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Recent  developments  in DNA  nanotechnology  brought  rich  structural  and  functional  diversity.  However,
for DNA  nanostructures  to perform  in  a biologically  relevant  context,  obstacles  such  as  nuclease  activity
and  low  divalent  ion  concentrations  have  to  be addressed.  For drug  delivery  or gene  therapy  applications,
ultimately  the lipid  membrane  barriers  must  be targeted  and  overcome.  In this  article,  we  highlight  efforts
and achievements  in  enhancing  the  stability  of DNA nanostructures  including  chemical  modifications,
covalent  crosslinking  and  coating  with  protective  layers  composed  of  polymers  or  lipids.  We  then  review
interactions  between  DNA nanostructures  and  lipid  membranes,  which  are  often  mediated  by  ligands
NA nanostructures
NA origami
NA structure stability
ipid membrane
upported lipid bilayer
ell membrane

for  membrane  receptors  or  hydrophobic  domains  incorporated  into  the  structure.  Finally,  we  present
applications  of  DNA nanostructures  on  and  in lipid  membranes,  including  higher  order  assembly,  con-
trolling  membrane  curvature,  targeting  and  arranging  membrane  proteins  in  living  cells  and  DNA-based
synthetic  lipid  channels.

© 2019  Elsevier  Ltd.  All  rights  reserved.
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ntroduction

The development of nanomachines that autonomously act
nside the human body to diagnose and cure diseases is a long-
tanding dream in natural sciences. Consequently, countless efforts
f researchers from a variety of disciplines aim towards fulfill-
ng these goals with one approach being based on the molecular

∗ Corresponding author.

recognition properties of complementary DNA strands. DNA,
the molecule encoding genetic information, was identified as a
building material for self-assembling nanostructures with Ned
Seeman’s proposal to design two- and three-dimensional networks
from DNA junctions [1]. Today, DNA is one of the most popular
building materials for self-assembly as it is commercially avail-
able, biocompatible, programmable in sequence and has intrinsic
nanoscale features. With recent developments of the field, it is
now possible to design and analyze DNA nanostructures with the
help of a variety of software packages [2] and assemble almost any
E-mail address: tim.liedl@physik.lmu.de (T. Liedl).
1 Current address: Department of Bioengineering, Imperial College London, SW7

AZ, London, United Kingdom.
2 Current address: Department of Medicine, University of Fribourg, Ch. du Musée

8,  1700 Fribourg, Switzerland.

ttps://doi.org/10.1016/j.nantod.2019.03.001
748-0132/© 2019 Elsevier Ltd. All rights reserved.
desired shape and functionality.
For biological or future medical applications, DNA nanostruc-

tures and DNA devices must perform in demanding conditions. The

https://doi.org/10.1016/j.nantod.2019.03.001
http://www.sciencedirect.com/science/journal/1748-0132
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Fig. 1. DNA nanostructures. (A) Structure and base pairing of B-form double-stranded DNA. (B) Ned Seeman’s initial approach to build lattices from Holliday junctions (top)
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nd  his DNA cube (bottom). Adapted with permission [18]. Copyright 2003, Sprin
rigami sheets, stars and smilies. Adapted with permission [19]. Copyright 2006, 

tanford bunny. Adapted with permission [20]. Copyright 2015, Springer Nature.

tructures are usually assembled in specific folding buffers with
igh concentrations of Mg2+ ions (≥ 10 mM)  but are required to
aintain structural and functional integrity inside biological flu-

ds or tissues, where typically less than 2 mM of divalent ions
re present [3]. Only if enduring this challenge, a DNA struc-
ure can interact with a targeted cell type where the structure
ncounters the next hurdle: the cellular membrane, which sep-
rates the cell from the outer environment and also serves as
he interface and selective gate for the cells. Thus, targeting DNA
anostructures to cellular membranes and membrane-associated
roteins provides a possible point of control of cellular viability and
unction.

The trafficking of nutrients, drugs, and neurotransmitters into
iving cells across the cellular membrane is mediated by an elab-
rated system of membrane-associated proteins, such as SNARE
4,5] or Clathrin [6]. These helper-proteins facilitate the engulf-

ent of membrane patches to form intracellular vesicles or enable
he fusion of vesicles with membranes. Membrane-associated pro-
eins further act as reporter molecules to guide the transport of
ncorporated content within the endosome. There also exist a wide
ariety of membrane-spanning receptor proteins that can trigger
ntracellular pathways that lead to cAMP signaling, immunostim-
latory responses, or even apoptosis. Examples are the family of G
rotein-coupled receptors [7], the multi-protein complexes form-

ng fas-receptor-mediated Death Inducing Signaling Complexes
DISC) [8], the tumor necrosis factor (TNF)-related apoptosis-
nducing ligand receptors (TRAIL-R) [9] and the family of toll-like
eceptors that recognize structurally conserved molecular motifs
rom pathogenic organisms [10].

DNA nanostructures can be designed in such a way  that they
pecifically bind to and interact with lipid bilayers. One of the
pportunities offered by DNA nanotechnology is to study the intri-
ate mechanisms that allow membrane-associated proteins to alter
he physical behavior of cellular membranes. The possibility to
rtificially mimic  biological carrier systems or cascade-triggering
vents will on the one hand improve the understanding of molec-
lar trafficking and will on the other hand be of great interest for
he establishment of concerted drug delivery systems. Once these
ellular mechanisms become engineerable, it will be possible to
reate new pathways to direct nucleic acids to the genetic machin-
ry of the interior of the cell and to overcome current barriers to
harmaceutical substances [11,12].

The nanoscale dimensions and designable functions of DNA

tructures render them also suitable for studying lipid domains in
iological membranes which otherwise are difficult to access due
o their small size and transient nature [13].
ture. (C) Scaffold path (upper two rows) and AFM images (bottom rows) of DNA
er Nature. (D) 3D meshes rendered in DNA of a human figurine, a bottle and the

In this article, we  will first introduce DNA nanostructures with
complex geometries and then discuss approaches to increase their
stability in biologically relevant environments. After touching on
the composition and properties of biological lipid membranes we
will review recent findings obtained from DNA nanostructures on
and in lipid membranes. We  refer the reader to other review articles
on DNA structures interacting with living cells as molecular drug
delivery vehicles or stimulants of immune responses [14–17].

