diamand,
Impact of molecular surface charge on biosensing by electrochemical
impedance spectroscopy, Electrochim. Acta 200 (2016) 161–167.

33] G. Wittstock, W.  Schuhmann, Formation and imaging of microscopic
enzymatically active spots on an alkanethiolate-covered gold electrode by
scanning electrochemical microscopy, Anal. Chem. 69 (1997) 5059–5066.

34] E.E. Engelman, D.H. Evans, Explicit finite-difference digital simulation of the
effects of rate-controlled product adsorption or deposition in
double-potential-step chronocoulometry, J. Electroanal. Chem. 331 (1992)
739–749.

35] A. Andreu, J.W. Merkert, L.A. Lecaros, B.L. Broglin, J.T. Brazell, M.  El-Kouedi,
Detection of DNA oligonucleotides on nanowire array electrodes using
chronocoulometry, Sens. Actuators B 114 (2006) 1116–1120.

36] B. Yao, Y.C. Liu, M.  Tabata, H.T.Z. Zhu, Y.J. Miyahara, Sensitive detection of
microRNA by chronocoulometry and rolling circle amplification on a gold
electrode, Chem. Commun. 50 (2014) 9704–9706.

37] S. Yang, L.J. Liu, M.  You, F. Zhang, X.J. Liao, P.G. He, The novel pillar[5] arene
derivative for recyclable electrochemical sensing platform of homogeneous
DNA hybridization, Sens. Actuators B 227 (2016) 497–503.

38] M.T. Rojas, R. Koniger, J.F. Stoddart, A.E. Kaifer, Supported monolayers
containing preformed binding sites synthesis and interfacial binding
properties of a thiolated �-cyclodextrin derivative, J. Am.  Chem. Soc. 117
(1995) 336–343.

39] C. Wu,  Z. Liu, H.H. Sun, X. Wang, P. Xu, Selective determination of phenols and
aromatic amines based on horseradish peroxidase-nanoporous gold
co-catalytic strategy, Biosens. Bioelectron. 79 (2016) 843–849.

40] J. Li, J.J. Wang, X. Guo, Q. Zheng, J. Peng, H. Tang, S.Z. Yao, Carbon nanotubes
labeled with aptamer and horseradish peroxidase as a probe for highly
sensitive protein biosensing by postelectropolymerization of insoluble
precipitates on electrodes, Anal. Chem. 87 (2015) 7610–7617.

41] Y. Zhao, Y.Q. Zheng, R.M. Kong, L. Xia, F.L. Qu, Ultrasensitive electrochemical
immunosensor based on horseradish peroxidase (HRP)-loaded
silica-poly(acrylic acid) brushes for protein biomarker detection, Biosens.
Bioelectron. 75 (2016) 383–388.

Biographies

Shuai Yang received his B.S. degree in Chemistry from Anhui Normal University in
2010 and M.S. degree in Analytical Chemistry from Shanghai Normal University in
2013. Now he is preparing his Ph.D. degree at the School of Chemistry and Molecular
Engineering in East China Normal University (Shanghai, China).

Min  You received his Bachelor degree in Department of Chemistry from Jiangxi
Normal University in 2012. Currently, He is a Ph.D. student in School of Chemistry

and Molecular Engineering at East China Normal University (Shanghai, China).

Fan Zhang received her Master and Doctor degrees in Analytical Chemistry at the
Department of Chemistry in East China Normal University (Shanghai, China) in 2008
and 2011. Now she is working at School of Chemistry and Molecular Engineering in
East China Normal University (Shanghai, China) as associate professor. Her research

https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
https://doi.org/10.1016/j.snb.2017.11.119
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0005
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0010
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0015
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0020
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0025
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0030
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0035
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0040
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0045
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0050
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0055
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0060
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0065
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0070
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0075
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0080
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0085
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0090
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0095
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0100
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0105
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0110
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0115
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0120
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0125
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0130
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0135
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0140
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0145
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0150
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0155
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0160
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0165
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0170
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0175
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0180
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0185
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0190
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0195
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0200
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205
http://refhub.elsevier.com/S0925-4005(17)32250-5/sbref0205


8 Actuat

i
a

Q
m
w
U
e

Pingang He received his Ph.D. degree from Fudan University (Shanghai, China) in
1996. Since 1998 he has been working as professor in East China Normal University
(Shanghai, China). His research interests include biosensors and novel electrochem-
02 S. Yang et al. / Sensors and 

nterests include the development of microfluidic devices and the study of electric
nd electrochemical responses of cells.
ingjiang Wang received his Ph.D. degree in Analytical Chemistry at the Depart-
ent of Chemistry in East China Normal University (Shanghai, China). Now he is
orking at School of Chemistry and Molecular Engineering in East China Normal
niversity (Shanghai, China) as professor. His research interests include capillary
lectrophoresis, electrochemical biosensors and microfluidic chip electrophoresis.
ors B 258 (2018) 796–802
ical  analytical instruments.


	A sensitive electrochemical aptasensing platform based on exonuclease recycling amplification and host-guest recognition f...
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Apparatus
	2.3 Electrochemical aptasensing of HER2
	2.3.1 Preparation of FcNS/HER2 aptamer and HRPNS
	2.3.2 Binding recycling of HER2 by RecJf exonuclease
	2.3.3 Fabrication of electrochemical aptasensing platform
	2.3.4 Electrochemical detection of aptasensing platform

	2.4 Preparation of serum samples

	3 Results and discussion
	3.1 Characterization of aptasensing platform
	3.2 Self-assembly of SH-β-CD on Au NPs modified Au electrode
	3.3 Optimization of experimental variables
	3.4 Specificity of aptasensing platform
	3.5 Quantitative analysis of HER2
	3.6 Serum sample testing

	4 Conclusions
	Acknowledgment
	Appendix A Supplementary data
	References
	Biographies