DNA nanostructures

DNA is a biopolymer encoding genetic information for most
living organisms. It consists of four different bases; Adenine (A),
Thymine (T), Guanine (G) and Cytosine (C) with A-T and C-G form-
ing selective Watson-Crick base pairing through hydrogen bonding
and planar stacking of neighboring base pairs (Fig.1A) [21]. With
this highly sequence-specific binding, two  DNA strands with com-
plementary sequences hybridize in an antiparallel fashion to form
the well-known right-handed double helix, which is the prevailing
form of DNA in nature. The famous X-ray scattering experiment by
Franklin and Wilkins and its interpretation by Watson and Crick
further revealed that the distance between base pairs in the DNA
double helix is 0.34 nm with DNA making one full helical turn
every 10.5 base pairs [21,22]. Single strands branching from one
helix and entering another one can connect DNA double helixes
in many possible ways. A specific branching motif, which natu-
rally occurs during homologous recombination or repair of double
strand breaks is the Holliday junction (Fig. 1B) [23]. Ned Seeman
suggested using this and other DNA multi-arm junctions assem-
bled from short DNA oligonucleotides to construct 2D and 3D DNA
lattices (Fig. 1B) [1,18,24]. In such DNA crystal designs, Holliday
junctions are connected in specific geometries by short single DNA
overhangs with specific sequences, so-called “sticky ends”. The first
3D DNA nanostructure that caught extensive attention was a cube
assembled from six oligonucleotides in 1991 [25]. Since then, the
field has evolved rapidly to the current state, where numerous soft-
ware packages [2,26–32] allow the easy design of structures of
any shape and with dimensions ranging from a few nanometers
up ∼1 �m [25,33–37]. A particularly robust method for building
structures with complex geometry is scaffolded DNA assembly,
where a long single-stranded DNA, usually derived from bacte-
riophages, is folded into a desired shape by hundreds of short,

synthetic oligonucleotides (Fig. 1C, D) [19,20,38–41]. With the so-
called single-stranded tile or DNA bricks methods, structures of
rivaling complexity can be also assembled from synthetic oligonu-
cleotides only [32,42].
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Fig. 2. Approaches to overcome stability issues. (A) Adducts formed by photo-cross-linking 8-MOP (light blue) and thymine bases (gray and black) stabilize DNA origami sheets
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ith  PEGylated lipid bilayer surviving against nuclease attacks and in-vivo environ

tability of DNA nanostructures

Due to their nanoscale dimensions, addressable surfaces and
nherent biocompatibility, DNA-based devices hold great potential
or biological applications including therapeutic cargo delivery and
pecific activation of cellular receptors [43,44]. For the DNA struc-
ures to perform their intended functions in biologically relevant
nvironments, they should maintain structural integrity in vitro and
n vivo during their journey to the cellular membranes and often
lso beyond this point. Two major factors that potentially inhibit
his goal in biological fluids and tissues are the low concentrations
f free divalent ions (often below 2 mM)  [3] and the presence of
poly)nucleotide-degrading enzymes such as endo- and exonucle-
ses (Fig. 2A). During the thermal annealing of the DNA structures,
he folding solution is usually supplemented with a high concen-
ration of Mg2+ (> 10 mM)  [45]. This helps to screen electrostatic
epulsion between tightly packed adjacent DNA double helices,
hose phosphate backbones are negatively charged. Consequently,

mall angle X-ray scattering experiments, for example, revealed
isassembly of the 24-helix nanorods in TE buffer below 2 mM Mg2+

46]. If the salt-containing folding buffer is, however, replaced with
ris buffer (no EDTA) or even pure water, the structural integrity of
NA nanostructures can be maintained for several weeks [47,48].
his at first sight counter-intuitive behavior can be explained by
onsidering two effects: i) Mg2+ (or other ions) are strongly associ-
ted with the folded DNA structure and continue to stabilize the
tructure after buffer exchange; ii) commonly used buffer con-
tituents such as EDTA or Na2HPO4 compete for these ions and thus
estabilize the structures. Several studies reported the fate of DNA-
ased nanostructures in cell culture media or in in vivo experiments
here free divalent ions are scarce [49–52]. Perrault and colleagues,

or example, tested the structural integrity of various DNA origami
tructures including a DNA octahedron, a 6-helix bundle (6HBs)
nd the 24-helix nanorod in unmodified Roswell Park Memorial
nstitute (RPMI) tissue culture medium that contains 0.4 mM Mg2+

53]. The structures showed different levels of stability scaling with
heir packing density. Strikingly, only the least dense 6HB remained
ntact after 24 h. Supplementing the medium with 6 mM Mg2+ pre-
erved the structural integrity of all structures while maintaining
ellular viability. In one of our studies, we have observed that
-helix bundle tubes made of 42-base single-stranded DNA tiles
re stable in as low as 2 mM Mg2+ concentration in PBS buffer
nd also in Dulbeccoś Modified Eagle Medium (DMEM) for 8 h
54]. However, when these 6HB tubes were modified with single-
tranded DNA overhangs for siRNA hybridization, the structures

equired more than 4 mM  of Mg2+ for structural integrity and also
isassembled in DMEM medium after 8 h. Using 84 nt-long single-
tranded tiles as building blocks recovered the structure’s stability
ven without any Mg2+ supplemented to the buffers. Benson et al.
ical Society. (B) DNA oligonucleotides interlocked by covalent click reaction form
right 2015, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim. (C) DNA octahedrons

 Adapted with permission [74]. Copyright 2014, American Chemical Society.

showed that their DNA polyhedral meshes, which consist of loosely
packed single helices, stay intact in biologically relevant buffers
such as PBS or DMEM at low salt concentrations and elevated
temperatures [20]. DNA nanostructures also showed enhanced sta-
bility against chaotropic agents like urea and guanidinium chloride
compared to double-stranded DNA [55,56]. In short, the structural
integrity of DNA nanostructures is closely related to the tempera-
ture, the ion concentrations present in the surrounding media, the
length of the DNA building blocks and the packing density of DNA
helices with tightly packed DNA structures requiring higher Mg2+

concentrations and less packed ones surviving at physiological con-
centrations of divalent ions and at 37 ◦C.

The stability of DNA nanostructures against catalytic enzymes
can be tested by mixing DNA structures with isolated nucleases,
cell lysate or blood serum [45,52,57–71]. Mei  et al. imaged sev-
eral DNA origami structures by TEM and atomic force microscopy
(AFM) after exposing them to cellular lysate [61]. The structures
were intact after 12 h of incubation at room temperature. Single or
double-stranded DNA, in contrast, degraded within 1 h of incuba-
tion. Another study by Castro et al. demonstrated the stability of
DNA origami bundles against several nucleases including DNAse
I, T7 endonuclease I, T7 exonuclease and MseI restriction enzyme
[45]. The authors of this study found that one unit of DNAse I
degrades 2 ng of DNA origami structures in 60 min  at 37 ◦C, while
the complete degradation of 65 ng of plasmid DNA takes only 5 min.
Other enzymes did not inflict any structural damage to the origami
structures. Unlike plasmid DNA, DNA nanostructures have densely
packed DNA double helices that inhibit access of the nucleases.
Bermudez et al. showed that DNA tetrahedrons are stable against
the restriction enzyme DdeI, when the recognition site is close to
the vertexes. The decay time of the structures was increased by a
factor of 50 compared to simple double-stranded DNA when incu-
bated in 10% FBS. If the recognition sequence was  located in the
middle of an edge the degradation progresses rapidly [59]. Over-
all, there is compelling evidence that DNA nanostructures show
enhanced resistance against nucleases by rendering the binding or
recognition site for the nucleases inaccessible.

The stability of DNA nanostructures can be enhanced by
covalently linking DNA strands using chemical groups or by
encapsulating the entire structures with a lipid bilayer [72–93].
Rajendran et al. enhanced the thermal stability of DNA origami
tiles up to 60 ◦C by photo-cross-linking thymine bases and 8-MOP
(8-Methoxypsoralen) (Fig. 2A) [72]. Photo-cross-linking staple
strands by forming thymine dimers further enhanced the stabil-
ity of 3D DNA origami objects to survive at 90 ◦C and pure water

[93]. A widely used method to achieve covalent bonds is the
(copper(I)-catalyzed) alkyne-azide cycloaddition, usually referred
as a “click reaction”. Copper-free click reactions on 3′-alkyne and 5′-
azide-modified oligonucleotides lead to the formation of branched
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Fig. 3. DNA origami nanostructures on supported lipid bilayers. (A) DNA origami nanostructures can associate to lipid membranes via cholesterol and undergo 2D diffusion.
Adapted  with permission [115]. Copyright 2014, American Chemical Society. (B) Reversible binding and unbinding between origami structures on lipid bilayers: Under UV
irradiation, hybridization of azobenzene-modified oligonucleotides is inhibited by the azobenzene trans-state. Illuminating with visible light induces the transition to cis-
form  azobenzene, which restores hybridization of the modified strands. Adapted with permission [116]. Copyright 2014, American Chemical Society. (C) Cholesterol anchors
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exagons resistant to thermal and formamide-induced degradation
76]. Cassinelli et al. showed that single-stranded tile structures can
e exploited as templates for the formation of up to 24 interlocked
ings (catenanes) (Fig. 2B) [73]. Strikingly, 6-helix tubes consisting
f 24 catenanes maintain their integrity at extremely unfavorable
onditions such as temperatures of 95 ◦C, lack of any ions in the
uffer as well as the presence of exonuclease I. Another strategy to

ncrease the stability of DNA structures is the formation of disulfide
onds between adjacent DNA strands. The Gothelf group showed
hat also these DNA objects are stable under heating conditions
65 ◦C) and in the presence of denaturing agents [81]. The chemical
eaction used here can be reversed in the reducing cytoplasm of
ells, which could be exploited for cellular cargo delivery by DNA
anostructures. Perrault and colleagues observed that DNA origami
tructures were digested within 24 h when the cell medium was
upplemented with more than 5% FBS [53]. The authors showed
hat a viable way to prevent the nuclease activity during in vitro
xperiments is to heat-inactivate the nucleases at 75 ◦C and to add
ctin proteins to inhibit the nuclease activity while not affecting
ell growth and viability. In an alternative approach to protect
NA structures from nuclease activity, Perrault and Shih encap-

ulated DNA octahedrons with PEGylated lipid bilayers by using
ipid-modified oligonucleotides on the outer part of the origami
tructures as a nucleation site for membrane formation (Fig. 2C)
74,88]. They showed that the lipid envelope protected the struc-
ures efficiently against nuclease attacks. Specifically, 85% of the
tructures remained intact after incubation for 24 h with 20 units of
NAse I. Encapsulated DNA octahedrons showed 17 times greater
alf-life in comparison to DNA oligonucleotides and bare octahe-
rons. After injection into mice the lipid-modified structures were
istributed over the whole body whereas the DNA origami octahe-
rons lacking the envelope accumulated in the bladder.

All in all, the good news is that DNA nanostructures of com-
lex shapes can be modified such that they withstand conditions
f low divalent ions, presence of nucleases and elevated tempera-
ures. Nevertheless, further cost-efficient strategies to increase the
tability of DNA nanostructures in cell media or blood serum are
esirable to open the door for employing these structures as potent
arrier systems with designable functionality in biological studies.

iological membranes

On its way to the interior of a cell, the cellular membrane is

he next barrier a DNA nanostructure encounters after surviving in
hysiological conditions. Such lipid bilayers consist of amphiphilic
hospholipids, glycolipids, and sterols and together with a host
f embedded proteins they compartmentalize the cell and its cel-
mission [121]. Copyright 2015, American Chemical Society. (D) Also, electrostatic
ding of DNA nanostructures onto lipid membranes. Adapted with permission [129].

lular organelles, providing additionally communicating interfaces
and functional platforms. Membranes enable the cell to main-
tain different pH values in different compartments and support
neurotransmitter and ion gradients, which are essential for many
core functions including photosynthesis [94], ATP synthesis [95]
and synaptic transmission [96]. In aqueous environments, lipid
molecules form bilayers with their hydrophilic heads facing outside
and hydrophobic tails facing inside away from the water molecules.
This non-covalent hydrophobic interaction is weak and allows
lipid molecules to undergo 2D diffusion with diffusion coefficients
of several �m2/s, strongly dependent on the local environment
[97–99]. Owing to this fluid mobility, proteins embedded into these
membranes can fulfill their various biological tasks ranging from
cellular recognition [100], membrane fusion [96] to ion-selective
passages [101]. Membrane proteins represent 30% of all transcribed
reading frames and 50% of the total mass of eukaryotic mem-
branes [102]. The classical model of a biological membrane is that
of a 2D mosaic with freely diffusing functional membrane proteins
floating on and in the lipid bilayer [103]. However, the discovery
of detergent-resistant lipid domains gave rise to the concept of
lipid rafts, functionally active membrane regions highly enriched
by membrane proteins, sphingolipids and other functional lipid
molecules [104–106]. Nowadays, the lipid raft concept has evolved
to a picture of smaller and transient domains with diameters of
∼20–200 nm [13,107,108]. With their rich physical and biologi-
cal behavior, lipid membranes offer a unique fluidic platform for
studies with self-assembled DNA structures that can act as artifi-
cial floating rafts or penetrating pores. Using amphiphilic moieties
as anchor elements, DNA nanostructures are envisioned to mimic
the function of membrane proteins and lipid nano-domains with
all their structural diversities.

Interaction of DNA nanostructures with lipid membranes

There are several ways to facilitate interactions of DNA
nanostructures with lipid membranes. One approach relies on
introducing hydrophobic groups on the surfaces of the DNA nanos-
tructures. During synthesis, DNA strands can easily be modified
with cholesterol-TEG (triethylene glycol) on their 3′ ends to facili-
tate its spontaneous insertion into the lipid membrane [109–113].
This functionalization is commercially available and hence it is the
most commonly used anchor group thus far. This coupling strat-
egy was  applied in a variety of studies and it could be shown

that DNA nanostructures on membranes undergo 2D diffusion
(Fig. 3A) [114–121]. For example, DNA nanorods with eight choles-
terol anchors showed a diffusional speed of 1.4 �m2/sec on DOPC
(1,2-dioleoyl-sn-glycero- 3-phosphocholine) membranes [114].
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Fig. 4. DNA nanostructures interacting with membrane-associated proteins. (A) The molecular cargo inside a DNA nanostructure becomes accessible when an aptamer lock
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holesterol-mediated hydrophobic interactions can be reversed by
dding detergent molecules. For example, two-layered DNA sheets
nitially hiding their cholesterol modifications in their interior can
e opened by detergent molecules or directly by lipid bilayers
122]. In addition to cholesterol, other hydrophobic molecules such
s porphyrin ethyl phosphorothioate [123], polypropyleneoxide
122,124] and �-tocopherol [125] were successfully used to intro-
uce DNA nanostructures into lipid membranes. Also, electrostatic

nteractions can mediate the binding between DNA nanostruc-
ures and lipid membranes. For example, cationic lipid molecules
ike DOTAP (1,2-dioleoyl-3-trimethylammonium-propane) and
OTMA (1,2-di-O-octadecenyl-3-trimethylammonium propane),
hich both carry a positive charge on their head group, have a high

ffinity to DNA whose phosphate backbone is negatively charged
126]. Interestingly, in the presence of divalent ions like Mg2+ and
a2+, DNA also binds to zwitterionic lipid headgroups with zero net
harge [127,128]. This ion-mediated interaction can be switched
eversibly by changing the ion concentration of the buffer [114].

NA structures on supported lipid bilayers

Placing an object of interest onto or into a lipid bilayer offers
wo inherent advantages: i) the object is confined to diffusion
n two dimension, which, compared to diffusion in 3D, strongly
ncreases the likelihood of encounters between the objects; ii)
he object can be designed to associate with the membrane in

 specific orientation again leading to better chances of geomet-
ically defined interactions. As a consequence, lipid membranes
rovide a unique platform for higher order assembly of DNA nanos-
ructures. Suzuki et al. first used hexagonal DNA origami sheets
ith azobenzene-modified oligonucleotides protruding from the

ides, which allowed for reversible multimerization of DNA origami
tructures on supported lipid bilayers (SLBs). By using alter-
ating illumination with UV and visible light, the azobenzene
olecules were switched between their cis- and trans-form, which

n turn enabled or disabled hybridization of the azobenzene strands
Fig. 3B) [116]. In the same year, Johnson Buck et al. presented a
tudy that investigated the 2D diffusion of “DNA origami barges”
nd their assembly into linear polymers on lipid bilayers [115]. Our
roup then demonstrated 1D and 2D assembly of rectangular DNA
rigami blocks on SLBs and on small unilamellar vesicles using con-
ector DNA staples, leading to visible deformations of the vesicles
Fig. 3C) [121]. In the same study we also assembled a Y-shaped
NA origami structure into homotrimeric triskelions and further
bserved weakly ordered arrays of hexagons and pentagons, which

esembled the surface arrangements of clathrin-coated pits. Suzuki
t al. performed sequential self-assembly on SLBs by first assem-
ling a DNA origami lattice followed by the recruiting of a second
ype of origami tile into the existing lattice [130]. Using high speed
n [135]. Copyright 2012, American Association for the Advancement of Science. (B)
nocalipers modulates EphA2 mediated responses. Adapted with permission [136].

atomic force spectroscopy, the same group also observed dynamic
processes like fusion of lattice patches and defect filling in real-time
(Fig. 3D) [129]. Employing blunt end interactions, Sleiman et al.
achieved impressive long-range ordering of small DNA tiles [131].

Next to mere assembly on lipid bilayers, DNA nanostructures
have also demonstrated their potential to investigate membrane-
associated proteins. As expected, DNA origami assembly on lipid
bilayer depends on the phase of the lipid membrane [132]. As a
side note, Douglas, Chou and Shih exploited the small interactions
between membrane proteins and DNA nanostructures for NMR
structure analysis by weakly aligning the proteins of interest in
a liquid crystal formed from six-helix bundles [133]. Xu et al. used
DNA origami rings with defined protein anchor sites on SLBs to
study the number of SNARE proteins required for membrane fusion.
Here, the authors took advantage of the stoichiometry control that
DNA origami offers and found that single SNAREs can already trig-
ger the fusion process [134].

Cell (membrane) interactions

DNA nanostructures modified with functional moieties can
target and cluster membrane proteins on living cell thus influenc-
ing cellular receptor signaling [136] and stem cell differentiation
[137,138]. Another excellent example of DNA nanostructures inter-
acting with membrane-associated proteins is the DNA origami
nanorobot presented by Douglas et al. (Fig. 4A) [135]. Their
barrel-like nanorobots were loaded with fluorescently labeled anti-
body fragments against human leukocyte antigen (HLA-A/B/C) and
aptamer-encoded gates controlled the opening of the barrel. Con-
sequently, the structure only opened and presented its antibodies
to HLA-A/B/C antigens when specific cell surface markers were
expressed on the cells and recognized by the aptamers. With dif-
ferent aptamer combinations, six different cell lines that express
different antigen combinations could be targeted. In a study by
Shaw et al. 18-helix DNA origami bundles, termed nanocalipers,
were used to investigate how the spatial organization of ephrin-A5
ligands modulate cellular binding and subsequent signaling with
EphA2 receptors (Fig. 4B) [136]. Structures with two  ephrin ligands
placed with 40 nm distance were more effective in receptor acti-
vation and inhibiting the invasive properties of breast cancer cells
compared to structures offering the two ligands at 100 nm distance.
This strikingly demonstrates the importance of spatial organiza-
tion of membrane proteins to trigger cellular pathways. Angelin
et al. combined top-down micropatterning of solid substrates with
self-assembled epithermal growth factor (EGF) – DNA nanostruc-

tures to analyze the activation of EGF receptors in MCF7 cells [139].
Cell membranes have also been coated with DNA nanostructures
offering, for example, specific DNA sequences for programmed
cell-cell adhesion [140]. With the goal to control the oligomeriza-
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ig. 5. DNA-based synthetic lipid channels (A) DNA nanostructures penetrating t
ssociation for the Advancement of Science. (B) DNA channels controlled by the bin
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ion states of membrane protein complexes, a DNA scaffold was
sed to assemble different numbers of alpha-hemolysin monomers

nto protein nanopores with varying sizes and conductances [141].
lso Kurokawa et al. used DNA origami templates to arrange Kir3
hannel subunits and observed significantly intensified electro-
hysiological signals in HEK293 T cells [142].

NA nanopores

DNA nanopores are among the most interesting DNA nanostruc-
ures and usually consist of one or several membrane-associating
egions and a hollow channel that can span the lipid bilayer. Owing
o their programmable surfaces and selective gating functions,
uch structures will potentially find application in nanopore-based
NA sequencing or as a new class of antibiotic or anticancer
gents that perforate cellular membranes [146–150]. The first
NA nanopores were developed to fit into or onto silicon-nitride
anopores [151,152] and later also into nanocapillaries [153,154].
o achieve penetration of lipid bilayers, Langecker et al. designed a
NA origami structure with a hydrophobic region consisting of 26
holesterol moieties that anchors the structure onto the membrane
nd forces the channel region through the bilayer (Fig. 5A) [143].
he conductance of this membrane-penetrating DNA nanopore
as around 1 nS, orders of magnitude higher compared to that

f protein ion channels [155]. Simmel and Dietz et al. also demon-
trated DNA nanopores with a diameter of ∼4 nm,  which was used
o translocate and simultaneously probe the passing DNA strands
150]. Generally, there is a large energy barrier for the hydrophilic
art of a nanostructure to go through the entire hydrophobic core
f the lipid membrane. This energy barrier can be lowered by
dding detergents to destabilize the membrane [144] or by apply-
ng a voltage [143,156] to add favorable force. To simplify the
ssembly processes, the groups of Howorka and Keyser developed
NA tile-based nanopores capable of ion transportation across

ipid membrane [123,144–148,156–161]. First, Burns et al. demon-
trated the membrane-insertion of a 6-helix bundle only 15 nm
n length and with a 2.2 nm thick hydrophobic ring in the center,

atching the thickness of the bilayer. By employing their ethyl-
hosphorothioate modified nanopores to living cells, Burns et al.
laim the insertion of DNA nanopores into cellular membranes and
riggering the death of cancer cells. The authors speculate, that
he effect could result from the general damage to the membrane
r from an alteration of the ion influx/exflux [123,144]. Tether-
ng cancer-specific markers such as aptamers or antibodies could
urther increase the potential of these nanopores. Göpfrich et al.
eveloped a 4-helix nanopore with a length of 11 nm and an inner
iameter of 0.8 nm,  which is similar to those of biological ion chan-
els [158]. Ion flow through such DNA channels can be controlled

y blocking the pore region with the incorporation of a system
f key and lock sequences (Fig. 5B) [144]. Next to transmitting
ons, such types of DNA nanopores can also accelerate flipping
f lipid molecules across the bilayer (Fig. 5C) [145]. Interestingly,
yer of a lipid vesicle. Adapted with permission [143]. Copyright 2012, American
f key and lock sequences. Adapted with permission [144]. Copyright 2016, Springer

 bilayers. Adapted with permission [145]. Copyright 2018, Springer Nature.

the state of incorporation as well as the orientation of small DNA
nanopores can be distinguished by analyzing the activity of nucle-
ases, which can only digest freely accessible parts of the pores while
parts embedded in the membrane or inside a vesicle are spared
[161]. The Keyser group very recently also accomplished the inser-
tion of a funnel-shaped DNA origami porin with an inner diameter
larger than 6 nm into a membrane and recorded conductances of
tens of nanosiemens, which is ten-fold higher than that of previ-
ously reported man-made channels [146]. This work also features
matching molecular dynamics simulations by the group of Aleksei
Aksimentiev, who  successfully modeled currents through a variety
of DNA nanopores in previous work [148,159,162].

DNA nanostructures controlling membrane shape

In living cells, proteins like clathrin and BAR domains precisely
control the shape and topology of lipid membranes through intri-
cate membrane – protein and protein – protein interactions [166].
Inspired by these and other natural examples, also DNA  nanos-
tructures have been designed to manipulate the shape of lipid
membranes [160,163–165,167–175]. Already simple hybridization
of two types of complementary single-stranded DNA immobilized
on two batches of vesicles can induce the fusion of pairs of these
vesicles [167–171]. Czogalla et al. showed that 2D assembly of
DNA origami structures triggered the deformation of GUV lipid
membranes (Fig. 6A) [172]. This effect has also been observed on
small unilamellar vesicles (SUVs) by Kocabey et al [121]. and on
polymer-supported membranes by Birkholz et al. (Fig. 6B) [160].
Generally, membrane deformation occurs easily in the presence of
any membrane-interacting objects, so careful data analysis needs to
be performed. One fascinating illustration of the assembly power
of DNA nanostructure is their use as a platform for the de novo
genesis of membrane structures: Yang et al. used ring-shaped DNA
nanostructure with different diameters as scaffold to generate vesi-
cles with precisely defined diameters (Fig. 6C) [164]. In a similar
approach, the groups of Hao Yan and Dongsheng Liu constructed
shape and size-controlled cuboid and dumbbell-shaped hetero-
vesicles with amphiphiles and DNA origami frames [173]. Inspired
by the mechanism of dynamins and endosomal sorting complexes
required for transport (ESCRT) machineries, Grome et al. designed
DNA origami curls that induce the formation of membrane tubules
[175]. In comparison, standard in vitro vesicle forming methods
like sonication, electrophoresis and detergent depletion result in
particles that are note shape-controlled and exhibit far less homo-
100 nm of diameter [176]. In a unique application by Lin’s group,
lipid membranes coupled to DNA nanostructures were dynamically
reshaped by reconfiguring the geometry of the shape-defining DNA
nanostructure (Fig. 6D) [165].
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Fig. 6. DNA nanostructures controlling membrane shape. (A) DNA nanostructures on giant unilamellar vesicles (GUVs) deform their shapes. Adapted with permission [163].
Copyright 2018, Springer Nature. (B) Models of DNA nanopores that puncture and remodel lipid membranes. Adapted with permission [160]. Copyright 2018, Springer Nature.
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onclusion and perspective

We  here have outlined how recent advances in designing and
olding DNA nanostructure into increasingly complex and larger 3D
tructures can help to provide scaffolds for nanodevices that act
utonomously in cellular environments. Computer-aided design
ools that semi-automatically generate DNA sequences for user-
efined structures [2,20,42] greatly lowered the barrier to enter the
eld of DNA Nanotechnology. Moreover, the price for synthesizing
ligonucleotides has decreased steadily and recent biotechnolog-
cal progress has led to enzymatic and large-scale production of
ligonucleotides in bacteria [177,178]. In parallel, more and more
bio)chemical modifications and moieties are being developed for
NA chemistry enabling researchers to easily plug and assem-
le the desired functionalities. It is therefore already possible to
ombine several modifications into a single nanostructure that
argets specific cell types, delivers a cargo or performs a pro-
rammed function in vivo. However, the yields of complex and
ulti-component modifications are sometimes low. Consequently,

ost-efficient multifunctional modifications and increased conju-
ation yields are required to make such complex nanomachines
ccessible to clinical trials. Additionally, questions on how to effi-
iently deliver intact DNA structures or merely their contents into
he cytoplasm or the cell nucleus persist. It also remains a challenge
o overcome efficiently and selectively the membrane barriers,

hich demands further research elucidating the intricate interac-

ions of nanoscale objects with natural membranes or model bilayer
ystems. A biological membrane is not a trivial target to explore
mation of size-controlled vesicles. Adapted with permission [164]. Copyright 2016,
 DNA nanocages. Adapted with permission [165]. Copyright 2017, Springer Nature.

and address because of its small thickness, its heterogeneity in
molecular components and its inherent dynamic nature. Encour-
agingly, with their dynamically controllable geometry and their
ability to carry functional groups in defined arrays, DNA nanos-
tructures provide a platform to exploit and control the shape and
function of biological membranes. For example, by using reconfig-
urable DNA nanostructures that first bind and then actively arrange
membrane-bound receptor or other molecules, it could be possi-
ble to control membrane-associated cargos dynamically. Another
prospect is the potential to adhere to and shape or penetrate the
membranes of living cells with the goal to mimic endocytotic pro-
cesses or viral cell entry. With such approaches it could also become
feasible to induce membrane curvature-dependent cell responses.
DNA-based nanopores could be further developed into antibiotic
agents specifically punctuating microbial membranes, which are
often highly resistant to mechanical or chemical stress. Synthetic
DNA nanopores that connect two different cells could facilitate
selective cell-cell communication. These are just a few entry points
to the many directions of research that have opened up through
the rapid and striking developments brought forward through DNA
nanostructures interacting with lipid membranes.
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[98] M.  Przybylo, J. Sýkora, J. Humpolíčková, A. Benda, A. Zan, M. Hof, Langmuir

22 (2006) 9096–9099.
[99] U. Golebiewska, M.  Nyako, W.  Woturski, I. Zaitseva, S. McLaughlin, T.U.

Martin, Mol. Biol. Cell 19 (2008) 1663–1669.
[100] G. Maheshwari, G. Brown, D.A. Lauffenburger, A. Wells, L.G. Griffith, J. Cell.

Sci.  113 (Pt 10) (2000) 1677–1686.
[101] B. Hille, Ion Channels of Excitable Membranes, 3rd ed., Sinauer, Sunderland,

Mass, 2001.
[102] T.J. Stevens, I.T. Arkin, Proteins: Struct. Funct. Genet. 39 (2000) 417–420.
[103] S.J. Singer, G.L. Nicolson, Science 175 (1972) 720–731.
[104] K. Simons, E. Ikonen, Nature 387 (1997) 569–572.
[105] K. Simons, W.L. Vaz, Annu. Rev. Biophys. Biomol. Struct. 33 (2004) 269–295.
[106] K. Bacia, D. Scherfeld, N. Kahya, P. Schwille, Biophys. J. 87 (2004) 1034–1043.
[107] J.F. Hancock, Nat. Rev. Mol. Cell Biol. 7 (2006) 456–462.
[108] C. Eggeling, C. Ringemann, R. Medda, G. Schwarzmann, K. Sandhoff, S.

Polyakova, V.N. Belov, B. Hein, C. von Middendorff, A. Schonle, S.W. Hell,
Nature 457 (2009) 1159–1162.

[109] I. Pfeiffer, F. Hook, J. Am.  Chem. Soc. 126 (2004) 10224–10225.
[110] P.A. Beales, T.K. Vanderlick, J. Phys. Chem. A 111 (2007) 12372–12380.
[111] A. Bunge, M.  Loew, P. Pescador, A. Arbuzova, N. Brodersen, J. Kang, L. Dahne,

J.  Liebscher, A. Herrmann, G. Stengel, D. Huster, J. Phys. Chem. B 113 (2009)
16425–16434.

[112] P.A. Beales, T.K. Vanderlick, J. Phys. Chem. B 113 (2009) 13678–13686.
[113] F. Gambinossi, M.  Banchelli, A. Durand, D. Berti, T. Brown, G. Caminati, P.

Baglioni, J. Phys. Chem. B 114 (2010) 7338–7347.
[114] A. Czogalla, E.P. Petrov, D.J. Kauert, V. Uzunova, Y. Zhang, R. Seidel, P.

Schwille, Faraday Discuss. 161 (2013) 31–43, discussion 113-150.
[115] A. Johnson-Buck, S. Jiang, H. Yan, N.G. Walter, ACS Nano 8 (2014) 5641–5649.
[116] Y. Suzuki, M. Endo, Y. Yang, H. Sugiyama, J. Am.  Chem. Soc. 136 (2014)

1714–1717.
[117] J.W. Conway, C. Madwar, T.G. Edwardson, C.K. McLaughlin, J. Fahkoury, R.B.

Lennox, H.F. Sleiman, J. Am.  Chem. Soc. 136 (2014) 12987–12997.
[118] A. Czogalla, D.J. Kauert, R. Seidel, P. Schwille, E.P. Petrov, Nano Lett. 15

(2015) 649–655.
[119] A. Khmelinskaia, H.G. Franquelim, E.P. Petrov, P. Schwille, J. Phys. D Appl.

Phys. 49 (2016).
[120] A. Khmelinskaia, J. Mücksch, E.P. Petrov, H.G. Franquelim, P. Schwille,

Langmuir (2018).
[121] S. Kocabey, S. Kempter, J. List, Y. Xing, W.  Bae, D. Schiffels, W.M.  Shih, F.C.

Simmel, T. Liedl, ACS Nano 9 (2015) 3530–3539.
[122] J. List, M.  Weber, F.C. Simmel, Angew. Chem. Int. Ed. Engl. 53 (2014)

4236–4239.
[123] J.R. Burns, N. Al-Juffali, S.M. Janes, S. Howorka, Angew. Chem. Int. Ed. Engl.

53  (2014) 12466–12470.
[124] A. Rodriguez-Pulido, A.I. Kondrachuk, D.K. Prusty, J. Gao, M.A. Loi, A.

Herrmann, Angew. Chem. Int. Ed. Engl. 52 (2013) 1008–1012.
[125] A. Kurz, A. Bunge, A.K. Windeck, M.  Rost, W.  Flasche, A. Arbuzova, D.

Strohbach, S. Muller, J. Liebscher, D. Huster, A. Herrmann, Angew. Chem. Int.
Ed.  Engl. 45 (2006) 4440–4444.

[126] I. Jaaskelainen, J. Monkkonen, A. Urtti, Biochim. Biophys. Acta 1195 (1994)
115–123.

[127] S. Gromelski, G. Brezesinski, Langmuir 22 (2006) 6293–6301.
[128] D.H. Mengistu, K. Bohinc, S. May, J. Phys. Chem. B 113 (2009) 12277–12282.
[129] Y. Suzuki, M. Endo, H. Sugiyama, Nat. Commun. 6 (2015) 8052.
[130] Y. Suzuki, H. Sugiyama, M.  Endo, Angew. Chem. Int. Ed. Engl. 57 (2018)

7061–7065.
[131] N. Avakyan, J.W. Conway, H.F. Sleiman, J. Am.  Chem. Soc. 139 (2017)

12027–12034.
[132] Y. Sato, M.  Endo, M.  Morita, M.  Takinoue, H. Sugiyama, S. Murata, S.-i.M.

Nomura, Y. Suzuki, Adv. Mater. Interfaces 5 (2018) 1800437.
[133] S.M. Douglas, J.J. Chou, W.M.  Shih, Proc. Natl. Acad. Sci. U. S. A. 104 (2007)

6644–6648.
[134] W.  Xu, B. Nathwani, C. Lin, J. Wang, E. Karatekin, F. Pincet, W.  Shih, J.E.

Rothman, J. Am.  Chem. Soc. 138 (2016) 4439–4447.
[135] S.M. Douglas, I. Bachelet, G.M. Church, Science 335 (2012) 831–834.
[136] A. Shaw, V. Lundin, E. Petrova, F. Fordos, E. Benson, A. Al-Amin, A. Herland, A.

Blokzijl, B. Hogberg, A.I. Teixeira, Nat. Methods 11 (2014) 841–846.
[137] Z. Zhang, M.A. Eckert, M.M.  Ali, L. Liu, D.K. Kang, E. Chang, E.J. Pone, L.S.

Sender, D.A. Fruman, W.  Zhao, Chembiochem 15 (2014) 1268–1273.
[138] N. Stephanopoulos, R. Freeman, H.A. North, S. Sur, S.J. Jeong, F. Tantakitti, J.A.

Kessler, S.I. Stupp, Nano Lett. 15 (2015) 603–609.
[139] A. Angelin, S. Weigel, R. Garrecht, R. Meyer, J. Bauer, R.K. Kumar, M. Hirtz,

C.M.  Niemeyer, Angew. Chem. Int. Ed. Engl. 54 (2015) 15813–15817.
[140] E. Akbari, M.Y. Mollica, C.R. Lucas, S.M. Bushman, R.A. Patton, M.

Shahhosseini, J.W. Song, C.E. Castro, Adv. Mater. 29 (2017) 1703632.
[141] A. Henning-Knechtel, M.  Magzoub, J. Knechtel, Nucleic Acids Res. 45 (2017)

12057–12068.
[142] T. Kurokawa, S. Kiyonaka, E. Nakata, M.  Endo, S. Koyama, E. Mori, N.H. Tran,
H.  Dinh, Y. Suzuki, K. Hidaka, M.  Kawata, C. Sato, H. Sugiyama, T. Morii, Y.
Mori, Angew. Chem. Int. Ed. Engl. 57 (2018) 2586–2591.

[143] M.  Langecker, V. Arnaut, T.G. Martin, J. List, S. Renner, M. Mayer, H. Dietz,
F.C.  Simmel, Science 338 (2012) 932–936.
 26 (2019) 98–107

[144] J.R. Burns, A. Seifert, N. Fertig, S. Howorka, Nat. Nanotechnol. 11 (2016)
152–156.

[145] A. Ohmann, C.Y. Li, C. Maffeo, K. Al Nahas, K.N. Baumann, K. Gopfrich, J. Yoo,
U.F.  Keyser, A. Aksimentiev, Nat. Commun. 9 (2018) 2426.

[146] K. Gopfrich, C.Y. Li, M.  Ricci, S.P. Bhamidimarri, J. Yoo, B. Gyenes, A. Ohmann,
M.  Winterhalter, A. Aksimentiev, U.F. Keyser, ACS Nano 10 (2016)
8207–8214.

[147] L. Messager, J.R. Burns, J. Kim, D. Cecchin, J. Hindley, A.L. Pyne, J. Gaitzsch, G.
Battaglia, S. Howorka, Angew. Chem. Int. Ed. Engl. 55 (2016) 11106–11109.

[148] K. Gopfrich, C.Y. Li, I. Mames, S.P. Bhamidimarri, M.  Ricci, J. Yoo, A. Mames, A.
Ohmann, M.  Winterhalter, E. Stulz, A. Aksimentiev, U.F. Keyser, Nano Lett.
16 (2016) 4665–4669.

[149] D. Wang, Y. Zhang, M.  Wang, Y. Dong, C. Zhou, M.A. Isbell, Z. Yang, H.  Liu, D.
Liu,  Nanoscale 8 (2016) 3944–3948.

[150] S. Krishnan, D. Ziegler, V. Arnaut, T.G. Martin, K. Kapsner, K. Henneberg, A.R.
Bausch, H. Dietz, F.C. Simmel, Nat. Commun. 7 (2016) 12787.

[151] N.A. Bell, C.R. Engst, M. Ablay, G. Divitini, C. Ducati, T. Liedl, U.F. Keyser, Nano
Lett. 12 (2012) 512–517.

[152] R. Wei, T.G. Martin, U. Rant, H. Dietz, Angew. Chem. Int. Ed. Engl. 51 (2012)
4864–4867.

[153] S. Hernandez-Ainsa, N.A. Bell, V.V. Thacker, K. Gopfrich, K. Misiunas, M.E.
Fuentes-Perez, F. Moreno-Herrero, U.F. Keyser, ACS Nano 7 (2013)
6024–6030.

[154] N.A. Bell, V.V. Thacker, S. Hernandez-Ainsa, M.E. Fuentes-Perez, F.
Moreno-Herrero, T. Liedl, U.F. Keyser, Lab Chip 13 (2013) 1859–1862.

[155] E. Neher, B. Sakmann, Nature 260 (1976) 799–802.
[156] J.R. Burns, E. Stulz, S. Howorka, Nano Lett. 13 (2013) 2351–2356.
[157] A. Seifert, K. Gopfrich, J.R. Burns, N. Fertig, U.F. Keyser, S. Howorka, ACS Nano

9  (2015) 1117–1126.
[158] K. Gopfrich, T. Zettl, A.E. Meijering, S. Hernandez-Ainsa, S. Kocabey, T. Liedl,

U.F.  Keyser, Nano Lett. 15 (2015) 3134–3138.
[159] C.Y. Li, E.A. Hemmig, J. Kong, J. Yoo, S. Hernandez-Ainsa, U.F. Keyser, A.

Aksimentiev, ACS Nano 9 (2015) 1420–1433.
[160] O. Birkholz, J.R. Burns, C.P. Richter, O.E. Psathaki, S. Howorka, J. Piehler, Nat.

Commun. 9 (2018) 1521.
[161] J.R. Burns, S. Howorka, ACS Nano 12 (2018) 3263–3271.
[162] J. Yoo, A. Aksimentiev, J. Phys. Chem. Lett. 6 (2015) 4680–4687.
[163] H.G. Franquelim, A. Khmelinskaia, J.P. Sobczak, H. Dietz, P. Schwille, Nat.

Commun. 9 (2018) 811.
[164] Y. Yang, J. Wang, H. Shigematsu, W.  Xu, W.M.  Shih, J.E. Rothman, C. Lin, Nat.

Chem. 8 (2016) 476–483.
[165] Z. Zhang, Y. Yang, F. Pincet, M.C. Llaguno, C. Lin, Nat. Chem. 9 (2017)

653–659.
[166] C. Le Roy, J.L. Wrana, Nat. Rev. Mol. Cell Biol. 6 (2005) 112–126.
[167] G. Stengel, R. Zahn, F. Hook, J. Am.  Chem. Soc. 129 (2007) 9584–9585.
[168] G. Stengel, L. Simonsson, R.A. Campbell, F. Hook, J. Phys. Chem. B 112 (2008)

8264–8274.
[169] Y.H. Chan, B. van Lengerich, S.G. Boxer, Proc. Natl. Acad. Sci. U. S. A. 106

(2009) 979–984.
[170] R.J. Rawle, B. van Lengerich, M.  Chung, P.M. Bendix, S.G. Boxer, Biophys. J.

101 (2011) L37–39.
[171] B. van Lengerich, R.J. Rawle, P.M. Bendix, S.G. Boxer, Biophys. J. 105 (2013)

409–419.
[172] A. Czogalla, D.J. Kauert, H.G. Franquelim, V. Uzunova, Y. Zhang, R. Seidel, P.

Schwille, Angew. Chem. Int. Ed. Engl. 54 (2015) 6501–6505.
[173] Y. Dong, Y.R. Yang, Y. Zhang, D. Wang, X. Wei, S. Banerjee, Y. Liu, Z. Yang, H.

Yan,  D. Liu, Angew. Chem. Int. Ed. Engl. 56 (2017) 1586–1589.
[174] C. Dohno, S. Makishi, K. Nakatani, S. Contera, Nanoscale 9 (2017) 3051–3058.
[175] M.W.  Grome, Z. Zhang, F. Pincet, C. Lin, Angew. Chem. Int. Ed. Engl. 57 (2018)

5330–5334.
[176] F. Szoka Jr., D. Papahadjopoulos, Annu. Rev. Biophys. Bioeng. 9 (1980)

467–508.
[177] C. Ducani, C. Kaul, M.  Moche, W.M.  Shih, B. Högberg, Nat. Methods 10 (2013)

647.
[178] F. Praetorius, B. Kick, K.L. Behler, M.N. Honemann, D. Weuster-Botz, H. Dietz,

Nature 552 (2017) 84.

Dr. Wooli Bae is a research associate at Bioengineer-
ing department of Imperial College London. He received
his  B.S. and Ph.D in physics under supervision of Tae-
Young Yoon from KAIST, South Korea in 2007 and 2014,
respectively. His Ph.D research focused on single molecule
studies of SNARE proteins and DNA origami. Between
2014 and 2017, he was a postdoc fellow working with Tim

http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0480
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0485
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0490
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0495
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0500
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0505
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0510
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0515
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0520
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0525
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0530
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0535
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0540
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0545
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0550
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0555
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0560
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0565
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0570
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0575
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0580
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0585
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0590
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0595
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0600
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0605
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0610
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0615
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0620
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0625
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0630
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0635
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0640
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0645
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0650
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0655
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0660
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0665
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0670
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0675
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0680
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0685
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0690
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0695
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0700
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0705
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0710
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0715
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0720
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0725
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0730
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0735
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0740
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0745
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0750
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0755
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0760
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0765
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0770
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0775
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0780
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0785
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0790
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0795
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0800
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0805
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0810
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0815
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0820
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0825
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0830
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0835
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0840
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0845
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0850
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0855
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0860
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0865
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0870
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0875
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0880
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0885
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890
http://refhub.elsevier.com/S1748-0132(18)30721-7/sbref0890


 Today
W.  Bae et al. / Nano

Dr. Samet Kocabey, Ph.D. received his B.Sc degree in
molecular biology and M.Sc degree in materials science
from Bilkent University, Turkey in 2010 and 2012, respec-
tively. Then, he joined the group of Prof. Tim Liedl and
received his Ph.D degree in physics from LMU  Munich,
Germany in 2016. His research interests are focused on

DNA self-assembly and cellular applications of DNA-based
nanomaterials, with an emphasis on targeted delivery
and immune therapeutics. He is currently pursuing his
postdoctoral research at the Department of Medicine, Uni-
versity of Fribourg, Switzerland.
 26 (2019) 98–107 107

Dr. Tim Liedl is professor for experimental physics at
LMU  since 2009. He received his diploma in physics in
2004 in the group of Wolfgang J. Parak at LMU  where
he worked on the development of hydrophilic coatings
for fluorescent semiconductor nanoparticles. In 2007 he
obtained his Ph.D. in the group of Friedrich C. Simmel
studying DNA-based nanodevices and switches, which are
driven by chemical oscillations. From 2007 to 2009 he
visited William M. Shih’s laboratory at Dana-Farber Can-

cer  Institute / Harvard Medical School where he used the
DNA-origami method to construct self-assembling two-
and three-dimensional structures. The research of Tim
currently focuses on the application of DNA-based nanos-

tructures in biology and for self-assembled plasmonic materials.


	DNA nanostructures in vitro, in vivo and on membranes
	Introduction
	DNA nanostructures
	Stability of DNA nanostructures
	Biological membranes
	Interaction of DNA nanostructures with lipid membranes
	DNA structures on supported lipid bilayers
	Cell (membrane) interactions
	DNA nanopores
	DNA nanostructures controlling membrane shape

	Conclusion and perspective
	Acknowledgement
	References


